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Abstract

The aim of home automation is to control home devices from a central control point. In this project, we present the design and implementation of a low cost but yet flexible and secure Wi-Fi based home automation system.

 The communication between the devices is wireless. The protocol between the units in the design is enhanced to be suitable for most of the appliances. The system is designed to be low cost and flexible with the increasing variety of devices to be controlled.

Automation is today’s fact, where more things are being completed every day automatically, usually the basic tasks of turning on or off certain devices and beyond, either remotely or in close proximity. The control of the devices when completely taken over by the machines, the process of monitoring and reporting becomes more important

 Depending on the location of its usage, automation differs in its name as industrial automation, home automation etc. With the development of low cost electronic components home automation migrated from being an industrial application to home automation. The home automation, our point of concern deals with the control of home appliances from a central location. 
Development of data acquisition is the process of gathering signals from the remote sources and digitizing those signals for storage, transmission and analysis. Data logging, carried out by a data acquisition system(DAS), is used to measure real world parameters in real time. In this system data logging systems consists of measuring outputs (sensors).

In this project microcontroller collects the data continuously, and sends to wi-fi at other end data is received by wi-fi receiver and sends to webpage at pc it continently updates the different sensors data and controls the devices connected to the microcontroller.


The devices that are to be controlled are connected to the microcontroller. The status of the device is sent on a web page that is being accessed by the user at the remote side. The commands given by the user at the remote client will be received by the microcontroller through Wi-Fi and get executed. This way control of the devices will take place.
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1.1 INTRODUCTION OF EMBEDDED SYSTEMS

DEFINITION OF AN EMBEDDED SYSTEM :

Embedded system perform specific tasks. Simple embedded system contains input and output capability, as well as control logic. This system performs some type of functionality, based on it configuration. This new definition for an embedded system consists of input/output and control logic stored in system firmware. An embedded system is various types of computer system or computing device that performs a dedicated function and / or is designed for use with a specific embedded software application. Embedded systems may use a combination of 'Read-Only' as well as with 'Read-Write' based operating system. But an embedded system is not usable as a commercially viable substitute for general purpose devices or devices.

DEFINITION OF AN EMBEDDED OS:

An embedded operating system is the software program that manages all the other programs in an embedded device after initial load of programs by a boot loader. It normally guarantees and creating capability within a specified storage size and time constraint as well as with application programs. It also normally has small foot print including initial boot loader, OS kernel, required device drivers, file systems for the user data and so forth. It has very-likely structure of a normal operating system however mainly differentiated by some factors such as type of pre-installed device, functional limits, talking designed job only.

WHAT IS AN EMBEDDED SYSTEM?

An embedded system is an applied computer system as distinguished from other types of computer systems such as personal computers (PCs) or super computers.

EMBEDDED SYSTEMS ARE MORE LIMITED IN HARDWARE AND SOFTWARE FUNCTIONALITY THAN A PERSONAL COMPUTER(PC) :-

This holds true for a significant subset of the embedded systems family of computer systems . In terms of hardware limitations, this can mean limitations in processing performance, power consumption, memory, hardware functionality, and so forth. In system, this typically means limitations relative to a PC -fewer applications , scaled-down applications, no operating system(OS) or a limited OS, or less abstraction-level code. However, this definition is only partially true today as boards and software typically found in PCs of a fast and present have been repackaged into more complex embedded system designs.

AN EMBEDDED SYSTEM IS DESIGNED TO PERFORM A DEDICATED FUNCTION:-

We now see devices such as personal data assistant(PDA) /cell phone hybrids, which are embedded system designed to be able to do a variety of primary functions. Also ,the latest digital TVs include interactive applications that perform a wide variety of general functions unrelated to the “TV” function but just as important ,such as e-mail, web browsing and games.
AN EMBEDDED SYSTEM IS A COMPUTER SYSTEM WITH HIGHER QUALITY AND RELIABILITY REQUIREMENTS THAN OTHER TYPES OF COMPUTER SYSTEMS:-

Some families of embedded devices have a very threshold of quality and reliability requirements. For example, if a car's engine controller crashes while driving on a busy freeway or a critical medical device malfunctions during surgery, very serious problems result. However, there are also embedded devices, such as TVs, games, and cell phones in which a malfunction is an inconvenience but not usually a life-threatening situation.

EMBEDDED SYSTEMS MODEL:-

Within the scope of this book, a variety of architectural structures are used to introduce technical concepts and fundamentals of an embedded system. I also introduce emerging architectural tools(i.e., reference models) used as the

foundation for this architectural structures.
[image: image2.emf]
At the highest level, the primary architectural tool used to introduce the major elements located within man embedded system design is what I will refer to as the embedded system model .

EMBEDDED SYSTEM APPLICATIONS:-

· Telecommunication systems employ numerous embedded system from telephone switches for the network to mobile phones at the end-user.

· Consumer electronics include personal digital assistance (PDAs), mp3 players, mobile phones, video games consoles, digital cameras DVD players, GPS receivers and printers.

· Household appliances like the microwave ovens, washing machines or dish washers are including embedded system to add advanced functionality.

Advanced HVAC systems use networked thermostats to more accurately and efficiently control temperature that can change by time of a day and season. Home automation uses wired-and wireless-networking that can be used to control lights, climate, security ,audio/visual,  etc. Medical equipment is continuing to advance with more embedded systems for vital signs monitoring, electronic stethoscopes for amplifying sounds, and various medical imaging (PET, SPECT, CT, MRI) for non-invasive internal inspections.
Principle

         The main principle of this project is controlling and monitoring the devices in an industry using wi-fi technology which is a wireless technology. Here we are using the wi-fi transceivers which are used to send and receive the data. First of all, the ADC 0809 is connected to the three channels from the three sensors. Here the ADC is connected through the microcontroller. The microcontroller sends the data to the wi-fi transceiver at transmitter side and it is collected by the wi-fi transceiver at the receiver side because it is a wireless network and then sent to arm cortex processor which is used as a serial to Ethernet converter and the values are displayed on the PC in the form of web page. Here the three devices are connected to the controller by the help of relays which are connected through the ULN 2003.The sensor values are displayed in the webpage and through this we can control and also monitor the devices.

BLOCK DIAGRAM:
RECEIVER:
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2.2 INTRODUCTION TO 8051 MICROCONTROLLER

INTRODUCTION

A microcontroller is a small computer on a single integrated circuit containing a processor core, memory, and programmable input/output peripherals. Microcontrollers are designed for embedded applications, in contrast to the microprocessors used in personal computers or other general purpose applications. But their presence is unnoticed at most of the places like

· At supermarkets in Cash Registers, Weighing Scales, etc.

· At home in Ovens, Washing Machines, Alarm Clocks, etc.

· At play in Toys, VCRs, Stereo Equipment, etc.

· At office in Typewriters, Photocopiers, Elevators, etc.

· In industry in Industrial Automation, safety systems, etc.

· On roads in Cars, Traffic Signals, etc.

                    What inside them makes these machines smart? The answer is microcontroller.

Creating applications for the microcontrollers is different than any other development job in electronics and computing. Before selecting a particular device for an application, it is important to understand what the different options and features are and what they can mean with regard to developing the application.

The reminder of the book will go through different types of programming and interfacing techniques of microcontroller, mainly 8051 based microcontrollers, in detail.

COMPARING MICROPROCESSOR AND MICROCONTROLLER

· Microprocessor is a single chip CPU, microcontroller contains, a CPU and much of the remaining circuitry of a complete microcomputer system in a single chip. 

· Microcontroller includes RAM, ROM, serial and parallel interface, timer, interrupt schedule circuitry (in addition to CPU) in a single chip. 

· RAM is smaller than that of even an ordinary microcomputer, but enough for its applications. 

· Interrupt system is an important feature, as microcontrollers have to respond to control oriented devices in real time.

· Microprocessors are most commonly used as the CPU in microcomputer systems. Microcontrollers are used in small, minimum component designs performing control-oriented activities. 

· Microprocessor instruction sets are processing intensive, implying powerful addressing modes with instructions catering to large volumes of data. Their instructions operate on nibbles, bytes, etc. Microcontrollers have instruction sets catering to the control of inputs and outputs. Their instructions operate also on a single bit. E.g., a motor may be turned ON and OFF by a 1-bit output port.

FEATURES OF 8051 MICROCONTROLLER

The Intel 8051 microcontroller is one of the most popular general purpose microcontrollers in use today. The microcontroller 8051 is 8-bit microcontroller which includes: CPU (Central Processing Unit), RAM (Random Access Memory), EPROM/PROM/ROM (Erasable programmable Read Only Memory), I/O (input/output) – serial and parallel, timers, interrupt controllers.

[image: image3.emf]

Figure1: Block Diagram of 8051 Microcontroller


By only including the features specific to the task (control), cost is relatively low. A typical microcontroller has bit manipulation instructions, easy and direct access to I/O (input/output), and quick and efficient interrupt processing. Figure1 shows the block diagram of a typical microcontroller.

Basic features

· 8-bit CPU with register A and B.

· 8-bit data bus.

