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ABSTRACT

This project report describes the design and implementation of the computer
system Home Energy Management System. The system provides a user the ability to
differentiate between and limit the use of major power consuming appliances, allowing
them to save energy and monitoring power usage at home. This system is developed to
manage the power consumption in daily life. By creating this system the power usage
will be consume wisely without any waste. This system control or limited the power
consumption by turn off the electrical appliance when the amounts of power
consumption exceed the limit. The user can set the desired amount of power usage in
daily in order to save power consumption. It also allows the user to see the consumption
rate for difference appliance in their house by monitor power consumption on LCD
display. Buttons are used to select which parameter (voltage. current and power
consumption) to be monitored. The system required three main parts include on
hardware and software which is power source, controlling unit and monitoring system.
The system used as PIC16F877A as a controller and ADE7753 where offer measured
analog voltage and current input. The analog inputs are sample by ADC within the
ADET7753, and their magnitude and phases are used to digitally calculate real, reactive

and complex power in the line.
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ABSTRAK

Laporan projek menerangkan berkenaan rekaan dan applikasi system
berkomputer bagi Sistem Pengurusan Tenaga. Sistem ini menyediakan kemudahan utuk
pengguna bagi membezakan diantara kawalan serta penggunaan kuasa eletrik dimana
membantu pengguna menguruskan penggunaan elektrik dengan cermat.Dengan adanya
system ini penggunaan elektrik akan lebih terkawal tanpa ada pembaziran
berlaku.Sistem ini beroperasi dengan cara mengawal atau menghadkan penggunaan
elektrik sekiranya penggunaan elektrik melebihi had yang ditetapkan.Kadar kawalan
penggunaan elektrik ini boleh ditentukan oleh penguna itu sendiri.Pengguna juga boleh
melihat atau memerhatikan kadar penggunaan elektrik bagi setiap perkakas elektrik di
paparan skrin.Parameter seperti voltan, arus serta penggunaan kuasa boleh juga
dipaparkan di skrin dengan menekan suis butang.Sistem ini terbahagi kepada tiga
bahagian termasuk litar dan program elektrik seperti sumber kuasa, unit kawalan dan
sistem paparan.Sistem ini menggunakan mikro cip PIC16F877A sebagai kawalan dan
ADE7753 dimana menyediakan utuk pengukuran kemasukan analog voltan dan
arus.Kemasukan analog dijadikan sebagai bahan utuk ADC (penukaran bentuk analog
kepada system digital) didalam ADE7753 dan keluaran magnitude dan fasa daripada

hasil tersebut digunakan utk pengiraan kuasa.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Energy Management System can also refer to a computer system which is
designed specifically for the automated control and monitoring power usage at home.
This system is developing to manage the power consumption in daily life. By creating
this system the power usage will be consume wisely without any waste. This system
control or limited the power consumption by turn off the electrical appliance when the
amounts of power consumption exceed the limit. It also allows the user to see the
consumption rate for difference appliance in their house by monitor power dissipation
on LCD display and Personal Computer (PC).However the PC only receive the
measured value of current and voltage, then user can interface with PC to determine the
set point to be sent to the microcontroller. In doing this, user definitely can disable

certain appliance when total power consumption is exceed the limit.

By using this system, the user can set the desired amount of power usage in
daily in order to save power consumption. Besides that, user could find the suitable
range of time to use the appliance which is consuming major power will cause the
higher amount of power dissipation. The system also can manipulated the electrical

appliance with automatically or manually turn on and off. This system will be expect to



become an intelligent management where it such a good way to save the usage of

power consumption in daily life.

The system required three main parts include on hardware and software which
is power source, controlling unit and monitoring system. The system used a
PIC16F877A as a controller. Basically, this project is designed to be interface with
home electrical appliance based on development of Graphical User Interface (GUI) in
Visual Basic 6.0.For advances features of this system the control unit will able to stand-
alone running or work independently base on the program that been set in control unit
to be automatically react to the data such in order to manipulate the energy
consumption patterns without connected to the PC. This is important causes the usage
of PC 24 hours will draw a lot of power that will affect on this system and bad effect to

our self.

1.2 Research Problem

Rising electricity prices have made it worthwhile for consumers to be informed
about the costs of operating their appliances. All types of consumers of electricity, from
landlords to office managers to the simple home user, are seeking more and more
information about the power consumption of their appliances and electronics in an
effort to reduce power usage and save money. It can be difficult to obtain power
consumption data for most appliances and electronics, and consumers often aren’t sure
of the best ways in which to reduce power consumption. For years, large-scale industry
has spent millions of dollars on equipment and services in an effort to reduce its power
consumption, but there is little such practical and affordable help available to home and

small office consumers.



1.3

Objective

The higher goals were to not only build a cheaper, more accurate and more

functional device, but also provide some means by which the characterization of a load

could help save power. To achieve this aim, the study is carried out for the following

objectives.

il.

1.4

ii.

iil.

To develop a system function to be as meter for current, voltage and power
reading and also function as an automatic meter reading which is calculated the

amount of power usage especially for management of various load at home.

To develop system where control the appliance by turn on and off automatically
through a PC where the system able to work independently base on program

that has been set in control unit to manipulate the electrical appliance.

Scope of Project

To develop energy management system that view measurement of voltage
(rms), current (rms) and power consumption on LCD display and using

PIC16877A as a controller for this system.

To integrate the hardware and software in order to develop an energy

management system by interfacing of electrical appliance

Develop Graphical User Interface (GUI) using Visual Basic for hardware and

software interfacing.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In various countries, there are presently attempts to replace electro-mechanical
power meters with electronic ones. Although the module described in this article was
not specifically designed for that purpose, it can be used as a low cost electronic power
meter module for simple domestic electric power measurement applications. Some of
its advantages over conventional systems are life expectancy and accuracy and the

possibility of remote monitoring [1]

The circuit system is implemented with a power measurement IC (ADE7753)
from Analog Devices. It is capable of measuring instantaneous voltage, current, and
power, VRMSI,m s, and real. Reactive and apparent energy. The interface to the mains
of a site is accomplished using a novel, non-intrusive flexible Rogowski coil developed

as the current sensor. [2]

The ADE7753 is a highly accurate energy metering integrated circuit. It has the
ability to calculate active, reactive and apparent energy. This chip can communicate via
serial data transfer and has a pulse output frequency proportional to the active power

measured. [7]



“LCD 1is used because it consumes less power than seven segment display. It is
responsible for cycling through various modes as commanded by the user in order to

display various power consumption data". [8]

The PIC16F877A was chosen for its SPI mode synchronous serial communication and

large number of general I/O pins available. [7]

2.2  Component review

This section provides the necessary background information required for a

proper understanding of the content discussed in this paper. This includes:

2.2.1 ADET7753 Chip

In this project, ADE7753 IC chip from Analog Devices are used for measuring

electric appliance. This chip is based on an inexpensive shunt resistor.

2.2.2  Microchip PIC 16F877A

The Microcontroller primarily performs the function of converting the analog
signal inputs into an 8 bit digital value. It performs basic measurements on the
waveforms to obtain the average power and displays this on a 2 x 16, on green LCD
display. To use a microcontroller in this project, all operation as states below are should

be know.

2.2.2.1 Crystal operation

These circuits are used as a clock input for microcontroller to control the

internal clock generator circuitry.



2.2.2.2 Reset circuit

This circuit is used as an input to initialize the PIC16F877A to a know start up

state.

2.2.2.3 /O circuit

In microcontroller, the input and output device are needed for develop system

function. This section will describe in detail about the input and output circuit.

2.2.3 Liquid Crystal Display (LCD)

In this section described LCD as a monitoring system in develop this project.

2.2.4 Optocoupler

Describe the function of this device as an isolation using in Energy

Management System.

2.2.5 Serial Peripheral Interface Protocol.

This topic will describe the way to communicate with one or more slave
devices.



2.2.1 ADE7753 Chip

The ADE7753 is a highly accurate energy metering integrated circuit. It has the
ability to calculate active, reactive, and apparent energy. This chip can communicate
via serial data transfer and has a pulse output frequency proportional to the active
power measured. This chip requires analog inputs of voltage and current applied to its
input terminals. The maximum differential signal level is = .5 volts with respect to
AGND. The gain of both of these channels can be changed to account for error in the
transformers. There is a selectable on-chip digital integrator which can provide an
interface to a current sensor like a Rogowski coil. The analog to digital conversion in
the ADE7753 is achieved by using two second-order Z-A ADCs. The sampling rate is
determined by the sampling clock which is equal to the input clock divided by four.
There are many system calibration features in this chip including channel offset
correction, phase calibration, and power calibration. This allows it to provide very
accurate power information. The ADE7753 power measurement chip met all our
operating specifications. This chip is capable of measuring single phase power with
several built in calibration points for precise power measurement. The chip
communicates via serial communication which can be easily integrated with a PIC
microprocessor. The chip has 24 bit internal registers which are used to accumulate the

power measured. This data can be read using a serial peripheral interface with the chip

2.2.2  Microchip PIC 16F877A

The Microchip PIC16F877A is an inexpensive 8-bit microcontroller. Its features
include 256 bytes of EEPROM data memory, self programming, two Comparators,
eight channels of 10-bit Analog-to-Digital (A/D) converter, a Synchronous Serial Port
(SSP), a Universal Serial Asynchronous Receiver Transmitter (USART), and three
separate timer modules. It contains 14.3KB worth of program memory and is capable of
operating with up to a 20MHz clock (200ns instruction cycle). The primary

functionality for the PIC in the EMS is to perform a serial read on the active energy



register on the ADE chip. Secondary functions include turning the EMS on and off. The
PIC16F877A was chosen for its SPI mode synchronous serial communication and large

number of general I/O pins available.

MCLRYPP = |1 7 A0 | e = RB7T/PGD
FADMAMD - [ |2 A0 | = ABG/PGC
RATAARNT - = |3 a8 | e = AERS
RAZAMIAREF —/CVRAEF +—=| |4 a7 | = RB4
FAAVAMLVAEF + - = |5 36| jJs—= ABAWVPGM
RAATOCKIAC1OUT - = |a as [ - = RE2
RASAMNASSC2OUT «—[ |7 a4 [ e = RB1
REQFADVAME «—|@ - aa | fe——s RBOJIMNT
RE1VWR/ANG a—] |0 E 32 [ - VoD
AEZ/TSANT - e[ |10 = 31 [ Vas
VDD ] B; 30 | e = RD7/PSP7
VES - =112 E 20 | ja + ADEPSPa
OSCICLKIL = |12 268 | je = ADS/PSPES
OSCHCLKD - []1a 27 = = AD4/PSP4
RCOT1OSOT1CKI = = |18 20 | = RCY/RAXDT
RCUT1OSICCP2 «—[ |16 25| |- = RCETHACK
RC2CCPT a—a[ |17 2 = = ACE/SD0
RCASCK/SCL «—[ |18 23| la = RC4/SDI/SDA
RDWPSPO - |18 22| += RDa/PSP3a
RDVPSP - = |20 21 [ = = RD2/PSP2

Figure 2.1: Pin out for the 40-pin PDPIP package of the PIC16F877A

2.2.2.1 Crystal operation

As shown in Figure 2.2, in this mode of operation an external crystal and two
capacitors are connected to the OSC1 and OSC2 inputs of the microcontroller. The
capacitors should be chosen as in Table 2.1. For example, with a crystal frequency of 4

MHz, two 22 pF capacitors can be used



PIC
16F84

oSC1 oscz2

Lo

<1 =
22pF| 4 MHz | 22 pF

Figure 2.2 Crystal oscillator circuit

Table 2.1: Capacitor selection for crystal operation

Mode Frequency Cl,C2
LP 32kH=z 68—-100pF
LP 200kHz 15-33pF
XT 100kHz 100-150pF
XT 2MHz 15-33pF
XT 4 MHz 15-33pF
HS 4 MHz 15-33 pF
HS 10 MHz 15-33pF

2.2.2.2 Reset circuit

Reset is used to put the microcontroller into a known state. Normally when a
PIC microcontroller is reset execution starts from address 0 of the program memory.
This is where the first executable user program resides. The reset action also initializes
various SFR registers inside the microcontroller. PIC microcontrollers can be reset

when one of the following conditions occur:
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e Reset during power on (POR — Power On Reset)
e Reset by lowering MCLR input to logic 0

e Reset when the watchdog overflows.

As shown in Figure 2.3, a PIC microcontroller is normally reset when power is applied
to the chip and when the MCLR input is tied to the supply voltage through a 4.7 K

resistor.

+Vdd

MCLR

PIC

Microcontroller

Figure 2.3 Using the power on reset

There are many applications where we want to reset the microcontroller, e.g. by
pressing an external button. The simplest circuit to achieve an external reset is shown in
Figure 2.4. In this circuit, the MCLR input is normally at logic 1 and the
microcontroller is operating normally. When the reset button is pressed this pin goes to
logic 0 and the microcontroller is reset. When the reset button is released the

microcontroller starts executing from address 0 of the program memory
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+Vdd
47K
MCLR
Buttonl:l:l PIC
Microcentroller

Figure 2.4: Using an external reset button

2.2.2.3 1/O circuit

A PIC microcontroller port can source and sink 25 mA of current. When
sourcing current, the current is flowing out of the port pin, and when sinking current,
the current is flowing into the pin. When the pin is sourcing current, one pin of the load
is connected to the microcontroller port and the other pin to the ground (see Figure 2.5).
The load is then energized when the port output is at logic 1. When the pin is sinking
current, one pin of the load is connected to the supply voltage and the other pin to the
output of the port (see Figure 2.6). The load is then energized when the port output is at
logic 0.

