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Introduction

CHAPTER I

INTRODUCTION

1.1 INTRODUCTION TO ELECTRONICS


Electrons flow through a vaccum or gas or semiconductor. This process takes place in certain device called electronic device. Electronics is the field of manipulating electrical currents and voltages using passive and active components that are connected together to create circuits. Electronic circuits range from a simple load resistor that converts a current to a voltage, to computer central processing unit (CPUs) that can contain more than a million transistors. Electronics refers to flow of charge (moving electrons) through non‑mental conductors (mainly semiconductors), whereas electricity refers to the flow of charge through metal conductors. 

1.2. IMPORTANCE OF ELECTRONICS

1.2.1 CONVERSION OF LIGHT INTO ELECTRICITY


Electronic devices can convert light into electricity. This conversion of light into electricity is known as photo-electricity. Photoelectric devices are used as burglar alarms, and sound recording as motion pictures.

1.2.2 CONVERSION OF ELECTRICITY INTO LIGHT


Electronic devices can also convert electricity into light. This valuable property is utilised in television and radar.
1.3 EMBEDDED SYSTEM 


The majority of computer systems in use today are embedded in other machines, such as automobiles, telephones, appliances and peripherals for computer systems. These are called embedded system. It is a special purpose computer system designed to perform one or a few dedicated functions often with real-time computing constraints. Some embedded systems are very sophisticated, many have minimal requirements for memory and program length, with no operating system and low software complexity. Typical input and output devices include switches, relays, solenoids, LEDs, small or custom LCD displays, radio frequency devices and sensors for data such as temperature, humidity, light level etc. Embedded systems usually have no keyboard, screen, disks, printers, or other recognizable input /output devices of a personal computer, and may lack human interaction devices of any kind.


One common configuration for embedded system is the “system on a chip”, for which the CPU was purchased on intellectual property to add to the IC’s design.


All embedded system have start-up codes. Usually it disables interrupts, set up the electronics, tests the computer (RAM, CPU and program) and then starts the application code. Many embedded systems recover from short-term power failures by skipping the self tests if the software can prove they were done recently. Restart time under 1/10th of a second is a common nature of such device.


         All embedded processors are usually used to control devices, they sometimes need to accept input from the device they are controlling. This is the purpose of the analog to digital converter. Since processors are built to interpret and process data, (i.e.), Is and Os. So the analog to digital converter is used to convert the incoming data into a form that the processor can recognize. There is also a digital to analog converter that allows the processor to send data to the device it is controlling. 

1.4 FUNDAMENTALS OF MICROPROCESSOR


The most important technological invention of recent times is the microprocessor. The development in the technology of the integrated circuit made it possible for the engineer of the Intel Corporation of America to develop a micro programmable computer on a chip in 1971. This device consists of about 2300 transistors on a chip, which was fabricated using silicon-gate-p-channel, MOS technology. It was later named microprocessor.

          Since the introduction of Intel 4004, a 4 bit microprocessor in November 1971, a large number of other microprocessors have been developed by various companies which have found application in a large variety of products such as laboratory instruments consumer products, toys etc.

1.5 MICROCONTROLLER


A microcontroller is an expensive single chip computer. Single chip computer means that the entire computer system lies within the confines of the integrated circuit chip. The micro controller on the encapsulated silver of silicon has features similar to those of our standard personal computer. Primarily, the microcontroller is capable of storing and running a program. The microcontroller contains a CPU, RAM, ROM, I/O (Input / Output) lines, serial and parallel ports, timers and sometimes other built-in peripherals such as A / D (Analog - to - Digital) and D / A (Digital - to -Analog) converters

1.5.1 USE OF MICROCONTROLLER


Microcontrollers, as stated, are inexpensive computers. The ability of the microcontroller to store and run unique programs makes it extremely versatile. For instance, one can program a microcontroller to make decisions based on predetermined situations (1/ 0 – logic) and selections. The efficiency of the microcontroller to perform math and logic functions allows it to mimic sophisticated logic and electronic circuits.

1.5.2 FUTURE OF MICROCONTROLLER


The microcontrollers are used, either directly or embedded in the circuit’s design. Because of their versatility, microcontrollers add a lot of power, control and options at little cost. It therefore becomes essential that the electronics engineers learn to program these microcontrollers to maintain a level of competence and to gain the advantages of the microcontroller provide in his own circuit designs. 


There are a large variety of microcontrollers in use today. We will focus on a few versatile microcontroller chips called PIC chips (or PIC microchip from microchip technology).
1.6 INTEGRATED CIRCUITS

            Our world is full of integrated circuits and several of them can be seen in computers. The microprocessor is an integrated circuit that processes all information in the computer. It counts numbers and runs programs, play games with the help of the operating system. Integrated circuits are also found in almost very modern electrical device such as cars, television sets, CD players, cellular phones, etc.
1.7 ELECTRIC CIRCUITS


The integrated circuits are nothing more than a very advanced electric circuit. An electric circuit is made from different electrical components such as transistors, resistors, capacitors and diodes, that are connected to each other in different ways. These components have different functions.


           The transistors act like a switch. It can turn electricity on or off, or it can amplify current. It is used for example in computers to store information, or in stereo amplifiers to make the sound signal stronger. 


The resistor limits the flow of electricity and gives us the possibility to control the amount of current that is allowed to pass. Resistors are used among other things to control the volume in television sets and radios.

            The capacitor collects and releases power all in one quick burst ; like for instance in cameras where a tiny battery can provide enough energy to fire the flash bulb. The diode stops electricity under some conditions and allow it to pass only when there is need.. This is used in for example photocells when a light beam that is broken triggers the diode to stop electricity from flowing through it. 


These components are like the building blocks in an electrical construction kit. Depending upon how the components are put together when building the circuit, everything from a burglar alarm to a computer microprocessor can be constructed.

1.7.1 ADVANTAGES AND DISADVANTAGES


Integrated circuit posses the following advantages over discrete circuits :

· Increased reliability due to lesser number of connections.

· Extremely small size due to fabrication of various circuits elements in single chip semiconductor material.

· Low power requirements.

· Greater ability to operate at extreme values of temperature 

1.7.2 DISADVANTAGES

· If any component in an IC goes out of order, the whole IC has to be replaced by the new one.

· In an IC, it is neither convenient nor economical to fabricate capacitance exceeding 30 Pf.

· It is not possible to fabricate inductors and transformers on the surface of semi-conductor chip.
1.8 LIGHT EMITTING DIODE (LED)


A light emitting diode (LED) is a semiconductor device that emits incoherent narrow – spectrum light when electrically passed in the forward direction of the p-n, junction. This effect forms the electroluminescence. 


A LED is usually a small area source, often with extra optics added to the chip to shape its radiation pattern. The color of the emitted light depends on the composition and condition of the semi conducting material used, and can be infrared, visible, or near ultra violet.
1.9 LIQUID CRYSTAL DISPLAY (LCD)


Liquid crystal display is a thin, flat display device made up of any number of color or monochrome pixels arrayed in front of a light source or reflector. It is prized by engineers because it uses very small amount of electric power and is therefore suitable for use in battery powered electronic devices.
1.10 ENERGY METER


Energy meter is basically an assembly of electrical and mechanical components. An energy meter is a device that measures the amount of electrical energy supplied to a residential or commercial building. The most common unit of measurement made by a meter is the kilowatt hour, which is equal to the amount of energy used by a load of one kilowatt in one hour. Energy meter shall measure current, voltage, real and reactive power energy use, cost of power, power factor and frequency. Programmable set points and four assignable output relays shall be provided for control functions for specific applications. Meter shall be capable of basic alarm on over / under current or voltage, unbalance, demand based load shedding, and capacitor power factor correction control. More complex control shall be possible using the 4 switch inputs which also can be used for status such as breaker open / closed, flow information.


