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Read and follow these instructions when connecting and using your 

                NAVILIGHT:

!
Always exercise caution and common sense when operating your NAVILIGHT.

!
If you are not going to use it for an extensive period of time, 


disconnect the unit from power.

!
Never use alcohol, solvents, or ammonia-based liquids to clean the unit.  If cleaning is necessary, use a dry cloth when the power is off.

!
Consult a service technician if the unit does not operate normally when following the instructions in this manual.

!
Keep the unit out of direct sunlight and away from stoves or any other heat source.

!
To avoid electric shock, do not expose it to rain or excessive moisture.

!
If disconnecting the unit from power, wait for 10 seconds, then reconnect the unit to power.

!
When positioning the unit, make sure that all cords, wires, and plugs are easily accessible.

!
Do not store or use the LCD display in locations exposed to heat, direct sunlight, or extreme cold.

!
Do not subject the LCD display to severe vibration or high impact conditions.

!
Take care not to mishandle this product by either knocking or dropping during operation or transportation.

ABSTRACT

NAVILIGHT is an embedded system based, innovative flashlight used for navigation.  Its primary function is to record the user’s starting point, trace the path taken and display the path back to the user.  This system uses pin-point precision if the user is receiving a GPS signal.  If the user does not receive this signal, the system uses dead-reckoning, where the NAVILIGHT uses software based backtracking to orient the user back to his/her starting point.  

TABLE OF CONTENTS


List of Figures
  5


List of Tables
  5


Introduction
  6


Procedure Method



Technical Description
  7


Operating Environment
  7


Assumptions and Limitations
  7


Functional Requirements
  8


Approach and Design                                                   
  8

Primary Function Schematic
12



System Installation                              
13



Operational Flow Chart  
14



Backtracking Flow Chart
15



GPS Flow Chart
16


Discussion of Results
17

Closure Material                                                                           



Project Team Information                                               
18



Definition of Highlighted Terms                                    
18



References                                                                      
19


Appendix
20



Source Code for Primary Function



MicroSys SBC1190 Data Sheet



Motorola M12 Data Sheet



Precision Navigation Vector 2X Data Sheet

LIST OF FIGURES

1. Vector 2X Compass Module, Precision Navigation, Inc.

2. M12 Oncore GPS Receiver, Motorola

3. SBC1190 PC/104 Controller with A/D, D/A, Serial, Built-in O/S, Network Software, Micro/Sys

4. MPC201 LCD and Keypad Interface for PC/104, Micro/Sys

5. System Installation

6. Operational Flow Chart

7. Backtracking Flow Chart

8. GPS Flow Chart

LIST OF TABLES

1. Budget Analysis

INTRODUCTION                                                                                                                                                      

The NAVILIGHT is a flashlight with special features primarily for military use. One of the two primary uses it has is a backtracking system that directs the user back through a maze from where he first began. An example can be if a person had to retrieve something from a dark area with numerous paths such as a cave.  The second use is a GPS system that shows the shortest path back to the given starting point. An example can be if a person were to travel across a forest at night, he can avoid misdirection on the way back by using the GPS system.

The NAVILIGHT also has minor functions that will make it as efficient as possible for the life of it’s battery. It will have a sensor that detects the intensity of the light surrounding the NAVILIGHT and will adjust the power to the light bulbs as it sees fit. Depending on the light intensity being low or high, the sensor will increase or decrease the brightness of the bulbs. The NAVILIGHT will shut off automatically if it has been left idle over a period of time. And when there is a need to replace or recharge the battery, the NAVILIGHT will have a low battery indicator. 

This project is important because it is a small portable device that is easily controllable. The features are common in our lives but imagine if they were available when we really needed them the most. It is a device that one can easily operate and understand. The possibilities for the use of the NAVILIGHT are countless. When the time comes for the NAVILIGHT to be used to its full potential it will have the ability to save lives.

PROCEDURE METHOD

Technical Description:

The NAVILIGHT will be controlled mainly by an 80C188EB CPU with the first primary function programmed in the C language.  This program will keep track of the direction taken and display the way back on the LCD display.  The embedded system will control the second function of the NAVILIGHT.  The embedded system interfaces with the GPS receiver and outputs direction on the LCD display.