Output
Port

Load
PIC

Microcontroller

Figure 2.5: Current sourcing
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+\dd

Load

Qutput
Port

PIC
Microconiroller

Figure 2.6: Current sinking

LED as an output interface

LEDs come in many different sizes, shapes, and colours. The brightness of an
LED depends on the current through the device. Some small LEDs operate with only a
few milliamperes of current, while standard size LEDs consume about 10 mA of
current for normal brightness. Some very bright LEDs consume 15-20 mA of current.
The voltage drop across an LED is about 2V, but the voltage at the output of a
microcontroller port is about 5 V when the port is at logic 1 level. As a result of this it
is not possible to connect an LED directly to a microcontroller output port. What is
required is a resistor to limit the current in the circuit. The nearest physical resistor we
can use is 330. Figure 2.8 shows how an LED can be connected to an output port pin in
current source mode. In this circuit the LED will be ON when the port output is set to
logic 1 Similarly, Figure 2.7 shows how an LED can be connected to an output port pin
in current sink mode. In this circuit the LED will be ON when the port output is at logic

0.
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Output
Port
R
PIC
Microcontroller \}J_ED

Figure 2.7 Connecting an LED in current sink mode

+Vdd
R
o LED
Qutput
Port
PIC

Microcontroller

Figure 2.8 Connecting an LED in current source mode

2.2.3 Liquid Crystal Display (LCD)

In many microcontroller-based applications, it is required to display a message
or the value of a variable. Basically, three types of displays can be used in practice.
These are video displays, 7-segment LED displays, and LCD displays. For this project
LCD are used for display purpose. LCDs are alphanumeric displays which are
frequently used in microcontroller-based applications. Some of the advantages of LCDs
are their low cost and low power consumption. LCDs are ideal in low-power, battery-

operated portable applications. These displays come in different shapes and sizes. In
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this section, are looking at how interfacing for the standard LCDs to a PIC

microcontroller and what commands are available to use the LCDs. Table 2.2 shows the

pin configuration of the LCD. A description of the pin functions is given below.

Table 2.2: Pin configuration of LCD

Pin No Name Function
1 Vs Ground
2 Vop Positive supply
3 VEE Contrast
4 RS Register select
5 R'W Read/write
6 E Enable
7 DO Data bit 0
8 D1 Data bit 1
0 D2 Data bit 2
10 D3 Data bit 3
11 D4 Data bit 4
12 D5 Data bit 5
13 D6 Data bit 6
14 D7 Data bit 7

= VSSis the 0 V or ground. VDD pin should be connected to the positive supply.

Although the manufacturers specify a 5 V supply, the module can be operated

with as low as 3 V or as high as 6V.

» Pin 3 is named as VEE and this is the contrast control pin. This pin is used to

adjust the contrast ofthe LCD and it should be connected to a variable voltage

supply. A potentiometer is usually connected between the power supply lines

with its wiper arm connected to this pin so that the contrast can be adjusted.

This pin can be connected to ground if contrast adjustment is not needed.
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* Pin 4 is the Register Select (RS) and when this pin is LOW, data transferred to
the display is treated as commands. When RS is HIGH, character data can be

transferred to and from the module.

» Pin 5 is the read/write (R/W) pin. This pin is pulled LOW in order to write
commands or character data to the LCD module. When this pin is HIGH,
character data or status information cannot be read from the module. This pin is

usually connected to ground, i.e. the LCD is put into write mode.

* Pin 6 is the Enable (E) pin which is used to initiate the transfer of commands or
data between the LCD module and the microcontroller. When writing to the
display, data is transferred only on the HIGH to LOW transition of this pin.
When reading from the display, data becomes available after the LOW to HIGH
transition of the enable pin and this data remains valid as long as the enable pin

1s HIGH.

* Pins 7 to 14 are the eight data bus lines (DO to D7). Data can be transferred
between the microcontroller and the LCD module using either an 8-bit interface,
or a 4-bit interface. In the latter case, only the upper four data lines (D4 to D7)

are used and the data is transferred as two 4-bit nibbles.

When the connections are made between the microcontroller and the LCD, we can
simply use the LCDOUT command to send data to the LCD module. Note that the
connections between the microcontroller and the LCD can be changed using a set of
DEFINE commands to assign the LCD pins to the PIC microcontroller. In the
following example, PORTB pins 0 to 4 are used for LCD data (i.e. RBO connected to
D4,RBS5 connected to D5, etc.), bit 4 of PORTB is connected to the RS pin of the LCD,
bit 5 of PORTB is connected to the E pin of the LCD, the LCD is set for 4-bits of

operation, and the LCD is assumed to have two rows.



DEFINE LCD DREG PORTB ‘Set LCD data port to PORTB
DEFINE LCD_DBIT 0 ‘Set data starting bit to 0

DEFINE LCD_RSREG PORTB ‘Set RS register port to PORTB
DEFINE LCD_RSBIT 4 ‘Set RS register bit to 4

DEFINE LCD_EREG PORTB ‘Set E register port

DEFINE LCD_EBIT 5 ‘Set E register bit to 5

DEFINE LCD_BITS 4 ‘Set 4 bit operation

DEFINE LCD_LINES 2 ‘Set number of LCD rows

The character set of the LCD is given in Table 2.3

Table 2.3: LCD commands

16

Command Operation

SFE. 1 Clear display

$FE, 2 Home cursor

SFE, S0C Cursor off

SFE, SOE Underline cursor on

SFE. SOF Blinking cursor on

$FE. 510 Move cursor left by one position

SFE. S14 Move cursor right by one position

SFE. $80 Move cursor to the beginning of first row
SFE, $CO Move cursor to the beginning of second row
SFE. 594 Move cursor to the beginning of third row
SFE, $D4 Move cursor to the beginning of fourth row

2.2.4 Optocoupler

This device is used because the source and destination are at very different

voltage levels, like a microprocessor which is operating from 5V DC but being used to

control an electrical appliance which is switching 240V AC. The link between the two
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must be an isolated one, to protect the microprocessor from overvoltage damage.
Relays can of course provide this kind of isolation, but even small relays tend to be
fairly bulky compared with ICs and many of today other miniature circuit components.
Because they are electro-mechanical, relays are also not as reliable and only capable of
relatively low speed operation. Where small size, higher speed and greater reliability
are important, a much better alternative is to use an optocoupler. These use a beam of
light to transmit the signals or data across an electrical barrier, and achieve excellent
isolation. Optocouplers typically come in a small 6-pin or 8-pin IC package, but are
essentially a combination of two distinct devices: an optical transmitter, typically a
gallium arsenide LED (light-emitting diode) and an optical receiver such as a
phototransistor or light-triggered diac. The two are separated by a transparent barrier
which blocks any electrical current flow between the two, but does allow the passage of
light. Usually the electrical connections to the LED section are brought out to the pins
on one side of the package and those for the phototransistor or diac to the other side, to
physically separate them as much as possible. This usually allows optocouplers to
withstand voltages of anywhere between 500V and 7500V between input and output.
Optocouplers are essentially digital or switching devices, so they are best for
transferring either on-off control signals or digital data. Analog signals can be
transferred by means of frequency or pulse-width modulation. Figure 2.9 show out pin

of optocoupler.

ali}— —&]e
CE}.OEC
\ \ \ NG [E] \‘LEE

Figure 2.9: Pin out for the 6-pin of optocoupler
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2.2.5 Serial Peripheral Interface Protocol

Serial Peripheral Interface Protocol (SPI) is a synchronous serial
communications protocol developed by Motorola. It is designed to allow a single
master device to control and communicate with one or more slave devices. Figure 2.10

shows a simple SPI connection structure

Cs0 ™ S

SCK ol SCK
Master Slave

SDI g SDO

SDO 3 SO

Figure 2.10: SPI Connection Structure

There are two control lines and two data lines that are used for SPI communications.

Below show function of pin as in Table 2.4.

Table 2.4: describes each line and their function.

Signal Function

CS Chip Select — allows the master to
select the slave or group of slaves with
which it will communicate. Master
provides output, slaves receive as
input
SCK Serial Clock — the synchronous clock
signal. Master provides output, slaves
receive as input.
SDI Serial Data In — Serial data input line
SDO Serial Data Out — Serial data output
line
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There are four different modes of operation for SPI communications. Each mode
describes a clock idle polarity and edge select for when data is latched. These modes

are shown in Table 2.5 below.

Table 2.5: Mode description

CKP CKE SPI1 Mode Description

0 0 0,1 SCK idles low, data is latched on high-
low clock transition

0 1 0,0 SCK idles low, data is latched on low-
high clock transition

1 0 1,1 SCK idles high, data is latched on low-
high clock transition

1 1 1,0 SCK idles high, data is latched on high-
low clock transition
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, the equipments used, the procedures and the method for the
research is discussed. The main study of this chapter is to determine the overall circuit
of the energy management system. The figure 1 has shown the overall system of energy
management system. The system consists three main parts include on hardware and
software which is power source, controlling unit and monitoring system. Controlling
unit is a main of energy management system where control by PIC16F877A.This
controller are choose because of instruction set are simple and seamless migration
between product families make PIC16F877A microcontrollers the logical choice for
designing requiring flexibility and performance. This controller used to execute the
programs that has written or set that is stored in memory. This controller also functions
to record and save the data in random access memory (RAM) and calculate the power

average used of each appliance that connected to the system.

This system running in condition stand-alone running (without connected to the
PC).. In overall this system is operated when the load (electrical appliance) is connected

to the power source 240 Vrms, S0Hz. This system only operated in single phase source.
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However this system can support more loads by using an extension socket. This system
connected to source through switching technique which is used relay to be turn on and
off. The current and voltage will be step-down first by interfacing circuit which is used
to match with the internal device where the PIC16F877A controller operated in Direct
Current (DC) and voltage level at 5V.To ensure the data sent to control unit is digital
signal the data of electrical appliance that connected to this system is convert using
Analog to Digital converter (ADC). The data from ADC port will be record for every
millisecond and save it in random access memory (RAM). The data is power
dissipation taken by recording the level of voltage and current. The controller unit will
calculate the power average in that interval time and result will display either on LCD

display

The signal conditioning circuit is the place conversion process happened, the
device that perform signal conversion are often called as transducers or sensors. The
conditioning circuit used to convert an AC current signal of 0 to 15 Amps (rms) into a
dc voltage of 0 to SV.For this system two type of sensor are used voltage and current

S€nsor.

Applhance

r N h

Current Sensor Signal ‘
Conditioning

. . ADC
Cirenit [ [ J[ARC)

Control

Power Appliance Unit

¥

Source Interfacing
240V Crrcuit

LCD Display

Figure 3.1: Overall view of energy management system
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3.2  Hardware Design

The project involves the design, layout, and fabrication of a custom printed circuit
board (PCB). The power consumption meter will be powered from the socket it is
currently measuring and thus requires on-board power conversion hardware. The bulk
of the hardware focuses on power consumption measurement and data storage. Finally,

hardware to display the data and accept user input is also required.

3.3 Block Description

3.3.1 Load

These energy management systems use any house-hold consumer load. The
system investigating various loads with rated power consumptions of around 9 KW

such as water heater, lamp and etc.

3.3.2 Power Supply Circuit

For this circuit utilize an appropriate power supply that converts the 240 V, 50
Hz AC voltage to appropriate DC values (mainly 5 volt, and additionally 12 volts if
required) to power the ADE, PIC, Relay, and LCD circuit. Batteries and adapter also
are looking for providing power for this circuit. The main purpose of power supply

module is to be as power source to the system.
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3.3.3  Energy Measurement Circuit

The Energy Measurement circuit is responsible for direct current, voltage, and
power angle measurements, and from them, determining real and reactive power
consumption. The Energy Measurement circuit must be capable of relaying these
measured and calculated values to the microcontroller via a serial bus. The heart of the
Energy Measurement subsystem is Analog Devices Energy Meter p/n ADE7753. The
ADE7753 offers analog voltage and current inputs, and an SPI serial interface. Both
voltage and current inputs require a 0 to 0.5V analog input. The analog inputs are
sampled by ADCs within the ADE7753, and their magnitudes and phases are used to
digitally calculate real, reactive, and complex power in the line. The current sensing
circuit consists of a single shunt resistor rated at 0.02 Ohms and SW.The resistor is
located in the Neutral wire, and is tapped at both sides. The load side is connected to
pin V1P, and the source side is connected to pin VIN. Maximum current to be drawn
through the line is 15A, and so voltage across the current sense resistor will range from
zero to 0.3VAC. Maximum sustained power dissipation in the resistor when 15A is
being drawn will be approximately 4.5W, which is within the resistor s rated operation.
The voltage sensing circuit consists of a high-impedance bridge between the Hot and
Neutral wires. Two high-precision resistors rated at 470k Ohms and 680 Ohms are
connected in series between the Hot and Neutral lines as shown in figure 4.1 Pins V2P
and V2N are connected across the 680 Ohm resistor. Note that at 240VAC line voltage,
the current leakage through the voltage sensing bridge is approximately 0.5mA, and
therefore power dissipation in the voltage sense resistors is not a concern. In Appendix
B shows the circuits diagram of the Energy Measurement system and Table 3.1 below

outlines in detail each pin connection of the device



Table 3.1: Energy Measurement Circuit Pin Assignment

Pin Connection Description

RESET Microcontroller RA4 Reset pin

DIN Microcontroller SDO Serial interface data input

pDOUT Microcontroller SDI Serial interface data output

SCLK Microcontroller SCK Serial interface clock

Cs' Microcontroller RC6 Serial interface chip select

CLKOUT Clock Gen Chip clock. Parallel AT crystal
@ 3.579545MHz provide clock

CLKIN Clock Gen T

IRQ NC

SAG' NC

2X NC

CF NC

DGND Dig. Ground Digital Ground Reference.
Provides ground reference for
the digital circuitry

REF Ana. Gnd w/ 10uF decoupling | On-chip voltage reference

AGND Ana. Ground Analog Ground Reference.
Provides ground reference for
analog circuitry

V2P Meutral Wire Analog inputs for channel 2,
used with the voltage

VZN Voltage Sense transducer

V1P Meutral Wire (load side) Analog inputs for channel 1,

; . - used with the current

VIN Neutral Wire (source side) transducer

AVDD +5Y Power Analog voltage supply. Provides
supply voltage for analog
circuitry

DVDD +5Y Power Digital voltage supply. Provides

supply voltage for digital
circuitry

24
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Figure 3.2: Connection of shunt resistor and voltage divider

In operation, the chip directly interfaces with a shunt resistor (current sensor) and ac
voltage sensing input. Pins V1P and V1N accept the current sensing input obtained
from the current sense resistor. Pins V2P and V2N obtain inputs via a resistor divider
that provides a signal proportional to the ac line voltage. The small, full-scale analog
input range allows the chip to interface to low-value shunt resistances without
sacrificing dynamic range. Low-frequency pulse outputs supply average real power
information and can directly interface to a stepper motor counter display. In addition,
synchronized high-frequency pulse outputs are available for calibration and test
purposes. The high-frequency pulse outputs can also be used with a microcontroller or
an automatic meter reading (AMR) module. The shunt size 0.02 Ohms and 5W is
selected to maximize the use of the dynamic range on Channel V1 (current channel).
However, there are some important considerations when selecting a shunt for an energy

metering application as state below.