Digital power and energy measurement is based on sampling and digitizing of the instant values of the voltage and current in regular time intervals, their arithmetic multiplying in digital form, summation and averaging of the products. With today’s high computing power of digital signal processors and fast A/D converter with high accuracy it is also simple to measure the reactive power, phase shift, power factor and apparent power. Because of a non-harmonic character of the power supply in many cases it is necessary to measure the frequency, and spectrum of the power network. The new possibilities are coming today in the form of digital signal processing. Digital processing of analog signals guarantees short and long term stability as well as high accuracy of measurement. Usually digital devices contain autocalibration techniques and self test features. Quite simple hardware design enables high reliability of the device and easy addition of new functions.

1.11 METERING AND MONITORING

1. Meter shall be panel mount design with integrated display. Display shall be a liquid crystal display (LCD), with minimum 40 character display capable of clearly displaying alphanumeric character.

2. Meter shall provide separate LED indicators for alarm, relay activation, auxiliary and communication status. 

3. Set point keys shall be provided on the front panel of the meter to program the meter. Meter shall be able to display all measured values on demand using the keys on meter front panel.

4. For testing purposes meter shall be able to run in self test and simulation mode. The meter shall simulate values for current, voltage, analog input, switches and analog output. 

5. Meter shall provide a true RMS monitoring of la, lb, lc, ln, Van, Vbn, Vcn, Vab, Vbc, Vca, voltage / current unbalance, power factor, line frequency, watts, vars, VA, Wh, Varh, Vah and demand reading for A, W, Vars and VA. Maximum and minimum values of measured quantities shall also be recorded and data / time stamped.

6. Meter shall be able to provide demand metering for energy and power. Demand shall be programmable for thermal or rolling demand with the demand interval of 560 minutes.

7. Meter shall be capable of calculating energy costs. 

1.12 POWER QUALITY


Power analyzer shall include an event recorder, wave form capture, trace memory, and a harmonic spectrum display. All the analysed data shall be non-voltaile.


Meter shall be able to capture wave form for voltage and current channels.


Meter shall automatically generate log for alarms, triggers and input / output events.


The energy meter hardware includes a power supply, an analog front end, a microcontroller section, and an interface section. The analog front end is the part that interfaces to the high voltage lines. It converts high voltage and high current to voltage sufficiently small to be measured directly by the ADC (Analog / Digital Converter) of the microcontroller.
1.13 TYPES OF ENERGY METER

1.13.1 ELECTRONIC ENERGY METER


There are a wide range of electronic energy meters are in core that has application in residential, commercial as well as industrial areas. The merits of their meters are given below:

· High overload tolerance

· Exceptional measurement

· High accuracy

· Low power loss 

· Wide voltage range

· Reliable performance

· Earn to program and read

1.13.2 ELECTRONIC KWH METER


A wide array of electronic KWH meter that comes in single phase with static watt hour meter. This adopts micro electronics technique to measure the electric energy, totally shielded with a sealed structure. Finding application in residences and industrial areas this comes with the following features.

· High performance on anti electromagnetic interference

· Low power loss

· High accuracy

· Tamper proof

· Long service life

1.13.3 ELECTRONIC BALLAST


A wide range of electronic ballasts with as controlled gear and used as a device known intended to limit the amount of current in an electrical circuit. Its uses:

· Often used as an electrical circuit or device that presents a negative resistance to the supply.

· Provides a positive resistance or reactance that limits the ultimate current to an appropriate level. 

· Used simply to reduce the current in an ordinary, positive resistance circuit. 

· Used to control the current flow through the LED

FEATURES

· Works excellent against very low and high voltage and surge and spikes.

· With earthing

· Moisture proof

· It changes the frequency of the power from the standard mains.

· Eliminates the stroboscopic effect of flicker associated with fluorescent lighting

· Advanced electronic ballasts allow dimming via pulse – width modulation and remote control.

· Available in varied dimensions.

· Based on the SMPS technology, first rectifying the input power and then chopping it at a high frequency.
1.14 DIGITAL ENERGY METER


A wide range of electronic energy meter that find application in residential, commercial and industrial areas. These are manufacture to meet extreme temperature conditions and are tamper proof. The digital energy monitor measures power factor, voltage, current, apparent power, reactive power and other data.

1.14.1 CURRENT


 Flow of electricity through a conductor is called electric current and is measured in  AMPS. The term AMP is used to measure the flow rate of a charge through a circuit. The change of the AC wave is called frequency and it is measured in cycles per second or hertz.

1.14.2 VOLTAGE


Voltage (also called potential difference, potential drop, or electromotive force-EMF) is the electronic potential energy between two points and is the driving force that cause charge to flow. One volt is defined as the potential difference that requires one joule of energy to move one coulomb of charge. 


Voltage is always measured relative to some other point in a circuit in the potential across a resistor. Voltage measurements made at a single point in a circuit are made relative to the earth (ground), which is assigned an “absolute” voltage of zero.


Symbol  :   V or E, Unit : Volt (V).

1.14.3 POWER FACTOR


Power factor is the ratio of resistance to volt-amperes. A capacitive load has a leading power factor, and an inductive load has a lagging power factor. A purely resistive load exhibits a power factor of one. Power is the rate of electricity working and it is measure in WATTS. Power is represented in electrical calculations by the letter P. Top calculate power, we multiply the voltage (E) x current (I) and we get power in WATTS (P). For example: Electronic loads such as computer power supplies draw their current at the voltage peak to fill their internal stores element. This can lead to a significant voltage drop near the supply voltage peak which shows of the voltage waveform. This flattering causes and harmonics which are not permissible if they exceed specific limits, they are not only wasteful, but may interface with the operation of other equipment

FEATURES

· High reliability : long operating life

· Low power consumption, tamper-proof, light weight, small size and easy to install.

· Adopting SMT and reflow soldering technology.

· Technical property comply with requirement of IEC standards.

· Easy installation.

1.15 APPLICATION


Consumed energy can be measured with different time periods for different tariffs.

1. All kinds of power plants.

2. Power distribution networks

3. Industrial automations

4. Home segment application

5. Telecommunication equipment

6. Internet servers

7. Process and telecom industry equipment 

1.15.1 ADVANTAGES


Digital signal processing possesses several advantages over analog signal processing. They are :

· GREAT ACCURACY

    The tolerance of the circuit components used to design the analog filter affect the   accuracy.

· CHEAPER

      In many applications the digital realization is comparatively cheaper than its analog counterpart.

· EASE OF DATA STORAGE

       Digital signal can be easily stored in magnetic media without loss of fidelity and can be processed off line in remote laboratory.

· IMPLEMENTATION OF SOPHISTICATED ALGORITHM

       The DSP allows us to implement sophisticated algorithm when compared to its analog counterpart. 

