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CHAPTER 3

HARDWARE DESCRPTION
3.1 PIC Microcontroller

PIC16F877 belongs to a class of 8-bit microcontrollers of RISC architecture. It has 8kb flash memory for storing a written program. Since memory made in FLASH technology can be programmed and cleared more than once, it makes this microcontroller suitable for device development. It has data memory that needs to be saved when there is no supply.

It is usually used for storing important data that must not be lost if power supply suddenly stops. For instance, one such data is an assigned temperature in temperature regulators. If there is a loss of power supply then to avoid data loss, alternate adjustment should be done for return of supply.  

3.1.1 Specification
· RISC architecture 

· Only 35 instructions to learn 

· All single-cycle instructions except branches 

· Operating frequency 0-20 MHz 
·  Power supply voltage 2.0-5.5V 

· Consumption: 220uA (2.0V, 4MHz), 11uA (2.0 V, 32 KHz) 50nA (stand-by mode) 

· Power-Saving Sleep Mode 
· Brown-out reset
· Software selectable frequency range of 8MHz to 31KHz 
·  software control option 

· Analogue 35 input/output pins 

· High current source/sink for direct LED drive 

· software and individually programmable pull-up resistor 

· Interrupt-on-Change pin 

· 8K ROM memory in FLASH technology 

· Chip can be reprogrammed up to 100.000 times 

· In-Circuit Serial Programming Option 

· Chip can be programmed even embedded in the target device Data can be written more than 1.000.000 times 

· 368 bytes RAM memory 

· A/D converter: 

· 14-channels 

· 10-bit resolution 

· 3 independent timers/counters 

· Watch-dog timer 

· comparator module with 

· Two analog comparators 

· Fixed voltage reference (0.6V) 

· Programmable on-chip voltage reference 

· PWM output steering control 
· Eight level deep hardware stack

· Power-on Reset (POR)

· Power-up Timer (PWRT) and

· Oscillator Start-up Timer (OST)

· Programmable code protection

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

· Direct, indirect and relative addressing modes

· Interrupt capability (up to 14 sources)

· Enhanced USART module  

· Supports RS-485, RS-232 and LIN2.0 

· Auto-Baud Detect 

· Master Synchronous Serial Port (MSSP) 
· supports SPI and I2C mode
3.1.2 Pin Description 

The most pins are multi-functional. For example, designator RA3/AN3/Vref+/C1IN+ for the fifth pin specifies the following functions:
· RA3 Port A third digital input/output 

· AN3 Third analog input 

· Vref+ Positive voltage reference 

· C1IN+ Comparator C1positive input.


 This small trick is often used because it makes the microcontroller package more compact without affecting its functionality. These various pin functions cannot be used simultaneously, but can be changed at any point during operation.
3.1.3 Pin Diagram
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Fig. 3.1 Microcontroller

3.1.4 Architecture of PIC Microcontroller
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Fig.3.2 Architecture of PIC

Memory 

This microcontroller has three types of memory- ROM, RAM and EEPROM. All of them will be separately discussed since each has specific functions, features and organization.
ROM Memory
ROM memory is used to permanently save the program being executed. This is why it is often called “program memory”. The PIC16F887 has 8Kb of ROM (in total of 8192 locations). Since this ROM is made with FLASH technology, its contents can be changed by providing a special programming voltage (13V).
EEPROM Memory 
Similar to program memory, the contents of EEPROM is permanently saved, even the power goes off. However, unlike ROM, the contents of the EEPROM can be changed during operation of the microcontroller. That is why this memory (256 locations) is a perfect one for permanently saving results created and used during the operation.
RAM Memory 


This is the third and the most complex part of microcontroller memory. In this case, it consists of two parts: general-purpose registers and special-function registers (SFR). Even though both groups of registers are cleared when power goes off and even though they are manufactured in the same way and act in the similar way, their functions do not have many things in common.