»  Minimize the power dissipation in the shunt.
* The higher power dissipation may make it difficult to manage the thermal issues
= Ability of the meter to resist attempts to tamper, by shorting the phase circuit.

» with a very low value of shunt resistance
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3.3.4 Microcontroller

The purpose of the Microprocessor is to log, manipulate, and display data
reported by the Energy Measurement subsystem. The Microcontroller must connect to
the ADE7753 Energy Meter via an SPI serial interface, must share a clock with the
ADE7753, must accept inputs from buttons, and must generate outputs to drive an LCD
display. The chosen controller is the Microchip PIC16F877A.The PIC16F877A has
multiple digital I/O pins available, and these pins are used for user input and output.
Pins RDO to RD3 are used as digital inputs, and are connected to simple normally open
switch buttons used for user input. The controller-side of the switches is connected
through a pull-up resistor to VDD. The pins are pulled to GND when the switches are
closed (button is pressed). Pins RBO to RB5 are used as digital outputs to drive the
LCD display. The first four pins are data pins, while pin RB4 is used to specify
read/write operation to the LCD, and pin RBS is used to specify 4- or 8-bit usage. The
LCD chosen in this case accept both 4- and 8-bit data packets, however only three
additional digital outputs are available from the PIC16F877A, so the LCD interface is
therefore implemented with 4 bits. A 4-pin interface is more desirable anyway, as it
improves expandability and risk management, in addition to reducing cost and
complexity. The PIC16F877A will communicate with the ADE7753 energy via an SPI
serial interconnect, and provides clock, chip select, and I/O pins for that purpose.
Brightness control of the LCD display is accomplished with potentiometer. The user
selects brightness control from the appropriate software menu, and when changes are
commanded, the microcontroller drives a digital output to change the resistance of the
potentiometer. Pin RC1 is a digital output used to specify the forward/backward
operation of the potentiometer. Pin RC2 is output from the microcontroller used to
command the variable resistance increase or decrease. In Appendix B show simple
circuit diagrams for Microcontroller and LCD circuit and Table 3.2 below show list in

detail pin connection.



Table 3.2: Microcontroller pin assignment
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Pin Connection Description

MCLR' +5V Master clear, always high.

RAD Button 1 Digital input from Button 1.

RA1 Button 2 Digital input from Button 2.

RA2 Button 3 Digital input from Button 3.

RA3 Button 4 Digital input from Button 4.

RA4 ADE7T753 RESET Digital output, used to reset ADET753.

RAS NC

RAG NC

RAT NC

VSS Ground 0V Ground.

RCO LCDE

RC1 Potentiometer CS Digital output to Potentiometer chip select
(LCD brightness control).

RC2 Potentiometer U/D Digital output to Potentiometer Up/Down
(LCD brightness contral).

SCK ADEFT53 SCLK Serial interface clock.

RCE ADETT53 CS Serial interface chip select.

RC7 240/120V Select Sense for 120/240V transformer jumper.

SDO ADE7T53 DIN Serial interface data output.

SD ADE7753 DOUT Serial interface data input.

VDD +5V +5V supply voltage.

PGC ICD PGC In-circuit debugger interface.

PGD ICD PGD

RBO LCD DBY LCD Data Pins.

RB1 LCD DB6

RB2 LCD DBS

RB3 LCD DB4

B4 LCD RW LCD read/write command.

RBS LCD RS LCD bus select.
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3.3.5 Data Display

The system is created to obtain the following data using the voltage and current

wave forms obtained:

» Instantaneous values of voltage and current, displayed to the user at a slow rate
of around 1 data point per second.
* RMS voltage and current readings.

= Average real power consumed

3.3.6 Interfacing Circuit for Energy Management System

This topic describe in detail, the whole system in developing of Energy

Management System.

3.3.6.1 PIC-ADE Serial Interface

For product like ADE7753 single-phase, calibration is done using the registers
through the SPI interface .Refer to product data sheets and application in Appandix A.

3.3.6.2 ADE7753 Serial Communication

The ADE7753 is fully accessible by a built in serial communications module.
To initiate any read or write operation to or from the ADE, there must first be a write to
the ADE’s communication register. The communication register is 8-bits wide. The
MSB indicates whether the desired operation will be a read or a write. The 6 LSBs
contain the address that will be written to or read from. Figure 3.3 shows the addressing

system via the communications register on the ADE.
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COMMUNICATIONS
DIN & - REGISTER -
*| REGISTER 1 _IN
DOUT O ouT [
*| REGISTER 2 IN
ouT ™
T REGISTER
*| REGISTER 3 507 |+— ADDRESS
DECODE
-
-
-
-
™| REGISTER n—1 L
ouT |
| REGISTER n il
ooT |
D2ET=-D-07E

Figure 3.3: Addressing the ADE7753 Registers via the Communications
Register.

The communications protocol itself is compatible with SPI protocol with some
specific timing requirements on the serial clock. The format for serial communication

with the ADE7753 is detailed in Figure 3.4.

TS | . [

[

scuk UMMM (LA, MU

COMMUNICATIONS REGISTER WRITE
DIN | [0]o] ADDRESS |

2
L
]

|

| T
DOouUT 1 MULTIBYTE&J READ DATA |—

0357s-0-009

L4

e e TP

Figure 90. Reading Data from the ADEF753 via the Serial Interface

cs ] 2 [

[43

seuk _ [IMMMMNAMN AN

COMMUNICATIONS REGISTER WRITE 1
DIN [ [1]o] ADDRESS | [ MULTIBYTE ,,READ DATA [ |
L4

D257E-0-0E0

Figure 3.4: General Format for Serial Communications
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3.3.6.3 PIC Microprocessor

The PIC Microprocessor serves as an interface between the ADE7753 and LCD
display. The primary functionality for the PIC is to perform a serial read on the active
energy register on the ADE chip. Secondary functions include turning the Smart-Plug
on and off and controlling whether the UPS is charging or supplying. The PIC16F877A
was chosen for its SPI mode synchronous serial communication, USART and large

number of general I/O pins available.

3.3.7 Relay

The relay provided was rated at 20A, model (ACCU400). Using an optocoupler
HI11B1 the relay was triggered to switch the phase on and off using a 12V signal. The
relay was connected to the circuit as follows in Appandix B. To switch inductive loads
such as relays, a diode has to use in the circuit to prevent the transistor from being
damaged. An inductive load can generate a back EMF which could easily damage an
optocoupler H11B1. By connecting a diode in reverse bias mode this back EMF is
dissipated without damaging the optocoupler H11B1.

3.3.8  Optocoupler

Since stray currents from external switch control circuitries may cause damages
to the microcontroller of PIC16F877A, the output pins of external circuitries need to be
isolated. In this project design, H11B1 phototransistor optocouplers are used to provide
physical isolation. Each optocoupler consists of a gallium arsenide infrared emitting
diode and a silicon phototransistor.For more detail datasheet of optocoupler H11B1 are

included at Appandix A.
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3.3.9 Implementation

3.3.9.1 Serial Communication Implementation

The ADE7753's serial connections were wired to the PIC16F877A
microcontroller through the parallel port connector located on the ADE7753's
evaluation board. The block diagram in Figure 3.5 shows how each signal line was
connected. Several output lines from the ADE7753 were not connected to the PIC
because they were providing information only necessary for the ADE's calibration. The
PIC acts as the SPI master device and the ADE as the slave. /RESET is a signal
required for the proper operation of the ADE and was supplied at a constant +5V. /CS
is the chip select line as was provided by the PIC to go low when a read operation was
to be performed. SCLK is the serial clock provided by the PIC to the ADE. DIN was
the ADE's data in line connected to the PIC's SDO serial data out. DOUT was the
ADE's data out line connected to the PIC's SDI serial data in.

] +5V
ADE 7753 /Reset /Reset PIC16FS7TA
ics _— Cs 1 ics
Isolation
Network
SCK SCK
SCK
DIN DIN/SDO DO
DOUT DOUT/SDI 5DI

Figure 3.5: Block Diagram of ADE7753 to PIC16F877A Interface
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3.3.9.2 PIC Programming

The primary focus of the PIC's programming was to activate the ADE7553 to
PIC16F887A serial communications. Implementation of the Smart-Plug on/off was

considered trivial and was not yet completed in code.

Figure 3.6 details a flow chart of how the serial communications was
implemented in code. The 4us wait is part of the specific timing requirements of the

ADE773's serial communications, detailed in the ADE's datasheet.

Write OXO03 ta SSPEUF

<

Is serial
transmit done?

write durnrmy data (0x00)
to SSFELUF

<

Is serial
transmit dorne?

FReceived
three bytes?

Figure 3.6: Flow Chart for Serial Communication with the ADE7753
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To generate the serial clock, the PIC's Timer2 module was selected to give the
ability to easily adjust the baud rate. The minimum allowable clock period was 100ns
which was faster than the PIC could generate it. A much slower clock speed of 256
instruction cycles per serial clock cycle, or 51.2us, was selected for testing and
debugging the serial communications. Since the ADE expected data to be latched on
the falling edge of the clock, and for the idle clock state to be digital low, SPI mode

(0, 1) was set and the appropriate CKE and CKP values were set in software.

On a read request from the PC, the PIC would write the read command to the
ADE's communication register, wait for 4us or longer, then read all 3 bytes of data
from the ADE's active energy register. Each byte was stored in a separate location in
the PIC's data memory. After the serial read operation was complete the PIC would

transmit the 3 bytes of energy data to the PC via the wireless network.

3.3.9.3 Testing

Testing and full implementation of the PIC-ADE serial communications was not
completed. A recurring problem of the signal from the PIC not being propagated
properly through the parallel port to the ADE was encountered. Several different test
configurations were attempted, with no success. The PIC consistently would generate
correct data output on its output pins, but the signal received at the ADE would be

incorrect.

A test program to generate a simple SCK signal to pulse eight times was
created. When measured at the PIC's output pin, the signal showed eight individual
clock pulses. The cause of this phenomenon remains undiagnosed and has resulted in

this portion of the project remaining incomplete.
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3.3.9.4 Improvements

Successful communication between the PIC and ADE would be the primary
goal of future work done on this project. Determining the cause of and solution to the
PIC-generated signals’ behaviors is a necessity for any further progress to be made.
Once serial communication has been successfully established, other useful statistics can
be read from the ADE’s registers, including temperature, reactive power, and power

waveforms.

3.4.0 Interface LCD (LCD-JHD162A) with PIC16F877A

This project utilize a 2-line LCD display as in Figure 3.7 that will receive data
input from the PIC and provide on the fly information of data collected that includes
average current, voltage, power values, and information about the overall status of
devices including possibly a warning when any of the inputs exceed safe limits .To use
the LCD display, user have to solder 16 pin header pin to the LCD display. LCD-
JHD162A is a 2X16 character LCD. LCD connection pin and function of each pin is

shown in Table 3.3 below:

Figure 3.7: LCD-JHD162A
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Table 3.3: LCD connection pin configuration and function of each pin

Pin | Name | Pin function Connection
1 V5SS Ground GND
2 VCC | Positive  supply | 3V

for LCD

3 VEE | Brightness adjust | Connected to
a preset fto
adjust
brightness
4 RS Select  register, | RB7Y

select instruction
or data register

5 RW Select read or | GND

write

] E Start data read or | RB6
write

f DED | Data bus pin RD0

8 DBl Data bus pin RD1

9 DB2 Data bus pin RD?2

10 | DB3 Data bus pin RD3

11 | DB4 | Data bus pin ED4

12 | DB5 | Data bus pin RD3

13 | DB6 | Data bus pin RDé

14 | DB7 | Data bus pin RD7

15 | LED= | Backlight positive | 3V
input

16 | LED- | Backlight RA? control
negative input Transistor

3.4.1 Simulation with ISIS

ISIS provides the development environment for PROTEUS VSM, revolutionary
interactive system level simulator. This product combines mixed mode circuit
simulation, micro-processor models and interactive component models to allow the
simulation of complete micro-controller based designs. ISIS provides the means to
enter the design in the first place, the architecture for real time interactive simulation
and a system for managing the source and object code associated with each project. In
addition, a number of graph objects can be placed on the schematic to enable

conventional time, frequency and swept variable simulation to be performed.
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3.4.1.1 Using ISIS

Blue rectangular is the working area. This area can be changed by using System
| Set Sheet Sizes Menu.Devices are need to load which can be used in project into
Devices area seen in Figure 3.8.and Figure 3.9 To select devices, you should use P

button or Library/Pick Device/Symbol Menu.