· APPLICABILITY TO VLF SIGNALS 

        The very low frequency signals such as those occurring in seismic application can be  easily processed using a digital signal processor when compared to an analog processor system, where inductors and capacitors needed would be physically very large in size.

· High clarity display unit

· Program can be changed for heavy, power application.

· Digital devices contain auto calibration techniques and self test features. 

Review of Literature

CHAPTER-II

REVIEW OF LITERATURE

2.1 Introduction


An energy meter is a device that measures the amount of electrical energy. Digital power and energy measurement is based on digitizing the instant values of the voltage and current in regular intervals, with high computing power of digital signal processors and fast A/D converters of high accuracy. These energy monitor, analyzes and store information on energy usage. This chapter reviews the available literature regarding Digital   Energy Meter.
Farhat.S and Cohen.C (1988) invented A Digital power factor meter. It is an analog to digital converter fitted with ratio metric facilities. A signal proportional to the peak voltage (Vm) is applied to the reference input voltage of the ADC, and the power factor is applied to the analog input. This result is a power factor reading y more than 97 %. 

Landman et al., (1989) invented a Digital energy meter. It was providing energy measurements of non-sinusoidal waveforms. Voltage and related current components of a digitally sampled waveform are multiplied to form a product representative of instantaneous power. It was obtained by an algorithm. 

Digital power metering apparatus for metering poly phase power sources in which cycles for each phase are sampled at each degree and converted to a binary representation. The scaling factor and range data then are multiplied to develop a digital representation of the same amplitude invented by Hammod et al., (1989).
Brandolini, A et al., (1994) examined the energy measurement process by means of the Walsh transform algorithms. It was employed to define accuracy and reliability in this class of industrial measuring instruments. The advantage of Walsh method is the adoption of some useful mathematical relationships with a unified testing methodology for typical performance of ADC based energy meters.

Eachern,MC et al.,(1994) investigated the harmonic adjusted power factor meter .An electrical power measuring system where in power factor measurements are adjusted to reflect the harmonic currents and voltages. The weighted spectra are used to calculate a harmonic adjusted volt-ampere-hour measurement.

The work on Controlled unbalanced harmonics voltage and current conditions by Domaijan et al., (1996), presents the result of the project on the accuracy of watt hours meters when subjected to closely unbalanced harmonic voltage and conditions .Tests were performed on a selected sample of nine three- phase and three single phase watt hour meters .Some results showed that under a particular set of unbalanced wave forms with harmonic conditions, meters ranged from –10.09% to +0.52.

A single phase energy meter was invented by Loss P.A.V et al., (1998). It was based on microcontroller from microchip technology energy can be easily read from to ensured a correct measurement even in the event of an electrical outage or brown out. Its prototype has been implemented in the lab to provide measurement with accuracy.

Vandoorn et al., (1998) determined the power meter. It determined for power lines having periodic 3-phase voltage and current signals. The power meter includes receiving circuit which can be connected at least one transducer to receive the  digital data and for calculating the power parameters.

Digital power consumption meter was invented by Brand and Ethan (1999) with US patent 5869960. A portable power meter is provided for measuring and displaying the dial instantaneous power or permanently mounted electrical device. The power meter can be configured to monitor electrical devices

Digital Electricity meter was described by Ing.Rastislav et al.,(2000). The designed digital three-phase registration/ calibration electricity meter was based on sampling and digitizing of the instant values of the voltage and current in regular time intervals.

 Tarik-Al-Khateeh and Martin Bludell (2001) invented the digital energy meter for electrical energy measurement. The design was based on a simple and hold method, which generates two D.C signals and into voltage to frequency converter, is used to digitize the electrical energy signal.

Branch circuit monitor invented by Kammeter & John B (2001). The digital signal processor is arranged to calculate not only over all energy consumption, RMS voltage, current, power factor, real power, and /or apparent power for each branch circuit. Data from the digital signal processors may be made available via communication protocols

The development of Three-phase power meter by Suwuttichai kaewpradub(2002) is aimed to acquire information for electric energy analyzing. The meter can measure current, voltage, actual power, reactive power, apparent power factor and electrical energy. The meter was well tested to evaluate the percentage of error as compared to standard electrical power meter.

Phalguna Devalarju and Dawld wob schal (2003) examined a web-enabled digital power meter. It was based on the reported web sensor concept. Line power is measured with single phase bi-directional energy, dual A/D converter and to calculate true power /RMS voltage /current. The energy of IC is transmitted to a microprocessor ( PIC Micro) which converts it into human readable form and send through Ebus to communication module. Up to 9 digital power may be connected on the optically isolated Ebus. It is used to measured the power meter smart sensor, Internet, Ethernet.

A programmable current generator for testing energy meter was designed by Methawee,S and Leelarasmee, E (2004). It consists of reference signal generators and 

amplifiers. The reference signal is generated using a micro controller. The amplifiers use power transforms and  feedback op amp circuits.

A brief description of single phase electronic meter with mixed micro controller MSP430FE427 was examined by Ing. Peter Fuchs et al.,(2005).The meter depends upon the accuracy of analog inputs A/D conversion and on digital calculations. 

Design of an energy efficient pulsed UBW receiver was made by Verhelst, M et al., (2006). This is achieved by designing for the lowest energy per useful receiver bit. The most energy efficient solution makes use of a complex analog correlation UWB receiver.
 HaHori and Osamu (2007)invented Meter reading system with US patent 7248180. It drives a radio communication unit to transmit the image acquired by the image – processing unit to another radio communication unit.

Paranhos, I et al., (2007) described a low cost digital power energy meter which helps to lower the energy costs and to prolong the machines life. The paper presents studies and development of a low cost electrical energy monitoring systems, that consists of a digital energy meter, a software for the system management, a data base to store the measurements and a web page to monitoring the energy quality.

Ortiz et al., (2007) evaluated the energy meter’s accuracy based on a Power Quality Test Platform. It reviews the operating principles of energy meters. The disturbances considered were harmonics unbalance and main frequency variations.

An electronic meter was proposed by Tarik-Al-Khateeb and Martin Blundell(2007). In electrical installation and building services the power factor was a major consideration in efficient building or system operation. It is used to measure how effectively the equipments are converting electricity from power generation network to useful power output. This signal is then digitally displayed through suitable circuits. Results are presented to assess the effect of a changing power factor on the power available at constant current and the annual cost savings

 An application of an advanced power-line monitoring required for high performance was innovated by Joseph Shtargot (2008). The article describes the fundamentals of A.C. power measurement by sampling. It shows a typical power grid monitoring application and monitoring system requirements.

Ramirez,D. Munoz et al.,(2008) designed a smart sensor to measure the active, apparent and reactive energies delivered to a load in a single- phase AC voltage line. A magneto resistance is used as a current transducer and it is constant current biased generalized impedance converters are used to calculate a harmonic adjusted volt-ampere-hour measurement.

2.2 APPLICATIONS

Using PIC Micro Controller l6F877A

Miller and Robert.C (2007) invented the electric energy meter. An electric current energy meter includes, a mutual inductance current transducer formed by primary winding means for direct connection to the current component of an electric energy quantity to be measured. The current responsive analog signal and voltage responsive analog signal are both applied to an electronic watt now circuit.

