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Introduction
Many residential consumers have difficulty understanding how their daily energy decisions affect their monthly energy bill.  Routine daily decisions, like the flick of the light switch or a few degrees increase in the water heater temperature, can seem insignificant at the time, but over the course of a month, these choices can have a large impact on the total cost of electricity.  Currently, consumers only see their total energy usage on a monthly scale, so it is virtually impossible to conceive of how individual appliances contribute to the overall bill.  Allowing the consumer to make well-informed decisions requires real-time energy and pricing information, as well as more specific feedback on individual electric devices.
We foresee two potential markets that might be interested in having access to this type of additional information: first, the environmentally conscious consumer who is seeking to reduce his or her energy consumption and obtain a better understanding of how everyday decisions affect energy usage; and secondly, limited-income households seeking to optimize their energy usage in order to meet budget constraints.

Problem
With the above issues in mind, the problem is developing a system that allows the residential energy consumer to accurately track and understand his or her monthly energy consumption and its related costs, while packaging such a system in a way that is both easy to use and cost effective.
More specifically, such an implementation would need to
· Measure total power consumption of the living unit
· Measure power consumption of individual household appliances

· Report consumption in real time

· Obtain accurate pricing information
· Compute projected electric bill

· Record and display all of the above information
Proposed Solution
In order to effectively meet these requirements, we envision a system based around a centralized, main unit that gathers data from various, auxiliary units and then processes and displays this information in a user-friendly fashion.  The main unit also must gather information about the overall energy consumption by either utilizing an existing, broadcasted signal from the electric meter, or if none exists, from an additional auxiliary unit attached to the main power line.  The other auxiliary units perform all of the individual sensing operations and wirelessly report the raw data back to the main unit.  The main unit is in turn responsible for processing and formatting the data into effective, usable information that gives the consumer insight into his or her energy consumption.  
While being robust enough to perform the above functions, the entire system must also be simple enough for a non-technical person to easily install and operate.  Specifically addressing the problem criteria listed above, our proposed solutions are as follows (with each criterion repeated for clarity):
Measure total power consumption of living unit – Attach a clamp-on probe to measure power running through main electric line and/or utilize existing, unencrypted RF signal from electric company meters.
Measure power consumption of individual household appliances – Setup auxiliary clamp-on probes that continuously measure power output of individual appliance.

Report consumption in real time – Integrate all measurement devices with simple communication devices that can wirelessly transmit power consumption data to centralized unit, where it is analyzed and displayed on the main unit display.
Obtain accurate pricing information – Use last month’s electricity price for calculations, while allowing a manual user override to update the pricing information.
Compute projected electric bill – Determine bill based on month-to-date usage, previous month’s usage, or month-from-previous-year’s usage, using the microprocessor in the main unit.
Record and display information – Utilize a wall-mountable unit that displays all relevant information.  The unit uses wireless protocol to communicate with clamp-on probe or electric meter, as well as with auxiliary units.  It also contains a minimal user interface to allow straightforward access to information.
Demonstrated Features
The finished product will showcase several key features.  First, the system will measure the power from the main electric line along with several individual devices.  This process will require continuous, accurate measurements of the voltage and current entering the devices.  The data from these measurements must then be wirelessly transmitted from the sensing units to the main processing and display unit.  The user will be able to input price updates, and the processor will use this data to calculate a running total of the monthly power bill along with the costs associated with individual devices.  The processor will also be able to predict the current month’s power bill, along with an itemized bill for each individual device, based on month-to-date usage, previous month’s usage, or month-from-previous-year’s usage.  Lastly, this information will be clearly displayed to the user on the main unit.
Available Technologies

The existing technologies available to encompass the necessary functions of the proposed product must include the four major components of our solution: sensing, communication, processing, and user interaction.

Sensing
For electrical power measurements, the system requires a method to directly or indirectly ascertain the total power that is being consumed.  Three major options for sensing of electrical consumption have been identified by this proposal.  These include:


1.  Inductive or Hall Effect current probe clamps.


2.  Pass-through, plug current measurement systems (e.g. Kill-A-Watt).

3.  Direct data obtainment from wireless utility-owned meter.

The third option is the most direct approach, and is becoming more common in utility-installed residential power meters.  In particular, American Electric Power (AEP) utilizes an unencrypted RF signal to make meter readings in the South Bend area, which makes direct communication with the meter an attractive option for this project.
Communication
The proposed system also requires a robust communications system.  Wireless communication is an ideal solution that maximizes both system effectiveness and flexibility of implementation.  The nodal, controller-sensor relationship of the system requires a flexible, robust two-way communication technology.  Small, dispersed nodes and sensors require that the communication technology also be low power.

The most likely existing technology is the IEEE 802.15.4 (Zigbee) standard.  Zigbee is specified for systems requiring low-power and low data rate.  Additionally, the technology is cheap and relatively simple in comparison to other similar standards.  The proposed system would benefit from these features.

Processing 

The proposed system requires capability in data processing and system control.  Existing microcontroller technology provides for the interpretation, presentation, and storage of data, as well as the control functions and signals necessary to direct all other subdivisions of the system.

User Interaction
User interaction will be achieved through simple buttons and displays that are cheap and readily available.  The main unit will utilize a relatively simple LCD screen in order to readily integrate feedback from the user into the system.

Engineering Content

The main engineering challenge is to design individual subunits of the system that are robust and interact with each other in useful and effective ways.  The topmost level of this division pertains to the interaction between the central unit and system node units.  The central unit is responsible for receiving, processing and storing data, in addition to allowing user interaction.  Nodes are responsible for responding to control instructions and packaging and communicating raw data so that it can be processed at the main control unit.

Further detail is found within the two major system units.  Each is divided into three main subsystems that communicate internally to produce the top-level functions.  The system is ideally based upon a number of modular systems that communicate relevant information between them in a hierarchical and expandable fashion.

Core Control and Processing Unit – Main, top-most tier of the system control.  This unit interacts with and directs all other functions of the main control, including communications and user input/output.

Core User Interface – Collects/presents relevant information to the end-user via communication from core control.

Core Communications Control – Initiates and controls communication with the node tree/mesh at the request of core control.

Node Sensing – Collects raw measurements from energy sources.  The actual sensing mechanism can change, depending on the kind of sensing done (direct electrical measurements versus utility meter that broadcasts wireless signal).

Node Data Receiving/Packaging – Aggregates node sensing information into useful data blocks.  This also initiates polling at the node from signals received by node communication.

Node Communications – Sends and receives information and commands through the employed communication protocol: probably wireless Zigbee.  This includes both the physical and virtual layers of the wireless interface.

Each of these components can be further divided into sub-functions and subsystems that lie beyond the scope of this proposal.

Conclusion
The proposed project allows consumers to make informed decisions about their energy usage.  The product would provide information that is currently unavailable to the consumer, allowing one to not only be more environmentally friendly, but also manage electric devices to stay within budgetary constraints.  Finally, it integrates power measurement, wireless communications, and a user interface through a centrally-located processing technology.  We feel that the project is sufficiently challenging in both content and complexity to fulfill the design and implementation requirements for this course.
