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Introduction
Over the past decade, the world has undergone a rapid Information Technology Revolution.  Ideas that were once unfeasible due to technological and physical limitations are receiving renewed interest thanks in large part to developments in wireless communications.  This movement, in conjunction with environmental calls for increased efficiency in power consumption, has given rise to the idea of a “Smart Building”—a building that actively monitors the conditions and people inside and makes informed decisions about internal temperatures, lighting, and safe exit pathways in the event of an emergency.  Today’s buildings are so large in size that a simple fire alarm does not give the occupants enough information for a safe evacuation.  For instance, if a fire were to break out on the lower level of a high rise, the people in the upper floors would not know which stairways offer the safest exit.  Conventional smoke detectors do not give any information about the localization of the fire.  

Our idea is to implement a wireless sensor network with the ability to detect fires and relay the information to a central base station.  With the layout of the building taken into consideration, this central base station will then transmit a signal back to the sensor modules and illuminate lighting to indicate the safest route for exit.  Our sensor modules and base station will be robust enough for future expansions in other areas related to safety and power efficiency. 
Problem Statement & Proposed Solution

The problem we are addressing is the implementation of a sensor network with the purpose of safety applications.  By placing sensor boards throughout a building, we will be able to collect information on the building’s status, process and organize this information, and then relay any important information to the building’s occupants.  

More specifically, the problem will require the following characterizations:

Sensor module boards that…

Operate independently: Sensor boards should be able to operate off battery power for a minimum of two weeks.  This may be improved in future iterations, as our focus of this revision is to implement the core functionality.
Detect both fire hazards and people in the area:  Smoke and temperature sensors will be used to detect fire hazards, while a passive infrared motion detector will be used to detect human presence.
Receive and transmit wireless data with a central base station:  This will require the development of a wireless protocol and the designing of a signal architecture.  Transmitted information will include data from the sensors, while received information will include LED instructions.
Are presented in practical packaging for robust mounting and aesthetics:  Packaging will allow us to protect internal circuitry, as these devices may face environmental hazards.  A mounting bracket will secure the module to a wall or ceiling using screws.  
A central control board that…
Receives and transmits wireless data with the sensors modules:  Central control board will receive sensor information, process the data, and send the appropriate response to each sensor board.  
Processes information from sensor boards and responds appropriately:  In the case of fire detection, the central control board will determine the location of the fire and tell each sensor module to illuminate appropriate arrows to direct building occupants toward a safe exit.
Communicates with a computer:  A computer interface will provide a clean interface for displaying sensor information and processing data.
System Description and Block Diagram
Our project can be broken down into the following functions: 

· Main controller board: A central hub device will be used to coordinate information and processing between the individual sensor/control boards.  It will have the same wireless capability as the other boards, but may not have the same sensing or controlling capabilities. 

· Computer connection could be used to display information that the controller is processing.  As a reach goal, we may try to implement human interactive interface for the device, if time permits. 
· Sensor/controller boards: The heart of the project.  Each of these self-designed boards will be controlled by a microcontroller and will have the capabilities to process any of our proposed sensors or actuators, though each sensor/actuator may not necessarily be hardware-implemented on every board.  Designing a generic, plug-and-play style sensor/controller board will be more cost and time efficient than designing individual, purpose specific boards. 

· Sensors
· Smoke/Temperature sensor for the detection of fire hazards 

· Motion detector for determining human presence in an area.  

· Actuators
· LED indicators that will be enabled to indicate the direction to an exit in case of an emergency 

· Light controller to power on/off room lights 
· Communication
· S/C boards will communicate via a wireless interface. 

· Communication may either be ad-hoc or a hub-and-spoke based system, although information processing and control will likely occur at a central point 

· Power
· Devices will be battery powered and be designed to have low operating powers, based on consumption profiles of microcontroller, sensors, actuators, and communication blocks. 

