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Introduction

CHAPTER I

INTRODUCTION

1.1 ELECTRONICS


Electronics is the “study of the flow of charge through various materials and devices such as semiconductors, resistors, inductors, capacitors, nano structures and vacuum tubes”. This is the branch of Physics, which deals with the emission and effects of electrons and with the use of electronic devices. Electronics is one of the most important milestones in the history of science. Electronic technology is one of the strongest technological drivers of our economy due to the advancements in communications, information processing, storage and display applications. Fruits of these technologies have fertilized expanding the application in diverse areas. 


“Electronic technology is simultaneously one of the oldest arts and one of the newest sciences”. The major break through came into the electric field with the advent of various devices such as semiconductors and ICs.


Today the number of devices on a chip has gone well beyond one million. The impact of developments in electronics is gauged from the availability of devices which have tremendous capabilities when compared to that found in early years. Therefore the improvement in electronic technology has invaded almost every field in our modern living.


The concepts of electronics are used for electronic components, integrated circuits and electrical systems. Main areas of usage are modern information technology, telecommunication and measurement devices. The modern electronics has revolutionized the advancement in technology and electronics will continue with increasing speed in times to come through systematic miniaturization of electrical components and circuits, computers and other advanced electronics.

1.2 IMPORTANCE OF ELECTRONICS 


Electronics today provides the world with an infinite amount of information at a much faster speed than that information would have been available before. Electronics has gained much importance due to its numerous applications in industry.


The electronic devices are capable of performing the following functions:

i. Rectification


The conversion of a.c. into d.c. is called rectification. Electronic devices can convert a.c. power into d.c power with very high efficiency. This d.c supply can be used for charging storage batteries, field supply of d.c generators, electroplating etc..

ii.Amplification


The process of raising the strength of a weak signal is known as amplification. Electronic devices can accomplish the job of amplification and thus act as amplifiers. The amplifiers are used in a wide variety of ways. For example an amplifier is used in a radio set where the weak signal is amplified so that it can be heard loudly. Similarly amplifiers are used in public address system, television etc..

iii. Control 


Electronic devices find wide applications in automatic control. For example speed of a motor, voltage across a refrigerator etc., can be automatically controlled with the help of such devices. 

iv. Generation



Electronic devices can convert d.c. power into a.c. power of any frequency when performing this function they are known as oscillators. The oscillators are used in a wide variety of ways. 

v. Conversion of light into electricity
 


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

vi. Conversion of electricity into light



Electronic devices can convert electricity into light. This valuable property of electronic devices is utilized in television and radar.

1.3 INTEGRATED CIRCUIT (IC)


An IC is a complete electronic circuit in which both the active and passive components are fabricated on an extremely tiny single chip of silicon. Active components are those which have the ability to produce gain. Transistors, Field Effect Transistors (FET) are examples of active components. Those which do not have this ability like resistors, capacitors and inductors are examples of passive components.
1.3.1 Classifications of IC’s

There are different types of ICs 

i. Monolithic ICs

ii. Thin Film ICs

iii. Thick Film ICs.

iv. Hybrid or Multichip ICs. 

1.3.2 Advantages and disadvantages of IC


IC’s free the equipment designer from the need to construct circuits with individual discrete components such as transistors, diodes and resistors. With the exception of a few very simple circuit the availability of a large number of low cost IC’s have largely discrete circuitry obsolete. It is therefore, desirable to mention the significant advantages of IC’s over discrete circuits. However, IC’s have some disadvantages and continuous efforts are on to over come them.

Advantages


Integrated circuits possess the following advantages over discrete circuits.

1. Increased reliability due to lesser number of connections.

2. Extremely small size due to the fabrication of various circuit elements in a single chip of semi-conductor material.
3. Lesser weight and space requirement due to miniaturized circuit.
4. Low power requirement.
5. Greater ability to operate at extreme temperature.
6. Low cost because of simultaneous production of hundreds of like circuits on a small semiconductor wafer.
7. The circuit layout is greatly simplified because ICs are constrained to use minimum number of external connection.
Disadvantages

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

2. In an IC it is neither convenient nor economical to fabricate capacitances exceeding 30 pf. Therefore, for high values of capacitance discrete components exterior to IC chip are connected.
3. It is not possible to fabricate inductors and transformers on the surface of semiconductor chip. Therefore these components are connected exterior to the semiconductor chip. 
4. It is not possible to produce high power ICs 


5. There is a lack of flexibility in an IC, i.e. it is generally not possible to modify the parameters within which an IC will operate. 

1.4 MICROPROCESSOR 


A microprocessor is a single chip integrated circuit implemented on a wafer of silicon less than 5 mm square and 0.5 mm thick, about the size of baby’s finger nail. Depending on the family of the microprocessor, it may contain anything from 40,000 to 2,000,000 transistors or even more. A transistor equipment is able to make one single logic decision or to store one binary digit (1 or 0).


A microprocessor is the central arithmetic and logic unit of a computer, together with its associated circuitry, scaled down so that it fits on a single chip. Thousands of transistors, resistors and similar circuit elements are all incorporated on this single chip using large scale integration. 


The first microprocessors emerged in the early 1970s  were used for electronic calculators, using binary coded decimal arithmetic on 4-bit words. Other embedded uses of 4 bit and 8 bit microprocessors, such as terminals, printers various kinds of automation etc. followed rather quickly. Affordable 8-bit microprocessors with 16-bit addressing also led to the first general purpose microcomputers in the mid – 1970s.


Computer processors were for a long period constructed out of small and medium scale IC’s containing the equivalent of a few to a few hundred transistors. The integration of the whole CPU on to a single VLS chip therefore greatly reduced the cost of processing capacity.


The continued increase in microprocessor capacity have rendered other forms of computers almost completely absolute, with one or more microprocessor as processing element in everything from the smallest embedded systems and handhold devices to the largest main frames and super computers.

1.5 MICROCONTROLLER 


The microcontroller is a complete microprocessor system built on a single integrated circuit. The modern day microcontroller is a sort of “single chip computer”. The trouble is that the microprocessor is just one component of the system and need to add many more the RAM, ROM, timers, counters interrupt circuitry and I/O ports – to make it complete.


A mid range 8-bit microcontroller comes packed with all the above mentioned components (plus a few others, like analog comparators) in a single, small foot print, 2’s pin package, often the only extra component required to make the microcontroller work is a power supply.


Most of the microcontrollers combine other devices such as timer module to allow the microcontroller to perform control of tasks for certain time periods, a serial I/O port to allow data to follow between the microcontroller and other devices such as PC.


Microcontroller has an analog to digital converter (ADC) to allow the microcontroller to accept analog – input data for processing. Microcontrollers were originally programmed only in assembly languages but various high-level programming languages are now also in common use to target microcontrollers. These languages are either designed specially for the purpose, or versions of general purpose languages such as the C programming language. 


In recent years, microcontrollers have been developed around specifically designed CPU cores, one example is the microchip PIC range of microcontroller.

ADVANTAGES OF USING A MICRCONTROLLER OVER MICROPROCESSOR 


A designer will use a microcontroller to 

· Gather input from various sensors.

· Process this input a set of actions.

· Use the output mechanisms on the microcontroller to do something useful.

· RAM and ROM are inbuilt in the microcontroller.

· Multi machine control is possible simultaneously.

1.6 PERIFERAL INTERFACE CONTROLLER(PIC)   MICROCONTROLLER CORE FEATURES

· High-performance reduced instruction set computer CPU. 

· Only 35 single word instructions top learn.

·  All single cycle instructions except for program branches which are two cycle instruction.

· Operating speed DC-20Mhz clock input DC-200ns instruction cycle.

· Up to 8 K x 14 words of FLASH program memory, up to 368 x 8 bytes of data memory (RAM) up to 256 x 8 bytes of EEPROM data memory.

· Pin out compatible to the PIC 16C 73B / 74B / 76 / 77.

· Interrupt capability (up to 14 sources).

· Eight level deep hardware stock.

· Direct, indirect and relative addressing modes.

· Power-on Reset (POR).

· Power-up Timer (PWRT) and Oscillator start-up Timer (OST).

