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Introduction
With the energy crisis today, conservation has become increasingly important both because of the limited resources of the industry and the rising cost to the consumer.  With this in mind, Project GreenHouse will build an automated smart building.  The implementation of a sensor network will allow for applications in safety features as well as energy conservation. 

Problem Description
While there are currently many home/building automation solutions available, most of them purposed as convenience tools (e.g., turning on/off lights and appliances remotely or by timers.)  We will differentiate our solution by positioning our sensor network as a safety and energy-efficiency tool.  Using an array of combined sensor/controller boards, the possible safety applications we are exploring include the detection and avoidance of a fire hazard, and the detection of unauthorized access.  For energy-efficiency, we plan to implement light, HVAC, and/or appliance control, so that each of these devices can be placed into low power mode or disabled when no user is present.
Proposed Solution
We are currently exploring several safety and energy-efficiency applications.  By engineering smoke or heat sensors into our network, we will be able to detect when and where a fire occurs.  Using this information, the other sensor/controller boards could direct occupants away from danger and towards the nearest exit with audio or visual indicators.  This will require that the system knows where each sensor/controller is physically located, or at least where each would fall on a nodal network.  Using motion detectors, similar network functionality could be applied to track a user through a building and disable/enable devices appropriately, to reduce overall power consumption. 

Our project can be broken down into the following functions: 

· 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/Heat sensor for the detection of fire hazards 

· Temperature sensor for the control of HVAC systems 

· Motion detector for determining human presence in an area.  Information could be used to determine whether lights should be on/off, or possibly break-in detection. 

· Actuators
· Light controller to power on/off room lights 

· HVAC interface to control local or global thermostats 

· LED/Audio indicators that could be enabled to indicate the direction to an exit in case of an emergency 

· Communication
· S/C boards will communicate via a wireless interface. Wireless communication will make implementation easier for the user. 

· 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. 

· 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.  A possible use for this feature is debugging.  As a reach goal, we may try to implement human interactive interface for the device, if time permits. 

· Demo: Once we have a prototype running, we will begin work on a demo unit. 

Demonstrated Features
Sensor boards 

· Ability to detect motion and heat 

· 2 way wireless communication with central hub 

· Manipulate power to peripheral appliances 

Central Microprocessor 

· 2 way communication with multiple sensor boards 

· Information processing and automated control 

· Possible computer interface 

By the end of the project, we will simulate a typical building with our sensors mounted at strategic locations.  The overall system will be demonstrated to respond to multiple scenarios, such as simulated fire, presence of people, and temperature changes.  The central controller will coordinate this response. 

Available Technologies
In our automated building, our devices will need to form a sensor network.  They will need to communicate wirelessly with each other or with a master controller.  Our network will run off wireless RF media.  ZigBee is the communications protocol that seems best for our automated building application, but others such as Bluetooth, Wibree, and EnOcean may work as well. ZigBee is designed for low data rate, low power applications, making it the optimal choice for a sensor network.  It creates a dynamic mesh network that can support thousands of nodes.  ZigBee requires one central coordinator and then as many routers and end devices as needed.  For our project, our end devices would be in the categories of sensors and actuators.  Our sensor possibilities include motion detectors, heat sensors, smoke detectors, and carbon monoxide detectors.  The actuators would need to control the actual lights, appliances, and safety features in our building. 

When investigating light switch controlling, we found a few circuits that used sensors and counters to control the lights.  These circuits provided an estimate of the size of microcontroller we would need to use.  One circuit used an 8-bit controller, so a number of them could be used to work as the communicators and actuators for our sensor network and control network.  A larger microcontroller that can receive, process, and send out data from the sensors and to the controllers will be required.  Another option would be to use the same larger microcontroller at the sensor boards to do all the communications and controlling. This latter idea is the one that is the most viable and robust.
This project could use many different microcontrollers.  A choice cannot be made until the size and speed requirements of the system are determined exactly.  However, a quick search on Mouser (www.mouser.com), an electronics supply company) shows that there will be plenty of microcontrollers within the project's price range.  The biggest hurdle on the board will be receiving and translating ZigBee signals and then sending responses.  The actual commands that it will send will be relatively simple (sensor: activated or not, device: on or off).  Of course, investigation of options to find the right microcontroller that will work well with the programs will have to be conducted, but from our research, it is obvious that good choices are out there.  Smaller microcontrollers for the sensor network and to control the devices will require fewer features, and thus be less of a cost concern.  Further research on ZigBee technology and prebuilt solutions will help to determine costs in this area.
The actual devices that are plugged into the control network will not be the primary costs.  Once the network is working, lamps, appliances, and a fan and heater combo to simulate HVAC can be used interchangeably.  An LED escape route for safety would also not be very expensive and could easily be plugged into the network.  A larger expense could be making a model home for this to operate in.  However, this could be as simple as a few sheets of drywall if expenses dictate. 

Engineering Content


[image: image1] 
Figure 1: Representation of sensing module employed by GreenHouse 

It is convenient to break the project down into three areas: sensing modules, controller, and appliances.  We must design the modules in such a way as to provide the sensors with the best opportunity to detect accurately hazards in the building.  Figure 1 illustrates how each sensing module will consist of motion, smoke, and heat detectors.  The overall packaging must be lightweight and compact enough to be placed in a variety of positions in a building so as not to be an inconvenience to its daily operations. 

With the sensors all in a position to report accurate data, we need to design a circuit board with the capability to receive the information gathered by the sensors and then send it wirelessly in a form that can be read by the master controller.  The sensing module circuit board will need a power source (likely in the form of a battery), its own microcontroller to compile the information, and then a wireless transmitter to send the readable data to the master controller. 

Though the design of the sensing module is no small feat in itself, majority of the engineering work centers around the wireless communications of the master microcontroller. We must design the master controller with the ability to receive asynchronous wireless communications from the sensing modules, make an informed decision based on the data presented, and then wirelessly transmit the necessary actions to its actuator peripherals. 

In addition to this main function, we will design the master controller to be user programmable from a serial port, allowing the building layout to be loaded into the networking system.  With substantial C programming on our part, the master controller will be able to map out a safe exit path given the building layout and the sensing information from key locales in the building.  The master controller is then responsible for transmitting the signals to turn on/off appliances and lights to facilitate the safe exit from the building.  Taking all of these functions into consideration, the circuit board for the master controller must have wireless reception, wireless transmission, a form of dynamic memory to store information, a microcontroller with many inputs and outputs, and a power source (likely from the utilities).
In a manner similar to the sensor-to-master controller communication, we will provide interfacing between the master controller and the appliance actuators.  In most cases, the communication will be an asynchronous wireless transmission to close the circuit for a light.  This would involve a circuit board with a power source (likely a battery), a wireless receiver, a microcontroller (to interpret the signal), and a switch actuator.  A more difficult issue involves external communication with a thermostat because there are currently no commercially available thermostats with a serial port interface (USB or otherwise).  As a result, we need to add serial communication to the board of an existing thermostat, or build one entirely from scratch.  This obstacle will likely limit, or eliminate, the use of heating and air conditioning in the smart building. 

Conclusion
The scope of this smart building project is very broad. Features of the system itself can range from energy conservation, to safety.  The most important and difficult aspect of this project is the implementation of a wireless sensor network.  What the network specifically does with the information, via actuators and microcontroller logic is a secondary concern. 
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