Major interfaces between system components include the following: wireless communication between the sensor and main controller boards, transmission of sensory information between a temperature or motion sensor and the sensor board, and implementation of a command between a sensor board and an actuator.
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System Requirements
Overall System Requirements
· Passive network that operates independent of human control
· Sensor modules that can detect fires and human presence

· Sensor modules wirelessly relay information to central base station

· Base station can localize fire in building and identify safest exit path

· Base station wirelessly relays information to sensor modules to illuminate exit lights

Subsystem Requirements

· Sensor Module Board

· Low power consumption via battery power source that lasts a minimum of two weeks
· Use passive infrared sensor to detect human presence within 5 ft.
· Detect fire with ambient temperature above 100°C using a temperature sensor or smoke detector
· Digest input from sensors and wirelessly relay relevant information
· Receive wireless communication from controller and light LED arrows to illuminate safe pathway
· Central Base Station
· Low power consumption (<200 mA) via AC power adaptor plugged into 120 VAC outlet
· Poll wireless sensor network (<1min per sensor) for information in controlled fashion
· Take network inputs to locate human presence and fire in a building
· Use location information to determine safest exit routes
· Send wireless command to sensor network to illuminate correct LED’s on exit route
· Wireless Protocol
· Relay information indicating fire and human presence
· Periodic transmission able to handle multiple transmitters on the network
· Collision detection so no data is lost
· Identification of which sensor on network is sending information

· Route information through other sensor modules to base station to enable farther reach of system

· Microcontroller

· 3.3V logic

· SPI interface for Zigbee communications and temperature sensor

· USART for USB connection

· Minimum 6 pins for LCD display

· DC to DC converter for the 5V LCD logic

· 2 pins for passive IR sensor

· Multiple pins for LED control

· Internal timer

· SPI EEPROM for nonvolatile storage

· Interrupt capabilities

· Surface mount packaging

· Low power consumption
Future Enhancement Requirements

· Control of building HVAC system from the ambient temperature sensor

· Control of lighting and outlets based on human presence in the area

· Wider mesh network that can span multiple floors

· Base station interface with a computer for easy network implementation

· Quick addition of sensors to network

· Easy relocation of sensors on the floor layout

· Easy editing of floor layout
High Level design decisions
Microcontroller
Our microcontroller requirements are easily met by a number of affordable microcontrollers. This system does not require a significant amount of processing speed or memory given today’s standards. We want to choose a controller to fit our requirements, but also have some extra I/O pins for the easy addition of other sensors and applications. We could possibly have 2 SPI interfaces for easier debugging, or we could use the same bus for the multiple applications. Roughly 30 I/O pins will be more than enough. Some options are listed below.

PIC18F45K20 - $1.87
· 36 I/O pins

· 32 Kbytes program memory

· 1536 bytes RAM

· 256 bytes EEPROM

· 1 SPI interface and 1 USART

· http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en026337
PIC18F4455 - $3.35

· 35 I/O pins

· 24 Kbytes program memory

· 2048 bytes RAM

· 256 bytes EEPROM

· USB 2.0 interface

· 1 SPI interface and 1 USART

· http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en010293
PIC18F6527 - $4.41

· 54 I/O pins

· 48 Kbytes program memory

· 3936 bytes RAM

· 1024 bytes EEPROM

· 2 SPI interfaces and 2 USARTs

· http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en021970
PIC18F4620 - $4.01

· 36 I/O pins

· 64 Kbytes program memory

· 3968 bytes RAM

· 1024 bytes EEPROM

· 1 SPI interface and 1 USART

· http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en010304
Sensors
Thermostats and smoke detectors are options we are considering for fire detection; infrared sensors seem to be the best choice for human presence detection. These sensors are available with a wide variety of features. We will need to carefully consider benefits vs. cost when purchasing components for our sensor boards.
Ambient Temperature Sensor - $18

· High linearity: ± 0.5% 

· Standard output: 0 – 3.3V 

· High temperature accuracy

· Goes to 100ºC

· Needs an ADC and 3 pin connector

· http://www.drrobot.com/products_item.asp?itemNumber=DAT5280
Stancor Thermostat - $4.44
· Opens 224 degree F, simple binary logic