· Watchdog Timer (WDT) with its own on chip RC oscillator for reliable operation.

· Programmable code-operation. 

· Power saving SLEEP mode.

· In-Circuit Serial Programming (ICSP).

· Single 5 V in-circuit serial programming capability.

· Wide operating voltage range: 2 V to 5.5 V.

In this project Peripheral Interface Controller 16F877A microcontroller is used. The PIC family is having different series. The series are 12-series, 14-series, 16-series, 18-series and 24-series.16-series PIC microcontroller is used in the present work.

PIC MICROCONTROLLER 16F877A

· Operating frequency: DC-20 MHz

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

· data memory (in bytes): 368

· EEPROM data memory (in bytes) : 256

· Interrupts : 15

· I/O ports : A, B, C, D, E

· Timers : 3

· Analog comparators : 2

· Instructions : 35

1.7 EMBEDDED SYSTEM


An embedded system is a special purpose computer system designed to perform one or a few dedicated functions, often with real time computing constraints. It is usually embedded as a part of complete device including hardware and mechanical parts. In contrast, a general-purpose computer such as a personal computer can do many different tasks depending on programming. Embedded systems control many common devices in use today. 


Appliances such as the air conditioner, VCD player, DVD player, printer, fax machine, mobile phone etc., are examples of embedded system. Each of these appliances will have a processor and special hardware to meet the specific requirements of the application along with the embedded software. This is executed by the processor for meeting the specific requirement. The embedded software is also called ‘fire ware’.

1.7.1 Technical constraints for embedded systems
· Some embedded systems have to operate in extreme environmental conditions such as very high temperature and humidity. 

· Embedded systems have very limited resources, particularly the memory. Generally they do not have secondary storage devices such as the CD ROM or the floppy disk.

· Embedded systems have to work against some dead lines. A specific job has to be completed within a specific time. In some embedded systems called real time systems, the dead lines are stringent. Missing a dead line may cause a catastrophe-loss of life or damage to property.

· Embedded systems are constrained for power. As many embedded systems operate though a battery, the power consumption has to be very low.

· Embedded system need to be highly reliable. Once in a while, processing ALT-CTRL-DEL is accepted on desktop, but it is not possible to reset the embedded system.

1.8   APPLICATIONS OF EMBEDDED SYSTEM 


Nearly 99% of the processors manufactured end up in embedded systems. The embedded system market is one of the highest growth areas. These systems are used in every market segment, such as consumer electronics, office automation, industrial automation, biomedical engineering, wireless communication, data communication, telecommunication, and transportation, military and so on. 

1.8.1 Industrial automation


Today a lot of industries use embedded systems for process control. These include pharmaceutical, cement, sugar, oil exploration, nuclear energy, electricity generation and transmission.


The embedded systems for industrial use are designed to carry out specific tasks such as monitoring the, humidity, pressure, temperature, voltage, and current etc., and then take appropriate action based on the monitored levels to control other devices or to send information to a centralized monitoring station. In hazardous industrial environment, where human presence has to be avoided, robots are used, which are programmed to do specific jobs. The robots are now becoming very powerful and carry out many interesting and complicated tasks such as hardware assembly. 


Reliability is of paramount importance in embedded systems. Many embedded systems used in industrial automation and defense equipment need to work in extreme environmental conditions, such as very high / low temperatures, high humidity. Besides they should be able to with-stand bump and variations. Hence very stringent environmental specifications have to be met by such systems. The ability to work reliably in extreme environmental condition is known as ruggedness.

1.9   SENSORS


Sensors and transducers convert the real life information into equivalent electrical signals. These analog signals are converted into digital format to be processed by the processor.


A sensor is a device that measures a physical quantity and converts it into a signal which can be read by an observer or by an instrument. For example, a mercury thermometer converts the measured temperature into expansion and contraction of a liquid which can be read by a voltmeter. For accuracy, all sensors need to be calibrated against known standards. Sensors are used in everyday objects such as touch-sensitive elevator buttons and lamps which dim or brighten by touching the base. There are also innumerable applications for sensors, which include cars, machines, aerospace, manufacturing and robotics.


A sensor’s sensitivity indicates how much the sensor’s output changes when the measured quantity changes. For instance, if the mercury in a thermometer moves 1 cm when the temperature changes by 1ºC, the sensitivity is 1 cm / ºC. Sensors that measure very small changes must have very high sensitivity.


Sensors are devices capable of detecting changes in parameter such as,

· Temperature 

· Pressure 

· Humidity

· Speed 


There are many types of sensors used for various applications.

1.9.1 HUMIDITY SENSOR 


Humidity is the amount of water vapor in the air. In daily language the term “humidity” is normally taken to mean relative humidity. Relative humidity is defined as the  “ratio of the partial pressure of water vapor in a parcel of air to the saturated vapor pressure of water vapor at a prescribed temperature”. Humidity may also be expressed as absolute humidity and specific humidity. Relative humidity is an important metric used in forecasting weather. Humidity indicates the likelihood of precipitation, dew or fog. High humidity makes people feel hotter outside in the summer because it reduces the effectiveness of sweating to cool the body by preventing the evaporation of perspiration from the skin. This effect is calculated in a heat index table. Humidity sensors are available as sense components, assemblies with voltage (analog) output or PCB modules for frequency (digital) output. 
1.9.2   PRESSURE SENSOR 


Pressure sensor converts the pressure level to voltage level. Pressure sensors are used in blood pressure equipment and to measure altitude of aircrafts, ocean depth etc..

1.9.3 TEMPERATURE SENSOR 


Temperature sensor converts the temperature into an equivalent electrical voltage. The output of the sensor is a signal whose voltage level is proportional to the temperature. Measurement of temperatures in air-conditioners, boilers, coffins etc., is done through this sensor. 


Temperature is a physical property of a system that underlies the common notions of hotness and coldness, something that feels hotter generally has the greater temperature. Temperature is one of the principal parameters of thermodynamics. On the macroscopic scale, temperature is the unique physical property that determines the direction of heat flow between two objects placed in thermal contact.


If no heat flow occurs, the two objects have the same temperature; otherwise heat flow from the hotter object to the colder object. This the content of the Zeroth law of thermodynamics. On the macroscopic scale, temperature can be defined as the average energy in each degree of freedom in the particles in a system-because temperature is a statistical property, a system must contain a few particles for the question as to its temperature to make any sense. For a solid, this energy is found in the vibrations of its atoms about their equilibrium position. In an ideal monatomic gas, energy is found in the translational motions of the particles; with molecular gases, vibrational and rotational motions also provide thermodynamic degrees of freedom.


Temperature is measured with thermometer that may be calibrated to variety of temperature scales. The Celsius scale is used for most temperature measuring purposes. The entire scientific world measures temperature using the Celsius scale and thermodynamic temperature using the Kelvin scale, which is just the Celsius scale shifted downwards so that K= -273ºC or absolute zero.

1.10 METROLOGY 


Metrology is the science of measurement. The process involves performing of a predetermined set of operations on a device with the intent of determining some physical property of the device. Metrology as a science encompasses a vast array of applications and techniques. By simply comparing two or more mathematical quantities, the science of metrology is employed. Metrology can be illustrated by the simple act of reading a household thermostat and adjusting its temperature accordingly to achieve a desired result. Technically metrology is the science of measurement associated with the evaluation of its uncertainty usually expressed numerically as a bond within which the actual result is likely to lie.


Metrology is important at all stages of manufacturing- from research and design to the quality of the finished product. This is because 

· Metrology can help guarantee the precision and quality of a widening range of products and production processes.

· Stringent requirements for precision-driven work such as precision component manufacturing need corresponding measurement science and technology which can provide accurate measurement of various parameter and characteristics. 

· In the global scale, advanced metrology can enhance competitive capacity of manufacturing industries.

The constructed device will be of most important for a metrology lab.

1.11 ANALOG TO DIGITAL CONVERTERS 


An A/D convertor is a very important building block and has numerous applications. It forms an essential interface when it comes to anything analog data with a digital computer.


It is an indispensable part of any digital communication system where the analog signal to be transmitted is digitized at the sending end with the help of an A/D converter. It is invariably used in all digital read-out test and measuring equipments. Be it a voltmeter or a laser power meter, or for that matter even a pH meter use of an A/D converter as their heart.