Bestepe and Firat(2007) was invented the Digital Electricity meters. This explains the design of a microcontroller base device provides an efficient and practical for the remote reading of digital electricity meters. It provides the detailed explanation about the basis of serial asynchronous communication over modem for PICs (Peripheral Interface Controllers) together with descriptions of each component, included by the constructed system which can be used in energy meter sector.

Gogate, C.A. and Sagaider, B.S. (2004) designed intelligent device has two parts transmitter and receiver. The transmitter is set up in the truck and it consists of a micro controller to which the GPS and the GSM modem are connected. The analog signals from the transducers, are used to detect the amount of load and feel in truck, are sent to micro controller. The SMS is received by the ASM modem and is sent to the computer, software to plot the position of the truck along with the parameters.

Digital Electric Sub metering system has been developed by S.J.Alarron and C.Albuero(2005). The only one electric meter accumulates all the consumption within the entire building. The digital electric meter displays kilowatt hour electricity consumption, remaining balance and cost per kilowatt hour on its liquid crystal display. The microcontroller utilized for the system is PIC16F877 and the programming language used for coding is Assembly language. It can be resulted to an average of 95% accuracy a 5% escort of the device. In terms of the electricity reacting and billing. Apartment Digital Sub metering System will be more efficient by acquiring an accuracy of almost a hundred percent and handling greater household consumption.

Digital Engine hour meter was developed by Straka and David A (2006). The Digital circuitry is powered by low voltage DC signal of the power regulation circuitry and only accumulates engine orating time upon sending the low voltage DC signal. The apparatus further includes a display coupled to the digital circuitry for displaying accumulated engine operating time as circulated by the digital circuitry.

Multiple DC motors has been developed by Dr. Steve C .Hsiung (2007). This article using micro controller in various controls in electricity, electronics and computer technology. The design of micro controller control system involves designing application from the individual module through extensive testing, verification and modification. This use of multiple PICs presents a tested research concept that implements serial communication protocols in a multi – processor environment.

Sharan.R.V et al., (2007) proposed the low speed DC motor control. This dc motor control are used in robotic applications. Robots often tend to move forward are backward in a straight line. This describes the design of a PIC micro controller – based feedback system for low speed DC motor control. It is uses the basic principles of speed measurement experimental results that the peed measured by PIC microcontroller are reasonably close to the values measured by the lactometer.

Integrated power meter was invented by Borisar Jovanovic and Milijan Nokolic (2007). The test set up for power meter IC is considered Integrated Power meter is IOC dedicated not only for energy measurement but for measuring of many important power line signal parameter including RNS current and voltage, active, reactive and apparent power, power factor and frequency. Their main advantages are low cost, high efficiency and easy to use, graphical user interface. 

Materials and Methods

CHAPTER – III

MATERIALS & METHODS

3.1 INTRODUCTION

       Energy meter is an assembly of electrical and mechanical components used for the measurement of electrical energy. This chapter deals with the essential components and their device concepts used for designing the Digital Energy Meter. Digital Energy meter measures the voltage and current to determine the power consumption and depends on the accuracy of the analog input and the accuracy of digital calculation. This chapter explains the programming techniques used for the measuring power consumption based on micro controller chip in the digital format. In the experimental part, the performance of the designed Digital Energy Meter is analyzed.

3.2 BLOCK DIAGRAM EXPLANATION OF DIGITAL ENERGY METER

       The block diagram is given in Fig 3.1. It consists of the following stages.

· Single phase electrical load

· Power supply unit 

· Potential transformer

· Current transformer

· Signal conditioning circuit

· Zero crossing Detector

· PIC Microcontroller

· LCD Display

3.2.1 Single Phase Electrical Load


Single Phase electrical load may be resistive type or inductive type load. This load provides an 230V ac supply for the operation of the device.

3.2.2 Power Supply Unit 


The power supply is a line operated dc power supply. A single phase 230 V ac is given to the step down transformer to reduce the 230V ac voltage to a low voltage (i.e.) to 6V or 12V ac. This value depends on the inner winding of the transformer. The output of the transformer is given to the rectifier circuit. This rectifier circuits converts ac voltage to dc voltage. But the voltage may consist of ripples or harmonics.


To avoid these ripples the output of the rectifier is connected to filter. The filter thus removes the harmonics and other ripples and gives the exact dc voltage of the given specification. A regulator (Ic7805) is used to regulate the voltage to 5V dc which is the required voltage for the operation of the controller. 

3.2.3 Potential Transformer


Potential Transformer is used to measure the load voltage. It is also used as a step-down transformer for low voltage conversion. The primary winding of potential transformer is connected parallel to load the output of the secondary winding of the potential transformer. The output is given to signal conditioning circuit. The output voltage depends upon the load voltage variation. 

3.2.4 Current Transformer


Current Transformer is used to measure the load current. IT uses a step down current transformer for low current conversion. The primary of the current transformer is connected in series to the load. The output is taken at the secondary winding which depends upon the load current variation. As the primary load varies the current varies in the secondary. This output of secondary is converted to voltage by providing shunt resistor connected to output. This output is then fed to the signal conditioning circuit. 

3.2.5 Signal Conditioning Circuit 


The output from the potential transformer and current transformer is connected to signal conditioning circuit. In this circuit a zener regulator is used for the conversion of ac voltage to dc and its regulation.

3.2.6 Zero Crossing Detectors

          A Zero Crossing Detector literally detects the transition of a signal wave from positive and negative, ideally providing a narrow pulse that coincides exactly with zero voltage condition. The comparators are generally used for a high speed zero crossing detector which are frequently perceived as devices that crudely express analog signals in digital format –a 1-bit A/D converter. 

 3.2.7 PIC Micro Controller


The output of the Potential Transformer (PT) Current Transformer (CT) signal contained output and the zero crossing detector is connected to analog voltage input of the PIC micro controller. The PIC microcontroller through its program conversion techniques encodes the analog voltage to digital format and the output is displayed in the LCD which is connected to the output of PIC microcontroller. The output is the actual load consumed power.

3.2.8 LCD Display


LCD is a Liquid crystal display which combines the properties of both Liquid and Crystal. The actual load voltage, load current and load total power consumed is displayed in the LCD.

3.3 CIRCUIT OPERATION 

          The overall circuit operation of the Digital Energy Meter is given in Fig 3.2.

          The input to the circuit is taken from the main which is a single phase 230V ac voltage. The microcontroller PIC16F8777A operates at +5V dc. Therefore, the 230V ac voltage is stepped down using a (230/12V) step-down transformer and converted to dc voltage using full wave bridge rectification method. After this conversion, the dc voltage is regulated using IC (7805) to get a constant of +5V and is then supplied to the input (AN0,AN1 pins) of the microcontroller chip and also “pin 11” to the LCD.

         The output from the step down transformer is given to the Potential Transformer to measure the load voltage which is also a step down transformer. It lowers the load voltage. Also, the output from the step down transformer is given to the Current Transformer to measure the load current. It is also a step down Current transformer which lowers the load current value.

          After this, the output from both (i.e.) the Potential Transformer as well as Current Transformer is given to signal conditioning circuit (Fig.3.3) to measure he voltage and current of the load in its rectified form.

          The signal conditioning unit converts the ac voltage to dc voltage, depending upon the variation of ac load .Ac voltage is converted to dc and is regulated using a zener regulator by rectification using full wave bridge rectification methods.  The ripples and harmonics are filtered off using filters and is regulated using Ic7805 and the output is fed to LCD for providing it with the required +5V for its operation.