· 120 VAC

· 15 A

· Would need a converter to step it all down, probably not practical

· http://www.stancor.com/wrdstc/pdfs/Catalog_2006/Pg_046.pdf
Catalyst Digital Temperature Sensor - $1
· Digitally monitors temperature based on user inputs

· Would need set up from micro but would give digital output at a preset level

· Binary logic

· Operates up to 125 ºC

· 3.3V logic

· Designed for on board temperature sensing, not designed for ambient sensing, don’t know how it would operate in this capacity

· http://www.catsemi.com/datasheets/6095.pdf
Microchip TC77-5.0MCTTR - $1.35

· Outputs a 12 bit value of temperature – no ADC required

· Operates up to 125 ºC

· 3.3V logic

· Ability to communicate via SPI interface

· http://delta.octopart.com/Microchip__TC77-5.0MCTTR.pdf
 Smoke Detector - $8.92
· Jerry rig from the board, if we get an AC it sends a 9V alarm signal to which sensor board can connect

· Need to see the board to determine what parts are needed to digest 9V signal

· Needs to be in the air so cannot be directly on board

· Might be better for fire detection, but not as practical for on board sensing

· https://www.hardwareworld.com/AcSmokeDetectorp7OAJOJ.aspx
Dr. Robot Infrared Sensor - $43
· Human infrared radiation detection 

· Onboard signal conditioning 

· Human presence detection up to 5 meters 

· Human motion detection up to 1.5 meters

· Needs an ADC and 4 pin connector

· 5V logic

· http://www.drrobot.com/products/item_downloads/DHM5150_1.pdf
Parallax Inc. PIR Sensor - $9.99

· Needs an ADC and a 3 pin connection

· 3.3V and 5V operation with <100uA current draw

· 20 ft. range

· Sample code and schematics online

· May be less specific in detection than Dr. Robot but a good in between use

· http://www.parallax.com/Portals/0/Downloads/docs/prod/audiovis/PIRSensor-V1.2.pdf
Fairchild Semiconductor Infrared Phototransistor Sensor - $0.33

· Need to use output peak and change from analog to digital to make work with logic

· Use a 940 wavelength high intensity LED across the doorway and when broken, person

· 5V logic

· http://www.fairchildsemi.com/ds/QS/QSB363.pdf
Power Regulators

As components of our sensor boards may require different operating voltages, power regulators will be a needed addition.
	 
	Fairchild LM7805
	STMicroelectronics L78S05
	National LM2937
	National LM2937-3.3

	Cost
	$0.37
	$0.48
	$1.35
	$2.05

	Output Voltage
	5 V
	5 V
	5V
	3.3 V

	Output Tolerance
	±4%
	±5%
	±5%
	±3%

	Output Current
	1 A
	2 A
	500 mA
	500 mA

	Input Voltage (min)
	7 V
	8 V
	6 V
	4.75 V

	Quiescent Current
	5 mA
	8 mA
	2 mA
	2 mA

	Coupling Caps
	0.33 uF, 0.1 uF
	0.33 uF, 0.1 uF
	0.1 uF, 10 uF
	0.1 uF, 10 uF


USB-Serial UART

A USB interface will allow us to connect to a computer in order to download the necessary code for our network to function. USB could also be used as a power source.
FTDI FT232RL - $4.50
· Internal Clock

· Single chip USB to asynchronous serial data transfer interface

· Entire USB protocol handled on the chip

· +3.3V to +5.25V Single Supply Operation

Debugging Options

Our sensor and controller boards will both need to be equipped with debugging tools, to allow multiple forms of troubleshooting. Some common debugging technologies we are considering include an LCD display and various types of LEDs.