An A/D converter takes as its input an analog voltage and after a certain amount of time produces a digital output code representing the analog input. The A/D conversion process is generally more complex than the D/A conversion process. There are various techniques developed for the purpose of A/D conversion and these techniques have different advantages and disadvantages with respect to one another, which have been utilized in the fabrication of different categories of A/D converter ICs.


The major performance specification of an A/D converter include resolution, accuracy, gain and offset errors, gain and offset drifts, the sampling frequency and aliasing phenomenon, quantization error, nonlinearity, differential nonlinearity, conversion time, aperture and acquisition times and code width.

1.11.1 ADVANTAGES OF ANALOG TO DIGITAL CONVERTERS 


Digital Signal Processing (DSP) possesses several advantages over analog signal processing.

1. Greater accuracy 

The tolerances of the circuit, components used to design the analog filters affects the accuracy, whereas the digital signal processing provides superior control of accuracy.

2. Cheaper 



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

3. Ease of data storage

Digital signals can be easily stored on magnetic media without loss of fidelity and can be processed off-line in a remote laboratory.

4. Implementation of sophisticated algorithms

The DSP allows us to implement sophisticated algorithms when compared to it is analog counterpart.

5. Flexibility in configuration 

A DSP system can be easily reconfigured by changing the program. Reconfiguration of an analog system involves the redesign of system hardware.

6. Applicability in the 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 processing system, which uses inductors and capacitors which are physically very large and occupies more space 

7. Time sharing

DSP allows the sharing of a given processor analog a number of signals by time sharing thus reducing the cost of processing a signal.

1.12 OBJECTIVES

             The objectives of the present work are as follows: 

· To construct a reliable and portable, microcontroller based device to monitor humidity, pressure and temperature using sensors.

· To analyze the performance of each sensors employed in the device. 

· To learn about microcontroller PIC16F877A

· To gain knowledge about sensors and to study about the concepts behind the analog to digital conversion.

· To program the microcontroller using C language to measure the quantities humidity, pressure and temperature.
Review of Literature


CHAPTER-II

REVIEW OF LITERATURE


2.1 INTRODUCTION
                     A sensor is a device, which responds, to an input quantity by generating a functionally related output usually in the form of an electrical or optical signal .During the past two decades, there has been an unprecedented growth in the number of products and services, which utilize information gained by monitoring and measuring using different types of sensors.The development of sensors to meet the need is referred to as sensor technology and is applicable in a very broad domain including the environment, medicine, commerce and industry.

                    Sensor applications cover all major fields of applications for commercial sensor, as well as their manufacturing techniques and major types. Strong emphasis is placed on microprocessors, microsystems and integrated electronic sensor packages rather than bulk equipment. Each of the individual volumes is tailored to the needs and queries of readers from the relevant branches of industry and research.

 A microcontroller (also MCU or µC) is a small computer on a single integrated circuits consisting of a relatively simple CPU combined with support functions such as a crystal oscillators, timers, watchdog, serial and analog I/O etc. Program memory in the form of NOR flash or OTP ROM is also often included on chip, as well as a, typically small, read/write memory. 

Microcontrollers are designed for small applications. Thus, in contrast to the microprocessors used in personal computers and other high-performance applications, simplicity is emphasized. Some microcontrollers may operate at clock frequencies as low as 32 KHz, as this is adequate for many typical applications, enabling low power consumption (milliwatts or microwatts). They will generally have the ability to retain functionality while waiting for an event such as a button press or other interrupt; power consumption while sleeping (CPU clock and most peripherals off) may be just nanowatts, making many of them well suited for long lasting battery applications.

                 The microcontroller design uses a much more limited set of single and double byte instructions that are used to move code and data from internal memory to the ALU. Many instructions are coupled with pins on the integrated circuit package, the pins are “programmable” that is capable of having several difference functions depending on the wishes of the programmer.

                 This chapter reviews the research work on “weather monitoring system” carried out in recent years, by different research groups.

· Humidity sensor

· Pressure sensor
· Temperature sensor

  2.2 Humidity sensor


Wenmin qu et al., (1998) discussed the results of the studies on the fabrication and characterization of a thick film humidity sensor based on the semi conducting metal oxide MNWO4. The sensor element possessed a novel Sandwich-configuration with a 40 mm porous MNWO4  ceramic layer Sandwiched by two 10 mm polarity – reverses, interdigitated metal films. Instead of traditional glass frits, LiCl powders are used as adhesion promoters for sintering the sensor. Paste, with this method, powders with an average particle size of 30 mm are sintered Ceramic layer exhibits a porous structure. The novel electrode arrangement combines the advancements of humidity sensors in the form of a parallel capacitor with those in the form of an interdigital capacitor, permitting a high sensitivity and a fast response.


The humidity sensor shows no cross sensitivity to organic vapour. The organic contamination on the sensor surface can be burned out by heating the sensor element at about 400oC with the refresh heater printed on the back side of the substrate.
       David .R et al., (2004) described an APRS – Compatible, single- board weather station project that they have developed. The weather station is based on the microchip 16F877A microcontroller. The basic weather station monitors temperature, relative humidity, and barometric pressure. These data are periodically formed into APRS weather packets sent using on board AFSK generation. Thus, no T N C is required to transmit the weather packets over the air. In addition, the data are sent in industry –standard “data logger” format out the serial port for use with any of several weather station monitoring programs.
           Ivan simeonor et al., (2006) considered the creation of embedded system by modulus principle for data acquisition, processing and visualization, related to temperature, atmospheric pressure, humidity, wind speed and direction, intended for giving of short-term weather forecast. The system reads the current time by mean of built in circuit and visualizes it on a display. The visualization is made with the help of seven – segment digital indicators and light emitting diodes (LEDS).The system is based on the one- chip microcontroller of type PIC 16F877A.
2.3 Temperature sensor

Dr. Biswajit Das et al., (2004) developed a low power modular sensor network for real time monitoring of environmental parameters, humidity, pressure and temperature and location. The project puts together three nodes and a PDA for output display, one master node, and two slave nodes forming a Pico net. The master node consists of a power, communications, and a data and control module. The slave nodes consist of the same modules in addition to the sensor modules. The communication module was a Bluetooth module ( a wireless transmitter unit with an antenna ). The data and control unit consist of a PIC microcontroller 16F877A and a multiplexer. The power module consists of a 6V camera battery, two sharp voltage regulators and a RS 232 unit The sensor module consists of humidity, pressure and temperature and a GPS unit. The sensor data was collected on the slave nodes s sensed over to the master node via the Bluetooth which was transmitted to the PDA for display.


 
 Hakan isik et al., (2007) implemented a heat control of thermoelectric foot wear system via Fuzzy logic in order to use efficiently in cold weather conditions. Temperature control is very important in domestic as well as in many industrial applications. The final product was seriously affected from the changes in temperature. So it is necessary to reach some desired temperature points quickly and avoid large over shoot, where Fuzzy logic has an important role. PIC 16F877A microcontroller has been designed to act as Fuzzy logic controller. The designed system provided energy saving and has better performance than proportional control. The designed system takes into consideration so appropriate parameters that it can also be applied to the people safely who have illnesses like diabetes, etc.. 
Lakshmi Sangeetha et al., (2008) described a low cost Virtual Instrumentation (VI) system to monitor and control the electrically heated water bath temperature. The PIC 16F877 based digital microcontroller is used as thermostat which controlled and monitored the temperature. The digital controller also allowed the user to modify the sensor calibration data values if necessary. The developed programmable on/off control function provides on-line display of measuring temperatures, set point as well as the control function output plots through the parallel port. The bus interaction is realized in visual basic/ assembly language and used a 16 bit, 10µs sampling analog-to-digital converter (ADS7805) for monitoring and controlling the parameters of the temperatures local digital controller.

2.4 Pressure Sensor
Tolga Kahraman et al., (2001)  high relative humidity, elevated air temperature and bright sunshine can sometimes combine to produce an uncomfortable indoor environment. Air conditioning system can provide comfort for occupants by lowering both the air temperature and the humidity level in the closed area. The aim of the present study is to design and construct PIC 16F877A controlled air conditioner system and compare them to other systems.