 RAM Memory Banks 
The data memory is partitioned into four banks. Prior to accessing some register during program writing (in order to read or change its contents), it is necessary to select the bank which contains that register. Two bits of the STATUS register are used for bank selecting, which will be discussed later. In order to facilitate operation, the most commonly used SFRs have the same address in all banks which enables them to be easily accessed.
3.1.5 Advantages of PIC Controller

The CPU can recognize only 35 simple instructions (In order to program some other microcontrollers it is necessary to know more than 200 instructions by heart).

The execution time is the same for all instructions except two and lasts 4 clock cycles (oscillator frequency is stabilized by a quartz crystal). The Jump and Branch instructions execution time is 2 clock cycles.

It means that if the microcontroller’s operating speed is 20MHz, execution time of each instruction will be 200nS, i.e. the program will be executed at the speed of 5 million instructions per second.

3.2 ZIGBEE

ZigBee is a specification for a suite of high level communication protocols using small, low-power digital radios based on an IEEE 802 standard for personal area networks. Applications include wireless light switches, electrical meters with in-home-displays, and other consumer and industrial equipment that require short-range wireless transfer of data at relatively low rates. 
The technology defined by the ZigBee specification is intended to be simpler and less expensive than other WPANs, such as Bluetooth. ZigBee is targeted at radio-frequency (RF) applications that require a low data rate, long battery life, and secure networking. data or a single signal transmission from a sensor or input device. 
ZigBee based traffic management system have also been implemented. The name refers to the waggle dance of honey bees after their return to the beehive. ZigBee is a low-cost, low-power, wireless mesh network standard. 
Mesh networking provides high reliability and more extensive range. ZigBee chip vendors typically sell integrated radios and microcontrollers with between 60 KB and 256 KB flash memory. ZigBee operates in the industrial, scientific and medical (ISM) radio bands; 868 MHz in Europe, 915 MHz in the USA and Australia, and 2.4 GHz in most jurisdictions worldwide. Data transmission rates vary from 20 to 900 kilobits/second.
The ZigBee network layer natively supports both star and tree typical networks, and generic mesh networks. Every network must have one coordinator device, tasked with its creation, the control of its parameters and basic maintenance. Within star networks, the coordinator must be the central node. Both trees and meshes allow the use of ZigBee routers to extend communication at the network level.

The specification goes on to complete the standard by adding four main components: network layer, application layer, ZigBee device objects (ZDOs) and manufacturer-defined application objects which allow for customization and favor total integration. Besides adding two high-level network layers to the underlying structure, the most significant improvement is the introduction of ZDOs. 
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Fig.3.3 ZIGBEE Protocol Stack

ZigBee is not intended to support power line networking but to interface with it at least for smart metering and smart appliance purposes. Because ZigBee nodes can go from sleep to active mode in 30 ms or less, the latency can be low and devices can be responsive, particularly compared to Bluetooth wake-up delays, which are typically around three seconds. Because ZigBee nodes can sleep most of the time, average power consumption can be low, resulting in long battery life.
3.2.1 Uses
ZigBee protocols are intended for embedded applications requiring low data rates and low power consumption. The resulting network will use very small amounts of power individual devices must have a battery life of at least two years to pass ZigBee certification.

Typical application areas
· Home Entertainment and Control - Home automation, smart lighting, advanced temperature control, safety and security, movies and music

· Wireless Sensor Networks - Starting with individual sensors like Telosb/Tmote and Iris from Memsic

· Industrial control

· Embedded sensing

· Medical data collection

· Smoke and intruder warning

· Building automation

Device Types

There are three different types of ZigBee devices:


1. ZigBee coordinator (ZC): The most capable device, the coordinator forms the root of the network tree and might bridge to other networks. There is exactly one ZigBee coordinator in each network since it is the device that started the network originally. It is able to store information about the network, including acting as the Trust Center & repository for security keys.