· 16-bit address bus.

· 32 general purpose registers each of 8 bits.

· 16 bit timers (usually 2, but may have more, or less).

· Bit as well as byte addressable RAM area of 16 bytes.

· Four 8-bit ports, (short models have two 8-bit ports).

· 16-bit program counter and data pointer.
· 8-bit stack pointer and 8-bit PSW (Program Status Word).
· Internal ROM (4kB) and RAM (128 Bytes).

· Serial data communication.

· Five Interrupt Sources (2 internal and 3 external interrupts).

Basic pins

· Figure2 shows the pin diagram of 8051 micro controller.

· PIN 9: PIN 9 is the reset pin which is used reset the microcontroller’s internal registers and ports upon starting up. (Pin should be held high for 2 machine cycles.).

· PINS 18 & 19: The 8051 has a built-in oscillator amplifier hence we need to only connect a crystal at these pins to provide clock pulses to the circuit.

· PIN 40 and 20: Pins 40 and 20 are VCC and ground respectively. The 8051 chip needs +5V 500mA to function properly, although there are lower powered versions like the Atmel 2051 which is a scaled down version of the 8051 which runs on +3V.

· PINS 29, 30 & 31: As described in the features of the 8051, this chip contains a built-in flash memory. In order to program this we need to supply a voltage of +12V at pin 31. If external memory is connected then PIN 31, also called EA/VPP, should be connected to ground to indicate the presence of external memory. PIN 30 is called ALE (address latch enable), which is used when multiple memory chips are connected to the controller and only one of them needs to be selected. We will deal with this in depth in the later chapters. PIN 29 is called PSEN. This is "program select enable". In order to use the external memory it is required to provide the low voltage (0) on both PSEN and EA pins.[image: image4.emf]
Figure2: Pin Diagram of 8051 microcontroller

Port Pins

There are four 8-bit ports: P0, P1, P2 and P3.

· PORT P1 (Pins 1 to 8): The port P1 is a general purpose input/output port which can be used for a variety of interfacing tasks. The other ports P0, P2 and P3 have dual roles or additional functions associated with them based upon the context of their usage.

· PORT P3 (Pins 10 to 17): PORT P3 acts as a normal IO port, but Port P3 has additional functions such as, serial transmit and receive pins, 2 external interrupt pins, 2 external counter inputs, read and write pins for memory access.

· PORT P2 (pins 21 to 28): PORT P2 can also be used as a general purpose 8 bit port when no external memory is present, but if external memory access is required then PORT P2 will act as an address bus in conjunction with PORT P0 to access external memory. PORT P2 acts as A8-A15, as can be seen from fig 1.1

· PORT P0 (pins 32 to 39) PORT P0 can be used as a general purpose 8 bit port when no external memory is present, but if external memory access is required then PORT P0 acts as a multiplexed address and data bus that can be used to access external memory in conjunction with PORT P2. P0 acts as AD0-AD7, as can be seen from Figure2.

Data and Program Memory

The 8051 Microprocessor can be programmed in PL/M, 8051 Assembly, C and a number of other high-level languages. Many compilers even have support for compiling C++ for an 8051. Program memory in the 8051 is read-only, while the data memory is considered to be read/write accessible. When stored on EEPROM or Flash, the program memory can be rewritten when the microcontroller is in the special programmer circuit. Program memory in the 8051 is read-only, while the data memory is considered to be read/write accessible. When stored on EEPROM or Flash, the program memory can be rewritten when the microcontroller is in the special programmer circuit.

Program Start Address

The 8051 starts executing program instructions from address 0x00 in the program memory.

Direct Memory
The 8051 has 256 bytes of internal addressable RAM, although only the first 128 bytes are available for general use by the programmer. The first 128 bytes of RAM (from 0x00 to 0x7F) are called the Direct Memory, and can be used to store data.

Special Function Register (SFR) 

The Special Function Register (SFR) is the upper area of addressable memory, from address 0x80 to 0xFF. A, B, PSW, DPTR are called SFR. This area of memory cannot be used for data or program storage, but is instead a series of memory-mapped ports and registers. All port input and output can therefore be performed by memory mov operations on specified addresses in the SFR. Also, different status registers are mapped into the SFR, for use in checking the status of the 8051, and changing some operational parameters of the 8051.

General Purpose Registers

The 8051 has 4 selectable banks of 8 addressable 8-bit registers, R0 to R7. This means that there are essentially 32 available general purpose registers, although only 8 (one bank) can be directly accessed at a time. To access the other banks, we need to change the current bank number in the flag status register.

A and B Registers

The A register is located in the SFR memory location 0xE0. The A register works in a similar fashion to the AX register of x86 processors. The A register is called the accumulator, and by default it receives the result of all arithmetic operations. The B register is used in a similar manner, except that it can receive the extended answers from the multiply and divide operations. When not being used for multiplication and Division, the B register is available as an extra general-purpose register.

Programming with P89V51RD2

INTRODUCTION

The P89V51RD2 is an 80C51 microcontroller with 64kB Flash and 1024 bytes of data RAM. A key feature of the P89V51RD2 is its X2 mode option. The design engineer can choose to run the application with the conventional 80C51 clock rate (12 clocks per machine cycle) or select the X2 mode (6 clocks per machine cycle) to achieve twice the throughput at the same clock frequency. Another way to benefit from this feature is to keep the same performance by reducing the clock frequency by half, thus dramatically reducing the EMI.

The Flash program memory supports both parallel programming and in serial In-System Programming (ISP). Parallel programming mode offers gang-programming at high speed, reducing programming costs and time to market. ISP allows a device to be reprogrammed in the end product under software control. The capability to field/update the application firmware makes a wide range of applications possible.

The P89V51RD2 is also In-Application Programmable (IAP), allowing the Flash program memory to be reconfigured even while the application is running. Figure3 shows the photograph picture of 8051 development board. 
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Figure3: 8051 Development Board

The hardware required to develop projects is 8051 development board and it has the following features:

· P89V51RD2BN 40 Pin DIP.

· Both Manual and Power on Reset.

· 16 x 2 Alphanumeric LCD and trimmer for contrast Control.

· 8channel analog input using ADC0809.

· 4 x 4 hexadecimal keyboard.

· RS 232 serial interface.

· On board EEPROM using 24C02.

· On board RTC using DS1307.

· Multiplexed four common anode seven segment displays.

· 8 Led indication panel for checking the port operation.

· 1channel relay drive.

· 8channel uln2803 drive that can be used to drive stepper motor or 8 relays.

Features of P89V51RD2

· 80C51 Central Processing Unit 5V Operating voltage from 0 to 40MHz.

· 64 KB of on-chip Flash program memory.

· ISP (In-System Programming).

· IAP (In-Application Programming).
· Enhanced UART.

· PCA (Programmable Counter Array) with PWM and Capture/Compare functions.

· Four 8-bit I/O ports with three high-current Port 1 pins (16mA each).

· Three 16-bit timers/counters Programmable Watchdog timer (WDT).

· Eight interrupt sources with four priority levels Second DPTR register.

· Low EMI mode (ALE inhibit).

· TTL and CMOS compatible logic levels.

2.3 Arm-Cortex processor:

The processor is a low-power processor that features low gate count, low interrupt latency, and low-cost debug. It is intended for deeply embedded applications that require fast interrupt response features. The processor implements the ARM architecture v7-M.

The processor incorporates:

• Processor core. Low gate count cores, with low latency interrupt processing that

Features:

— ARMv7-M. A Thumb®-2 Instruction Set Architecture (ISA) subset, Consisting of all base Thumb-2 instructions, 16-bit and 32-bit, and excluding blocks for media, Single Instruction Multiple Data (SIMD), enhanced Digital Signal Processor (DSP) instructions (E variants), and

ARM system access.

— Banked Stack Pointer (SP) only.

— Hardware divides instructions, SDIV and UDIV (Thumb-2 
instructions).

— Handler and Thread modes.

— Thumb and Debug states.

— Interruptible-continued LDM/STM, PUSH/POP for low interrupt 
latency.

— Automatic processor state saving and restoration for low latency Interrupt Service Routine (ISR) entry and exit.

— ARM architecture v6 style BE8/LE support.

— ARMv6 unaligned accesses.

• Nested Vectored Interrupt Controller (NVIC) closely integrated with the processor core to achieve low latency interrupt processing. Features include:

— External interrupts of 1 to 240 configurable size.

— Bits of priority of 3 to 8 configurable size.

— Dynamic reprioritization of interrupts.

— Priority grouping. This enables selection of pre-empting interrupt levels

and non pre-empting interrupt levels.

— Support for tail-chaining and late arrival of interrupts. This enables Back-to-back interrupt processing without the overhead of state saving and restoration between interrupts.

— Processor state automatically saved on interrupt entry, and restored on interrupt exit, with no instruction overhead.


• Memory Protection Unit (MPU). An optional MPU for memory protection:

— Eight memory regions.

— Sub Region Disable (SRD), enabling efficient use of memory regions.

— You can enable a background region that implements the default memory map attributes.