Denise Brown et al., (2002) discussed the development of a distributed control system for low-pressure plant growth chambers using micro controllers, a computer, and a process gas chromatograph. Variables that were critical to supporting long- term, manned exploration of space and might affect plant growth and development were monitored and controlled. The system incorporated six low pressure growth chambers, each controlled by a single PIC 16F877 microcontroller. Data from the microcontrollers are rated through a PC running Lab view, which returned set points pressure and oxygen carbon-dioxide, and nitrogen concentration to the microcontrollers. The gas composition was monitored by a process gas chromatograph, which delivered data to the PC via the MODBUS protocol. Temperature control and lighting were supplied by an independent plant growth room, which contained the six low pressure chambers. 

Kamarul Ariffin Noordin et al., (2006) constructed device for monitors of  temperature, pressure and relative humidity of the atmosphere, using analogue and digital components. The analogue outputs of the sensors are connected to a microcontroller through an ADC for digital signal conversion data logging. An LCD display is also connected to the microcontroller to display the measurement. The device has many advantages as compared to other weather monitoring systems in terms of its smaller size, on-device, lower cost and greater portability.
Materials and Methods


CHAPTER III

MATERIALS AND METHODS

3.1 INTRODUCTION

                 The measurements of temperature, pressure and relative humidity by using appropriate devices is important for weather monitoring and is also crucial for many industrial processes. The advancement in the electronic industry has made the measurements of these vital environmental parameters using compact and reliable sensors. Combination of these sensors with data acquisition system has proved to be a better approach for humidity, pressure and temperature measurement. The present work aims at the construction of microcontroller based device to monitor the humidity, pressure and temperature using sensors. The device has many advantages as compared to other weather monitoring systems in terms of its smaller size, on-device display, lower cost and greater portability.

3.2 ELEMENTS OF THE DEVICE

   
The device is constructed with the following major components.

1. Sensors 

2. Signal conditioning circuit

3. PIC microcontroller 

4. Liquid Crystal Display

5. Switching circuit

6. Relay contacts

3.3 DESCRIPTION OF THE MAJOR COMPONENTS


Block diagram is shown in fig(3.1)
3.3.1 Sensors

          Sensors are devices that convert a physical parameter such as room temperature, pressure and relative humidity into a signal that can be measured electrically. Once the physical parameter has been converted to an electrical equivalent it is easily fed into a computer or microprocessor for manipulation, analysis and display.

3.3.1.1 Humidity sensor
            Humidity is the amount of water vapor in the air. In daily language the term "humidity" is normally taken to mean relative humidity. Relative humidity is an important metric used in forecasting weather. Humidity indicates the likely hood of precipitation, dew, or fog depending upon the moisture content in air. The humidity sensor produces output voltage, which is given as input to PIC microcontroller.

3.3.1.2 Pressure sensor

         Piezo electric element is used as a pressure sensor, which produces different output voltages for the different pressures applied to the piezo element, which are fed as  analog inputs to PIC microcontroller through signal conditioning circuit. Pressure sensors can vary drastically in technology, design, performance, application suitability and cost. These sensors are commonly made out of piezo electric materials such as quartz.

3.3.1.3 Temperature sensor

         For temperature sensing an integrated circuit temperature sensor LM35 is used. The output voltage of the sensor is linearly proportional to the temperature; which is in turn given to the microcontroller for manipulation.

3.4 SIGNAL CONDITIONING CIRCUIT

         Signal conditioning circuit provides amplification, filtering, converting and other processes required to make sensor output suitable for reading by computer boards.

3.5 PIC 16F877A  MICROCONTROLLER
The PIC16F877A CMOS FLASH-based 8-bit microcontroller is upward compatible with the PIC16C5x, PIC12Cxxx and PIC16C7x devices. It features 200 ns instruction execution, 256 bytes of EEPROM data memory, self programming, an ICD, 2 Comparators, 8 channels of 10-bit Analog-to-Digital (A/D) converter, 2 capture/compare/PWM functions, a synchronous serial port that can be configured as either 3-wire SPI or 2-wire I2C bus, a USART, and a Parallel Slave Port. The pinout diagram of PIC microcontroller is shown in fig(3.2).
3.5.1 Features of PIC 16F887A microcontroller
High-Performance RISC CPU

· Lead-free; RoHS-compliant 

· Operating speed: 20 MHz, 200 ns instruction cycle 

· Operating voltage: 4.0-5.5V 

· Industrial temperature range (-40° to +85°C) 

· 15 Interrupt Sources 

· 35 single-word instructions 

· All single-cycle instructions except for program branches (two-cycle) 

3.5.2 Special Microcontroller Features

· Flash Memory: 14.3 Kbytes (8192 words) 

· Data SRAM: 368 bytes 

· Data EEPROM: 256 bytes 

· Self-reprogrammable under software control 

· In-Circuit Serial Programming via two pins (5V) 

· Watchdog Timer with on-chip RC oscillator 

· Programmable code protection 

· Power-saving Sleep mode 

· Selectable oscillator options 

· In-Circuit Debug via two pins 

3.5.3 Peripheral Features

· 33 I/O pins; 5 I/O ports 

· Timer0: 8-bit timer/counter with 8-bit prescaler 

· Timer1: 16-bit timer/counter with prescaler 

· Can be incremented during Sleep via external crystal/clock 

· Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler 

· Two Capture, Compare, PWM modules 

· 16-bit Capture input; max resolution 12.5 ns 

· 16-bit Compare; max resolution 200 ns 

· 10-bit PWM 

· Synchronous Serial Port with two modes: 

· SPI Master 

· I2C Master and Slave 

· USART/SCI with 9-bit address detection 

· Parallel Slave Port (PSP) 

· 8 bits wide with external RD, WR and CS controls 

· Brown-out detection circuitry for Brown-Out Reset 

3.5.4 Analog Features

· 10-bit, 8-channel A/D Converter 

· Brown-Out Reset 

· Analog Comparator module 

· 2 analog comparators 

· Programmable on-chip voltage reference module 

· Programmable input multiplexing from device inputs and internal VREF 

· Comparator outputs are externally accessible 

       The 16F877A is one of the most popular PIC microcontrollers. The 40 pins make it easier to use the peripherals as the functions are spread out over the pins.  
 3.5.1 PIN DESCRIPTION OF PIC 16F877A
· MCLR/VPP- Master Clear (input) or programming voltage (output).

· RA0/AN0- Digital I/O /Analog input 0

· RA1/AN1- Digital I/O /Analog input 1

· RA2/AN2/VREF-/CVREF+- Digital I/O /Analog input 2/A/D reference voltage input/Comparator VREF output.

· RA3/AN3/VREF+- Digital I/O /Analog input 3 / A/D reference voltage input

· RA4/TOCKI/C1OUT- Digital I/O-open-drain when configured as output. / Timer0 external clock input. / Comparator 1 output.

· RA5/AN4/SS/C2OUT- Digital I/O /Analog input 4 / SPI slave select input. / Comparator 2 output.

· RE0/RD/AN5- Digital I/O / Read control for parallel slave port. / Analog input 5.

· RE1/WR/AN6- Digital I/O / Write control for parallel slave port. / Analog input 6.

· RE2/CS/AN7- Digital I/O. / Chip select control for parallel slave port. / Analog input 7.

· VDD-Positive supply for logic and I/O pins.

· VSS-Ground reference for logic and I/O pins

· OSC1/CLKI-Oscillator crystal input or external clock source input. 

· OSC2/CLKO- Oscillator crystal output. 

· RC0/T1OSO/T1CK1- Digital I/O / Timer1 Oscillator output. / Timer1 external clock input.

· RC1/T1OSI/CCP2- Digital I/O / Timer1 Oscillator input. / Capture 2 input, Compare 2 output, PWM2  output

· RC2/CCP1- Digital I/O / Timer1 Oscillator input. / Capture 1 input, Compare 1output, PWM21 output

· RC3/SCK/SCL- Digital I/O / Synchronous serial clock input/output for SPI / Synchronous serial clock input/output for I2c mode.