            The output from the signal conditioning unit (i.e.) the required the values of the voltage and current are given to the micro controller as analog to the “pins AN0&AN1.The crystal oscillator resonator in crystal oscillator generates clock pulses to the PIC microcontroller .The microcontroller encodes the data through the program techniques and converts the analog values to digital format. The actual power consumption of the load is displayed in the Liquid crystal Display.

3.4 ESSENTIAL COMPONENTS FOR CONSTRUCTING DIGITAL      ENERGY METER

          The most essential components required for the construction of the Digital energy Meter are  

· Potential Transformer

· Current Transformer

· PIC Microcontroller

3.4.1 Potential Transformer


Potential Transformer is a step-down transformer designed for monitoring single phase and three phase power line voltages in power metering applications. 0-6 V ac, 500mA. The primary terminals are connected either in line-to-line or in line-to-neutral configuration.


A Potential transformer is a special type of transformer that allows meters to take readings from electrical service connections with higher voltage (potential) than the meter is normally capable of handling without a potential transformer.

3.4.2 Current Transformer (3A/1A, ac)


Current transformer which is also a step-down current transformer provides insulation against the high voltage of the power circuit, and also supply the relays with quantities proportional to those of the power circuits, but sufficiently reduced in magnitude, so that the relays can be made relatively small and inexpensive. The Current transformers have several requirements as follows:- mechanical construction, type of insulation, ratio in terms of primary and secondary currents or voltages , continuous thermal rating, short-time thermal and mechanical ratings, insulation class, impulse level, service conditions, accuracy and connections.


Current transformers measure power flow and provides electrical inputs to power transformers and instruments. Current transformers produce either an alternating current or alternating voltage proportional to the measured current.

3.4.3 PIC MICROCONTROLLER

           Microchip Technology’s series of microcontrollers is called PIC chips. Microchip uses PIC to describe its series of PIC Microcontrollers .PIC generally assumed to mean Programmable Interfacing Controller.

3.4.4 PIC Micro Controller Core Features

· High Performance RISc CPU

· Only 35 single word instructions to learn.

· Eight level deep hardware stack.

·  High sink/source current 25mA

· Power saving sleep mode.

·  Interrupt capability

· Power on Reset

· Low power, high speed CMOS FLASH / EEPROM technology.

· Processor read / write access to program memory.

· Selectable Oscillator options.

3.4.5 PIC MICROCONTROLLER 16F877A OPERATIONAL DATA

· Operating frequency : DC – 20 MHz

· Flash program memory (14 bit words): 8k

· Data memory (In bytes): 368

· EEPROM Data Memory (In bytes): 256

· Interrupts:15

· I10 ports: A,B,C,D,E

· Timers: 3

· Analog Comparators: 2

· Instructions: 35

3.4.6 Peripheral Features

· Timer 0: 8-bit timer / counter with 8-bit pre scaler.

· Timer 1:16-bit timer / counter with pre scaler, can be incremented during 

   sleep via external crystal / clock.

· Timer 2 : 8-bit timer / counter with 8-bit period register, pre scaler and post scaler.

· Two capture, compare, PWM modules.

· Capture is 16-bit, max. resolution is 12.5 ns

· Compare is 16-bit, max. resolution is 200 ns

· PWM max. Resolution is 10-bit

· 10-bit multi-channel Analog-to-Digital converter.

· Synchronous Serial Port (SSP) with SPI (master mode) and 12 C(Master / Slave)

· Universal Synchronous/ Asynchronous Receiver Transmitter (USART / SCI) with 9-bit address detection.

· Parallel Slave Port (PSP) 8-bits wide, with external RD, WR, and CS controls (40/44-pin only)

Brown out detection circuitry for Brown out Reset (BOR)

3.5 PIC Architecture: (PIN Description)

The Architecture of PIC 16F877A is presented in Fig 3.3 and the pin diagram is given in Fig 3.4 .The pin diagram description is as follows,

MLLR / VPP


It is Master Clear (input) or programming voltage (output). This pin is an active low reset to the device.

· RAO / ANO

· RA1 / AN1

· RA2/ AN2 / VREF / CVREF

· VREFCVREF

· RA3 / AN3 / VREF+

· VREF+

· RA4 / TOCKI / CI OUT

· TOCKI

· C1OUT

· RA5 / AN5 / SS / C2OUT / SS / C2OUT

OSC1 / CLKI


Oscillator crystal or External clock input. This is always associated with pin function OSC1.

OSC2 / CLKO 


Oscillator crystal or Clock Output. This pin is connected to the crystal and or resonator in crystal oscillator mode denotes the instruction cycle rate.

I/O Ports


Some pins for these I/O Ports are multiplexed with an alternate function for the peripheral features on the device. In general, when a peripheral is enabled, that pin may not be used as a general purpose I/O pin.

PORT-A and The TRISA Register


Port A is a 6-bit wide, bidirectional port. The corresponding data direction register is TRISA. Setting a TRISA bit (=1) will make the corresponding PORTA pin an input. Clearing a TRISA bit(=0) will make the corresponding PORTA pin an output .


           Pin RA is multiplexed with the Timer0 module for the clock input to become the RA4 / TOCKI pin. The RA4 / T0CK1 Pin is a Schmitt Trigger input and an open drain output. All other PORTA pins have TTL input levels and full CMOS output drivers. Other PORTA pins are multiplexed with analog inputs and analog VREF input for both the A/D converters and the comparators. The operation of each pins is selected by clearing / setting the appropriate control bits in the ADCON1 and / or CMON registers. The TRISA register controls the direction of the port pins even when they are being used as analog inputs. It must be ensured that the bits in the TRISA register are maintained set when using them as analog inputs.

PORT-B and The TRISB Register


PORT-B is an 8-bit wide, bidirectional port. The corresponding data direction register is TRISB. Setting a TRISB bit (=1) will make the corresponding PORT-B pin an input. Clearing bit (=0) will make the corresponding PORT-B pin an output.


Four of the PORT-B pins, RB7:RB4, have an interruption change feature. This interrupt can wake the device from sleep. The user in the interrupt service routine can clear the interrupt in the following manner:

· Any read or write of PORT-B. This will end the miasmatic condition.

· Clear Flag bit RBIF.

PORT-C and The TRISC Register 


PORT-C is an 8-bit wide, bidirectional port. The corresponding data direction register is TRISC. Setting a TRISC bit(=1) will make the corresponding PORTC pin an input. Clearing a TRISC bit(=0) will make the corresponding PORTC pin an output. PORT-C is multiplexed with several peripheral functions. PORT-C pins have Schmitt Trigger input buffers. Some Peripherals override the TRIS bit to make a pin an output, while other peripherals override the TRIS bit to make a pin an input. Since the TRIS bit override is in effect while the peripheral is enabled, read-modify-write instructions with TRISC as the destination should be avoided. The user should refer to the corresponding peripheral section for the correct TRIS bit settings.

PORT-D and The TRISD Register


PORT-D is an 8-bit port with Schmitt Trigger input buffers. Each pin is individually configurable as an input or output. PORT-D can be configured as an 8-bit wide microprocessor port (parallel slave port) by setting control bit, PSP mode. In this mode, the input buffers are TTC.