• Bus interfaces:

— Advanced High-performance Bus-Lite (AHB-Lite) ICode,  DCode and System bus interfaces.

— Advanced Peripheral Bus (APB) and Private Peripheral Bus (PPB) Interface.

— Bit band support that includes atomic bit band write and read operations.

— Memory access alignment.

— Write buffer for buffering of write data.

• Low-cost debug solution that features:

— Debug access to all memory and registers in the system, including Cortex-M3 register bank when the core is running, halted, or held in reset.

— Serial Wire Debug Port (SW-DP) or Serial Wire JTAG Debug Port (SWJ-DP) debug access, or both.

— Flash Patch and Breakpoint (FPB) unit for implementing breakpoints and code patches.

— Data Watchpoint and Trace (DWT) unit for implementing watchpoints,

data tracing, and system profiling.

— Instrumentation Trace Macrocell (ITM) for support of printf style Debugging.

— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer (TPA).

— Optional Embedded Trace Macrocell (ETM) for instruction trace.
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Fig 1.1 Cortex-M3 block diagram

Processor core

The processor core implements the ARMv7-M architecture. It has the following main

features:

• Thumb-2 (ISA) subset consisting of all base Thumb-2 instructions, 16-bit and

32-bit.

• Harvard processor architecture enabling simultaneous instruction fetch with data

load/store.

• Three-stage pipeline.

• Single cycle 32-bit multiply.

• Hardware divide.

• Thumb and Debug states.

• Handler and Thread modes.

• Low latency ISR entry and exit.

— Processor state saving and restoration, with no instruction fetch overhead. Exception vector is fetched from memory in parallel with the state saving, enabling faster ISR entry.

— Support for late arriving interrupts.

— Tightly coupled interface to interrupt controller enabling efficient processing of late-arriving interrupts.

— Tail-chaining of interrupts, enabling back-to-back interrupt processing without the overhead of state saving and restoration between interrupts.

• Interruptible-continued LDM/STM, PUSH/POP.

• ARMv6 style BE8/LE support.

• ARMv6 unaligned.

Registers

The processor contains:

• 13 general purpose 32-bit registers

• Link Register (LR)

• Program Counter (PC)

• Program Status Register, xPSR

• two banked SP registers.

Usage of the Arm cortex processor in our project:

Here we are using the Arm processor for the serial to Ethernet conversion for monitoring and controlling the devices. Even it has many application here we are using for the purpose of conversion. 

Arm processor has inbuilt code for the conversion from serial to Ethernet so we can be able to access the devices from the computer.
                                  WI-FI TECHNOLOGY

INTRODUCTION:

· Wireless Technology is an alternative to Wired Technology, which is commonly used, for connecting devices in wireless mode.

· Wi-Fi (Wireless Fidelity) is a generic term that refers to the IEEE 802.11 communications standard for Wireless Local Area Networks (WLANs).

· Wi-Fi Network connect computers to each other, to the internet and to the wired network.

2.4 The WI-FI Technology:

Wi-Fi Networks use Radio Technologies to transmit & receive data at high speed:

· IEEE 802.11b

· IEEE 802.11a

· IEEE 802.11g

IEEE 802.11b:

· Appear in late 1999

· Operates at 2.4GHz radio spectrum

· 11 Mbps (theoretical speed) - within 30 m Range

· 4-6 Mbps (actual speed)

· 100 -150 feet range

· Most popular, Least Expensive

· Interference from mobile phones and Bluetooth devices which can reduce the transmission speed.

IEEE 802.11a:

· Introduced in 2001

· Operates at 5 GHz (less popular) 

· 54 Mbps (theoretical speed)

· 15-20 Mbps (Actual speed)

· 50-75 feet range

· More expensive

· Not compatible with 802.11a.

IEEE 802.11g:

· Introduced in 2003

· Combine the feature of both standards (a,b)

· 100-150 feet range

· 54 Mbps Speed

· 2.4 GHz radio frequencies

· Compatible with ‘b’

802.11 Physical Layer:

There are three sublayers in physical layer:

· Direct Sequence Spread Spectrum (DSSS)

· Frequency Hoping Spread Spectrum (FHSS)

· Diffused Infrared (DFIR) - Wide angle

Direct Sequence Spread Spectrum (DSSS):

· Direct sequence signaling technique divides the 2.4 GHz band into 11 22-MHz channels. Adjacent channels overlap one another partially, with three of the 11 being completely non-overlapping. Data is sent across one of these 22 MHz channels without hopping to other channels. 
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IEEE 802.11 Data Link Layer:
The data link layer consists of two sublayers : 

· Logical Link Control (LLC) 

· Media Access Control (MAC).


802.11 uses the same 802.2 LLC and 48-bit addressing as other 802 LANs, allowing for very simple bridging from wireless to IEEE wired networks, but the MAC is unique to WLANs.

802.11 Media Access Control:

· Carrier Sense Medium Access with collision avoidance protocol (CSMA/CA)

· Listen before talking

· Avoid collision by explicit Acknowledgement (ACK)

· Problem: additional overhead of ACK packets, so slow performance 

· Request to Send/Clear to Send (RTS/CTS) protocol

· Solution for “hidden node” problem

· Problem: Adds additional overhead by temporarily reserving the medium, so used for large size packets only retransmission would be expensive.

· Power Management

· MAC supports power conservation to extend the battery life of portable devices

· Power utilization modes

· Continuous Aware Mode

· Radio is always on and drawing power

· Power Save Polling Mode

· Radio is “dozing” with access point queuing any data for it

· The client radio will wake up periodically in time to receive regular beacon signals from the access point.

· The beacon includes information regarding which stations have traffic waiting for them

· The client awake on beacon notification and receive its data.

· Fragmentation

· CRC checksum

· Each pkt has a CRC checksum calculated and attached to ensure that the data was not corrupted in transit.

· Association & Roaming.

Elements of a WI-FI Network

· Access Point (AP) - The AP is a wireless LAN transceiver or “base station” that can connect one or many wireless devices simultaneously to the Internet. 

· Wi-Fi cards - They accept the wireless signal and relay information.They can be internal and external.(e.g PCMCIA Card for Laptop and PCI Card for Desktop PC)

· Safeguards - Firewalls and anti-virus software protect networks from uninvited users and keep information secure.

How a Wi-Fi Network Works

· Basic concept is same as Walkie talkies.

· A Wi-Fi hotspot is created by installing an access point to an internet connection.

· An access point acts as a base station. 

· When Wi-Fi enabled device encounters a hotspot the device can then connect to that network wirelessly.

· A single access point can support up to 30 users and can function within a range of 100 – 150 feet indoors and up to 300 feet outdoors.

· Many access points can be connected to each other via Ethernet cables to create a single large network.

Wi-Fi Network Topologies

· AP-based topology (Infrastructure Mode)

· Peer-to-peer topology (Ad-hoc Mode)

· Point-to-multipoint bridge topology.

AP-based topology:

· The client communicate through Access Point. 

· BSA-RF coverage provided by an AP.

· ESA-It consists of 2 or more BSA.

· ESA cell includes 10-15% overlap to allow roaming.


[image: image7]
Peer-to-peer topology:

· AP is not required.

· Client devices within a cell can communicate directly with each other.

· It is useful for setting up of a wireless network quickly  and easily.
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Point-to-multipoint bridge topology:
This is used to connect a LAN in one building to a LANs in other buildings even if the buildings are miles apart.These conditions receive a clear line of sight between buildings. The line-of-sight range varies based on the type of wireless bridge and antenna used as well as the environmental conditions.
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Wi-Fi Configurations:
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Wi-Fi Applications:
· Home

· Small Businesses or SOHO

· Large Corporations & Campuses

· Health Care

· Wireless ISP (WISP)

· Travellers

Wi-Fi Security Threats:

· Wireless technology doesn’t remove any old security issues, but introduces new ones

· Eavesdropping

· Man-in-the-middle attacks

· Denial of Service
Eavesdropping:

· Easy to perform, almost impossible to detect

· By default, everything is transmitted in clear text

· Usernames, passwords, content ...

· No security offered by the transmission medium

· Different tools available on the internet

· Network sniffers, protocol analysers . . .

· Password collectors

· With the right equipment, it’s possible to eavesdrop traffic from few kilometers away.

MITM Attack:

1. Attacker spoofes a disassociate message from the victim

2. The victim starts to look for a new access point, and the attacker advertises his own AP on a different channel, using the real AP’s MAC address

3. The attacker connects to the real AP using victim’s MAC address.
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Denial of Service:

· Attack on transmission frequecy used

· Frequency jamming

· Not very technical, but works

· Attack on MAC layer

· Spoofed deauthentication / disassociation messages

· can target one specific user

· Attacks on higher layer protocol (TCP/IP protocol)

· SYN Flooding.
    Wi-Fi Security:

         The requirements for Wi-Fi network security can be broken down into two     

          primary components:

                  1. Authentication

· User Authentication

· Server Authentication

2. Privacy

Authentication:

· Keeping unauthorized users off the network

· User Authentication

· Authentication Server is used

· Username and password 

· Risk: 

· Data (username & password) send before secure channel established

· Prone to passive eavesdropping by attacker

· Solution

· Establishing a encrypted channel before sending username and password.