EE UNTITLED - 1515 Professional
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I : : 400 : AT th
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Figure 3.8: ISIS Main Menu
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Figure 3.9: Pick Devices

Also, for this simulation also have to use Ground, Supply, and Label etc. These

are found by clicking Inter Sheet Terminal Button seen in Figure 3.10.
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There is no need to connect XTAL and MCLR pins. ISIS works regularly without these
connections. Then, load hex file to PIC. For this, right click on the PIC then we will see
that PIC becomes red color. Then left click on the PIC again. At this point, we see Edit
Component window seen in Figure 3.11.At this window, we define Microprocessor’s
Clock Frequency and hex file destination. Then click okay button to exit the window.
Finally, click the play button which is located in the left-bottom place to work your

simulation. Working system is seen in Figure 3.12.
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Figure 3.12: Edit Component
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Figure 3.13: Working Simulation

3.4.2 PIC Microcontroller Tools Development

All microcontrollers require a program or software for their operation. This
program is developed and tested by the programmer. The following software tools are

normally required in a PIC microcontroller-based project development cycle.

= PicBasic Pro compilers (pbp)
* Window interface software
* Programming Adapters and melabs U2 pic programmer

We shall look at each of these tools in detail now.
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3.4.2.1 Picbasic pro compiler (pbp)

PICBASIC PRO™ Compiler is the easiest way to program the fast and
powerful Microchip Technology PICmicro microcontrollers (PICI6F877A).
PICBASIC PRO converts BASIC programs into files that can be programmed directly
into a PICmicro MCU. The BASIC language is much easier to read and write than the
quirky Microchip assembly language. PBP compiler produces code that may be
programmed into a wide variety of PICmicro microcontroller having from 8 up to 84
pins and various on-chip features including A/D converters hardware timers and serial
ports. The PIC16F877A use Harvard technology to allow rapid erasing and
reprogramming for program debugging. The PIC16F877A devices also contain
between 64 and 1024 bytes of non-volatile data memory that can be used to store

program and data and other parameters even when the power is turned off.

3.4.2.2 Window interface software

MicroCode Studio is actually Integrated Development Environment (IDE) with
In Circuit Debugging (ICD) capability designed specifically for PICBASIC PRO
compiler. This software is easy to set up and capable to identify, correct the
compilation and assembler an error. The controller algorithm programming writes in

MicroCode Studio. See Figure 3.14.
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@ MicroCode Studio - PICBASIC PRO (feedback.pbp)

IhR=g" Y e R EERESE
R - R -
: File Edit View Project Help
Code Explorer - 8 Iﬂ feedback
|23 Indudes ~ B R E KK KKK AN KKK AN K A KH KKK KA KRR AN A A A K E KA -
= IC) Defines 1 '* Name : Feedback.BAS *
(8] osc "#* Author : [select VIEW...EDITOR OPTIONS] =
|B] ccPi_REG '+  Notice : Copyright (c) 2008 [selsct VIEW...EDITOR OPTIONS] *
(2] ccpi_BIT . : All Rights Resesrved *
|B] ADC_BITS "* Date : 10/9/2008 *
[B] ADc_cLock '# Versien : 1.0 * —
[B] ADC_sAMPLEUS %  Notes -
[C3) Constants " 5 *
- 3 Variables L R e e e e E e e T T
(] duty
[v] adc_data DEFINE osc 20
V] err DEFINE CCPl_REG PORTC
[M] err_new DEFINE CCPl_BIT 2
V] x_duty
[v] y_err DEFINE aADpC_BITS 8
V] c_cross DEFINE ADC CLOCE 3
V] setpoint DEFINE ADC_SAMPLEUS 50
[¥] sign_err
£ Alias and Modifiers
IC Symbols ADCON1 = %00001110 'set use A0 dia configure functions of ports pi
= I Labels = ADCCONO = %11000001 'set which port is used dia ceontrel ecperation c
|_DJ main TRISA.O0=1 "INPUT FEEDBACK to set the port direction 2
[#] adc_check ~| | | =~
(O) Ready [El Ln 30: col 20

Figure 3.14: MicroCode Studio screenshots

3.4.2.3 Programming Adapters and melabs U2 pic programmer

The melabs U2 PIC Programmer is driven and powered from a single USB port
on computer. Then adapters connect to the programmer's 40-pin expansion header to
allow programming of PIC microcontrollers in DIP, PLCC or surface mount packages.

See Figure 3.14 for programming adapters.

Figure 3.15: Melabs U2 PIC programmer (black chasing) and programming
adapter.
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CHAPTER 4

4.1 Conclusion

This report described the design and implementation of the computer system
Energy Management System. A plug was devised to measure and control the power
consumed by single phase appliances. The LCD provides one or more users to monitor
and control their household power consumption.

Accomplishments of the project include

* Design and implementation of the Power Source and Limiting Circuits
* Design and implementation of the Plug

* Design of the Monitor circuit using LCD.

* Design and partial implementation of the ADE — PIC Serial Interface

The power measuring circuit works as intended and allows the ADE 7753 to
calculate active energy readings from the plug. The limiting circuit successfully limits
power consumption by using the value of potentiometer that sample from ADC. These
appliance are integrated into the Plug, which is fully functional. The ADE — PIC serial
interface is fully designed. Implementation proved problematic due to unforeseen
difficulties sending the signal from the PIC to the ADE. However, the code on the PIC

executes properly and the outstanding issue is a hardware problem.

Although the project does not completely meet the proposed requirements, it

was a good introduction into project management and the design process. The design
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work that was done could be used as a basis for future achievements in power

conservation.

4.2 Recommendation

» The system can be improved by interfacing personal computer (PC) with

internet, short message system (sms) using handphone and etc.

* Function of switching by using wireless control system

* The system can develop for commercialize by using Printed Circuit Board

(PCB) to replace the wrapping technique.

4.3 Cost and Commercialization

The total coast in developing this project could be referred in the appendix D.
The estimate coast for overall components in this project was due to analysis in Energy
Management System project where about RM285.50. This system develops in
constrained by a loose price requirement. The most difficult component to be found is
analog devices,ADE7753 since it was not widely used and this IC available in type of
surface mounted device (SMD).In develop this circuit, PCB are used and a soldering

tool for this type IC is needed.

The potential of this project to be commercial is quite high since homeowner
may find the solution in order to reduce the energy usage of each appliance that used in
daily life. This could be verified when certain industries already develop this system in
more advantages to attract the homeowner to buy that product. This system also not

limited used for home usage but also can applied in industry.
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APPENDIX A

Datasheet of PIC16F877A

MiCrROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

. PIC1ES
v FICIEF

= PIC1EFETE
= PIC1EFE7T

Microcontroller Core Features:

= High perfarmance RISC CPU
Only 35 single word Instructions to leam
All 6Ingle cycke Instructions except for program
branches which are two cycle
Operating speed: DG - 20 MHZ clock input
OG- 200 ns Instruction cycle

= Up fo 8K x 14 words of FLASH Program Memary,
Up o 358 ¥ 3 bytes of Dala Memary (RAM)
Up o 256 x 3 bytes of EEPROM Data Memary
Pinout compasible to the PIC16C7 3B/T4BTETT
nterrupt capabilty (up fo 14 sources)
Signt level desp hardware stack
Direct, Indirect and relative addressing modes
Power-on Resat (POR)
Power-up Timer (PWRT) and
Osclllator Start-up Timer (33T}
Watchdag Timer (WOT) wih Es own on-chip RC
asclliator for rellable aperation
Programmable code prateciion
Power savwing SLEEP moge
Selectable oscllator oplions
Low power, high speed CMOS FLASH/EEPROM
=ennology
Fully s2a%ic design
n-Circult Serlal Programming™ (ICSP) via twa
pins
Single 5V In-Clreul Serlal Programming capablity
n-Circult Debugging via two pins
Processor readiwribe acoess o program memary
‘Wide operating voitage range: 2.0V ta 5.5V
High Sink’Source Current 25 mA
Cammercial, Industrial and Extended temperature
ranges
= Low-power consumpiion:

- = 0.6 mA typleal @ 3V, 4 MHz

- 20 pA typlcal @ 2V, 32 kHz

- =1 A typleal standby current

Pin Diagram

FOIP
—T
L —=[] 1 b g []a—= povFoo
RAIEM] ——e[] 7 3 [] = ROOFGC
RALEHY e ] 2 3 [] e RIS
AR —— ] 7 [] = nDa
RALERIANE s s 33 [] a—s ROIFGN
RALTOCK] e [ 2 34 [ = RO
[TTTE . g b LT ap—
ROONDoNE -] 2 r‘?. 53 [] == RDAANT
BTN =] 5 [ T
REDTEENT =] 32 F: 30 [] a— v
o —e [ 1 E 3 [] = rosmser
Wl — [ 12 L=l
R0 CLEI —a [ g2 G
OSCRCLKOUT ] W4 E [ == RO4=SRE
ROSTISNTICH e[ 12 28 [] = RoPEDT
RCITOSEEPE a—e[] 1 28 [] a—= ROETACK
RCICOPE w—e [ 17 24 [] == RCZTDO
RCWSOGGOL e ] 18 71 [] s RCASDUTOS
RIAFSPY e[ 15 71 [] w— RO2FEFI
noueses a—s[] 22 21 [] a—s ROZPERZ

Peripheral Features:

Timed: 8-bi mericounter witsh 8-bi prascaler
Timer1: 16-0it imer'counter with prescaler,

can b incremented during SLEEF via external
crysaliciact

Timer2: 8-bi tmerfcounter with 3-bR period
reqglsier, prescaler and postscaler

Two Capbure, Compare, PWM modules

- Capture Is 16-bi, max. resoiution 15 12.5ns

- Compare Is 16-0it, max. resalution |5 200 ns

- PWM max. resalutlon Is 10-b8

10-bit mulli-channel Analog-to-Digital conwerter
Synchronaus Serlal Por (S5F) with SPI™ (Master
moga) and e [Master’Slave)

Universal Synchranous Asynchronous Recelver
Transmiter (USART/SCI) with 9-bit address
detection

Paraliel Slawe Port (PSP) 6-bits wide, with
external RO, WR and CS controis [20044-pin anily)
Erown-out detection clrcuRry for

Brown-out Reset (BOR)

£ 2004 Micrachip Technology Inc.

DE302s2C-nape 1
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PIC16F87X

Pin Diagrams
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REQINT ==CIH & O == REVSENS
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APPENDIX A

Datasheet of ADE7753

ANALOG
DEVICES

Single-Phase Multifunction Metering IC

with di/dt Sensor Interface

ADET753

FEATURES

High accuracy; supports IEC 60687/61036/61 268 and
|EC 62053-21/62053-22/62052-23

on-chip digital Integrator enables direct Interface to currant
sensors with diidtautput

Actlve, reactive, and apparent enargy; sampled wavetorm;
current and voltage rms

Less tham 0.1% error In active energy measurement over a
dynamic range of 1000 to 1 at 25°C

Pasitive-only energy accumulation mods avallable

Cn-<chip user pregrammable threshold for line valtage surge
and SAG and PSU suparvisory

Dilgital callbratian for power, phase, and Input offset

Cn-chip temperature sensor (£3°C typical)

SPI* compatible serlal Interface

Pulse cutput with pregrammable frequency

Interrupt request pin (IRG) and status reglster

Reference 2.4V with extemnal overdrive capabllity

single 5 V supply, low power (25 mW typlcal)

GEMERAL DESCRIPTION

The ADETTS3 features proprietary ADCs and DSP for high
accuracy over large varistions in emvironmental conditions and
time. The ADETT53 incorporates two second-crder 16-bit T-4
ADMCs, a digital imtegrator (on CH1Y, reference cirouitry,
temperature sersor, and all the signal processing required to
perform active, reactive, and apparent energy measure ments,
line-valtage period measurement, and rms calculation on the

voltage and cumrent. The selectable cn-chip digital integratar
prowides direct imterface to difdt current sensors such as
Rogowski coils, eliminating the nesd for an external analog
integrator and resulting in encellent long-term stability and pre-
cize phiase matching between the current and voltage channels.
The ADETTS3 prowides a serial interface to read dota, and a
pulse cutput frequency (CF), which is proportional to the active
ponwer, Various system calibmation features, i.e., channel offset
correction, phase calibration, and power calibration, emsuare high
accuracy. The part also detects short duration low or high
voltage variations,

The positive-only accumulation mode gives the option to
accumulate energy only when positive poiwer is detected. An
internrial no-lead threshold enswres that the part does not exhibit
ariy creep when there is no boad The sero-crossing owtput (ZX)
produces a pulse that is synchromized to the rerm-crossing point
of the line voltage. This signal is used internally in the line cycle
active and apparent energy accumulation modes, which enables
faster calibration.

The interrujt status egister indicates the nature of the interrupt,
ard the interrupt enable register controls which event produces
an output on the ﬁpin. an open-drain, active low logic cutput.

The ADETTS3 is available it a 20-lead S20F package.

FUNCTIONAL BLOCK DIAGRAM

BED  RE

o—0

ADETTSR

A L Sl ELRERT

Figura [,
SUE Pakbents 5745303, 5 760,81 7; BEEL 065, 5 872,4£0; others panding.
Raw. A
Inforramtion fumbhed by Anslog Duvken b ballaved to b scourwis and raliskb.
Hewwesr, no reaporaibility 1o sowmed by Ak Devicsa for ke nn reor for sny
infriregarmesnt s of paisnis or cthar dghtaof thind partisa thet rewy rasulifrom B s,
Spachications subjact to changs withaut notice Hallanme ingrantad by Inphestion
or ortbwrwiss urder sry pabsnt or puient dghis of Analeg Devicss. Tradwmara srd
ragirtared irscursarks srs thapropariy oftheir raspect s cwnan.

