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Executive Summary

The goal of many competitive sports is to complete a track or course faster than the competition.  Practicing for such sports often involves tracking one’s performance, which can be difficult for winter sports due to many factors.  To overcome this drawback, Team 6 proposes to design a lightweight speed and distance sensor that can be used by skiers or snowboarders.  This device will allow users to track their progress by recording their top speed, total distance traveled, and other statistical metrics to measure their performance.  Our proposed solution is the integration of the Global Position System (GPS) and an inertial navigation system (INS) that will give accurate data and allow users to review their run by interfacing with a computer. This approach will expand functionality and provide more accurate data.
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1.  Introduction

The goal of competitive sports, such as running, weightlifting, and bicycling, is to perform better than the competition.  This often involves tracking your performance and improvement, looking for any competitive edge.  For many activities, devices already exist that can help participants track their performance, such as speed or distance.  Most of these devices rely heavily on the activities’ repetitive motions to determine the speed and distance, but due to the nature of skiing and snowboarding we are unable to do so.  Also, cost effective GPS and radar systems are not precise enough to provide consistent and reliable data when used for skiing or snowboarding (Trimble).
ECE 480 Design Team 6 proposes to develop a lightweight speed and distance sensor that will accurately gather speed and distance data by integrating an inertial navigation system (INS) with a Global Positioning System (GPS).  The maximum speed and distance will be recorded in one minute intervals and, due to safety concerns, will only be viewable after the user is at a complete stop.  This data will be reviewable by the user either on the display immediately following a run and/or can be transferred to a personal computer for more detailed analysis.  The device will be designed to operate in cold weather (-10⁰F) and will be easily accessible if the user is wearing winter mittens or gloves.  Our proposed solution will have greater accuracy than current products due to the integration of INS with GPS and improved functionality through data management. 
2.  Background

Measuring the speed of a car or bike is relatively simple because the speed of the vehicle is directly proportional to the rotational frequency, which can easily be measured.  Similarly, the speed and distance traveled by a runner can be measured by the amount of time that pressure is maintained on the foot during each step, as measured by a piezoelectric actuator such as that in Nike+.  The speed of the runner is proportional to the amount of time the runner exerts force on the foot (Nate, 2007). The problem with measuring the speed of a skier or snowboarder is the lack of repetitive motion that is involved in these other sports.  There are no wheels or foot movements to base measurements on, and the complex maneuvers required in skiing further complicate calculations. Next, we will briefly review some of the technologies that currently exist and efforts of other design teams. 
Earlier, a design team from Spring 2008 took on a similar project using a GPS based solution.  They used a GPS module and connected to it via Bluetooth.  One problem with this solution is the relatively large errors associated with GPS positioning, which increase as the target moves.  The large errors with GPS measurements are more apparent when travelling over small distances, such as the length of a ski run.  Although their method does find a rough estimate of speed and distance, it is not accurate enough to be used by professionals (Information Links, 2008).
Another device that is currently available to consumers is the Silva Tech Radar Ski Speedometer.  This device uses an external transmitter that sends out radio frequency signals.  A receiver worn by the user then picks up the signal and calculates its distance from the transmitter, which can be used to calculate speed (Tech4o).  The drawback with the Silva Tech Radar Ski Speedometer is that the user needs to set up at least one remote transmitter on the slope for the system to work, which is a major inconvenience.  Accuracy will improve as the number of sensors increase, but the system becomes much more complex.  Also, due to the nature of remote sensors, this solution would only provide relative position rather than absolute position offered by GPS.
3.  Design Specifications

When designing the speed and distance sensor, the following design specifications must be met:

· Functionality

· Data Storage/Data Transfer

· Cold weather (-10⁰F) usage

· Measurements

· Speed/Distance/Position

· Accuracy (Long and Short Term)

· Power

· Efficient Power Consumption

· Battery Life

· Safety

· Device display turns off while user is skiing/snowboarding.

· Device weighs less than 2 lbs.

· Does not interfere with user. 

· Cost

· Less than $500.00

4.  FAST Diagram
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Figure 1:  Speed and Distance Sensor FAST Diagram
5.  Conceptual Design Descriptions

ECE 480 Design Team 6 came up with three conceptual designs for a speed and distance sensor.  They are listed below:

5.1 GPS:

The first design we considered was a system that relies entirely on GPS for distance and speed measurements.   A GPS receiver uses signals transmitted from a constellation of satellites orbiting the Earth to triangulate its position and velocity.  The GPS provides latitude, longitude, altitude, and time measurements that can easily be converted into speed and distance measurements for our application. GPS receivers are relatively cheap and do not require a significant amount of power to operate.  They are easily incorporated into embedded systems and frequently appear in handheld consumer products such as cell phones.  