· Server Authentication

· Digital Certificate is used

· Validation of digital certificate occurs automatically within client software.

Wi-Fi Security Techniques:

· Service Set Identifier (SSID)

· Wired Equivalent Privacy (WEP)

· 802.1X Access Control

· Wireless Protected Access (WPA)


· IEEE 802.11i
Service Set Identifier (SSID):

· SSID is used to identify an 802.11 network

· It can be pre-configured or advertised in beacon broadcast

· It is transmitted in clear text

· Provide very little security.

Wired Equivalent Privacy (WEP):

· Provide same level of security as by wired network

· Original security solution offered by the IEEE 802.11 standard

· Uses RC4 encryption with pre-shared keys  and 24 bit initialization vectors (IV)

· key schedule is generated by concatenating the shared secret key with a random generated 24-bit IV

· 32 bit ICV (Integrity check value)

· No. of bits in keyschedule is equal to sum of length of the plaintext and ICV.

· 64 bit preshared key-WEP

· 128 bit preshared key-WEP2

· Encrypt data only between 802.11 stations.once it enters the wired side of the network (between access point) WEP is no longer valid

· Security Issue with WEP

· Short IV.

· Static key.

802.1x Access Control:

· Designed as a general purpose network access control mechanism

· Not Wi-Fi specific

· Authenticate each client connected to AP (for WLAN) or switch port (for Ethernet) 

· Authentication is done with the RADIUS server, which ”tells” the access point whether access to controlled ports should be allowed or not

· AP forces the user into an unauthorized state 

· user send an EAP start message

· AP return an EAP message requesting the user’s identity

· Identity send by user is then forwared to the authentication server by AP

· Authentication server authenticate user and return an accept or reject message back to the AP

· If accept message is return, the AP changes the client’s state to authorized and normal traffic flows.
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Wireless Protected Access (WPA):

· WPA is a specification of standard based, interoperable security enhancements that strongly increase the level of data protection and access control for existing and future wireless LAN system.

· User Authentication

· 802.1x 

· EAP

· TKIP (Temporal Key Integrity Protocol) encryption

· RC4, dynamic encryption keys (session based)

· 48 bit IV

· per packet key mixing function

· Fixes all issues found from WEP

· Uses Message Integrity Code (MIC) Michael

· Ensures data integrity

· Old hardware should be upgradeable to WPA.

· WPA comes in two flavors.

· WPA-PSK 

· use pre-shared key

· For SOHO environments

· Single master key used for all users

· WPA Enterprise

· For large organisation

· Most secure method

· Unique keys for each user

· Separate username & password for each user.

WPA and Security Threats:

· Data is encrypted

· Protection against eavesdropping and man-in-the-middle attacks

· Denial of Service

· Attack based on fake massages can not be used.

· As a security precaution, if WPA equipment sees two packets with invalid MICs within a second, it disassociates all its clients, and stops all activity for a minute

· Only two packets a minute enough to completely stop a wireless network.

802.11i:

· Provides standard for WLAN security

· Authentication

· 802.1x

· Data encryption

· AES protocol is used

· Secure fast handoff-This allow roaming between APs without requiring client to fully reauthenticate to every AP.

· Will require new hardware.
Advantages:

· Mobility

· Ease of Installation

· Flexibility

· Cost
· Reliability
· Security

· Use unlicensed part of the radio spectrum

· Roaming

· Speed

Limitations:

· Interference

· Degradation in performance

· High power consumption

· Limited range

2.5 ADC0808/ADC0809
General Description

The ADC0808, ADC0809 data acquisition component is a monolithic CMOS device with an 8-bit analog-to-digital converter, 8-channel multiplexer and microprocessor compatible control logic. The 8-bit A/D converter uses successive approximation as the conversion technique. The converter features a high impedance chopper stabilized comparator, a 256R voltage divider with analog switch tree and a successive approximation register. The 8-channel multiplexer can directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and full-scale adjustments. Easy interfacing to microprocessors is provided by the latched and decoded multiplexer address inputs and latched TTL TRI-STATE outputs. The design of the ADC0808, ADC0809 has been optimized by incorporating the most desirable aspects of several A/D conversion techniques. The ADC0808, ADC0809 offers high speed, high accuracy, minimal temperature dependence, excellent long-term accuracy and repeatability, and consumes minimal power. These features make this device ideally suited to applications from process and machine control to consumer and automotive applications. For 16-channel multiplexer with common output (sample/hold port) see ADC0816 data sheet. 

Features

· Easy interface to all microprocessors

· Operates ratio metrically or with 5 VDC or analog span

   
adjusted voltage reference

· No zero or full-scale adjust required

· 8-channel multiplexer with address logic

· 0V to VCC input range

· Outputs meet TTL voltage level specifications

· ADC0808 equivalent to MM74C949

· ADC0809 equivalent to MM74C949-1

Key Specifications

·  Resolution 8 Bits

·  Total Unadjusted Error ±½ LSB and ±1 LSB

·  Single Supply 5 VDC

·  Low Power 15 mW

·  Conversion Time 100 us
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage (VCC) (Note 3)

 6.5V

Voltage at Any Pin



 -0.3V to (VCC  +0.3V)

Except Control Inputs

Voltage at Control Inputs


 -0.3V to +15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range


 -65°C to +150°C

Package Dissipation at 


TA=25°C 875 mW

Lead Temp. 




(Soldering, 10 seconds)

Dual-In-Line Package (plastic)

 260°C

Molded Chip Carrier Package

Vapor Phase (60 seconds)


 215°C

Infrared (15 seconds) 



220°C

ESD Susceptibility (Note 8)


 400V

Operating Conditions

Temperature Range 



TMIN=TA=TMAX

-40°C=TA=+85°C

Range of VCC 




4.5 VDC to 6.0 VDC

Functional Description

MULTIPLEXER

The device contains an 8-channel single-ended analog signal multiplexer. A particular input channel is selected by using the address decoder. Table 1 shows the input states for the address lines to select any channel. The address is latched into the decoder on the low-to-high transition of the address latch enable signal.
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CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-bit analog-to-digital converter. The converter is designed to give fast, accurate, and repeatable conversions over a wide range of temperatures. The converter is partitioned into 3 major sections: the 256R ladder network, the successive approximation register, and the comparator. The converter's digital outputs are positive true. The 256R ladder network approach (Figure 1) was chosen over the conventional R/2R ladder because of its inherent monotonicity, which guarantees no missing 

digital codes. Monotonicity is particularly important in closed loop feedback control systems. A non-monotonic 

relationship can cause oscillations that will be catastrophic for the system. Additionally, the 256R network does not cause load variations on the reference voltage.

The bottom resistor and the top resistor of the ladder network in Figure 1 are not the same value as the remainder of the network. The difference in these resistors causes the output characteristic to be symmetrical with the zero and full-scale points of the transfer curve. The first output transition occurs when the analog signal has reached +½ LSB and succeeding output transitions occur every 1 LSB later up to full-scale. The successive approximation register (SAR) performs 8 iterations to approximate the input voltage. For any SAR type converter, n-iterations are required for an n-bit converter. Figure2 shows a typical example of a 3-bit converter. In the ADC0808, ADC0809, the approximation technique is extended to 8 bits using the 256R network.

The A/D converter's successive approximation register (SAR) is reset on the positive edge of the start conversion start pulse. The conversion is begun on the falling edge of the start conversion pulse. A conversion in process will be interrupted by receipt of a new start conversion pulse. Continuous conversion may be accomplished by tying the end-of-conversion (EOC) output to the SC input. If used in this mode, an external start conversion pulse should be applied after power up. Endof-conversion will go low between 0 and 8 clock pulses after the rising edge of start conversion. The most important section of the A/D converter is the comparator. It is this section which is responsible for the ultimate accuracy of the entire converter. It is also the comparator drift which has the greatest influence on the repeatability of the device. A chopper-stabilized comparator provides the most effective method of satisfying all the converter requirements. The chopper-stabilized comparator converts the DC input signal into an AC signal. This signal is then fed through a high gain AC amplifier and has the DC level restored. This technique

limits the drift component of the amplifier since the drift is a DC component which is not passed by the AC amplifier. This makes the entire A/D converter extremely insensitive to temperature, long term drift and input offset errors. Figure 4 shows a typical error curve for the ADC0808 as measured using the procedures outlined in AN-179.
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Applications Information

OPERATION

 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as a complete Data Acquisition System (DAS) for ratiometric conversion systems. In ratiometric systems, the physical variable being measured is expressed as a percentage of full-scale which is not necessarily related to an absolute standard. The voltage input to the ADC0808 is expressed by the equation
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VIN= Input voltage into the ADC0808

Vfs= Full-scale voltage

VZ= Zero voltage

DX= Data point being measured

DMAX= Maximum data limit

DMIN= Minimum data limit

A good example of a ratiometric transducer is a potentiometer used as a position sensor. The position of the wiper is directly proportional to the output voltage which is a ratio of the fullscale voltage across it. Since the data is represented as a smallest standard step is 1 LSB which is then 20 mV. Proportion of full-scale, reference requirements are greatly reduced, eliminating a large source of error and cost for many applications. A major advantage of the ADC0808, ADC0809 is that the input voltage range is equal to the supply range so the transducers can be connected directly across the supply and their outputs connected directly into the multiplexer inputs, (Figure 9). 