2. ZigBee Router (ZR): As well as running an application function, a router can act as an intermediate router, passing on data from other devices.
3. ZigBee End Device (ZED): Contains just enough functionality to talk to the parent node (either the coordinator or a router); it cannot relay data from other devices. This relationship allows the node to be asleep a significant amount of the time thereby giving long battery life. A ZED requires the least amount of memory, and therefore can be less expensive to manufacture than a ZR or ZC.

3.2.2 Serial Communication

The ZIGBEE 2.5 OEM RF Modules interface to a host device through a logic-level asynchronous serial port. Through its serial port, the module can communicate with any logic and voltage compatible UART; or through a level translator to any serial device (For example: Through a proprietary RS-232 or USB interface board).
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Fig. 3.4 Communication Diagram for ZIGBEE
3.2.3 ZIGBEE Module

CC2500 RF Module is a trans receiver module which provides easy to use RF communication at 2.4Ghz. It can be used to transmit and receive data at 9600 baud rates from any standard CMOS/TTL source. 
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Fig.3.5 ZIGBEE Module

3.2.4 Pin Description       [image: image6.jpg]



Fig. 3.6 Pin Diagram for ZIGBEE

DOUT and DIN

These are the pins through which serial data is received by our controller or PC (DOUT) and sent to the ZigBee (Din). This data may be either for transmission between ZigBee modules or for setting and reading configuration information of the ZigBee. The default data rate is 9600 baud (bps) using asynchronous serial communications.
RESET

A momentary low on this pin will reset the ZigBee to the saved configuration settings.
CTS/RTS/DTR

These are used for handshaking between the ZigBee and your controller or the PC. The ZigBee will not send data out through the DOUT line to your controller unless the RTS line is held low.This allows the controller to signal to the ZigBee that it is ready to receive more data. DTR is typically used by the ZigBee  when downloading new firmware, and therefore firmware updates can only be done using ZigBee  adapter boards such as the Parallax USB Adapter Board that implement this connection. 
DIO0–DIO7/D08

 These are used as standard 3.3 V digital inputs and outputs. The ZigBee can be controlled to set the state of the pins. They can also be used in "line passing" so that the state of a pin on one ZigBee  (high or low) is reflected on the corresponding pin of another.
AD0 to AD6

These are 10-bit Analog to Digital Converter (ADC) inputs to the ZigBee. While we cannot directly read these values, some can also be used in "line passing" so that the amount of voltage on a pin on one ZigBee is reflected by the amount of voltage (PWM) on the corresponding pin of another ZigBee. 
3.4 IR SENSOR

An infrared sensor is an electronic device that emits and/or detects infrared radiation in order to sense some aspect of its surroundings. Infrared sensors can measure the heat of an object, as well as detect motion. Many of these types of sensors only measure infrared radiation, rather than emitting it, and thus are known as passive infrared (PIR) sensors. All objects emit some form of thermal radiation, usually in the infrared spectrum. This radiation is invisible to our eyes, but can be detected by an infrared sensor that accepts and interprets it. In a typical infrared sensor like a motion detector, radiation enters the front and reaches the sensor itself at the center of the device.  This part may be composed of more than one individual sensor, each of them being made from piezoelectric materials, whether natural or artificial. IR Sensor includes photodiode and IR LED which play the role of receiver and transmitter respectively. 
IR LED 
An IR LED, also known as IR transmitter, is a special purpose LED that transmits infrared rays in the range of 760 nm wavelength. Such LEDs are usually made of gallium arsenide or aluminium gallium arsenide. They, along with IR receivers, are commonly used as sensors.
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Fig. 3.14 IR LED
The appearance is same as a common LED. Since the human eye cannot see the infrared radiations, it is not possible for a person to identify whether the IR LED is working or not, unlike a common LED. To overcome this problem, the camera on a cell phone can be used. The camera can show us the IR rays being emanated from the IR LED in a circuit.







