Hitachi’s HD44780U

This LCD display is the display that is contained in our senior design kit. It would be a good choice, as we are already familiar with many of its characteristics. This device has the capacity to display 80 characters, although not all of them are visible on the LCD screen. Both 3.3 V and 5 V are acceptable operating powers for this display, so it would provide an ease of circuit wiring. The device also has low power consumption, which is essential to a battery-run circuit board.

EA DIPS082-HN - $13.61

This is a much smaller LCD display, showing only 2 lines of 8 characters each. As this LCD is for the purposes of debugging, this should be sufficient space. This display allows a user to create his/her own characters to display on this screen. This could allow us to visualize the direction on an escape arrow, for example, rather than having the words “left” or “right” display on the screen. This component is only 20mm by 40mm, and can be mounted directly onto a printed circuit board. This display can also operate off of either 3.3 or 5 V and has low power consumption.
NHD-0208AZ-RN-YBW - $6.72
This LCD display is similar to the above display, but cannot create its own characters. It also can only run off of 5 V and is larger in size. It is, however, significantly cheaper.
LCD-S301C31TR - $1.66
This is a 3-digit numerical display. Its condense 24-pin body will occupy a small area on a board, and can allow for debugging of less complicated features of our sensor network. Having an on-board numerical display could also be useful for displaying battery life or another such function in addition to its debugging abilities. If we prefer more digits, larger display sizes are also available.
DC10YWA - $1.89
This is a standard 10 segment LED bar display, useful for debugging. There are many manufacturers that make this part.
Standard LED - $0.16
These can give us simple on/off feedback. These are extremely cheap and easy to obtain.

Wireless Communication


We have decided to use Zigbee specification as our form of wireless communication between the base station and the sensor modules.  Zigbee is the cost effective and low power wireless alternative that made it more attractive for our project over competitors like Bluetooth.  It operates at 2.4GHz globally and can transmit at data rates from 250kbit/s to 2 Mbit/s.  A wide variety of signal routing frameworks including point-to-point, star, mesh, and cluster tree are supported.  Due to the expected short range of communications, it is likely that we will implement a cluster tree or point-to-point network framework.  Each transceiver can reach a range of 10-75m, but our range will be on the lower end of that spectrum because we will be operating indoors and expecting the signal to pass through thick, concrete walls. The network will consist of three types of transceivers:

(1) Zigbee coordinator: one of these in each network will control main routing

(2) Zigbee router: passes data between other devices

(3) Zigbee end device: cannot route packages, but can talk to other units

Zigbee communications can occur on a beacon (periodic transmission) or non-beacon (continuous transmission) network.  The beacon network is preferable because it leads to less power consumption and it drains the batteries more symmetrically.  A central router in the network, for instance, would have its battery drained faster in a non-beacon framework.  The only drawback to this design is that the signal from peripheral sensor modules is not immediately sent to the central base station—there will be inherent latency (~1 s) to the network, which is acceptable.  

Provided below is a diagram of the Zigbee architecture.  The most important blocks from this diagram are the Application Layer (APL) and the Network Layer (NWK) because these are the layers dealt with in the C programming of Zigbee.  The APL interfaces with the peripheral sensors and NWK interfaces between the 802.15.4 wireless communications and the application layer. 
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Most microchip manufacturers today provide system-in-a-package (SIP) chips that work at all levels of the Zigbee architecture.  The two prominent Zigbee transceiver chips are Freescale’s MC1321x series and the ATMEL AT86RF231.  The largest difference between the two is the MC1321x is a SIP and includes a microcontroller with a transceiver while the ATMEL includes only the transceiver.  Below, you will find a table comparing the two:

	
	MC1321x
	AT86RF231

	IC Type
	SIP
	Transceiver

	Operating Frequency
	2.4 GHz
	2.4 GHz

	Supply Voltages
	1.8V – 3.6 V
	2.0V – 3.4V

	Internal Crystal Clock Source
	16 MHz
	none

	Integrated transmit/receive switch
	Yes
	Yes

	Number of Pins
	71
	32

	Transceiver Sleep Mode Current
	2.3 uA
	0.02 uA

	Transceiver Idle Mode Current
	0.5 mA
	0.4 mA

	Transmit Mode Current
	30 mA
	14.3 mA

	Receive Mode Current
	37 mA
	13.2 mA

	Number of Channels 
	16
	16

	Single unit price
	$7.56
	$3.52


It is likely that we will choose the ATMEL transceiver because we would prefer a daughter card to handle all of the Zigbee transactions for debugging purposes.  If we combine the microcontroller and the transceiver into one chip, it will be harder to locate specific problems.  Additionally, this gives us more freedom to choose a microcontroller better suited for our needs.  Another deciding factor is that the ATMEL transceiver uses smaller currents at lower voltages so it will be using less power.  

The ATMEL transceiver will require a few external components as shown in the figure below.  From the diagram, we can see that we will need an antenna, crystal oscillator, and decoupling capacitors.  ATMEL recommends that we use the ATMEL AVR microcontroller, which will be connected to the transceiver via an SPI interface and 5 other input/output controls as shown in the figure below.  Of course, this will require that we program both the transceiver and the microcontroller separately.  ATMEL provides sample code for basic transmission and reception, though to help us initially.
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Open Questions

There are a number of open questions that we will have to explore before constructing our prototype.  Some of these questions and possible ways to find the answers include:
· Range of ZigBee and how that will affect our transmission protocol
· Can send a simple message between a receiver and transmitter to see how far apart the signal can be transmitted. Could also measure signal strength values such as rssi.
· Ability of sensors to perform tasks required of them and send readable information to the microcontroller

· Will need to see what requirements are needed to trigger a sensor (e.g. can a candle set off the heat sensor?)

· Can we wire a smoke detector into system
· Need to purchase a smoke detector and take it apart to find a way to hardwire it into our circuit
· Collision detection in ZigBee, communication from multiple sensors
· Can try sending multiple signals to a controller simultaneously and observe what happens. Further Zigbee research may also provide us with the answer to this question.
· How to drive the LEDs
· Find out how many pins would be needed to light an LED arrow. Explore different switching on and off possibilities.

· Path finding algorithm for main controller board

· Experiment with giving each node an ID, in order to process which direction an exit arrow should point.

· Purchasing an Atmel radio board vs. designing our own

· Explore the difficulties of designing our own board and decide whether the complexity is worth the cost savings.
Major Component Costs

	Component
	 Appx. Per Unit Cost 
	Appx. # needed
	Appx. Total

	Microcontroller
	 $                       5.00 
	5
	 $     25.00 

	Zigbee Daughter Board
	 $                      50.00 
	5
	 $   250.00 

	Temperature Sensor
	 $                       2.00 
	5
	 $     10.00 

	Infrared Sensor
	 $                      10.00 
	5
	 $     50.00 

	USB to Serial UART Interface
	 $                       4.50 
	5
	 $     22.50 

	Voltage Regulator
	 $                       1.00 
	5
	 $       5.00 

	Debugging LCD
	 $                      10.00 
	1
	 $     10.00 

	LEDs
	 $                       2.00 
	5
	 $     10.00 

	RLC Passive Components
	 $                       3.00 
	5
	 $     15.00 

	
	
	
	

	Total Est. Cost
	 $                      87.50 
	
	 $   397.50 


Conclusions

Smart buildings are definitely a hot topic in control systems today. The ability to passively control the basic functions of a building can provide a large degree of freedom and safety.  Our group will be focusing on creating a safety system that can detect and localize fire in a large building.  A passive sensor network will detect human presence and fire in a building.  The sensors in the network will wirelessly send this information to a controller which will process the information.  It will make decisions using where the fire and people are located to determine the safest exit route.  Using the safest exit route, it will send a command signal to light a safe exit route with LED arrows on the sensor boards.  We have identified the major components of this system and their costs.  We have also highlighted issues that we will have to face in order to use all these components to create one seamless system.  These basic goals will shape our project throughout the year, and we have also identified many future ways this system could be used once our immediate goals are realized.
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