Ratiometric transducers such as potentiometers, strain gauges, thermistor bridges, pressure transducers, etc., are

suitable for measuring proportional relationships; however, many types of measurements must be referred to an absolute standard such as voltage or current. This means a system reference must be used which relates the full-scale voltage to the standard volt. For example, if VCC=VREF=5.12V, then the full-scale range is divided into 256 standard steps. The smallest standard step is 1 LSB which is then 20 mV.

RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the selected into 8 times in a conversion. These voltages are coupled to the comparator via an analog switch tree which is referenced to the supply. The voltages at the top, center and bottom of the ladder must be controlled to maintain proper operation. The top of the ladder, Ref(+), should not be more positive than the supply, and the bottom of the ladder, Ref(-), should not  be more negative than ground. The center of the ladder volt-age must also be near the center of the supply because the analog switch tree changes from N-channel switches to P channel switches. These limitations are automatically satisfied

in ratiometric systems and can be easily met in ground referenced systems. Figure 10 shows a ground referenced system with a separate supply and reference. In this system, the supply must be trimmed to match the reference voltage. For instance, if a 5.12V is used, the supply should be adjusted to the same voltage within 0.1V.

In Figure 13, a 2.5V reference is symmetrically centered about VCC/2 since the same current flows in identical resistors. This system with a 2.5V reference allows the LSB bit to be half the size of a 5V reference system.
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The ADC0808 needs less than a milliamp of supply current so developing the supply from the reference is readily accomplished. In Figure 11 a ground referenced system is shown which generates the supply from the reference. The buffer shown can be an op amp of sufficient drive to supply the milliamp of supply current and the desired bus drive, or if a capacitive bus is driven by the outputs a large capacitor will supply the transient supply current as seen in Figure 12. The LM301 is overcompensated to insure stability when loaded by the 10 ìF output capacitor. The top and bottom ladder voltages cannot exceed VCC and ground, respectively, but they can be symmetrically less than VCC and greater than ground. The center of the ladder voltage should always be near the center of the supply. The sensitivity of the converter can be increased, (i.e., size of the LSB steps decreased) by using a symmetrical reference system. 
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FIGURE10. Ground Referenced Conversion System Using Trimmed Supply
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 CONVERTER EQUATIONS
The transition between adjacent codes N and N+1 is given

by:
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The center of an output code N is given by:
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The output code N for an arbitrary input are the integers within

the range:
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Where:

VIN=Voltage at comparator input

VREF(+)=Voltage at Ref(+)

VREF(-)=Voltage at Ref(-)

VTUE=Total unadjusted error voltage (typically VREF(+)÷512)

ANALOG COMPARATOR INPUTS
The dynamic comparator input current is caused by the periodic switching of on-chip stray capacitances. These are connected alternately to the output of the resistor ladder/switch tree network and to the comparator input as part of the operation of the chopper stabilized comparator. The average value of the comparator input current varies directly with clock frequency and with VIN as shown in Figure 6. If no filter capacitors are used at the analog inputs and the signal source impedances are low, the comparator input current should not introduce converter errors, as the transient created by the capacitance discharge will die out before the comparator output is strobed.

If input filter capacitors are desired for noise reduction and signal conditioning they will tend to average out the dynamic comparator input current. It will then take on the characteristics of a DC bias current whose effect can be predicted conventionally.
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*Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor

TABLE 2. Microprocessor Interface Table
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2.6  ULN2003
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ULN is mainly suited for interfacing between low-level circuits and multiple peripheral power loads,.The series ULN20XX high voltage, high current darlington arrays feature continuous load current ratings. The driving circuitry in- turn decodes the coding and conveys the necessary data to the stepper motor, this module aids in the movement of the arm through steppers
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·                  The driver makes use of the ULN2003 driver IC, which contains an array of 7 power Darlington arrays, each capable of driving 500mA of current. At an approximate duty cycle, depending on ambient temperature and number of drivers turned on, simultaneously typical power loads totaling over 230w can be controlled.

·              The device has base resistors, allowing direct connection to any common logic family. All the emitters are tied together and brought out to a separate terminal. Output protection diodes are included; hence the device can drive inductive loads with minimum extra components. Typical loads include relays, solenoids, stepper motors, magnetic print hammers, multiplexed LED, incandescent displays and heaters. 


2.7.1 Darlington Pair
hat is a Darlington Pair?

· A Darlington pair is two transistors that act as a single transistor but with a much higher current gain.
· What is current gain?

· Transistors have a characteristic called current gain. This is referred to as its hFE. The amount of current that can pass through the load when connected to a transistor that is turned on equals the input current x the gain of the transistor (hFE) The current gain varies for different transistor and can be looked up in the data sheet for the device. Typically it may be 100. This would mean that the current available to drive the load would be 100 times larger than the input to the transistor.

[image: image29.emf]
2.7.2 Why use a Darlington Pair?
In some application the amount of input current available to switch on a transistor is very low. This may mean that a single transistor may not be able to pass sufficient current required by the load. 

As stated earlier this equals the input current x the gain of the transistor (hFE). If it is not be possible to increase the input current then we need to increase the gain of the transistor. This can be achieved by using a Darlington Pair.

A Darlington Pair acts as one transistor but with a current gain that equals:

Total current gain (hFE total) = current gain of transistor 1 (hFE t1) x current gain of transistor 2 (hFE t2)

So for example if you had two transistors with a current gain (hFE) = 100:

(hFE total) = 100 x 100

(hFE total) = 10,000

You can see that this gives a vastly increased current gain when compared to a single transistor. Therefore this will allow a very low input current to switch a much bigger load current.

Base Activation Voltage
Normally to turn on a transistor the base input voltage of the transistor will need to be greater that 0.7V. As two transistors are used in a Darlington Pair this value is doubled. Therefore the base voltage will need to be greater than 0.7V x 2 = 1.4V.

It is also worth noting that the voltage drop across collector and emitter pins of the Darlington Pair when the turn on will be around 0.9V Therefore if the supply voltage is 5V (as above) the voltage across the load will be will be around 4.1V (5V – 0.9V)  

2.7 POWER SUPPLY

All digital circuits require regulated power supply. In this article we are going to learn how to get a regulated positive supply from the mains supply.

 [image: image30.jpg]207 _| StpDown [yf pooyee, Lol Fie Lylpoo Regulated
AC ¥ Transformer Cepuiar | 7] BB Output.





Figure 1 shows the basic block diagram of a fixed regulated power supply. Let us go through each block.

TRANSFORMER
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A transformer consists of two coils also called as “WINDINGS” namely PRIMARY & SECONDARY. 

They are linked together through inductively coupled electrical conductors also called as CORE. A changing current in the primary causes a change in the Magnetic Field in the core & this in turn induces an alternating voltage in the secondary coil. If load is applied to the secondary then an alternating current will flow through the load. If we consider an ideal condition then all the energy from the primary circuit will be transferred to the secondary circuit through the magnetic field. 
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The secondary voltage of the transformer depends on the number of turns in the Primary as well as in the secondary.
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Rectifier
A rectifier is a device that converts an AC signal into DC signal. For rectification purpose we use a diode, a diode is a device that allows current to pass only in one direction i.e. when the anode of the diode is positive with respect to the cathode also called as forward biased condition & blocks current in the reversed biased condition.

 

Rectifier can be classified as follows:

1)      Half Wave rectifier.
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This is the simplest type of rectifier as you can see in the diagram a half wave rectifier consists of only one diode. When an AC signal is applied to it during the positive half cycle the diode is forward biased & current flows through it. But during the negative half cycle diode is reverse biased & no current flows through it. Since only one half of the input reaches the output, it is very inefficient to be used in power supplies.

  2)      Full wave rectifier.
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Half wave rectifier is quite simple but it is very inefficient, for greater efficiency we would like to use both the half cycles of the AC signal. This can be achieved by using a center tapped transformer i.e. we would have to double the size of secondary winding & provide connection to the center. So during the positive half cycle diode D1 conducts & D2 is in reverse biased condition. During the negative half cycle diode D2 conducts & D1 is reverse biased. Thus we get both the half cycles across the load.

One of the disadvantages of Full Wave Rectifier design is the necessity of using a center tapped transformer, thus increasing the size & cost of the circuit. This can be avoided by using the Full Wave Bridge Rectifier.
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As the name suggests it converts the full wave i.e. both the positive & the negative half cycle into DC thus it is much more efficient than Half Wave Rectifier & that too without using a center tapped transformer thus much more cost effective than Full Wave Rectifier.