Ona Tachnology Way, F.O. Box 8105, Norsood, MA DZ0E2-0108, LLSA,
Tad: TE1.320.4700 WwrH analog.com
Fax 781.326 5703 © 2004 Anadog Devioss, Inc Bl rights ressirved



ADETT53

SPECIFICATIONS

AN pp = DW= 5V 4 5%, AGHD = DGHD = D‘\f.c-n-ch'lp reference, CLEIN = 3579545 MH: XTAL, Tare to Ty = —40PC o +B5C,

Table 1.
Parameter’ Spec Unilt Test Conditlons/ Comments
ENE RGY MEASL REMEMT ACCLIRACY
Acthe Power Maasurament Ermod CLKIM = 1579545 MHZ
Channal 1 Rarge = 0.5V Full 5cale Chanrel 2= 200my rms&d Hz gain= 2
Gan=1 @l % typ Orvar a dynamic range 1000 Eo 1
Gan=2 ol &% typ el a dynamic range 100060 1
Gan=4 ol % typ el a dynamic range 100060 1
Gan=24 ol % typ el a dynamic range 100060 1
Channzl 1 Rarge = 0.25 Y Full Scale
Gan=1 ol % typ Cwar a dynamic range 1090t 1
Gan=2 ol % typ Cwar a dynamic range 10900 1
Gan=4 ol % typ Cwer a dynamic range 1090t |
Gan=§ 0z % typ Cwer a dynamic range 1000t |
Channel 1 Rarge = 0125 ¥ Full Scake
Gan=1 0l % typ Cwar a dynamic range 1000 1
Gan=12 0l % typ Cwar a dynamic range 1000t 1
Gan=4 0z % typ el a dynamic range 103060 1
GaAn=4§ 02 % typ Orvar a dynamic range 1000 Eo 1
Active Power Measurament Bardwidth 14 kHz
Phiase Error 1 btween Channas? 005 ma Line Frequerncy = 45 Hz to 65 HZ, HPF on
AT Power SUpplY Rejection? AWeo =DWVoo= 5V + 175 M rms'1 20 Hz
Ot Frequency Varktion iCF 0.z &% typ Chanrel 1= 20 miv s, gain = 16, range=0.5v
Channel 2 = 200myrmssd Hz gain= 1
DT Power SUpply Rejection® Aveo = DVoo= 5V £ 250 miv de
Ot Frequency Vanation (CF) +03 % typ Channel 1= 20 mv Ims/Ed Hz, gain = 16, range = 05V
Chanrel 2= 200 my rms/s1 Hz gain =1
IRMS Measuremnent Errar 05 % typ Crver a dynamic range 100 to 1
IRME Measuremnent Bandwid th 14 kHIZ
WRMS Measurament Error 05 % typ Crear a dynamic range 20t 1
VRMS Measurament Barsdwidth 140 Hz
AMBLOG IMPUTS? Seetha Analog Inputs sacion
Maxdmum Signal Levels +H01.5 W T VIR WIN V2N, and V2P to AGRD
Input Impedance (da) 390 kmin
Bardwidth 14 kHz CLKIN/256, CLEIM = 2.579545 MHz
Galn Error? Ext=mal 2.5V referarce, gain =1 on Channes 1and 2
Channg 1
Fange = 0.5V Ful Scale +4 % typ W1 =05vde
Fange =025V Full 5cde +1 % typ W1=025Vdo
Fange = 0L125 W Full 5cale +1 % typ W1=0125V dc
Charnd 2 +4 % typ ¥2=05vdC
Cffsat Error? +32 iy e Gain 1
Channg 1 +12 e Galn 16
+32 T M Gain 1
Channe 2 +12 v M Galn 16
WEVEFORM SAMPLING Sampling CLEING1 28, 3579545 MHZ 128 = 27.9 KSPS
Channel 1 Seethe Channel 1 Sampling section
Sgralto-hoise Fus Distortion 62 dBtyp 150 PP MTs/60 HE, range= 0.5V, galn= 2
Bardwidthi-2 dE) 14 kHz CLKIN = 3579545 MHZ

Fooinotes on next page.

Rev. & |Paga 3 of €0
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ADETT53

Parameter Spec Unit Test Conditions/Comments
Chanrel 2 See the Channg 2 Sampling ssction
HAgral-ta-Nolse Plus Distotion an dbtyp 150 miv rms/60Hz, gain=2
Barsdwicith (-2 7B} 140 Hz CLEIM = 2.573545 MHz
REFEREMCE IMPLIT
REFreour Input Vol tage Range 24 W 2AN+ 8%
22 ¥min 24V- 4%
nput Capacitanca mn PF miax
OP-CHIP REFEREMCE Hominal 2.4 Vat REFgsaurpin
Referanice Errar +20d i
Current Source [ A i
Cutput Impedance 24 kLt miln
Tarnperatira Coefficlent £l PRMSC Eyp
CLKIM All specifications CLEM of 2.579545 MHz
Input Clock Fraquency 4 MAHZ ma
1 MHZ min
LG IMPLITS
RESET, DN, SCLE, CLKIM, and 05
Input High Vol tage, Vs 24 v rrin Do =5V & 10%
Input Lo violtage, Wiy 08 W M DVpe =5V + 105
Input Cument, b £3 A, I Typlcally 10 R4, Vi =0V ta Dves
Input Capacitance, Cn 0 PF max
LG UTPLITS
ZAG and IR Opsraraln outputs, 10 kD pull-up resistar
output Hich Voltage, Vey 4 v rrin i
Cutput Low Valtage, Vo 0.4 W I bra =08 mA
X and Do
Cutput High Violtage, Vs 4 Wi bcves = 5 A
CUtput Low Voltage, vioy 04 W M hpa =08 m&
CF
autput High Voltage, Vey 4 vl lecpecs= 5 MA
CuUtput Lo Valtage, Vo 1 W TN ks =T A
POWWER SLIPPLY Foi spescified performands
avbD 475 wmin 5 -5%
525 W M 5V + 5%
DvDD 475 Wmin 5V - 5%
5.25 W I 5Y + 5%
Ao 2 A Fax Typlcally 20 ma
Dl 4 A max Typlcally 20 ma

"Z@% tha plots In tha Typical Paomancs Charactanstics sadion.
Zas tha Temminology sectlon for axplanation of speckications.

"Zos 1ha A log InpuEs sectian.

R

ERMATT

Figure 2, Load Crowt for Timing Specifoations

50



ADET753

TIMING CHARACGTERISTICS

AVpp = DWpp =5V + 5%, AGND = DGHD = 0V, an-chip reference, CLEIN = 3579345 MHz XTA L Tupto Taax = —40°C to +87C.

Tahle 2.
Parameter’* Spec Unit Test Conditlons/Comments
Writa Timing
t 50 s {minj = falling eckge to first SCLE falling 2dge.
t; 50 e {rin SCLK oG hgh pulse width.
t 50 e rin SCLE logic low pulss width
ts 10 e {rin Walld data setup tme =fora falling edge of SCLE
11 5 e imirg Data hedd e after SCLE falling edge.
ts 400 e {rin Minimum time betaeen the encof data byte Tansfers.
t 50 res {rminj Minimum tirre bataeen byte transters durng a serial wiite
ts 116} e {miri % hiold time after SCLE fallireg esdge.
Read TiriNg
7 4 ps i Minimum tme betaeen read comimiand 1L.e, a writ to
cormmuniation registern ard data read.
tia 50 e {mini Minimurm time bebéeen data byt transfers during a multibyte read.
tn ELI] e imirg [ata access tme after SCLE rising edge fallowing a write to the
communiations reglster.
bzt 163 I (A Bus relirequish tire after falling sdge of SCLK
] e {miri
b 100 T {max) Bus ralircuish time after rising edoge of 5,
10 e {rin

' Sampla tasted during Infial rekass and after any redesign or process chiands that could afect this paramatar. & input signals ana specfied withir = 1f= 5 re
1108 to DO5) and timad fram avokaga kevel of 15 V.

55 Figure 3, Figure 4, and tha ADETTSE Sarlal Interfacs section.
" MINIMUm B Bsbwasn read command and daka read for sl recisars sucspltw aveform reglter, which b t = 500 re min

*Muasured withtha load circultin Figuna 2 snd defined as th tims requined for the sUEputEn cross 0.6 War 24,

* Darived from the measured dme taken by the data cufpLEs o changs o5 whan loadad wEh th Srcul In Figurs 2 The measured numbsr i than soirspeistad back
1o ramava tha affects of charging or db changing the 50 pF capadtor, This maans that tha Hma quotsd In the iming charactarktics B the s bus rinquishtims of

iha part ard & Indspa ndant of tha bus kading.

'n'_l‘

L =i

wuf

_.|1..._—|-_-L
)

COUERAD BFTE

e T ESMIFC AN T B IE LEAST SONIRLANT B9TE

naE

Figure 3 Sarial Write Timing
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[ . !:u'_ Iy =
(e NN (et ;fHJwE—
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ADETT53

ABSOLUTE MAXIMUM RATINGS

Ty = 25°C, unless otherwise noted.

Tahle 2.

Paramieter Haung

AVDD to AGHD 03V I+TY
OVDD to DGHD 03V I+TY
OV to AVDD 03V +HI3Y
Anakog Input Voltage to AGHD AW+ Y

VIR, WIM, V2P, ared VIM
Reference Input voltage to AGHD
Digital Input Vialtage to DEND
Digital utput Violtage to DGHD
Operating Temperaturs Rangs
Iredustrial
Storage Ternperature Rarge
Junction TEFI'IFET-EIJ.ITE'
20-Lead SS0P, Power Dissipation
GuThermal |I'I'I|:IE"13I'IIZE'
Lead Temperature, Soldering
Wapor Phass (60 s&0)
Inifrarexd {15 sec)

=12V o AVDD + 03V
=12V o DVDD + 03V
=12Vt VDD + 03V

=405 1o HREHC
=659 o +1 509
1507C

450w
N2%0W

215%C
Z20PC

ESD CAUTION

ESD {electrostath discharge) sersithve device Electiostatic changes as high as 4000V readily accurnulate on
thee humian Body and test equipment and can discharge without detacion. Althoush this product features
propistary ESD protection drcullry, permanant damadge may ooeur on desices subjestad to high anardgy
alectrastatic dischanges. Therafore, proper ESD precautions are recommended b2 avold perfonmance
decradation or 155 o functorality.

Stresses above those listed under Absolute Maximum Ratings
miay cause permanent damage to the device. This is a stress
rating only and functicnal cperation of the device at these or
arry other conditions above those indicated in the aperaticnal
section of this specification is ot implied. Exposure to absclute
maximum rating conditicns for extended periads may affect
device reliability.

S
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Table 4. Pin F

TEEET [1]
oo [7]
Ao [T

viP [T]
win [&]
v [&]
wr[r]

aann 1]

REFmcuy [2]

DaRD 7]

Figuve 5. Fin Confguration (550F Package)

uniction Descriptions

Pln No.

Mnremonlc

Descripion

1

2

FESET

oD

AVDD

VIPVIN

V2N V2P

AGND

FERwor

DGHD

CF

Resat Finfor the ADETTS3. & logk: low cnthis pin hokds the ADCs and digital crculery including the seral
Intertace) In a reset condition.

Digital Power SUpply. This pin provides the supplywitage for the digital circultry In the ADEF 752, The
SUEEHY voltage shiould be malntained ats v 5% for spcified opsration. This pin should be decoupled to
DGHD with 3 10 pF capacitor In paraliel with a ceramic 100 nF capacditor,

Andog Power Supply. This pin pravides the supplyvoltage for the anakg drultry In the ADEFFS3, The
SUEEY shoukd be maintained at 5V + 5% for specifiad oparation. Every effort shoukd e mada to minimize
fpowed sUpply fpgde and rolse 3t s pin by the e of proper decoupling The typlcal perfommance graphs
shiaw the power supply refaction performance This pin should be decoupled to AGHD witha 10 pF
capadcitor In paraliel with a ceramic 100 nF capacitor.

Andag Inputs for Channel 1. This channel is inbended far use with a di/di current transducer such as a
Resgowskl coll or another cUment sensor such & & shunt of current transfomrer (CTL These Inpats ane fully
differential voltage inputs with masimurm differential Inpaut sigral levels of £0.5V, 2025 V. and £00 25V,
dep=nding on the full-scale selection—sas the Ardog Inputs seciion. Chanrel 1 also fas a PGA with gain
selections of 1, 2, 4.8, or 16 The maxdmum signal kvel at these pins with respect to AGHD 15 +0.5 V. Both
Inputs have Intemal ESD protection cirouitng and, In addition, an overvoltage of 6V can be sustained on
thiesa Inpats without risk of permanent dam age

Andag Inputs for Channel 2 This chanrel is inbended far use with the voltage transducer. These iInputs are
Tully differential voltage nputs with a meximum differentlal signal lkevel of £0.5%. Channg 2 dso has a PGA
with gain selections of 1, 2, 4, 8 or 16 The maxdmum sigral kvel at these pins with respect to AGHD |5
+0.5V. Both Inputs have Intarnal ESD protaction crouitry, and an overvoltage of £5 V can be sustained on
thiesa Inpats without risk of permanent damage.

Andag Ground Reference. This pin provides the ground reference for the araleg cirouitry Inthe ADETTS3,
L, ADCS ared reference. This pin shoukd be tled tothe anaksg groursd plane o the quistast graund
reference In the system. This quiet ground reference should be used for all arakg Croultry, for example,
antl-aliasing Miters, current ard voltage transducers, etc. To keep ground nolse aound the ADEFTS3 toa
rminimum, the quiet grourd plane should aonnected ta the digital graund plane at only ore point. It s
Fceplable to place the entire device on the anakog ground plane

Access o the On-Chip voltage Reference The or-chip reference hias a nominal value of 24V £ 8% and a
typlcal terperature coefficlent of 30 ppriv=C. An externial reference saurce can also be connected at this
jpin. In el ther case, this pin shoukd be decoupled to AGHD with a 1 pF cerami: capacitor.