PORT-E and The TRISE Register


PORT-E has three pins (REO / RD / ANS, RE1 / WR / AN6 and RE2 / CS / AN7) which are individually configurable as inputs or outputs. These pins have Schmitt Trigger input buffers. The Port-E pins become the I/O control inputs for the micro processor port when bit PSP mode(TRISE<4>) is set. In this mode, the user must make certain that the bits are set and that the pins are configured as digital inputs. Also, ensure that ADCON1 is configured for digital I/O. In this mode, the input buffers are TTL. Register 4-1 shows the TRISE register which also controls the parallel slave port operation. PORT-E pins are multiplexed with analog inputs. 


When selected for analog input, these pins will read as ‘0’s. The direction of the RE pins, even when they are being used as analog inputs. The user must make sure to keep the pins configured as inputs

3.5.1 Memory Organization


There are three memory blocks in each of the PIC 16F877A devices. The program memory and data memory have separate busses so, that concurrent access can occur and is detailed in this section. The EEPROM data memory block is detailed in.

3.5.2 Program Memory Organization


The PIC 16F877A devices have 8K words x 14 bits of Flash program memory, while PIC 16F874A devices have 4k words x 14 bits. Accessing a location above the physically implemented address will cause a wrap round. The reset vector is at 000h and the interrupt vector is at 004h.


The data memory is partitioned into multiple banks which contain the General Purpose Register and the Special Functions Registers.  Bits RP1 and RP0 are the bank selected bits. Each bank extends up to 7th. The lower locations of each blank are reserved for the special function register. Above the Special Function Register are General Purpose Registers, implemented as Static RAM. All implemented banks contain Special Function Registers.

3.5.3 Data EEPROM and Flash Program Memory


The data EEPROM and flash program memory is readable and writable during normal operation. This memory is not directly mapped in the register file space. It is indirectly addressed through special function register are general purpose register. There are six SFRs used to read and write this memory:

· EECON1

· EECON2

· EEDATA

· EEDATH

· EEADR

· EEADRH

            When interfacing to the data memory block, EEDATA holds the 8-bit data for Read/write and EEADR hold the address of the EEPROM location being accessed. These devices have 128 or 256 bytes of data EEPROM, with an address range of from 00h to FFh. On devices with 128 bytes address from 80h to FFh are unimplemented and will wrap round to the begging of data EEPROM memory. When writing to unimplemented locations, the on-chip charge pump will turned off.

           When interfacing the program memory block the EEDATA and EEDATH registers form a two-bytes  word that holds the 14-bit data for read/write and EEEADR and EEADRH registers form a two-byte word that 13-bit address of the program memory location being accessed. These devices have 4 or 8K words of program Flash, with an address range 0000h to 0FFFH for the  PIC16F877A and 0000h TO 1FFFh for the PIC16F877A.Address above the range of the respective device will wraparound to the beginning of program memory. The EEPROM data memory allows single – byte read and write.

           The Flash Program memory allows single – word read and four word block writer and program memory write operations automatically perform and erase – before write on blocks of four words.

           A byte writes in data EEPROM automatically erases the location and writes the new data. The write time is controlled by an on-chip timer. The write / erase voltages are generated by an on-chip charge pump, rated to operate over the voltage range of the device for byte or word operations.

          When the device is code – protected, the CPU may continue to read and write the   EPROM memory. Depending on the settings of the write – protect bits, the device may or may not be able to write certain blocks of the program memory; however reads of the program memory are allowed. When code-protected, the device programmer can no longer access data or program memory. This does not inhibit internal reads or writes.

3.5.4 TIMER0 MODULE

The Timer0 module timer/counter has the following features
• 8-bit timer/counter

• Readable and writable

• 8-bit software programmable prescaler

• Internal or external clock select

• Interrupt on overflow from FFh to 00h

• Edge select for external clock

           Timer mode is selected by clearing bit T0CS (OPTION_REG<5>). In Timer mode, the Timer0 module will increment every instruction cycle (without prescaler). If the TMR0 register is written, the increment is inhibited for the following two instruction cycles. The user can work around this by writing an adjusted value to the TMR0 register.

Timer0 Interrupt
           The TMR0 interrupt is generated when the TMR0 register overflows from FFh to 00h. This overflow sets bit TMR0IF (INTCON<2>). The interrupt can be masked by clearing bit TMR0IE (INTCON<5>). Bit TMR0IF must be cleared in software by the Timer0 module Interrupt Service Routine before re-enabling this interrupt. The TMR0 interrupt cannot awaken the processor from Sleep since the timer is shut-off during Sleep.

3.5.5 TIMER1 MODULE:

           The Timer1 module is a 16-bit timer/counter consisting of two 8-bit registers (TMR1H and TMR1L) which are readable and writable. The TMR1 register pair (TMR1H:TMR1L) increments from 0000h to FFFFh and rolls over to 0000h. The TMR1 interrupt, if enabled, is generated on overflow which is latched in interrupt flag bit, TMR1IF (PIR1<0>). This interrupt can be enabled/disabled by setting or clearing TMR1 interrupt enable bit, TMR1IE (PIE1<0>). Timer1 can operate in one of two modes:

· As a Timer

· As a Counter

           The operating mode is determined by the clock select bit, TMR1CS (T1CON<1>).In Timer mode, Timer1 increments every instruction cycle. In Counter mode, it increments on every rising edge of the external clock input. Timer1 can be enabled/disabled by setting/clearing control bit, TMR1ON (T1CON<0>).Timer1 also has an internal “Reset input”. This Reset can be generated by either of the two CCP modules. When the Timer1 oscillator is enabled (T1OSCEN is set), the RC1/T1OSI/CCP2 and RC0/T1OSO/T1CKI pins become inputs(i.e.), the TRISC<1:0> value is ignored and these pins read as ‘0’.

3.5.6 TIMER2 MODULE:

           Timer2 is an 8-bit timer with a prescaler and a postscaler. It can be used as the PWM time base for the PWM mode of the CCP module(s). The TMR2 register is readable and writable and is cleared on any device Reset. The input clock (FOSC/4) has a prescale option of 1:1, 1:4 or 1:16, selected by control bits T2CKPS1:T2CKPS0 (T2CON<1:0>). The Timer2 module has an 8-bit period register, PR2. Timer2 increments from 00h until it matches PR2 and then resets to 00h on the next increment cycle. PR2 is a readable and writable register. The PR2 register is initialized to FFh upon Reset. The match output of TMR2 goes through a 4-bit postscaler (which gives a 1:1 to 1:16 scaling inclusive) to generate a TMR2 interrupt (latched in flag bit, TMR2IF (PIR1<1>). Timer2 can be shut-off by clearing control bit, TMR2ON (T2CON<2>), to minimize power consumption.