For our application, which requires a significant level of accuracy, GPS alone falls short.  Standard GPS receivers can only produce accuracy and precision within several meters for a static (not moving) target under ideal conditions.  Accuracy will degrade further if the target is moving or if the target is not in a clear view of the sky.  While GPS receivers capable of centimeter level accuracy exist, they cost well over our budget and therefore are not a viable solution (Trimble).
5.2 INS:

Constructing the speed and distance sensor using an integrated navigation system makes use of a three axis accelerometer and three gyroscopes to measure the acceleration (x, y, and z directions) and angular velocity (pitch, yaw, and roll rotations) of a unit.  The resulting measurements would then be integrated over the time duration of the skier/snowboarder’s run to calculate their speed, distance, and direction.  This system is fairly accurate over a short period of time, but due to the constant integrating of the measurements, the results will deteriorate as time increases due to integration error.  Finally, the user will be unable to track his/her position (latitude and longitude) unless an initial position is known (Qi & Moore, 2002).
5.3 GPS/INS:

Combining each of the previous conceptual designs will result in utilizing the best features of GPS and INS.  Using both systems, the cost will rise, but accuracy and functionality will greatly improve due to the long term reliability of GPS and short term reliability of the INS.  The GPS will be used to reset the INS and minimize error, while the INS has the ability to determine erroneous GPS readings.  A Kalman filter will be used to combine the navigational data from both systems and correct error over time for a more accurate result (Qi & Moore, 2002).  Due to heavy calculations that need to be performed by the Kalman filter, extensive microprocessor programming will be required.           
6.  Ranking of Conceptual Designs

	Design Criteria
	Weight
	GPS
	INS
	GPS/INS

	Long Term Accuracy
	5
	4
	1
	5

	Short Term Accuracy
	5
	2
	5
	5

	Speed/Distance/Position
	5
	2
	3
	4

	Safety
	4
	5
	5
	5

	Size
	4
	4
	4
	3

	Power
	3
	3
	4
	3

	Cost
	3
	4
	3
	2

	Simplicity
	2
	4
	3
	2

	
	Totals
	105
	108
	121


Table 1:  Feasibility Matrix

7.  Proposed Design Solution
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Figure 2:  Overall System Block Diagram

ECE 480 Design Team Six proposes an integrated solution comprising of both a Global Positioning System and an inertial navigation system (Figure 2).  The two systems will be integrated using estimation methods that utilize the advantages of each system; together they will form the speed and distance sensor.  The complete system will include the following in addition to the sensor: a Microprocessor, a waterproof Liquid Crystal Display (LCD), and a rechargeable battery pack.  The hardware design is shown in Figure 3 below.  
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Figure 3:  Hardware Block Diagram

When the device is activated at the beginning of a run, it will measure and record peak speeds, average speed, and the total distance traveled.  The device will sample in one minute blocks and will be able to store at least ten minutes worth of data.  The data will be stored using an EEPROM to be viewed on the device or uploaded to a computer.

Due to safety concerns, the LCD will turn off while moving to prevent user distraction and turn back on when stopped.  Furthermore, the device will have an auto shutoff feature to conserve power.  When the device is turned back on, recent data will be displayed for the user.  Overall the device will run for a minimum of two hours on a rechargeable battery.

The final product will be operable in frigid conditions (-10˚F) with easy operation in winter apparel.  Because of the application for skiers and snowboarders, the product is intended to be lightweight and portable with a total weight of less than two pounds.  Production cost will be kept to a maximum of $500.

8.  Risk Analysis

Due to the computational complexity in designing the speed and distance sensor, implementing the navigation equations and filter required by the INS and GPS integration will be a priority.  Also, intricate maneuvers that can be performed by skiers and snowboarders such as jumps, spins, and tricks require a high resolution INS to ensure accurate readings.  Proper testing will ensure accurate and useful results.
9.  Project Management Plan

	Name
	Non-Technical Role
	Technical Roles

	Michael Bekkala
	Documentation Preparation
	INS and Power Management

	Michael Blair
	Management
	GPS and Packaging

	Michael Carpenter
	Lab Coordinator
	GPS and PCB Layout

	Matthew Guibord
	Website Management
	INS and Filtering

	Abhinav Parvataneni
	Presentation Preparation
	LCD and Computer Interfacing


Table 2:  Project Management Plan

10.  Budget

	Part
	Cost

	GPS Unit/Antenna
	$80.00

	Accelerometer
	$45.00

	Gyroscope (3)
	$40.00

	Microprocessor (5)
	$25.00

	LCD
	$25.00

	Battery
	$25.00

	Packaging
	$30.00


	Total Cost
	$270.00


Table 3:  Proposed Budget

ECE 480 Design Team 6 has a budget of $500.00 in order to design the speed and distance sensor.  The proposed budget is well under our limit.
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