Full Bridge Wave Rectifier consists of four diodes namely D1, D2, D3 and D4. During the positive half cycle diodes D1 & D4 conduct whereas in the negative half cycle diodes D2 & D3 conduct thus the diodes keep switching the transformer connections so we get positive half cycles in the output.
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If we use a center tapped transformer for a bridge rectifier we can get both positive & negative half cycles which can thus be used for generating fixed positive & fixed negative voltages.

FILTER CAPACITOR
Even though half wave & full wave rectifier give DC output, none of them provides a constant output voltage. For this we require to smoothen the waveform received from the rectifier. This can be done by using a capacitor at the output of the rectifier this capacitor is also called as “FILTER CAPACITOR” or “SMOOTHING CAPACITOR” or “RESERVOIR CAPACITOR”. Even after using this capacitor a small amount of ripple will remain.

We place the Filter Capacitor at the output of the rectifier the capacitor will charge to the peak voltage during each half cycle then will discharge its stored energy slowly through the load while the rectified voltage drops to zero, thus trying to keep the voltage as constant as possible.
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If we go on increasing the value of the filter capacitor then the Ripple will decrease. But then the costing will increase. The value of the Filter capacitor depends on the current consumed by the circuit, the frequency of the waveform & the accepted ripple.
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Where,

Vr= accepted ripple voltage.( should not be more than 10% of  the voltage)

I= current consumed by the circuit in Amperes.

F= frequency of the waveform. A half wave rectifier has only one peak in one cycle so F=25hz 

Whereas a full wave rectifier has Two peaks in one cycle so F=100hz.

VOLTAGE REGULATOR 

A Voltage regulator is a device which converts varying input voltage into a constant regulated output voltage. Voltage regulator can be of two types

1)      Linear Voltage Regulator

      Also called as Resistive Voltage regulator because they dissipate the excessive voltage resistively as heat.

2)      Switching Regulators.

      They regulate the output voltage by switching the Current ON/OFF very rapidly. Since their output is either ON or OFF it dissipates very low power thus achieving higher efficiency as compared to linear voltage regulators. But they are more complex & generate high noise due to their switching action. For low level of output power switching regulators tend to be costly but for higher output wattage they are much cheaper than linear regulators.

The most commonly available Linear Positive Voltage Regulators are the 78XX series where the XX indicates the output voltage. And 79XX series is for Negative Voltage Regulators.
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 After filtering the rectifier output the signal is given to a voltage regulator. The maximum input voltage that can be applied at the input is 35V.Normally there is a 2-3 Volts drop across the regulator so the input voltage should be at least 2-3 Volts higher than the output voltage. If the input voltage gets below the Vmin of the regulator due to the ripple voltage or due to any other reason the voltage regulator will not be able to produce the correct regulated voltage.

3 Circuit diagram:
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                                  Fig 2.3. Circuit Diagram of power supply
  IC 7805:

7805 is an integrated three-terminal positive fixed linear voltage regulator. It supports an input voltage of 10 volts to 35 volts and output voltage of 5 volts. It has a current rating of 1 amp although lower current models are available. Its output voltage is fixed at 5.0V. The 7805 also has a built-in current limiter as a safety feature. 7805 is manufactured by many companies, including National Semiconductors and Fairchild Semiconductors.

The 7805 will automatically reduce output current if it gets too hot.The last two digits represent the voltage; for instance, the 7812 is a 12-volt regulator. The 78xx series of regulators is designed to work in complement with the 79xx series of negative voltage regulators in systems that provide both positive and negative regulated voltages, since the 78xx series can't regulate negative voltages in such a system.

The 7805 & 78 is one of the most common and well-known of the 78xx series regulators, as it's small component count and medium-power regulated 5V make it useful for powering TTL devices.              

Table 2.1. Specifications of IC7805

	SPECIFICATIONS
	IC 7805

	Vout
	5V

	Vein - Vout Difference
	5V - 20V

	Operation Ambient Temp
	0 - 125°C

	Output Imax
	1A


2.8 RELAYS SPDT



Overview OF Relays

A relay is an electrically operated switch used to isolate one electrical circuit from another. In its simplest form, a relay consists of a coil used as an electromagnet to open and close switch contacts. Since the two circuits are isolated from one another, a lower voltage circuit can be used to trip a relay, which will control a separate circuit that requires a higher voltage or amperage. Relays can be found in early telephone exchange equipment, in industrial control circuits, in car audio systems, in automobiles, on water pumps, in high-power audio amplifiers and as protection devices.

Relay Switch Contacts

The switch contacts on a relay can be "normally open" (NO) or "normally closed" (NC)--that is, when the coil is at rest and not energized (no current flowing through it), the switch contacts are given the designation of being NO or NC. In an open circuit, no current flows, such as a wall light switch in your home in a position that the light is off. In a closed circuit, metal switch contacts touch each other to complete a circuit, and current flows, similar to turning a light switch to the "on" position. In the accompanying schematic diagram, points A and B connect to the coil. Points C and D connect to the 
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switch. When you apply a voltage across the coil at points A and B, you create an electromagnetic field, which attracts a lever in the switch, causing it to make or break contact in the circuit at points C and D (depending if the design is NO or NC). The switch contacts remain in this state until you remove the voltage to the coil. Relays come in different switch configurations. The switches may have more than one "pole," or switch contact. The diagram shows a "single pole single throw" configuration, referred to as SPST. This is similar to a wall light switch in your home. With a single "throw" of the switch, you close the circuit.

The Single Pole Double Throw Relay
A single pole double throw (SPDT) relay configuration switches one common pole to two other poles, flipping between them. As shown in the schematic diagram, the common point E completes a circuit with C when the relay coil is at rest, that is, no voltage is applied to it. 
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This circuit is "closed." A gap between the contacts of point E and D creates an "open" circuit. When you apply power to the coil, a metal level is pulled down, closing the circuit between points E and D and opening the circuit between E and C. A single pole double throw relay can be used to alternate which circuit a voltage or signal will be sent to.
SPDT Relay:

 (Single Pole Double Throw Relay) an electromagnetic switch, consist of a coil (terminals 85 & 86), 1 common terminal (30), 1 normally closed terminal (87a), and one normally open terminal (87) (Figure 1). 


When the coil of an SPDT relay (Figure 1) is at rest (not energized), the common terminal (30) and the normally closed terminal (87a) have continuity. When the coil is energized, the common terminal (30) and the normally open terminal (87) have continuity. 

The diagram below center (Figure 2) shows an SPDT relay at rest, with the coil not energized. The diagram below right (Figure 3) shows the relay with the coil energized. As you can see, the coil is an electromagnet that causes the arm that is always connected to the common (30) to pivot when energized whereby contact is broken from the normally closed terminal (87a) and made with the normally open terminal (87). 

When energizing the coil of a relay, polarity of the coil does not matter unless there is a diode across the coil. If a diode is not present, you may attach positive voltage to either terminal of the coil and negative voltage to the other, otherwise you must connect positive to the side of the coil that the cathode side (side with stripe) of the diode is connected and negative to side of the coil that the anode side of the diode is connected. 


[image: image46.png]]
o &

=
I





[image: image47.png]Figure 2





[image: image48.png]Figure 3





Why do I want to use a relay and do I really need to?

 Anytime you want to switch a device which draws more current than is provided by an output of a switch or component you'll need to use a relay. The coil of an SPDT or an SPST relay that we most commonly use draws very little current (less than 200 milliamps) and the amount of current that you can pass through a relay's common, normally closed, and normally open contacts will handle up to 30 or 40 amps. This allows you to switch devices such as headlights, parking lights, horns, etc., with low amperage outputs such as those found on keyless entry and alarm systems, and other components. In some cases you may need to switch multiple things at the same time using one output. A single output connected to multiple relays will allow you to open continuity and/or close continuity simultaneously on multiple wires. 

There are far too many applications to list that require the use of a relay, but we do show many of the most popular applications in the pages that follow and many more in our Relay Diagrams - Quick Reference application. If you are still unclear about what a relay does or if you should use one after you browse through the rest of this section, please post a question in the12volt's install bay. (We recommend Tyco (formerly Bosch) or Potter & Brumfield relays for all of the SPDT and SPST relay applications shown on this site.)
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2.9 SENSORS

 2.9.1 LM35 Precision Centigrade Temperature Sensors
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General Description

The LM35 series are precision integrated-circuit temperature sensors, whose output voltage is linearly proportional to the Celsius (Centigrade) temperature. The LM35 thus has an advantage over linear temperature sensors calibrated in ° Kelvin, as the user is not required to subtract a large constant voltage from its output to obtain convenient Centigrade scaling. The LM35 does not require any external calibration or trimming to provide typical accuracies of ±1⁄4°C at room temperature and ±3⁄4°C over a full −55 to +150°C temperature range. Low cost is assured by trimming and calibration at the wafer level. The LM35’s low output impedance, linear output, and precise inherent calibration make interfacing to readout or control circuitry especially easy. It can be used with single power supplies, or with plus and minus supplies. As it draws only 60 μA from its supply, it has very low self-heating, less than 0.1°C in still air. The LM35 is rated to operate over a −55° to +150°C temperature range, while the LM35C is rated for a −40° to +110°C range (−10° with improved accuracy). The LM35 series is available pack packaged in hermetic TO-46 transistor packages, while the LM35C, LM35CA, and LM35D are also available in the plastic TO-92 transistor package. The LM35D is also available in an 8-lead surface mount small outline package and a plastic TO-220 package.