Digital Ground Reference. This pin provides the ground reference for the digital crcultry Inthe ADEF753,
L, multipdier, fiters, and digital-to-frequency convertar. Because the digital return cuments in the
ADETTS3 ara small, it Is acceptable to connect this pin to the ardog grourd plane of the systerm. Howeaver,
hiigh s capacitance on the DOUT pin could result in rcdsy digital current, which could affact
perfamance

Calbration Frequency Logic Gutput The CF logic cutput gives active powser Infarmaticn This oufpat s
Intenided to be used for operational ard callbration purposes. The full-scale output frequercy can be
adjustad by writing to the CFDEM ard CFMUM registers—ses the Energy-to-Fragquency Convarskon saction.
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Plr Na.

Mremonlc

Description

12

o

CLEM

CLECUT

(el ]

ioltage Wavetomn (Channel 2) Zero-Crassing Output. This cutput toogles kagic high and (ool low at the
zero Crossing of the differentia signal on Channel 2—see the Zero-Crossing Detection sacion.

This open-dran 1ogic output goes active low when either no e orossings ane detactad of a kow wltage
thireshold {Chiarnel 2) 1s crossed for a specifiad duratian—see the Lire Voltage Sag Dataction section
IrkerTupt Requast Cutput This s an actie low open-drain Iogk output. Maskabee Intermupts Include active
argrgy register rollover, active energy registar at half level, ard arrivals of new waverarm samples—see the
ADEFTS2 Intarnipts section

Mastar Clock far ADCs ard Digital Signal Frocessing. An extemal clock can be provided at this loglc input
Altzrnativaly, a parallel resonant AT crystal can be connectad #ross CLKIM and CLECUT to provide a dock
sourcefor the ADETT52. The clock frequency for spsacifled opsration 15 3.579545 MHz. Ceramic load
capadcitons of batween 22 pF and 33 pF shoukl be usad with the gate oscillator cdroult. Rafer to the crystal
rranUfacturers data sheet for kad capacitance requirements.

Acrystal can b= conrectad #ross this pin and CLEIN as describssd for Fin 15 t0 provide a chck source for
thie ADEFTS 2. Thee CLEOUT pin can drive one CMIOS load when aither an extarnal dock 1s supplied at CLKIN
oracrystalls b2ing used.

Chip Selact Pat of the 4-wire 5P sarial interfaca. This actve low logk: Input allows the ADETTS52 to share
the safial lus with several ather devices—:es the ADETT 52 Serlal Interface saction.

Sarlal Clo<k Input for the Synchronous Sarial Intertace. Al serlal data transfers are syrchronized ta this
clock—s2e the ADETTS3 Sadal nterfale section. The SCLE has a Schmitt-rigoer iInput for use with a clock
source that has a sow ecge transition time, for example, opto-solator cutput

Data Outpat for the Serlal Interface Data Is shifted out at this pin onthe rising edge of SCLE This kgic
output s nermaly in a high impadaree state unless it s aiving data onto the serlal data bus—seethe
ADEFTS2 Serfal Intarface saction.

Data Input for the Sarial Interfaca. Data s shifted in at this pin on the falling 2dge of SCLEK—se2 the
ADETTS3 Serlal Interface saction.
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ADE7753 SERIAL INTERFACE

ALl ADET? 33 functicnality is accessible via several on-chip
registers—see Figure 89, The contents of these registers can be
updated or read using the on-chip serial interface. After power-
on ortoggling the RESET pin low or a falling edge on €5, the
ADET?S3 is placed in communications mede. In communica-
tions mide, the ADET? S expects a write to its communications
register. The data written to the communications register
determines whether the next data transfer operation is a read or
awrite and also which register is accessed. Therefore all data
transfer operations with the ADE7753, whether a read ora
write, miLst bagin with a writa to the communications register.

COMWURICATIORS
ON &—y RECISTER

BOUTE REGEETERT o fee—]
]
memstEn: b
] RECISTER
ERMATRR 1 T ADORESS
peCooe

PR
I -
E

K
REGRETEN -1 SUT

MERETER N L.

mmacm
Figure 83, dcdressing ADEFTEI Ragistars wia the Communications Register

The communications register is an 8-bit wide register. The MSE
determines whether the next data transfer cperation is a read or
awrite. The six L5Bs contain the address of the register to be
acoessed —see the Communications Register saction for a mare
detailed description.

Figrare 20 and Figure 21 show the data transfer sequences for a
read and write operation, respectively. On completion of a data
transfer {read or write), the ADVET?33 once again enters
communications mede A data transfer is complete when the
LSB ofthe ADETT33 register being addressed (for a write or a
read) is transferred to or from the ADE7753.

=1 2 I~
sk TUMAOONN MO AL,

COMNMURICATIONS REGIS TER WRITE 1

on oo Agoniss | . ]
ot —

-
MLLTIBYTE, BEAD DATA —

Figure 82, Beacling Dara fram the ADETTES vi the Serialinterfoce

= " [~

sek U A I —

OOMWUMICATIONS REGIS TER WitiTE
=0 [1]o] sooress | |

i
MULTIETE | READ DATA 1
= - L BT 3

Figure 1. Writng Daro ro rhe ADEFTE3 via the Seria! interfoce

The serial interface of the ADE7T733 is made wp of four signals:
SCLE, DIM, DOUT, and CS. The serial dlock for a data transfer
isapplied at the SCLE logic input. This logic input has a
Schritt-trigger input struchure that allows slow rising (and
falling) clock edges to be wsed. All data transfer cperations are
synchranized to the serial dock. Data is shifted into the
ADET?S3 at the DIN logic input on the falling edge of SCLE
Data is shifted cut of the ADET753 at the DOUT lagic output
on a rising edge of SCLE. The C5 logic input is the chip-select
imput. This input is used when multiple devices share the serial
bus. A falling edge an CF also resets the serial interface and
places the ADEF753 into communications moda. The TF input
sheuld be driven low for the entire data transfer operation.
Bringing C= high during a data transfer operation aborts the
transfer and places the serial bus in a high impedance state. The
al.og"u: imput can be tied low if the ADET753 i the only device
on the serial bus However, with C5 tied Low, all initiated data
transfer operations must be fully completed, Le., the LSB of sach
register miust be transferred bec ause there is no other wayof
bringing the ADE7733 back into communications mede
without resetting the entire device by using RESET.
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ADETTS2 Serial Wiite Operation

The serial write ssquence takes place as follows, With the
ADE7753 in communications mode (ie., the T8 input logic
low), a write to the commmiwnications register first takes place.
The MSEB of this byte transfer is a 1, indicating that the data
trarsfer operation isa write, The L5Bs of this byte contain the
address of the register to be written to. The ADE7752 starts
shifting in the register data on the next falling edge of SCLE. Al
remaining bits of register data are shifted in on the falling edge
af subsaquent SCLE pulses—ses Figune 22 As explained earier,
the data write is initiated by a write to the communic aticns
resgister followed by the data. During & data write operation to
the ADET7T33, data is transferred to all on-chip registers one
byte at a time. After a byte is transferned into the serial port,
there is a finite time before it is transferred to one of the
ADET752 on-chip registers. Although another byte transter to
the sarial port can start while the previous byta is being
transterned to an an-chip regster, this second byte transfer

should not finish until &t least 4 ps after the end of the previous
byt tramsfer. This functionality is expressed in the timing
specification t.—ses Figure 22, 1f a write operation is aborted
during a byte transter (= brought high).then that byte cannat
b werithen to the destination register.

Drestination registers can be up to 3 bytes wide—sea the
ADETT53 Register Description tables. Therefore the first byte
shifted into the sarial part at DN is transferred to the MSE
{most significant byte) of the destination register. If, for
example, the addressed register is 12 bits wide, a 2-byte data
transfer must take place. The data is always asswmed to be right
justified, therefore in this case, the fowr M5Es of the first byte
would be ignored and the four LSBs of the first byte written to
the ADE7752 would be the four M5Es of the 12-bit word.
Figwre 93 illustrates this example.

MOST SISMPACART S TE

LEAST HIGMMICANT BYTE

amiuLan

Figure 92 Sodal Interfoce Widre Timing

e UMMM UL AL
(OO EEEEEEEEEEE-

MOST SIGRIFICART BFTE

LEAST SGMIMICANT BYTE

Ao

Figure 33, 12601 Seric! Write Operation
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ADEFTS3 Serial Read Operation

DChuring a data read operation from the ADET7523, data is shifted
cudt at the DOUT Logic output on the rsing edge of SCLE. As is
the case with the data write operation, a data ead must be
precedad with a write to the communications registar.

‘With the ADE7753 in communications mode (ie., T8 logic
low), an &-bit write to the communications register first takes
place. The M5B of this byte transfer is a 0, indicating that the
nent data transfer operation is a read The L5Bs of this byte
cantain the address af the register that is to be read. The
ADET753 starts shifting out of the register data on the net
rising edge of SCLE —sea Figure 4. At this point, the DOUT
logic output leaves its high impedance state and starts driving
the data bus. All remaining bits of register data are shifted cut
on subsequent BCLE rising edges. The serial imerface also
enters communications mode again as soon asthe read has
besn completed. At this point, the DOUT logic output enters a

high impedance state on the falling edge of the last SCLE pulse,
The read operation can be aborted by bringing the T5 logic
input high before the data transfer is complete. The DOUT
output enters a high impedance state on the rising edge of C5,

When an ADET7S register is addressed for a ead operation,
the entine contents of that register are transferred to the serial
port. This allows the ADET?33 to modify its on-chip registers
without the risk of corrupting data during a multibyte transfer.

Mate that when a read operation fallows a write operation, the
read command (e, writeto communications register) should
nat happen for at least 4 ps after the end of the write operation.
If the read command is sent within 4 ps of the write operation,
thelast byte of the write operation could belost. This timing
canstraint is given as timing specification ts.

=L u _u .

[ty ] T
S By Ba N aHp Nplplyiies e

Y % %
) :',"D 0 f sk ¥ oaa Y Az Y A2 Y & Y Ap . | , }
by | |— . —|‘||-l—'-|1 " =It|:|—'_-- =
,

-

COMWAKD BYTE

MOST SGHFICART BYTE LEAST SIGRINCANT BYTE

maucan

Figure . Sefal inrerface Avad Tming
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ADET753 REGISTERS

Table 10, Summary of Registers by Address

Address

Name

W

Mo Bits

Default

Type

Description

0l

0z

03

04

05

el

07

el

O

0A

0B

0

OO0

(0E

(0F

10

w11

WAVEFORM

AEMERGYT

RAENERGY

LAEMERGY

WAEMERGY

FWAENERGY

LVAEMERGY

LVARENERGY

MIODE

IROJEM

STATUS

RSTSTATLS

CHICS

CH205

GAIM

FHCAL

APDIS

R

RAW

RAW

RAW

RAW

RAW

RAW

RAW

24

il

Cro0 G

e

L]

ClD

g

wiaveform Raglstar. This read-only registar contairs the sampled waveform
data from ether Channel 1, Channel 2, or the active power signal. The data
source and the lergth of the wavefom registers are selected by data

Bits 14 and 13 in the mode regster—sa2 the Channel 1 Sampling and
Channel 2 Sampling sections.

#ctive Enengy Reglstar. Active power s accumulatad (Integratad) over time
In this 24-bit, read-on by ragister—saethe Enargy Caloulation section.

Same & the active energy registar except thatthe register is rasst to0
fllwing a read operation.

Line Accumulation Active Erergy Register. The Instantanecsus active powsr
Is azcumulatad inthis read-only regster over the LINCYC numbsr of half
line cyclas.

Apparant Erergy Reglstar. Apparent power s accurulatad over time In this
read-only registar,

Same & the VAENERGY ragister except that the register s resetto o
fxlbowing a read operation.

Line Accumulation Apparent Ensrgy Register. The Instantanecus real
powwer b accumulated Inthis rad-cn by rsgister aver the LIMECYC number
of half line cycles,

Line Accumulation Reactive Erergy Register. The Instantaneosus reactive
power ks accumulated Inthis read-zn by register cver the LIMECYC number
of half line cycles,

Mode Registar. This s a 16-bit register throug h which most of the ADETTS 3
functionaliy Is accessed. Skanal sample rates, filter enabling, ard
callbration modes are selactad by wiiting to this register. The contents can
bie read at any time—ses the Moda Register (0w} section.

Intarrupt Erable Ragister. ADETTS3 Interrupts can be deactivatad at any time
by s=tiing the comespording bit in this 16- bit enakle registar to Logic o
The status register continues to ragister an Interrupt event even IF d sakled.
Howewver, the IRD cutpat 15 not activated—ses the ADETT 53 Intemupts
sacthsn

Intemupt Status Regster. This & an 16-bit read-on by ragister. The status
register aortalrs information reganding the source of ADETTS3
Interrupts—the see ADETTS3 INITUTS S2CTHN.

Same & the Intermupt status register excapt that the register contents ara
resat to O (all Aags clearad) after a read aparation

Channel 1 Offset Adjust B & 15 not usead. Wiiting to Bits 0 to 5 allows
offsats on Chanrel 1 1o be removed —see the Analog Inputs and CHIOS
Ragistar (000 ) sections. WItting a Logic 1t the MSB of this ragistar
enablkes the digital Intagrator on Channel 1, a Leg ke 0 disablkes the
Integrator. The default value of this bit 150,

Channel 2 Offsat Adjust Bits 6 and 7 are not ussd. Writing to Bits 0to 5 of
this register alkws any offsets on Channel 2 to b= removed—ses the
Anaksg Inputs section. Mote that the CH208 rglstar s invertad. Toapply a
positive offset, & nagative nurnbsr s written to this regster.