3.5.7 SPECIAL FEATURES OF THE CPU:

          All PIC16F877A devices have a host of features intended to maximize system reliability, minimize cost .Through elimination of external components, provide Power saving operating modes and offer code Protection. These includes

• Oscillator Selection

• Reset, Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up, Timer (OST), Brown-out Reset (BOR)

• Interrupts, Watchdog Timer (WDT)

• Sleep, Code Protection, ID Locations

• In-Circuit Serial Programming, Low-Voltage In-Circuit Serial Programming

3.5.8 In-Circuit Debugger:

           PIC16F877A devices have a Watchdog Timer which can be shut-off only through configuration bits. It runs off its own RC oscillator for added reliability. There are two timers that offer necessary delays on power-up. One is the Oscillator Start-up Timer (OST), intended to keep the chip in Reset until the crystal oscillator is stable. The other is the Power-up Timer (PWRT), which provides a fixed delay of 72 mins (nominal) on power-up only. 
          In Reset while the power supply stabilizes with these two timers on-chip, most applications need no external Reset circuitry. Sleep mode is designed to offer a very low current power-down mode. The user can wake-up from Sleep through external Reset, Watchdog Timer wake-up or through an interrupt. Several oscillator options are also made available to allow the part to fit the application. The RC oscillator option saves system cost while the LP crystal option saves power. A set of configuration bits is used to select various options.

3.5.9 Configuration Bits:
           The configuration bits can be programmed (read as ‘0’), or left unprogrammed (read as ‘1’) to select various device configurations. The erased or unprogrammed value of the    Configuration Word register is 3FFFh. These bits are mapped in program memory location 2007h. It is important to note that address 2007h is beyond the user program memory space which can be accessed only during programming. The above explanation clearly describes the PIC Microcontroller used for the encoding process. The Programming procedure of the PIC Microcontroller is gives the conversion details.

     3.6 Other Components

     3.6.1 Power Supply Unit


Power Supply Unit consists of step down transformer, rectifier, input filter, regulator unit.


A transformer is a device that transfers electrical energy from one circuit to another through a shared magnetic field (mutual inductance). An ideal transformer keeps the product of the current and the voltage the same in the primary and secondary circuits. Transformers may be both step up(or)step down allowing an alternating voltage to be stepped up or stepped down. A key application of transformers is to reduce the current before transmitting electrical energy over long distances through wires. By transforming electrical power to high-voltage, low-current form before transmission and back again afterwards, the transformer reduces the energy lost, enabling the economic transmission of power over long distances. The transformer used in the power supply unit is the step down transformer.

 Rectifiers 


The rectifier circuit is used to convert the DC voltage into its corresponding dc voltage. There are half-wave, full wave and bridge rectifier available for this specific function. The most important and simple device used in rectifier circuit is the diode. The simple function of the diode is to conduct when forward biased and not to conduct in reverse bias. The rectification circuits used IN4007 diodes for rectification.


The forward bias is achieved by connecting the diodes positive and negative with battery’s positive and negative respectively. The efficient circuit used is the full wave bridge rectifier circuit. The output voltage of the rectifier consists of ripples. The ripples from the obtained dc voltage are removed using filter circuits. 

 Filters


Capacitor are used as filter circuits to remove the ripples and the harmonics of the input voltage. The primary action performed by capacitor is charging and discharging. The capacitor charges in positive half cycles of the ac voltage and discharge in negative half cycle. Here a 1000 µF capacitor is used and it . So it always allows only AC voltage and does not allow the DC voltage. Thus the output is free from ripples and a pure dc voltage is obtained. The Filter is fixed before the regulator.

 Regulators


Regulator regulates the output voltage to be always constant. The output voltage is maintained irrespective of the fluctuations in the input AC voltage.  As and then the AC voltage changes, the DC voltage also changes. Also when the internal resistance of the power supply is greater than 300 hms, the output gets affected .Thus to avoid this, regulators are used. The regulators are mainly classified for low voltage and for high voltage. Here IC7805 positive regulators is used to regulate the voltage and provide a constant 5V dc voltage.. It reduces the 6V DC voltage to 5V DC voltage. 

 3.6.2Trim pot

          A trimmer is a miniature adjustable electrical component. Trimmer can be variable resistors (potentiometer) or variable capacitors.They are common in precision circuitry like A/V components, and may need to be adjusted when the equipment is serviced. Trimmer are mounted directly on Printed Circuit Board, turned with a small screw driver and rated for many fewer adjustments over their lifetime.

 3.6.3 Liquid Crystal Display (LCD)

         Liquid Crystal Display (commonly abbreviated LCD) is a thin, flat display device made up of any number of color or monochrome pixels arrayed in front of alight source or reflector. It is prized by engineers because it uses very small amounts of electric power , and is therefore suitable for use in battery-powered electronic devices.

3.7 Experimentation

          Accuracy is one of the most important parameter in an instrumentation for measurement purposes. Therefore, in order to analyze the accuracy of the constructed Digital Energy Meter, it is tested by performing an experiment whose procedure is as follows. For ensuring the proper working of the designed Digital Energy meter, it is connected to a bulb holder box in which the bulb holders are connected parallel with each other. This parallel connection helps to add up the power for taking values for various power inputs. In the experimental work, the positive and negative terminals of the holder box is connected to the corresponding terminals of the transformer soldered in the power supply unit of the designed Digital Energy Meter. The 230V ac voltage from the main is supplied to the device. As soon as the supply is given, the various bulbs (100 W, 200 W, etc.,) which are connected in a parallel manner in the circuit, glows emitting respective power.

           The Potential transformer and Current transformer connected to the transformer measures the load voltage and the load current are rectified, filtered and regulated by their corresponding circuits and given as an analog signal to the PIC Microcontroller at is input pins AN0, AN1. The PIC Microcontroller techniques encoded the data and displayed the result in the LCD in the digital format. The readings of the Load voltage, load current and power are noted.

The hardware description of the designed Digital Energy Meter is described above. The software  description is given below.

3.8 Software
Program for the conversion of analog to digital format of load current, load voltage and load power.

#include<pic.h>

#include<lcd.h>

#include<math.h>

void delay();

void powerfac();

unsigned int i,j;

unsigned int T1,T2,T3,temp,T1min,T1max;

unsigned int a1,a2,a3,b1,b2,b3,b4,c1,c2,c3,y1,y2;

//unsigned char m1,m2,m3,m4,m5,m6,m7;

//unsigned char p1,p2,p3;

unsigned char fninc;

unsigned int a,f,g,c4,s,k, flow;

float curr1, volt1,p,xyz, cu1;

__CONFIG(XT & WDTDIS & PWRTDIS & BORDIS & LVPDIS & WRTEN & DEBUGDIS & DUNPROT & UNPROTECT);

void main()

{


ADCON1=0X82;


TRISA=0x0F;


TRISC=0X80;


TRISD=0X00;


TRISB=0XFF;


PORTB=0;


SPBRG=207;


BRGH=1;


RCSTA=0X90;


TXSTA=0X24;

           moveon=0;


lcd_init();


flow=51;



while (1)


{



if(xyz<=60)




s=(0);

void powerfac()

{



fninc++;



if(fninc>=5)



{




fninc=0;




//if(flow>=3)




//{




//flow=0;





ADCON0=0X81;




delay();




ADGO=1;




while(ADGO);         //status check




volt1=(int)((ADRESH*256+ADRESL)*0.270588235294);   //right




delay();




ADCON0=0X89;




delay();




ADGO=1;




while(ADGO);         //status check




xyz=curr1=(int)((ADRESH*256+ADRESL)*4.902);    //98--200  68--100  




delay();




delay();   