Features

· Calibrated directly in ° Celsius (Centigrade)

·  Linear + 10.0 mV/°C scale factor

·  0.5°C accuracy guaranteeable (at +25°C)

·  Rated for full −55° to +150°C range

· Suitable for remote applications

· Low cost due to wafer-level trimming

· Operates from 4 to 30 volts

· Less than 60 μA current drain

· Low self-heating, 0.08°C in still air

· Nonlinearity only ±1⁄4°C typical

· Low impedance output, 0.1 for 1 mA load

Pin diagram:
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Applications

The LM35 can be applied easily in the same way as other integrated-circuit temperature sensors. It can be glued or cemented to a surface and its temperature will be within about 0.01°C of the surface temperature. This presumes that the ambient air temperature is almost the same as the surface temperature; if the air temperature were much higher or lower than the surface temperature, the actual temperature of the LM35 die would be at an intermediate temperature between the surface temperature and the air temperature. This is especially true for the TO-92 plastic package, where the copper leads are the principal thermal path to carry heat into the device, so its temperature might be closer to the air temperature than to the surface temperature. To minimize this problem, be sure that the wiring to the LM35, as it leaves the device, is held at the same temperature as the surface of interest. The easiest way to do this is to cover up these wires with a bead of epoxy which will insure that the leads and wires are all at the same temperature as the surface, and that the LM35 die’s temperature will not be affected by the air temperature. The TO-46 metal package can also be soldered to a metal surface or pipe without damage. Of course, in that case the V− terminal of the circuit will be grounded to that metal. Alternatively, the LM35 can be mounted inside a sealed-end metal tube, and can then be dipped into a bath or screwed into a threaded hole in a tank. As with any IC, the LM35 and accompanying wiring and circuits must be kept insulated and dry, to avoid leakage and corrosion. This is especially true if the circuit may operate at cold temperatures where condensation can occur. Printed-circuit coatings and varnishes such as Humiseal and epoxy paints or dips are often used to insure that moisture cannot corrode the LM35 or its connections. These devices are sometimes soldered to a small light-weight heat fin, to decrease the thermal time constant and speed up the response in slowly-moving air. On the other hand, a small thermal mass may be added to the sensor, to give the steadiest reading despite small deviations in the air temperature.

2.9.2 LDR SENSOR :   
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FEATURES:

·  LDR, 200KOHM, 80mW, VT900 SERIES

· Power Rating:80mW

· Dark Resistance:200kohm

· Series:VT900

· Operating Temperature Range:-40°C to +75°C

· Resistor Element Material: Thin Film

· Resistor Case Style: Through Hole

· No. of Pins:2

DESCRIPTION:

Although the M1 has a Sunrise / Sunset clock built in that will determine when the sunrises and sets, hence if it is Dark or Light outside, often inside light is a totally different subject. The system needs to know what the light level is in a particular room so when automating internal lighting it needs to know if the lights should be activated or not. Otherwise it defeats the purpose of energy saving by Automating the lights for cost savings. This LDR wires directly into a M1 Zone Input (Any Zone). The Zone need to be programmed as a Analog Zone. The more light the LDR sensor has on it the lower the voltage the zone will read and the lower the light level, the higher the zone voltage.
For example, If a room was dimly lit the M1 Zone Voltage may read 12 Volts, where a sun filled room may read 8 Volts. Therefore we don’t want to waste power turning lights on when it is sun filled and already has a LUX level of around 1000+ Lux. Each room can be adjusted according to the clients  requirements and to where the LDR sensor is installed, however as a general rule of thumb and starting point around 11 – 12 Volts (approx 300 LUX) is a good place to start.

2.9.3 HUMIDITY SENSOR
[image: image55.emf]
DESCRIPTION:

 This module converts the relative humidity to the output voltage.
 Based on a unique capacitive cell, these relative humidity sensors are designed for high volume, cost sensitive applications such as office automation,automotive cabin air control, home appliances, and industrial process control systems. They are also useful in all applications where humidity compensation is needed.
FEATURES:

• Fulll interchangeability with no calibration   required in standard conditions

• Instantaneous desaturation after long periods in   saturation phase 

• Compatible with automatized assembly     processes, including Pb free wave soldering   and reflow processes (1)

• Individual marking for compliance to stringent   traceability requirements

• Part may be washed with distilled water

APPLICATIONS:

• Automotive

• Home Appliance

• Printers

• Meteorology

Specifications:
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FREQUENCY OUTPUT CIRCUIT:
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MEASUREMENT FREQUENCY INFLUENCE:

In this data sheet, all capacitance measurements are done @ 10 kHz / 1Volt. However, the sensor can operate without restriction from 5 kHz to 300 kHz.

Characteristics Symbol MiMax Unit

2.10 Serial-to-Ethernet Module 
The tiny-footprint Stellaris® Serial-to-Ethernet Module (MDL-S2E) offers a complete, ready-to-implement solution designed to add Ethernet connectivity to any serial device. The most common application for the MDL-S2E is for augmenting legacy products that contain a serial port for a configuration or control interface. Simply installing a Stellaris® Serial-to- Ethernet Module into the legacy serial device provides instant networking capability with no major board

redesign or software changes, a tiny form-factor forunobtrusive implementation, and cable lengths muchlonger than what is available for simple serial connections.
Features:

The MDL-S2E is the first serial-to-Ethernet converter available with a highly integrated ARM® Cortex™-M3 microcontroller with 50 MHz of performance and

ample single-cycle, on-chip Flash and SRAM memory for efficient network traffic handling. The MDL-S2E is ready out-of-the-box for immediate integration in a

system, and software source files are included for complete customization.
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The MDL-S2E ships as a ready-for-production modulewith the following features:

· Stellaris® LM3S6432 ARM® Cortex™-M3 microcontroller in a 10 x 10 mm BGA package for reduced board size

· 10/100 Mbit Ethernet port

· Auto MDI/MDIX cross-over correction

· Traffic and link indicators

· Two serial ports, configured as DCE, include

· RTS/CTS for flow control

· RS-232 level available with UART0 with

· communication up to 230,400 baud

· CMOS/TTL levels available with UART1 with

· communication up to 1 Mbaud

· Program firmware updates over Ethernet

· Module software

· IP configuration with static IP address or DHCP

· Raw and Telnet protocol support for access to serial port

· Telnet client for Ethernet-based serial port extender

· Web server for module configuration

· Universal Plug and Play (UPnP) for device discovery

· Windows utility software

· S2ECONF configuration application

· Module supports 5 V and 3.3 V supplies

· Flexible mounting options.
3.SOFTWARE DESCRIPTION
Software’s required to develop projects

3.1 Keil IDE(Integrated Development Environment)

An integrated development environment (IDE) also known as integrated design environment or integrated debugging environment is a software application that provides comprehensive facilities to computer programmers for software development. An IDE normally consists of:

· Source code editor.

· Compiler and/or an interpreter.

· Build automation tools.

· Debugger.

Installing keil software

· Open My Computer

· Within the my computer window, open the CD Drive, 8051 DEVELOPMENT BOARD CD\DATA\COMPILERS\keil
· In this directory keil setup file contains, double click on the file and follow the instructions.

· After installation, if it prompts you to reboot the computer, do it.

1. Flash Magic Programmer

Flash Magic provides a Windows based user interface that is easy and intuitive, which connects to the target via serial line. Flash Magic is a free, powerful, feature-rich Windows application that allows easy programming of Philips FLASH Microcontrollers. 
Installing flash magic software

· Follow the same instructions as guided in the previous section, except locate the setup file at 8051 DEVELOPMENT BOARD\DATA\PROGRAMMER
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3.2 EMBEDDED C
Introduction 

The use of C language to program microcontrollers is becoming too common. And most of the time its not easy to buld an application in assembly which instead you can make easily in C. So Its important that you know C language for microcontroller which is commonly known as Embedded C. As we are going to use Keil C51 Compiler, hence we also call it Keil C.