· RDO/PSPO, RD1/PSP1- Digital I/O / Parallel Slave Port Data.

· RB7/PGD- Digital I/O / In-circuit debugger and ICSP programming data.

· RB6/PGC- Digital I/O / In-circuit debugger and ICSP programming clock

· RB5, RB4- Digital I/O

· RB3/PGM- Digital I/O / Low voltage ICSP programming enable pin.

· RB2, RB1- Digital I/O

· RB0/INT- Digital I/O / External interrupt.

· VDD-Positive supply for logic and I/O pins

· VSS-Ground reference for logic and I/O pins.

· RD7/PSP7, RD6/PSB6, RD5/PSB5, RD4/PSP4- Digital I/O / Parallel Slave Port Data

· RC7/RX/DT- Digital I/O / USART asynchronous receive / USART synchronous data.

· RC6/TX/CK- Digital I/O  / USART asynchronous transmit / USART synchronous clock

· RC5/SDO- Digital I/O / SPI data out.

· RC4/SDI/SDA- Digital I/O / SPI data in. / I2C data I/O.

· RD3/PSP3- Digital I/O / Parallel Slave Port Data

· RD2/PSP2- Digital I/O / Parallel Slave Port Data

3.5.2 I/O PORTS
For most ports, the I/O pins direction is controlled by the data direction register called the TRIS register. A’1’ in the TRIS bit corresponds to the port being an input while a ‘0’ corresponds to that pin being output. The port  register  is the latch for the data to be output. when port is read the device reads the level present on the I/O pins (not the latch).Reading the port register reads the status of the pins whereas writing to it will write to the port latch. All write operations are read modify write operations. Therefore a write to a port implies that the port pins are read, this value is modified and then written to the port data latch. The functional block diagram is shown in fig(3.3).

3.5.2.1 PORTA and TRIS A Register 
Pin RA4 is multiplexed with the Timer0 module clock input to become the RA4/T0clk1 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. The operation of each pins is selected by clearing/setting the control bits in the ADCON1 register. The TRISA register controls the direction of the RA pins even when they are being used as analog inputs. The user must ensure the bits in the TRISA register are maintained set when using them as analog inputs.

3.5.2.2 PORTB and  TRIS B Register 
PORTB is a 8 bit wide Bi-directional port and its data direction register is TRISB. Setting a bit in the TRISB register puts the corresponding output driver in a high impedance input mode. Clearing a bit in the TRISB register puts the contents of the output latch on the selected pins. Four of PORTB is pins RB7:RB4 have an interrupt on change feature and only pins configured as inputs can cause this interrupt to occur. Each of the PORTB pins has a weak internal pull-up. A single control bit can turn on all the pull-ups. This is performed by clearing bit RBPU. The weak pull up is automatically turned off when the port pin is configured as an output. The pull-ups are disabled on a Power on Reset. The input pins (RB7:RB4) are compared with the old values latched on the last read of PORTB. The mismatch outputs of RB7:RB4 are OR’ed together to generate the RB port change interrupt with flag bit RBIF. This interrupt can awake the device from SLEEP.
 3.5.2.3 PORTC and  TRIS C Register
PORTC is an 8 bit bi-directional port. Each pin is individually configurable as an input or output through the TRISC register. PORTC is multiplexed with several peripheral functions and have Schmitt trigger input buffers. When enabling peripherals functions, care should be taken in defining TRIS bits for each PORTC pins as some peripherals override the TRIS bit to make a pin an input.
3.5.2.4 PORTC AND PORTD
PORTD, PORTE and its registers TRISD, TRISE register are made up of an 8 bit port with Schmitt trigger input buffers. Each pin is individually configurable as an input or output.
3.5.3 CENTRAL PROCESSING UNIT (CPU)
The CPU is responsible for fetching the correct instruction for execution, decoding that instruction and executing that instruction. The CPU sometimes works in conjunction with the ALU to complete execution of the instruction.  The CPU controls the program memory Address bus, the data memory bus and accesses to the stack.
3.5.4 MEMORY ORGANIZATION
        There are three memory blocks in PIC 16F877A device. The program memory and data memory have separate buses so that concurrent access can occur. 

3.5.5 PROGRAM MEMORY ORGANIZATION
         The PIC 16F877A devices have a 13-bit program counter capable of addressing an ‘8K word x14 bit’ program memory space. The PIC 16F877A has ‘8K words x14 bits’ of Flash program memory. Accessing a location above the physically implemented address will cause a wraparound. The reset vector is at 000h and the interrupt vector is at 0004h.

        The data memory is partitioned into multiple banks which contain the General Purpose Registers and the Special Function Registers. Bits RP1 (Status<6>) and RP0 (Status<5>) are the bank select bits. Each bank extends up to 7Fh (128bytes). The lower locations of each bank are Purpose Registers, implemented as static RAM. All implemented banks contain Special Function Registers. Some frequently used Special Function Registers from one bank may be mirrored in another bank for code reduction and quicker access.

3.5.6 DATA EEPROM AND FLASH PROGRAM MEMORY
         The data EEPROM and flash program memory is readable and writable during normal operation (over the full VDD range). This memory is not directly mapped in the register file space. Instead, it is indirectly addressed through the Special Function Registers. There are six Special Function Registers (SFR) used to read and write this memory. 

· EECON1

· EECON2

· EEDATAA 

· EEDATH

· EEADR

· EEADRH

          When interfacing to the data memory block, EEDATA holds the 8-bit data for read/write and EEADR holds the address of the EEPROM location being accesses. These devices have 128 or 256 bytes of data EEPROM (depending on the device), with an address range from 00h to FFh. On devices with 128 bytes, addresses from 80h to FFh are unimplemented and will wraparound to the beginning of data EEPROM memory. When writing to unimplemented locations, the on-chip charge pump will be turned off.

          When interfacing the program memory block, the EEDATA and EEDATH  register form a two-byte word that holds the 14-bit data read/write and the EEADR and EEADRH registers form a two-byte word that holds the 13-bit address of the program memory location being accessed. These devices have 4 or 8K words of program flash, with an address range from 000h to 1FFFh for the PIC 16F877A. Addresses above the range 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 reads and four-word block writes and program memory write operations automatically perform an erase-before write on blocks of four words.

         A byte write in data EEPROM memory automatically erases the location and writes the new data (erase-before-write). 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 data EEPROM 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. 
           

 3.5.7 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 presale). If the TMR0 register is written, the increment is inhibited for the following two instruction cycles. 

3.5.7.1 TIMER0 MODULE
        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. 

3.5.7.2 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/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. That is, the TRISC<1:0> value is ignored and these pins read as ‘0’.

3.5.7.3 TIMER2 MODULE

         Timer2 is an 8-bit timer with a presale 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 presale 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.

3.5.8  IN-CIRCUIT DEBUGGER
          PIC 16F877A microcontroller has  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, which provides a fixed delay of 72ms (nominal) on power-up only. It is designed to keep the part in reset while the supply stabilizes. With these two timers on-chip, most applications need no external reset circuitry. Sleep mode is designed to offer a very 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.

3.6 ANALOG TO DIGITAL CONVERSION

A device that converts continuously varying analog signals from instruments and sensors that monitor conditions, such as sound, movement and temperature into discrete digital quantities that represent the magnitude of the data compared to a standard or reference at the moment the conversion is made. Conversion involves quantizing and encoding. Quantizing means partitioning the analog signal range into a number of discrete quanta and determining to which quantum the input signal belongs. Encoding means assigning a unique digital code to each quantum and determining the code that corresponds to the input signal. The most common system is binary, in which there are 2n quanta (where n is some whole number), numbered consecutively; the code is a set of n physical two-valued levels or bots (1 or 0) corresponding to the binary number associated with the signal quantum. The PIC 16F877A has an inbuilt A/D converter.

3.7 LIQUID CRYSTAL DISPLAY

Liquid crystal display (LCD) has material which combines the properties of both liquid and crystals. They have a temperature range within which the molecules are almost as mobile as they would be in a liquid, but are grouped together in an order form similar to a crystal. More microcontroller devices are using 'smart LCD' displays to output visual information. LCD displays designed around Hitachi's LCD HD44780 module, are inexpensive, easy to use, and it is even possible to produce a readout using the 8 x 80 pixels of the display. Hitachi LCD displays have a standard ASCII set of characters plus Japanese, Greek and mathematical symbols.