}



a=volt1;



a1=a/100;



a=a%100;



a2=a/10;



a=a%10;



a3=a;



f=curr1;



b4=f/1000;



f=f%1000;



b1=f/100;



f=f%100;



b2=f/10;



f=f%10;



b3=f;  



cu1=curr1/1000;



p=(volt1*cu1);



g=p;



c4=g/1000;  //1234



g=g%1000;



c1=g/100;  //123



g=g%100;



c2=g/10;



c3=g%10;



y1=s/10;



y2=s%10;



cursor_loc(0x80);



 display_string("V=");



display_data(a1);



display_data(a2);



display_data(a3);



cursor_loc(0x88);



display_string("I=");



display_data(b4);




//display_string(".");



display_data(b1);



display_data(b2);



display_data(b3);



cursor_loc(0xc0);



display_string("P=");


    display_data(c4);



display_data(c1);



display_data(c2);



display_data(c3);



for(i=0;i<=12;i++)




{





TXREG=0x30+61;





while(!TRMT);





//delay();




}




TXREG=0x30+c1;




while(!TRMT);




//delay();




TXREG=0x30+c1;




while(!TRMT);




//delay();




TXREG=0x30+c2;




while(!TRMT);




//delay();




TXREG=0x30+c3;




while(!TRMT);




//delay();




TXREG=0x30+a1;




while(!TRMT);




//delay();




TXREG=0x30+a2;




while(!TRMT);




//delay();




TXREG=0x30+a3;




while(!TRMT);




//delay();      




TXREG=0x30+b4;




while(!TRMT);




//delay();




TXREG=0x30+b1;




while(!TRMT);




//delay();




TXREG=0x30+b2;




while(!TRMT);




//delay();




TXREG=0x30+b3;




while(!TRMT);




//delay();




TXREG=0x30+y1;




while(!TRMT);




//delay();




TXREG=0x30+y2;




while(!TRMT);




//delay();              

}

void delay()

{


for(j=0;j<=400;j++);

}
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FIG 3.1 BLOCK DIAGRAM OF DIGITAL ENERGY METER 
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Fig 3.2 Overall circuit Description
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FIG 3.3.  PIN ARCHITECTURE OF PIC 16F877A
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FIG 3.4   PIN OUT DIAGRAM OF PIC  16F877A

  PLATE 1.ASSEMBLED OF DIGITAL ENRGY METER         
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1.Potential Transformer

2.Current Transformer

3.PCB Board 

4.PIC Micro controller

5.LCD Display

PLATE 2. DISPLAY OF DIGITAL ENERGY METER  ON TEST PERFORMANCE
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Results and Discussion

CHAPTER-IV

RESULTS AND DISCUSSION

4.1 Introduction 

           A  Digital Energy Meter intended for the measurement of load current and load voltage is constructed and is experimentally analyzed for its performance in this chapter. This chapter deals with the verification of the performance analysis of the constructed Digital Energy Meter performed in chapter III. Here the experimental parameters such as load current, load voltage and the load power are recorded and presented. The results pertaining to the study entitled "Construction and Study of a Digital Energy Monitor" are discussed under the following topics.

· Construction of Digital Energy Meter

· Performance Analysis of Digital Energy Meter

4.2 Construction of Digital Energy Meter

          The main components Printed Circuit Board (PCB), PIC Microcontroller, Potential transformer, Current transformer, and other required components are purchased and the soldering process was carried out in the laboratory. The components are soldered with help of the available circuit (Fig 3.2) of Digital Energy Meter on the Printed Circuit Board.

4.3 Performance Analysis of Digital Energy Meter

            The performance of the constructed Digital Energy Meter is tested by connecting the device to a supply of 230V ac voltage supply from the single electrical phase load.

            In this experimental work, the positive and negative terminals of the holder box in which the bulbs are connected in parallel manner is connected to the corresponding terminals of the transformer soldered in the power supply unit of the designed Digital Energy Meter.

           The Potential transformer and Current transformer which are also a step down transformer connected to the step down transformer measures the load voltage and the load current and are rectified, filtered and regulated by their corresponding circuits and given as an analog input signal to the PIC Microcontroller at is input pins AN0, AN1. The PIC Microcontroller through its program techniques encoded the data and displayed the result in the LCD.

              The values of load current, load voltage and the total power recorded in the LCD is tabulated in table.4.1.The load current is theoretically calculated from the standard power formula.

P=I*V

Where,

            P = External power given through the bulb (watts) 

            V = ac voltage from the main supply (volts)

             I = Load current displayed in the LCD (Ampere)

            For the given input power (i.e.) P=100W and the load voltage V=230V the value of current is,

I=P/V

           =100/230

                         I  =0.434A or 434mA

Similarly,

For P=200W and V=230V, the calculated value of current is found to be                                               I=0.869A (or) 869mA
               For P=300W and V=230V, the calculated value of current is found to be 

 I=1.304 A (or) 1.304mA

                For P=360W and V=230V the calculated value of current is found to be

I=1.565A (or) 1.565mA

           The calculated theoretical values of load current are also included in the table 4.1 and the values compared with the experimentally recorded ones and are seen to be very nearer. Only slight variations are observed. From the results interpreted the superior performance of the Digital Energy Meter is confirmed.

Graphical interpretation

            The values of input power and the obtained load current are plotted by taking the input power in the x-axis and the load current in the y-axis as shown in Fig.4.1.

            From the graph, it has been inferred that the output current varies linearly with the input power. As the input power increases the load current also increases.

.     The confirmation between the experimental and theoretical values of current obtained with the device proves the superior performance of the constructed Digital Energy Meter.

TABLE 4.1. Variation of the output current with input power.

	S.No.
	Wattage of the bulb

(watts)
	Supply Voltage

(Volts)
	Output Current (Amperes)


	Power

(watts)

	
	
	
	Experimental 
	Theoretical
	

	1
	100
	230
	0.412


	0.434
	95

	2
	200
	230
	0.849     

             
	0.869
	195

	3
	300
	230
	  1.284      

 
	1.304
	295

	4
	360
	230
	1.496


	1.565
	344


FIG 4.1. Variation of the output current with input power
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Summary and Conclusion

CHAPTER V

SUMMARY AND CONCLUSION

           The constructed Digital Energy Meter is a device that selectively monitors the volt, current and Power factor of a given supply unit in a digital energy format. The Digital Energy Meter is an assembly of electrical and mechanical components. The Digital Energy Meter is a straight forward method for measuring the load voltage, current and power in the digital format.

          The PIC 16F877A micro controller is a peripheral interface controller intended for its application in the conversion of analog input to the Digital output through its program coding techniques.  

          The main components such as PIC 16F877A Micro controller chip, Potential transformer, Current transformers, and other required components resistors, capacitors, LCD are used in the construction of the Digital Energy Meter and are soldered on the PCB.

           From the performance Analysis of the designed Digital Energy Meter it has been revealed that the device has a linear response. The output current increased with the input power.

           The theoretically calculated and experimentally recorded values of current was observed to be nearer with little deviations..

           To conclude, the constructed Digital Energy Meter is a simple, portable device used for measuring the analog values of the Load current, Power and Voltage in the digital format. The performance prediction of the designed device shows that it is more or less superior to that of specifically accessible energy monitoring devices. Therefore there is no doubt, the benefit obtained from the constructed device is the need of time and can be used in Laboratories for the measurement purpose in a simple way avoiding complications.           
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