PaA Galn Adjust. This B-bit register ks used to adjust the gain selaction for
the PGA In Channels 1and 2—saethe Arakg Inputs section,

Fhase Calibration Register. The phass relationshl p betwean Channel 1 and
2can b adjusted by writing to this 6-bit ragister. The valid comtant of this
twios complimenit registen s betwesan 0o D 1o 02 1. A1 a line frequency of
&0 Hz, this 5 a range from - 206% 4o +#07*—see the Phase Compersation
saction

Aactive Power Offset Corraction This 16-bit ragister alkyws small offsets in
the ative power cakzulation to be removed —ssa the Active Power
Cakzulation section.
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Address

Mame

RW

No. Bits

Diefault

Type'

Description

12

13

14

|5

16
w17
e
Logle]
1A

1B

e 1C

Ll

1E

1F

WGAIN

WD

CFHUM

CFDEM

IRMS
VRMS
IRMS05
VRMSOS
VAGAIN

VADN

LINEZYC

INTOUT

SAGIYC

SAGLYL

IPELVL

VPELWL

IPEAE

RETIPEAK

VPEAK

RETVPEAK

TEMP

ER

Ay
A
A

12

24
24
12
12
12

24

24

24

24

ol

3F

o 3F

(FFFF

(FFF

(iFF

(iFF

(iFF

W CC

Powwar sain Adjust. This & a 12-bit ragister. The active power calculation
can b calibrated by writing to this regstar. The calibration range is £50%
of the nominal fullscale active power. The resclution of the gain adjust is
0.0244%/L5E —se2 the Calibrating an Enargy Meter Based on the ADETTS3
section.

Active Energy Divider Registar. The internal active energy reglster is
divided by the value of this register before being stored Inthe AEMERGY
reqiister.

CF Frequency Divider Murmerator Register, The cutpat fraquency on the CF
pin Is adjusted by writing tothis 12-bit mad fwrite register—ses the
Erergy-to-Frecuency Conversken saction.

CF Frequency Dividar Denominator Reglster. The cutput fraquency on the
CF pin & adjustad by writing to this 12-bit readfwrite reglster—see the
Erergy-to-Frecuency Conversken saction.

Channal 1 RMS Value (Curent Channel).

Channzal 2 RMS Value (voltage Channel.

Channal 1 RMS Offset Correction Register,

Channal 2 RMS Offset Correction Register,

Apparent Gain Ragister. Apparent power cakou latien can be calibrated by
writing to this registen. The calibration rangs 1s 5086 of the nominal full-
scale real power. The resolution of the gain adjust 15 0.02444%/L58,
Apparent Energy Divider Registar. The intarmal apparant energy registar is
divided by the valus of this register before being stored In the VAEMERGY
Teqiister.

Lire Cycle Erergy Accumulation Mode Line-Cycle Register. This 16-bit
register 15 used during liee cycle ererngy accumulation modeto st the
nurnbsr of half ine cycles for enengy #cumulatisn—sae the Line Cycle
Erergy Accurnulation Mode section.

Zero-Crossing Timaout IF o zem crossings are detectad on Chanrel 2
within a time pericd specified by this 12-bit registar, the Interrupt requast
line TRIZ) b activatad—sea the Zaro-Crossing Detection saction

5ag Line Cycle Register. This &-bit registar specifies the number of
consacutive line cycles the signal on Chanrel 2 must be below SAGLVL
beafore the SAG cutput Is activated —sae the Line voltage Sag Detaction
section.

Sag voltage Level. An B-bit write to this ragister determines at what peak
sigral level on Channel 2 the SAG pin becomes active. The ggnal must
remaln lowe for the numbser of cycles spacified inthe SAGCYC rRgistar
befiore the SAG pin Is activatad—sea the Line Voliage Sag Detection
section.

Channal 1 Peak Level Threshold (Curent Channell This rgister sets the
kvl of the current peak detaction. IF the Chanrel 1 input exceads this
kvl the PEIflag in the status registar Is set.

Channel 2 Peak Level Threshol foltaae Channel. This regster setsthe
level of the voltage p=ak detection. If the Chanrel 2 input exceads this
keviel, the PEV flag In the status registar 1s set.

Channzl 1 Peak Register. The madmum input value of the current channel
since the last read of the ragister is storzd inthis registar.

same as Channel 1 Paak Registar except that the register contents ars rasst
o 0 after read.

Channel 2 Peak Register. The madmuom input value of the voliage channsl
since the last read of the ragister is storzd inthis registar.

same as Channel 2 Paak Register except that the register contents ars rasat
o 0 after & read.

Ternpsrature Ragister. This 15 an &-bit register which contains the rmsult of
the latast temperature converdon—ses the Temperatune Measurarment
section.
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Address | Name RW | Mo.Bits | Default | Type' | Description

w27 FERIOD R 14 el [l Pariod of the Channel 2 (vakage Channeld Input Estimated by Zan-
Crossing Processing. The MSE of this gister is always zam.

28— Rasarved.

3

a0 THODE W | B = u Teast Mode Req ktar.

(I 3E CHESLIM ] 3 el [} Checksum Registar. This 6-bit read-only regster is equal to the sum of all
the ores In the pravious resd—ses the ADETT 53 Sanal Read Operathon
SRk

(I 3F DIEREV ] B - [} Dl Revigon Register. This 8-kt read-only registar contairs the revision

number of the silicon.

' Typs decoder: U = unzigned, & = signed by twos complemant mathod, and 5'= dgred by sian magniivds mathod.
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ADE7753 REGISTER DESCRIPTIONS

All ADETTS3 functionality is accessed via the on-chip registers. Each register is accessed by first writing to the communications register
and then transterring the register data. A fll description of the serial interface protocol is given in the ADETT33 Serial Interface section.

COMMUNICATIONS REGISTER

The communications register is an 8-bit, write-only register which controls the serial data transter between the ADETT53 and the host
precessor. All data transfer aperations must begin with a write to the communications register. The data written to the communications
register determines whether the next operation is a read or a write and which register is being accessed. Table 11 outlines the bit
designaticns for the communications register.

DET

DES

DES

CE4 &3 DE2 B DRd

IR

0

AS

A4 A3 A2 Al &l

Table 11. Communications Pegister

Bit Bit

Location Mnemonlc Description

0t 5 A0 B AR The s L5Es of the commmunications register specify the register for the data transfer opsration. Table 10 likts
the adkdress of each ADEFTS3 on-chip registar,

6 RESERVED Thils bit is urused and should be st oo

7 WiiR ‘when this bit 15 a Log ke 1, the data transfar operation iImrmediately fod keawing the witeto the
cornmunlcations registar b Intarpreted a5 a wiite to the ADETTSS.
‘when this bit 15 a Log ke 0, the data transfar operation iImrmediately fd keawing the witeto the
communlcations register i interpretad as a read oparation.

MODE REGISTER (0x09)

The ADETT33 functionality is configured by writing to the mode register. Table 12 describes the functionality of each bit in the register.

Table 12, Mode Register

Bit Bt Default

Locatlon | Mnemonlc | Valua Desaription

5 DISHFF [ HFF ihigh-pass filter) in Channel 115 disabled when this bit 5 set

1 DISLPF2 o LPF ikw-pass filear) after the multiplier iLPF2) is disa bled when this bitis set.

2 DISCF 1 Fragquency output CF 15 d sabled when this bit is set.

3 DISSAG 1 Linewoltage sag cketection is diabled when this bit s sst.

4 ASUSPEND |0 By s=tting this bit to Logic 1, both ADETTS 3 A/D converters can be turmed off. 1n normal
operation, this bit should b left at Logic oAl digital functionality can bs stopped by suspending
the clock sigrial at CLEIN pin.

5 TEMFSEL o Temperture corversion starts whanthis bit is set to 1. This bit & autormatically reset to Owhen
the temparatune conversion 15 finished.

3 SWRST o Software Chip Resat. & data transfer shoukd not take place to the ADETTSS for at kast 18 6 after a
software reset

7 CYCMODE o Satting this bit to Logic 1 places tha chip it line cycle eneroy acourmulation mode,

B DISCHY o A0 1{Channel 1) Inputs are intemally shored together.

Q DISCH2 o A0 2 {Channel 2) Inputs are intemally shored together.

|} SWAP o By s=tting this bit to Logk: 1 the arakeg inputs V2P ard V2N are connected to A0C 1ard the
anakog Inputs V1P and W1 N are connectad to aDC 2,

1211 CTRT1. 0 o0 These bits are uwsed to salect the wavefiorm register update rate.

CITRT 1 CTRTG Update Rate

Q o 279 kSPS (CLKING 28)
Q 1 14 kSPS (CLEIN/256)

1 o 7 kSPS CLKINGS12)

1 1 3.5 KSPS (CLEING1024)
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it Eit Default
Location | Mmemonic | Value Description
1413 WAVSELL G | 00 Thesa bits are used to select the source of the sampled data for the waveform =gister.
WAVSEL], O Length Soume
[ o 24 bits active power sigral joutput of LPF2)
[l 1 Resarved
1 ] 24 bits Channel 1
1 1 24 bits Chanrel 2
15 POAM 0 writirg Logic 1t this bit allows only positive power to be accurmulated in the ADETTS3.
HTWmTIM W e 87T 835 4 3T 10
[e]eJ ool e o] oo o]e]ee]a 1] o o] anon: aeee
———
PFOAM ST
(POSITIVE DALY ACCUMILATION) (SABLE FHPF1IM CHANKEL 1)
WAVSEL DIELPPE
(WAVEFORM SELECTION PO SAMPLE MODE) (DSABLE LPFZ AFTER MULTIPLIER)
W =LPF2
"= RESERVED mscF
10 = CH1 (DSABLE FRECUENCY OUTPUT CF)
1= e

OTRT

(NAVEFONN SAMPLES OUTPUT DATA RATE)
00 = 27 DRSPS [CLRM28)

0 = 14 RSP [CLRM S

= T 2RSPS [CLRAMSID)

LR R e e it ]

AP
(EWAP CTH1 ARD CHZ ADCa|

acH2
(SHORT THE ARELOS INFUTS OR CHARMEL 2)

DeEsCH
(SHORT THE ARELOS INFUTS OR CHARMEL 1)

DIESAG
(OIS ARLE TED QUTRIT)

AHEPIEFLRD
(SUSPERD CH1 AND CH2 ADCE)

TEMPIEL
(STANT TEMPERATURE SENSING)|

TWRST
(SOF TWARE CHIP RESET)

CYOMODE
(UINE CFCLE EREMGY ACCUMULATION MODE)

HOTE: REGSTER CONTENMTE SHOW POWEN-OM DEFALLTS

Figure 95 Mode Begicrer

oEMams
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APPENDIX A

Datasheet of Optocoupler H11B1

\ _____A
VISHAY.

H11B1, H11B2, H11B3

Vishay Semiconductors

Optocoupler, Photodarlington Qutput, High Gain,
with Base Connection

&[G B e
C E} E'ﬂc
. e
DESCRIPTION

The HI1B1, HI1B2, HI1B2 are Industry skndard
aptocouplers, consksting of a gallum arssnide infrared LED
and & sllizon photodaringlon.

FEATURES
+ Isolation test valtage: 5200 Vauz @
+ CoUpling capadlance, 0.5 pF .
+ Lead (Pbj-Tsa companant @
+ ComponEnt In accordanss b AoHS 200266EC

and WEEE 2002/06/EC RoHS
AGENCY APPROVALS

+ LL1ETT, fle ro. ES2744 sysbem code J
+ DIN EM 80747-5-5 (WDE 0684 avallable with opton 1

ORDER INFORMATIOM

PART REMARK S

Hi4B4 CTR=500%, DIP<
Hi1B2 CTR= 200 %, DIP<
Hi{B3 CTR=100%, DIP<
H14B4-X007 CTR = 500 %, SMO-E (aption 7)
H14B1-¥203 CTR = 500 %, SMO-6 (option )
Hi{B2-X23 CTR = 200 %, SMO-6 (option )

Mot

For addtional information on the availible options refier fo option information.

ABSOLUTE MAXIMUM RATINGS

PARAMETER [ TEST CONDITION [ symecL | WALUE | UNIT
INPUT

Rewame wkage Vo 3 v
Forward confirucus cumant lp 1] mi
Powar dissipation P 100 miy
Derate inearky from 25 52 1.33 AT
QuUTPUT

Collector @miter breakdown vokage EVomn 25 W
Emittar calacior braakdown wkaga Beco T v
Colleztor base breakd own volinge = . an )
Collector curnent {continuous] I 100 mi
Powar dissipation P 150 miy
Darata Enearky from 25 52 2 G

Cocurrsent Mumbar: B3608
P 18, 10-Dec-08

For tachnizal questions, contact: aptocoupler arewers@vishagcom

wewwvishayoom
23
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T s = 25 °C, urlass cthamisa spacifiad.