For an 8-bit data bus, the display requires a +5V supply plus 11 I/O lines. For a 4-bit data bus it only requires the supply lines plus seven extra lines. When the LCD display is not enabled, data lines are tri-state which means they are in a state of high impedance (as though they are disconnected) and this means they do not interfere with the operation of the microcontroller when the display is not being addressed. 

            Reading data from the LCD is done in the same way, but control line R/W has to be high. When a high voltage is send  to the LCD, it will reset and wait for instructions. Typical instructions sent to LCD display after a reset are: turning on a display, turning on a cursor and writing characters from left to right. When the LCD is initialized, it is ready to continue receiving data or instructions. If it receives a character, it will write it on the display and move the cursor one space to the right. The Cursor marks the next location where a character will be written. To write a string of characters, it is needed to set up the starting address, and then send one character at a time. Characters that can be shown on the display are stored in data display (DD) RAM. The size of DDRAM is 80 bytes.

        The LCD display also possesses 64 bytes of Character-Generator (CG) RAM. This memory is used for characters defined by the user. Data in CG RAM is represented as an 8-bit character bit-map. Each character takes up 8 bytes of CG RAM, so the total number of characters, which the user can define, is eight. In order to read in the character bit-map to the LCD display, it is necessary to set the CG RAM address to starting point (usually 0), and then write data to the display. 

            Before accessing DD RAM after defining a special character, the program must set the DD RAM address. Writing and reading data from any LCD memory is done from the last address which was set up using set-address instruction. Once the address of DD RAM is set, a new written character will be displayed at the appropriate place on the screen. The LCD controller needs 40 to 120 microseconds (us) for writing and reading. Other operations can take up to 5 ms. During that time, the microcontroller can not access the LCD, so a program needs to know when the LCD is busy. This problem  can be solved  in two ways. 


One way is to check the BUSY bit found on data line D7. This is not the best method because LCD's can get stuck, and program will then stay forever in a loop checking the BUSY bit. The other way is to introduce a delay in the program. The delay has to be long enough for the LCD to finish the operation in process. Instructions for writing to and reading from an LCD memory are shown in the previous table.

           At the beginning we mentioned that we needed 11 I/O lines to communicate with an LCD. However, we can communicate with an LCD through a 4-bit data bus. Thus we can reduce the total number of communication lines to seven. The wiring for connection via a 4-bit data bus is shown in the diagram below. In this example we use an LCD display with 2x16 characters, labeled LM16X212 by Japanese maker SHARP. The message 'character' is written in the first row: and two special characters '~' and '}' are displayed. 
3.7.1 16 x 2 Alphanumeric LCD Module Features

· Intelligent, with built-in Hitachi HD44780 compatible LCD controller and RAM providing simple interfacing 

· 61 x 15.8 mm viewing area 

· 5 x 7 dot matrix format for 2.96 x 5.56 mm characters, plus cursor line 

· Can display 224 different symbols 

· Low power consumption 

· Powerful command set and user-produced characters 

· TTL and CMOS compatible 

· Connector for standard 0.1-pitch pin headers 
3.8 INTERFACING THE PIC MICROCONTROLLER TO LCD


PIN description of Hitachi 44780 based LCD. The LCD requires 3 “control” lines from the microcontroller.  The interfacing the PIC microcontroller to LCD is shown in fig(3.4).

Enable 

This line allows access to the display through R/W and RS lines. When this line is low, the LCD is disabled and ignores signals from R/W and RS. When (E) line is high, the LCD cheks the state of the two control lines and responds accordingly. 

Read/Write (R/W)  

With the help of this line, the LCD interprets the type of data on data lines. When it is low, an instruction is being written to the LCD. When it is high, a character is being written to the LCD. The LCD module needs to be initialized beforing a command or data to it.

3.9 RELAY
           The relay is an electrically operated switch. Current flowing through the coil of the relay created a magnetic field which attracts a level and changes the switch contacts. The coil current can be on or off so relays have two switch positions and they are double throw (changeover) switches. Relays allow one circuit to switch a second circuit which can be completely separate from the first. For example a low voltage battery circuit can use a relay to switch a 230V AC mains circuit. There is no electrical connection inside the relay between the two circuits, the link is magnetic and mechanical. The coil of a relay passes  a relatively large current, typically 30mA for a 12V relay, but it can be as much as 100mA for relays designed to operate from lower voltages. Most ICs (chips) cannot provide this current and a transistor is usually used to amplify the small IC current to the larger value required for the relay coil. The maximum output current for the popular 555 timer IC is 200mA so these devices can supply relay coils directly without amplification. The Single Pole Double.Throw relay is used in the present circuit.

3.10 ULN 2003 

The ULN2003 is a monolithic high voltage and high current Darlington transistor arrays. It consists of seven NPN darlington pairs that features high-voltage outputs with common-cathode clamp diode for switching inductive loads. The collector-current rating of a single darlington pair is 500mA. The darlington pairs may be parrlleled for higher current capability. Applications include relay drivers,hammer drivers, lampdrivers,display drivers(LED gas discharge),line drivers, and logic buffers. The ULN2003 has a 2.7kW series base resistor for each darlington pair for operation directly with TTL or 5V CMOS devices.
3.9.1 FEATURES

· 500mA rated collector current(Single output)

· High-voltage outputs: 50V

· Inputs compatibale with various types of logic

· Relay driver application
3.11 POWER SUPPLY UNIT:

        Power supply unit consists of following units
              i) Step down transformer

               ii) Rectifier unit

               iii) Input filter

               iv)  Regulator unit

                v) Output filter


The circuit diagram for power supply unit is shown in fig(3.5)

3.11.1 STEPDOWN TRANSFORMER
           The Step down Transformer is used to step down the main supply voltage from 230V a.c to lower value. This 230 a.c voltage cannot be used directly, thus it is stepped down. The Transformer consists of primary and secondary coils. To reduce or step down the voltage, the transformer is designed to contain less number of turns in its secondary core. The output from the secondary coil is also a.c waveform. Thus the conversion from a.c to d.c is essential. This conversion is achieved by using the Rectifier Circuit.

3.11.2 Rectifier CIRCUIT
          The rectifier circuit is used to convert the a.c voltage into its corresponding DC voltage. There are Half-Wave, Full-Wave and bridge rectifiers available for rectification. The most important and simple element used in rectifier circuit is the diode. The function of the diode is to conduct when forward biased and not to conduct in reverse bias. 

The forward bias is achieved by connecting the diode’s positive with positive of the battery and negative with battery’s negative. The efficient circuit used is the Full wave Bridge rectifier circuit. The output voltage of the rectifier is in rippled form, the ripples from the d.c voltage are removed using other circuits available. The circuit used for removing the ripples is called filter circuit.

3.11.3 Input Filter
 Capacitors are used as filter. The ripples from the DC voltage are removed and pure DC voltage is obtained. And also these capacitors are used to reduce the harmonics of the input voltage. The primary action performed by capacitor is charging and discharging. It charges in positive half cycle of the AC voltage and it will discharge in negative half cycle. So it allows only AC voltage and does not allow the DC voltage. This filter is fixed before the regulator. Thus the output is free from ripples.

3.11.4 Regulator CIRCUIT
Regulator regulates the output voltage to be always constant. The output voltage is maintained irrespective of the fluctuations in the input a.c voltage. As and then the a.c voltage changes, the d.c voltage also changes. Thus to avoid fluctuations regulators are used. Also when the internal resistance of the power supply is greater than 30 ohms, the output gets affected. Thus this can be successfully reduced by using a voltage regulator. The regulators are mainly classified for low voltage and for high voltage. Further they can also be classified as:      

             i) Positive regulator

                   1---> input pin

                   2---> ground pin           

                   3---> output pin 

                 It regulates the positive voltage.            

              ii) Negative regulator

                   1---> ground pin

                   2---> input pin

                   3---> output pin 

                  It regulates the negative voltage.     