Keywords:

Keil C51 compiler adds few more keywords to the scope C Language:

	_at_
	far
	sbit

	alien
	idata
	sfr

	bdata
	interrupt
	sfr16

	bit
	large
	small

	code
	pdata
	_task_

	compact
	_priority_
	using

	data
	reentrant
	xdata




data/idata:


Description: The variable will be stored in internal data memory of controller.

example:

CODE:

unsigned char data x;
//or
unsigned char idata y;
 



bdata:
Description: The variable will be stored in bit addressable memory of controller.

example:

CODE:

unsigned char bdata x;
//each bit of the variable x can be accessed as follows
x ^ 1 = 1; //1st bit of variable x is set
x ^ 0 = 0; //0th bit of variable x is cleared
 



xdata:
Description: The variable will be stored in external RAM memory of controller.

example:

CODE:

unsigned char xdata x;
 



code:
Description: This keyword is used to store a constant variable in code memory. Lets say you have a big string which is not going to change anywhere in program. Wasting ram for such string will be foolish thing. So instead we will make use of the keyword "code" as shown in example below.

example:

CODE:

unsigned char code str="this is a constant string";
 



pdata:
Description: This keyword will store the variable in paged data memory. This keyword is used occasionally.

example:

CODE:

unsigned char pdata x;
 



_at_:
Description: This keyword is used to store a variable on a defined location in ram.

example:

CODE:

unsigned char idata x _at_ 0x30;
// variable x will be stored at location 0x30
// in internal data memory
 



sbit:
Description: This keyword is used to define a special bit from SFR (special function register) memory.

example:

CODE:

sbit Port0_0 = 0x80;
// Special bit with name Port0_0 is defined at address 0x80
 



sfr:
Description: sfr is used to define an 8-bit special function register from sfr memory.

example:

CODE:

sfr Port1 = 0x90;
// Special function register with name Port1 defined at addrress 0x90
 



sfr16:
Description: This keyword is used to define a two sequential 8-bit registers in SFR memory.

example:

CODE:

sfr16 DPTR = 0x82;
// 16-bit special function register starting at 0x82
// DPL at 0x82, DPH at 0x83
 



using:
Description: This keyword is used to define register bank for a function. User can specify register bank 0 to 3.

example:

CODE:

void function () using 2{
// code
}
// Funtion named "function" uses register bank 2 while executing its code
 



interrupt:


Description: This keyword will tells the compiler that function described is an interrupt service routine. C51 compiler supports interrupt functions for 32 interrupts (0-31). Use the interrupt vector address in the following table to determine the interrupt number.
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3.3 SOURCE CODE :
//-------------------------------------------------------------------------------------




// include header files

//-------------------------------------------------------------------------------------

#include<reg51.h>

#define adc_data P1
 






//ADC data port

//-------------------------------------------------------------------------------------

//


 ADC port input output pins intialisation 

//-------------------------------------------------------------------------------------


sbit ADDR_2=P3^2;
  





 // CHANNEL SELECTION PORT


sbit ADDR_1=P3^3;


sbit ADDR_0=P3^4;


sbit ALE=P3^6;
   






//ADDRES LATCH ENABLE 


sbit SOC =  P3^5;






//START OF CONVERSION


sbit EOC =  P3^7;






//END OF CONVERSION


sbit OE  =  P2^6;






//READ ENABLE


sbit heater_relay=P2^0;


sbit fan_relay=P2^7;


sbit bulb_relay=P2^1;


void init_serial(void);


void send(unsigned char);



void ser_string(unsigned char *);



void convertion(unsigned char, unsigned char);


unsigned char adc_read(void );


unsigned char adc_read(void );


void channel_sel(unsigned char ch);


void check(void);


void msdelay(unsigned int time);


void delay(unsigned int i);


void LCD_DELAY(unsigned int);


void MSDELAY(unsigned int);


unsigned char rec(void);


unsigned char temp,temp1,rx[2],f=0,m;


void ser_intr(void) interrupt 4



{




if(RI==1)




{




   f=1;




   

rx[0]=rec();






send(rx[0]); 














//delay(500);






rx[1]=rec();




//delay(1000);






send(rx[1]); 






delay(500);





//delay(1000);






check();





RI=0;





f=0;







}



}

//-------------------------------------------------------------------------------------




//serial function defination

//-------------------------------------------------------------------------------------



void init_serial(void)



{




SCON=0x50;

  // serial control register




TMOD=0x20;

 // auto reload 8bit




TH1=0xFD;

//Baud rate 9600 




TR1=1;

   //timer run ON




IE=0x90;
   // making serial interrupt enable



}



void send(unsigned char a)



{




SBUF=a;




while(TI==0);




TI=0;



}



unsigned char rec(void)



{




unsigned char a;




while(RI==0);




a=SBUF;




RI=0;




return a;



}



void ser_string(unsigned char *ptr)



{




while(*ptr!='\0')




send(*ptr++);



}



void delay(unsigned int i)



{




unsigned int j,k;




for(j=0;j<100;j++)




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



}

//-------------------------------------------------------------------------------------------------




// DELAY function

//-------------------------------------------------------------------------------------------------



void MSDELAY(unsigned int time)



{



   unsigned int i,j;



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



       for(j=0;j<1275;j++);



}

  //-------------------------------------------------------------------------------------



//
main function starts here

//-------------------------------------------------------------------------------------

void main()

{



unsigned char i,value,adc_val;


EOC=1; // MAKE EOC PIN INPUT PIN


ALE=0;


OE=0;

    SOC=0;



fan_relay=0;



heater_relay=0;



bulb_relay=0;


init_serial();


ser_string("WELCOME TO INDUSTRIAL MONITORING AND CONTROLLING");send('\n');send('\r');


while(1)


{ 




for(i='0';i<'3';i++)



{



  channel_sel(i);



  value=adc_read();



  convertion(i,value);



  MSDELAY(100);



  send('\n'); send('\r');



}
 


}

}

void check()

{


   if(rx[0]== '1' && rx[1]== '0')


   {



fan_relay=0;



send('\n');send('\r');











}  else {}



if(rx[0]=='1' && rx[1]=='1')



{















fan_relay=1;




send('\n');send('\r');



}  else {}



if(rx[0]=='2' && rx[1]=='1')



{




heater_relay=1;




send('\n');send('\r');



}
else {}


    if(rx[0]=='2' && rx[1]=='0')



{




heater_relay = 0;




send('\n');send('\r');



}  else {}



if(rx[0]=='3' && rx[1]=='1')



{




bulb_relay=1;




send('\n');send('\r');



} else {}



if(rx[0]=='3' && rx[1]=='0')



{




bulb_relay=0;




send('\n');send('\r');




} else {}

}

void channel_sel(unsigned char ch)

 {

 
switch(ch)


{



case '0': 





 ADDR_2 = 0;





 ADDR_1 = 0;





 ADDR_0 = 0;




break;



case '1': ser_string("pres:");





 ADDR_2 = 1;





 ADDR_1 = 0;





 ADDR_0 = 0;




break;


    case '2':





 ADDR_2 = 0;





 ADDR_1 = 1;





 ADDR_0 = 0;




break;


default:




break;


}

 }

 //-------------------------------------------------------------------------------------------------




// ADC read function

//-------------------------------------------------------------------------------------------------

unsigned char adc_read(void)

{

   unsigned char value;


MSDELAY(1);

     ALE=1;


// sending high to low pulse


 MSDELAY(1);

     SOC=1;


// SOC starts


 MSDELAY(1);

     ALE=0;
  

     SOC=0;

     //while(EOC==1);
   // wait until conversion ends


 while(EOC==0);

     OE=1;

     LCD_DELAY(50);

     value=adc_data;


  LCD_DELAY(50);

     OE=0;


  LCD_DELAY(50); LCD_DELAY(50);

     return (value);

 }

 void convertion(unsigned char ans, unsigned char nun)

 {


unsigned char i,x,k,l,j,a[3];


if(nun==0)


{



ser_string("TEMPERATURE:");



i=(ans*5.0)/2.0;


x=i/0X0A;


j=(i%0X0A);


k=(x%0X0A);


l=(x/0x0A);


a[0]=(l | 0x30);


 LCD_DELAY(50);


a[1]=(k | 0x30);


 LCD_DELAY(50);


a[2]=(j | 0x30);


   send(a[0]);


   send(a[1]);


   send(a[2]);


   ser_string("  ");


   send(0xDF);


   ser_string("C");


   send('\n');


   send('\r');


}else if(nun==1)


{


   
ser_string("HUMIDITY:");



i=(ans*5.0)/2.0;






x=i/0X0A;


j=(i%0X0A);


k=(x%0X0A);


l=(x/0x0A);


a[0]=(l | 0x30);


 LCD_DELAY(50);


a[1]=(k | 0x30);


 LCD_DELAY(50);


a[2]=(j | 0x30);


   send(a[0]);


   send(a[1]);


   send(a[2]);


  
ser_string("%RH");


   send('\n');


   send('\r');


}else if(nun==2)


{


   
ser_string("LIGHT INTENSITY:");



i=ans;



x=i/0X0A;


j=(i%0X0A);


k=(x%0X0A);


l=(x/0x0A);


a[0]=(l | 0x30);


 LCD_DELAY(50);


a[1]=(k | 0x30);


 LCD_DELAY(50);


a[2]=(j | 0x30);


   send(a[0]);


   send(a[1]);


   send(a[2]);


   send('\n');


   send('\r');


}


else{}

}

void LCD_DELAY(unsigned int i)

{

   unsigned int j,k;

     for(k=0;k<=750;k++)

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

}

CONCLUSION:

· This project can be successfully implemented in monitoring and controlling the devices.

· This project can be used in home automation and industries.
FUTURE SCOPE:

· By implementing this project we can further reduce man labour and also can control the damaging of devices.
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