H11B1, H11B2, H11B3 ViR
Vishay Semiconductors ~ Optocoupler, Photodarlington Vv
Output, High Gain,
with Base Connection
ABSOLUTE MAXIMUM RATINGS
PARAMETER | TEST CONDITION | srmpoL | VALUE | UNIT
COUPLER
|zalation best v y
batwezn -:-rniﬂ-rtuﬁ datactor Vis Lt Vam
Craspoge distance eT mm
Cloarance dslance =7 mm
rative tracking index par -L -
DA 1EC 11 2ADE 003, pa 1 - e
i inf Vig = SO0V, Tane = 2550 Riz =10 o
fsalation recistance Ve = 50V, Tams = 10070 Fic z 10 o
Tetal package dissipation [LED phus deteclor] Pis 2ED i
Dieratu lirsarky fram 25 C 1.5 mW "
Slorage lemperabumn Teg -55 o+ 150 i
Oparaling termpsratura Tar: - 55 oo+ 400 L
Lead soldaring lima at 260 °C 10 L]
Mote

Sirassas in excess of the absclube maximum ralings can cause permanent damags 1o tha device. Fundional cpanational tha devics is not mplisd

at e or any other condiions in excsss of those givan inthe cpsrational sections of this decument. Exposurs to absclute maximum ratings for
wdurded panods of the tima can adversaly affect reliabiity.
ELECTRICAL CHARACTERISTCS
PARAMETER | TEST COMDITION | PART | SYMBOL MIN. TYP. MAX, UNIT
INPUT
HA4EA W 14 1.5 W
Feorward volage lp =50 mA Hi{E2 Vi 14 1.5 W
lp=10mk HE2 W 14 1.5 W
Reverse cumrsnt Ve=3V ™ 10 ph
Junction capaciancs Ve mOW, Fu i MHz =] 50 pF
OUTRUT
Collactor emitier breakdown wkage lp =1 mi, lp =10 mi EVomn 0 W
Emitter cellactor braakbdown volage le = A0, e = O mA EVeco 7 W
Celkector base breakdown veltage l= 100 p& |y =0 m& EVcmi 0 W
Collaztar amittar laakage cumant Wep= 10V, lp =0 mé lom 100 nd
COUPLER
Saturation vollage coleclor-amitiar lgm i mi, lc= 1 mi Vmani 1 W
Capacilanca (input fo cutput] [~ 05 pF

Mote
T e = 25 *C, unlass cthamisa spacifiad.

Minimum and maximum values wens jested requisrements. Typical values ara characterishics of the

evmlustions. Typical valuss ars for information only and ara not part of the testing requiremsnis.

device and are tha resuk of enginesnng

CURRENT TRANSFER RATIO

PARAMETER TEST CONDITICH PART | SYMBOL HIN. TYP. MAX. WUHIT
Hi1B1 CTRo: 500 %

LT current transtar ratic Vo =5 W, b= dmi Hi1B2 CTRa: 200 k]
Hi1B3 CTRo: 100 %

wawivishaycom

For technizal questions, contact: optocouplararewe re@vishagoom

Documant Mumbar: 23503
Rew 1 5, 10-De-00



APPENDIX B

Schematic of Energy Management System

TR DI

....... 1 O O
) 1 L 3= 3 1
p——— || [ % 7 8] W0 7 il
ZIE o e A Z
||| — STEET= | L. CONMSSIG . | . . .. CONN-3IZ
O R O I e & I CLaem
—_— L]
oo =l 1Du--$—--
R
—_— o —
TRAN-PZS SNzl = V.
TR aeq ol s
Power Supply circuit
wov
AR R o
P 40Kk . - Ok -
2 TEXT= A TEXT>
R {Swzﬁlﬁ
FSEE
L ]
_l_ "
(0] L
OSC1/CLKIN RBOSINT 23
OSCZ/CU0uUT Eg; 35—|
2 36
£l RADMAND REBEZPGh =7 <7] TOLCD - - -
g s REF-CWREF zgg I—<
& WREF+ RBG/FGC
1 = RAGTOC KIC10UT RE7IPGD
i ||[® 9 00 o ao® —— RASIANATS SC20UT
1 I—{IT'DADEF/SS e . RCOSTAOSONTICK]
o REOQ/ANSRD RCA/TAOSICCRZ
0 RE1/ANGANE RCZ/CCP1
REZMNTICS RC3/SCKASCL
RLC:
= MCLRASPRTHY RCS/SDO
RCBSTXCK
RC7/RADT
19
Fo1Popt |20
RDZ/FSFZ ==
RDZ/PSPZ 57
RDAPSPS =5
RDS/PSPS =0
RDG/PSFG ﬁ
RDFIPSPT ——
FIC1BFS77A
ZTEXT>




Microcontroller circuit

DD MDD - WDD - MDD
A i D (O i
R1
A0k -

= TEXT=

OSC1/C LN RBOSANT
OsSCcz/CU0uT RB1

RBZ
RADMAND REZPGM

RA1 AN RBS
RAZMANZNASREF-FDWVREF RBS

RAZMANZWREF+ RBG/PGEC
RATOC KIC10OUT RBT PG
RAS AN S SAC20UT
_ RCO/T10SOVT1CK
REOQ/MMMNSRD RC1/TAOSVCCRZ
RE 1/4MNS AR RCZ/CCP1
REZ/MNTICE RCE/SCHAECL
RCAS DS
MCLR A ppTHWY RCS/SDO

RCEST XCh
RCTIRADT —

RODOSFPSPO
RD1/PSP1
RDZ/PSP2
RDZ/PEF2
RDWFPSPE
RDS/PSPS
RDG/PSPG
RDTIFSFT

L FITERE A

STERT=
Push Button Circuit
VDD
i
T1R2. .
] Aok
A ° ATEXT=
U4 S
13 OSCAHCLAN REOANT —gﬁ |
OSC2ICLKOUT RE1 o -
35
> RE2 22 -
5| RADMAND REPGM [ us -
. RA1ANT RB4 = q T RL1
— | RARIANZAREF-ICVREF RBS o =Ll
— | RASIANSARER: RBSIPGE 35 - G2R-14-DCAZ-
——| RAHTACKICIOUT RETIFGD —— " g STEXT= -
—— RASIANNESLZ0UT w S
& __ ROT1O0SIVTICK — |
—5—| REDIANSED  RCUTAOSIECR2 —= : -
= REV/ANGIE REZ/CCRY [ ot
10 rezianrs RE2ASCHISCL % QTP-EEE-DUP!—EP*”P”
& RE4/SDISDA —o
—— MCLRAppTHY RO5/SDO 5o S
RCB/THEK [ LT
RCT/RADT = gy
19 i STEXTs
RDD/PSFD [— 2 o O .
RDAIPSF 55 e
RD2IFSFZ 5o
RD3/PSPE ==
RD/PSPY [
RDSIPSFS 5=
RDBIPSFS 25
RD7{FSF7
PIGABFETZA 0
STERT= . . T

Relay Circuit



Energy Management Circuit
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Plug 3pin
(Supply 240Vac)

Selection Push Buiton

Full view of Energy Management System (EMS)

Developing an Energy Management System.
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Power Supply and Voltage Regulator (5Vdc and 12Vdc)

Energy Management Circuit (ADE7753)

Microcontroller circuit (PIC16F877A)



APPENDIX C
Programming Language

s st sk o sk o stk o skok ok stk stk stokok skokok ootk okl ok kol sk tokskskokosk dokok skokok sokok otk sk okok ok skkoksk ok
EMERGY MAMAGEMEMNT SYSTEM. BAS

" Name

‘¥ author
‘¥ Notice
'

‘% Date

‘¥ wversion
' NoTes

Y

quyright (ch 2009 [select VIEW...EDITOR OPTIONS]
A

[MURAIMI BIMTI AHMAD ARIFF SHAH]

Rights Reserved

4 /820009
1.0

L )

T T T T T T o T T T T T ol T R R R R R R T TR TR

CEFIME O5C 4

' Set LCD Data port

DEFIME LZD_DREG PORTE

" set starting pata bit (0 or 40 if 4-bit bus
DEFIME LCD_CBIT 4

Set LCD Register sSelect port

DEFIME LCD_RZREG PORTC

Set LCD Register sSelect bit

CEFIME LCD_RSBIT 1
' Set LCD Enable port
DEFIME LCD_EREG PORTC

set LcCo Enable bit

CEFIME LCD_EEBIT 0

Set LCD bus size (4 or 8 bits)

CEFIME LCD_BITS 4

et number of Tines on LCD

CEFIME LCOD_LIMES 2

Set command delay time in us

CEFINE LCD_cCoMMANDUS 2000

Set data delay time in us

CEFIME LCD_DATAUS 50

DEFIME ADC_EBITS 10
DEFIME ADC_ZLOCk 3
CEFIME ADC_SAMPLEUS 50

ABC VAR BYTE

ADCZONL=2 'PORTA s analog

symbol bton
symbol btonl
symbol btonZ
symboT Tight

delay war byte

dizsp wvar byte

BEO war byte
Bl wvAR EYTE
i wAR BYTE
cnt war byte

PORTD. O

FORTD.1
FORTD. 2
PORTD. ¥

TRISD = %000011171
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on interrupt goto isr
intcon=%a0
Lodout $Fe, 1
int:
1T bton=1 then
LCDoUT $FE, L1
LCDoUT $FE, 2
LCDOUT "EMERGY MAMASEMMT"
LCDoUT 254,152
LCDoUT $FE, $C5
LCDOUT "SYSTEM"

Clear LCD

For BQO= 0 to 40
LCDouT 254, 24
Pause 200

Mext BO

For Bo= 0 to 40
LCoouUT 254, 28
Pause 200
Hext BO
endif

Mair:

i bton=0&&btonl! =0&&0bton2 ! =0 THEM
LCDoUT $FE,1
LCDoUT $FE, $80
LEDoUT "LAMP TURM OM"
high Tight
padse 1000
for 41=0 to 10000
pause 140
next i
LCDoUT $FE,1
LCDoUT $FE, $80
LEDoUT "LAMP TURM CFF"
LOw LIGHT
pause 100
while bton=0
ward
gosub debounce
if bton=1l then goto int

gosub debounce

endif
if btonl=0&&bton!=0&&bton2!=0 THEN
ADCIN PORTA. O, ABC
LCDoUT $FE, 1
LCDOUT $FE, 2
LCDOUT "WoOLTAGE:"
LCDoUT $FE, $C0
LEDOUT DEC3 ABC
pause 3000
if btonl=1 then goto int
while btonl=0&&bton!=0&&btonZ!=0
wend
gosub debounce
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endif
if btonz=0&&0tonl! =0&&kton! =0 THEN
ADCIN PORTA. O, ABC
LCoOUT §FE,1
LCDOUT §FE, 42
LCDOUT "CURRENT:",DEC ABC
LCDOUT $FE, $C0
LCOOUT DEC3 ABC
pause 3000
if btonZ=1 then goto int
while btonZ=04&btonl! =0&&ktan! =0
wend
gosub debaunce

endif
if bton=08&&htonl=0] | bton=0&&hton2=0| |btonl=0&8&hton2=0] [bton=0&&htonl=0&80ton2=0 THEN
LCOOUT $FE,1
LCOOUT $FE,2
LCOOUT “PLEASE SELECT"
LCOOUT 254,152
LCOOUT “ONE BUTTOMN ONLY"
pause 3000
"1f bton=0&&htonl=0] |bton=0&&btonz=0| | btonl=0&&0ton2 =0| | bt on=0&8&bt onl=04&ktonz=0 then
goto int
gosub debounce

ENDIF
goto main

DEBOUNCE :

'FOR Delay = 1 To 100

‘Pause 1 Delay Ims inside a Toop. This way,
'NEXT Delay ' timer interrupts are not stopped
'DISP =1 ' get display flag to 1

return

disahle
isr:



if bton=1 then
LCDOUT $FE,1
LCDoUT %FE, 2
LCOOUT "EMERGY MAMAGEMMT"
LCDOoUT 254,152
LCDOUT $FE, $C5
LCDOUT "SYsTEM"

Faor BO= 0 tao 40
LCDouT 254, 24
Pause 200

Mext BO

For BO= 0 to 40
LCDouUT 254, 28
Pause 200

Mext BO

endif

noupdate:
intcon. 2=0
resume
enahle
goto main
end

end
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APPENDIX D
List of components
Bil Components Specification Quantity | Price (each) Amount:
(price x quantity)
1. | Analog Devices ADE7753 1 RM 32.70 RM 32.70
2. | Resistor, open air 5W,R020 RM 6.94 RM 34.70
current sense,
3. | Microcontroller PIC16F877A 1 RM 22.00 RM 22.00
4. Optocoupler H11BI 1 RM 3.50 RM 3.50
5. LCD JHD162A 1 RM 35.00 RM 35.00
6. Relay Rated at 20A, 1 RM 2.50 RM 2.50
12Vdc
7. Push Button 4 RM 4.00 RM 16.00
8. Transformer 240: 12 (0.1A) 1 RM 15.00 RM 15.00
0. Crystal 4MHz 1 RM 1.20 RM 1.20
3.57MHz 1 RM 1.50 RM 1.50
Capacitor 0.1uF 3 RM 0.30 RM 0.90
10. 10uF 3 RM 0.30 RM 0.90
22pF 2 RM 0.30 RM 0.60
330uF 1 RM 0.30 RM 0.30
4.7uF 1 RM 0.30 RM 0.30
100uF 1 RM 0.50 RM 0.50
11. Resistor 470kQ,1W 1 RM 1.00 RM 1.00
12. 680Q,1W 1 RM 1.00 RM 1.00
13. 10kQ 6 RM 0.30 RM 0.30
14. 330Q 1 RM 0.30 RM 0.30
15.| Potentiometer 10K Q 1 RM 0.50 RM 0.50
16. Regulator 7812 1 RM 1.00 RM 1.00
17. 7805 1 RM 1.00 RM 1.00
18. Diode IN4007 2 RM 0.80 RM 1.60
19. 1.C Base Overall 7 RM 7.00
20. Plug 3pin,13A 1 RM 3.00 RM 3.00
21 Socket 1 RM 4.90 RM 4.90
22. Header 10 RM 0.80 RM 8.00
23. Strip Board 107x4” 2 RM 4.50 RM 9.00
(independent)
24. Connecter 3pin,3A 6 RM 1.00 RM 6.00
25. | Wrapping wire 1 RM 18.00 RM 18.00
26. Riben cabble 2meter 1 RM 4.50 RM 4.50
27. Stand Medium size 12 RM 1.00 RM 12.00
28. Casing 1 RM 15.00 RM 15.00
29. Adapter AC adapter + DC 1 RM 24.00 RM 24.00
socket
TOTAL ESTIMATION PRICE RM 285.50
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