3.11.5 Output Filter 
             A filter circuit is fixed after the regulator circuit to filter any of the possibly found ripples in the output of the regulator. 0.1µF capacitor are used in the circuit. The output at this stage is 5V and is given to the Microcontroller and sensors.

 3.12 CIRCUIT OPERATION

        The circuit operational diagram is shown in fig(3.6). Single phase 230V a.c. is the input signal to the circuit. The input voltage is stepped down to 12V using a 230/12V step down transformer. The stepped down a.c. voltage is converted into d.c. voltage by the full wave bridge rectifier and the filter circuit. Microcontroller and sensors require +5V d.c where as relays and drivers require +12V d.c . Hence two regulators are used for maintaining constant input voltages. IC 7805 and IC 7812 regulators are employed for obtaining 5V and 12V d.c. respectively and the output from these regulators are fed to the appropriate elements.

           The coding is installed into the microcontroller through PIC flash programmer. The crystal oscillator generates clock pulses to the PIC microcontroller. As soon as the sensors and microcontroller are activated by power supply, the sensors measure the physical quantities like relative humidity, applied pressure, ambient temperature and convert them in to electric pulses which are recognized and processed by the microcontroller and other essential circuitry. The processed data in the form of decimal numbers are displayed on the LCD, simultaneously. Plate-1 shows the constructed device and plate-2 shows the device displaying humidity, temperature. The pressure displayed is 0 as there is no pressure applied on pressure sensor.

BLOCK DIAGRAM OF CONSTRUCTED DEVICE
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Fig.3.1

PINOUT DIAGRAM OF PIC MICROCONTROLLER
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Fig.3.2

FUNCTIONAL BLOCK DIAGRAM OF PIC MICROCONTROLLER
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Fig.3.3

INTERFACING THE PIC MICROCONTROLLER TO LCD
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Fig.3.4

CIRCUIT DIAGRAM OF POWER SUPPLY UNIT
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Fig.3.5

OPERATIONAL CIRCUIT DIAGRAM 
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Fig.3.6

PLATE-1

CONSTRUCTED DEVICE WITH HUMIDITY, PRESSURE AND TEMPERATURE SENSORS USING PIC MICROCONTROLLER
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1. PIC Microcontroller

2. Humidity Sensor

3. Pressure Sensor

4. Temperature Sensor

5. Liquid Crystal Display

6. Power Supply Unit

PLATE-2

CONSTRUCTED DEVICE DISPLAYING THE QUANTITIES HUMIDITY, PRESSURE AND TEMPERATURE
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Results and Discussion


CHAPTER IV

RESULT AND DISCUSSION
4.1 INTRODUCTION


A microcontroller is a general-purpose device that is meant to read data, perform limited calculations on that data and control its environment based on these calculations. The prime use of a microcontroller is to control the operations of a device using a fixed program that is stored in the memory. The microcontroller uses a much more limited set of single and double byte instructions to move code and data from internal memory to the ALU. Since a microcontroller is a single integrated circuit consisting of a central processing unit combined with support functions and memory, they are economical to digitally control devices and processes. The technological advances have widen the areas of applications of microcontrollers. PIC is a special type of microcontroller. The high performance of PIC can be attributed to a number of architectural features found in RISC microprocessor.
· Harward architecture

· Long word instruction

· Single word instruction

· Single cycle instruction

· Instruction pipelining

· Reduced instruction set

· Register file architecture

· Orthogonal instructions
A PIC microcontroller is used when high performance, cost effective, field programmable embedded control solutions are intended. And hence in the present work a device is constructed to monitor the humidity, pressure and temperature using a PIC 16F877A microcontroller microchip.
4.2 ROLE OF MICROCONTROLLER IN THE CONSTRUCTED DEVICE


A self-reprogrammable, high performance, FLASH memory PIC 16F877A microcontroller microchip is the main component used in the construction of the device. The microcontroller accepts the analog signals produced by three sensors and converts them to digital once. The microcontroller recognizes and processes the acquired data, according to the written program. The serial interfacing between the microcontroller and the LCD enables the output generated by the microcontroller to be displayed on LCD.

4.3 CONSTRUCTION OF THE DEVICE


The construction of the device using programmable microcontroller is discussed in the following headings.

1. Power supply unit

2. Sensor unit

3. PIC 16F877A microcontroller

4. Display unit

5. Relay unit

4.3.1 POWER SUPPLY UNIT


Required stepped down voltage is obtained using 230/12V step down transformer. Full wave bridge rectifier converts the stepped down a.c in to pulsating  d.c. The pulsating d.c output is converted in to pure d.c with the help of filter circuit. Two-capacitor filter circuits are employed at the input and output of voltage regulator each. Two IC regulators IC 7805 and IC7812 regulate the two different constant voltages (5V and 12V) to be different components.


The components of the power supply unit are soldered appropriately on the printed circuit board.

4.4 SENSOR UNIT


The sensors employed in the circuit are


1. Humidity sensor


2. Pressure sensor


3. Temperature sensor

4.4.1 Humidity sensor


Carbon nitride thin film coated on silicon substrate with interdigitated electrode is the active element in the humidity sensor. The humidity sensor is based on the change in the resistance of carbon nitride film with the change in the humidity. The resistance of the carbon nitride thin film decreases with in the increases in RH, because the ionic conductivity of film increases according to the ionization of water molecules. Thus the humidity sensor detects the RH and produces an analog voltage which is given to the input pin RA2/AN2 of the PIC microcontroller through signal conditioning units.

4.4.2 Temperature sensor


The integrated circuit temperature sensor LM35 is used for the temperature measurements. The temperature sensor produces analog signals, which are proportional to the temperature is measured. The output of the temperature sensor is fed to the analog input pin RA1/AN1 of the PIC microcontroller through signal conditioning unit.

4.4.3 Pressure sensor


To convert the applied pressure into its electrical equivalent a pressure sensor is used. A piezo electric active element converts the applied pressure into mechanical vibrations, which are in turn converted into analog voltages. The analog signal produced by the pressure sensor is proportional to applied pressure. The analog output of the pressure sensor is given to the analog input pins RA2/AN2/VREF  - and RA3/AN3/VREF+   of PIC microcontroller through signal conditioning unit.

4.5 ANALOG TO DIGITAL CONVERSION

 
The microcontroller converts the analog outputs produced by the sensors into digital pulses by using the  10-bit analog to digital converter. The digital equivalent of the analog signals are manipulated and processed by the microcontroller according to the written program. The output of microcontroller is displayed on the LCD which is interfaced with the microcontroller serially.

4.6 LIQUID CRYSTAL DISPLAY


A Hitachi 44780- based LCD (16 characters x 2 lines) is used for displaying the measured values of humidity, pressure and temperature. The LCD enables the simultaneous display of all the three parameters.

4.7 RELAY

            A relay is used in this circuit to indicate high temperature environment by glowing a bulb. If the atmospheric temperature increases than a particular limit which is specified in the program, the bulb glows and there by indicating the higher temperature. One more relay can also be used to run a fan automatically, at a higher temperature environment.

4.8 MEASUREMENT OF HUMIDITY, PRESSURE, TEMPERATURE USING THE CONSTRUCTED DEVICE
 
All measurements are made in the laboratory under normal and specific conditions.

4.8.1 Temperature measurement


On a slightly overcast sunny day, the room temperature is measured in Celcius and verified. The temperature output of the device coincides well with the verified data. On the typical day the room temperature recorded is 31o C.


Low temperature measurements are made in a cold room and in a refrigerator.

	Location of the device
	Temperature recorded o C

	Cold room
	4

	Refrigerator
	0


Table 4.1

The table 4.1 shows that the reading of the device is accurate even in the low temperature regions. The maximum temperature that can be measured using this device is 110oC.

4.8.2 Humidity measurement


The relative humidity is recorded in percentage at different environments and it is found that the value given by the device agrees well with the standard measurements. The  observations are also made under wet and dry weather conditions.

4.8.3 Pressure measurement


For the different applied pressures, the pressure sensor produces proportional outputs and it seen that sensitivity increases with a thin enclosure.

4.9 PERFORMANCE ANALYSIS OF THE SENSORS

· The response time for all the sensors is less than 1 second under all conditions. 

· The temperature sensor has a good sensitive under hot, normal as well as cold conditions. 

· The sensitivity of the resistance type humidity sensor is better at high humidity region than at low humidity. 
4.10 SOFTWARES USED

The following softwares are used for the specific purposes mentioned as below.
 
    MPLAB- MPLAB runs as a 32-bit application on MS Windows

    Win Pic-To program the HEX file into the PIC microcontroller


    HI-TECH PIC C-High performance C compiler

The programmes  are listed in the Appendix

Summary and Conclusion

CHAPTER V

SUMMARY AND CONCLUSION


In a world that is facing both climate change and increasingly unstable weather patterns, accurate and timely data to monitor weather, climate and the environment are an absolute must. The measurements of humidity, pressure and temperature are of paramount importance in predicting weather conditions. Accurate measurements of the environmental parameters are essential not only for the agricultural, industrial and allied sectors but also for the well being of people throughout the globe.  The weather monitoring also helps to save lives of people, flora and fauna from the natural disasters. The monitoring and control of environmental parameters is essential in almost all fields ranging from agriculture to space exploration. In recent years the instruments used for the monitoring of environmental parameters has undergone a revolution. 


Due to the advancements in semiconductor technology, highly reliable and low cost sensors are now available for weather monitoring. It becomes much more useful and convenient when these are coupled with data acquisition systems such as microcontrollers, which will monitor environmental parameter more accurately. 


In the present work a compact and cost effective microcontroller based device to monitor humidity, pressure and temperature using sensors is constructed. The device consists of sensors for measuring the relative humidity,  applied pressure and temperature. A high performance, field-programmable, FLASH memory PIC microcontroller is used to digitize and to manipulate the acquired data. The microcontroller gives values of RH(%)(Relative Humidity), temperature (0C) and applied pressure as output. The measured parameters are visualized by employing an LCD. The constructed device is operated at different environmental conditions and the observation are verified. The device is capable of making accurate measurements with very less response time. 


The constructed device is a low cost, highly reliable and portable one which is very suitable for weather monitoring in remote areas where it is impossible to have sophisticated instruments for the same purpose.
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Appendix

PROGRAM

#include<pic.h>

init_devices();

lcd_putc(char  a);

lcd_enable();

lcd_init();

lcd_print(const char * m);

//

#define PORTBIT(adr, bit) ((unsigned)(&adr)*8+(bit));

static bit pulse1 @ PORTBIT(PORTC, 3);

static bit pulse2 @ PORTBIT(PORTC, 4);

void digit(unsigned int digitval);

void adcfn();

void chanelchnge(int ss);

char result1[5];

int i,k,adc,p_hum;

#define command 0

void delayms(unsigned long n);

void delayus(int n);

#define data 1

#define rs RC1

main()

      {



ADFM=1;

TRISA=0XFF;

ADCON1=0b10000000;//all are analog

ADCS1=1;//clock select f/32

ADCS0=0; 

ADON=1;

ADFM=1;


 delayms(100);
       


    init_devices();


     lcd_init();


    RC1=0;


     PORTD=0x80;


     lcd_enable();


      RC1=1;


     lcd_print("Tmp:$");//84

         RC1=0;


     PORTD=0x88;


     lcd_enable();

          RC1=1;


     lcd_print("P:$");//90

RC1=0;


     PORTD=0xC0;


     lcd_enable();

          RC1=1;


     lcd_print("HR:$");//C3


     //lcd_putc(0x14);


     while(1)



{

i=0;

chanelchnge(i);

adcfn();

adc=(adc/2);// for tempretutre calculation

digit(adc);

if(adc>=40)// for 40 c 

pulse1=1;

else

pulse1=0;

RC1=0;


     PORTD=0x84;


     lcd_enable();

 RC1=1;

 lcd_print(result1);

i=1;

chanelchnge(i);

adcfn();

digit(adc);

   RC1=0;


     PORTD=0x8A;


     lcd_enable();       

 RC1=1;

 lcd_print(result1);

i=2;

chanelchnge(i);

adcfn();

/**adc=(adc/11);

if(adc<=40)



//for humitity  higher level 

pulse2=1;

else

pulse2=0;

adc=(115-adc);  **/

adc=adc*4.88;

if(adc<=5)         // 


p_hum=55;     //5--55%

if(adc>=6 && adc<=50)






p_hum=57;




if(adc>=51 && adc<=100)






p_hum=59;

if(adc>=101 && adc<=125)






p_hum=60;


if(adc>=126 && adc<=150)






p_hum=61;




if(adc>=151 && adc<=200)






p_hum=63;




if(adc>=201 && adc<=300)






p_hum=64;

if(adc>=301 && adc<=350)






p_hum=65;

if(adc>=351 && adc<=400)






p_hum=66;

if(adc>=401 && adc<=500)






p_hum=67;

if(adc>=501 && adc<=600)






p_hum=68;

if(adc>=601 && adc<=700)






p_hum=69;

if(adc>=701 && adc<=800)






p_hum=70;

if(adc>=801 && adc<=900)






p_hum=71;

if(adc>=910)






p_hum=74;

digit(p_hum);

RC1=0;


     PORTD=0xC3;


     lcd_enable();

 RC1=1;

 lcd_print(result1);



}

    
 }
 


init_devices()

   {


   TRISD=0;


   PORTD=00;

TRISC=0X00;


   PORTC=0X00;


}

 lcd_enable()

  {


  RC3=1;


  delayms(50);


  RC3=0;


}

lcd_putc(char  a)

{


PORTD = a;


lcd_enable();

}

lcd_print(const char * m)

{


while(*m!='$')


lcd_putc(*m++);

}

 lcd_init()

   {


   delayms(250);


   RA1=0;


   PORTD=0x38;   //function set


   lcd_enable();


    PORTD=0x0e;

//DISPLAY ON

         
//lcd_enable();

//PORTD=0x08;

//currser off

         
lcd_enable();

    
//lcd_putc(1);

    } 

void delayms(unsigned long n)


{



while(n>0)



{




delayus(54);




n--;



}


}

void delayus(int n)


{



while(n > 0)



{




n--;



}


}

void digit(unsigned int digitval)

{

int dsf,dsf1;

if(digitval>=0&&digitval<=99)

{

result1[0]=((digitval/10)+0x30);

result1[1]=((digitval%10)+0x30);

result1[2]=' ';

result1[3]=' ';

result1[4]='$';

}

if(digitval>=100&&digitval<=999)

{

dsf=(digitval/10);

result1[0]=((dsf/10)+0x30);

result1[1]=((dsf%10)+0x30);

result1[2]=((digitval%10)+0x30);

result1[3]=' ';

result1[4]='$';

}

if(digitval>=1000)

{

dsf=(digitval/10);

dsf1=(dsf/10);

result1[0]=((dsf1/10)+0x30);

result1[1]=((dsf1%10)+0x30);

result1[2]=((dsf%10)+0x30);

dsf=(digitval%10);

result1[3]=(dsf+0x30);

result1[4]='$';

}

}

void adcfn()

{

//i=0;

k=0;

//while(i<=7)

//{

//chanelchnge(i);

delayms(50);

ADGO=1;//timer on

while(ADGO);

adc=(ADRESH*256)+ADRESL;

//i++;

//}

}

void chanelchnge(int ss)

{

int az,xz;

az=ss;

az=((az&0b00000111));

xz=((ss>>0)&(0X01));

if(xz)

CHS0=1;

else

CHS0=0;

xz=((ss>>1)&(0X01));

if(xz)

CHS1=1;

else

CHS1=0;

xz=((ss>>2)&(0X01));

if(xz)

CHS2=1;

else

CHS2=0;

}

/*

void hmtydigit(int T3)

{

int

T3=T3/11;




T3=115-T3;




temp=T3;




c1=temp/1000;




temp=temp%1000;




c2=temp/100;




temp=temp%100;




c3=temp/10;




temp=temp%10;




c4=temp;

}

void tempdigit(int T1)

{




T1=T1/2;




temp=T1;




a1=temp/10;




temp=temp%10;




a2=temp;

}

*/