The intensity of the light will be controlled by a sensor, which supplies more voltage to the light bulbs as it gets darker or less voltage to make it dimmer as more light is present.  One of the minor functions includes a low battery sensor, which will be connected to a LED and will only be turned on when the battery life is low.

The other minor function is the auto shut off which is also controlled by a sensor. This sensor will turn the NAVILIGHT off if there is no activity for a certain amount of time.

Operating Environment:

The NAVILIGHT is designed to operate in normal weather conditions.  The primary functionality of backtracking is designed to operate mainly in caves.  However, precipitation might cause damage to the LCD screen, so it is recommended that it not be used in wet weather conditions unless a waterproof casing protects the screen.  The second functionality of the NAVILIGHT is designed to be operational only outside, allowing the GPS receiver to receive signals from the satellites.

The operating temperature of the components is from 0 to 70 degrees Celsius. The operating temperature could have been from –40 degrees to 70 degrees Celsius but our budget is very limited and therefore we could not afford these components.

Assumptions and Limitations:

The 80C188EB CPU in the NAVILIGHT will keep track of the path taken and then be able to provide direction back to the starting point using the LCD screen.  The second assumption is that the user should be able to find his quickest way back using the provided GPS.  It is also assumed that the user will operate the GPS receiver outside and will be able to acquire signals from at least three satellites.

Functional Requirements:

The NAVILIGHT should be able to keep track of the path taken and provide the user with direction back to the starting point.  When used outdoors, the NAVILIGHT should also be able to map the quickest way back to the starting point.  The NAVILIGHT should also be able to increase the intensity of the light accordingly to the brightness surrounding it.  The other functions include a low battery indicator and auto shut off.

Approaches and Design: 


The first approach taken was to design and develop a navigational system embedded on a flashlight that would help users to get back to their starting positions.  When we were assured that we were taking the correct logical steps in achieving our primary functional design, we began researching parts and equipment needed to implement this product.  The components selected were to be of low power consumption and minimal size, as they are to be applied to the relative size of a flashlight.  We realized the parts needed would be a motherboard (comprised of a basic processor, RAM, Flash memory, and I/O ports to interface the various components used in the design), a digital compass sensor, a global positioning system (GPS), and other electrical parts, including a 9V battery, power regulator and connectors.


After reviewing many different digital compass sensors, the final decision came down to the 1490 Digital Compass Sensor by Dinsmore or the Vector 2X Compass Module from Precision Navigation, Inc.  Both sensors met our requirement of operating temperature range of 0C to 70C but only one sensor met our needs.  We chose the Vector 2X Sensor, shown in Figure 1, because of its ease of calibration and low power consumption (less than 10 milliamp draw as compared to the 30 milliamp draw for Dinsmore’s sensor).  The module itself is 1.5" X 1.3" X 0.3". The pins are on standard 
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                                         Figure 1. Vector 2X Digital Compass

0.1 inch spacing.  The Vector 2X compass delivers high accuracy, low power consumption, and low cost in a small package.  The module delivers 2-degree accuracy with 1-degree resolution, outperforming all compasses in its price range.  In the end, the Vector 2X was by far the best choice.


While developing the primary interface, we started, in parallel, researching the GPS unit to be employed.  We researched many different products out on the market, but the Motorola M12 receiver stood out from the rest (Figure 2).  The M12 Oncore adds 
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    Figure 2. Motorola M12 Oncore Global Positioning System Receiver

more features at both a lower cost and smaller size.  This GPS unit measures 40mm X 60mm X 10mm and draws between 220 milliamps and 250 milliamps.  The M12 can be easily interfaced to a serial receiver.  Once again, this met our requirement of low power consumption.


With the GPS receiver in mind, we began researching a microcontroller board.  This is where the problems started.  We researched many different types of computers and the one that best fit our needs, at the time, was the Fingertip personal digital assistant, from Inhand Electronics.  This handheld device has an Intel StrongArm SA-1110 CPU, 16MB flash memory, 32 MB SDRAM, and two RS-232 serial ports.  The power consumption for this unit is as low as 350 milliwatts, which is phenomenal for a unit with these features.  The cost for this computer is about 450 dollars.  We immediately realized that this was out of our budget so we contacted Microsoft to sponsor our project.  The proposal sent to Microsoft indicated the purpose of our project, the fact that the device supported the Windows CE operating system, and the need for them to pay for the device based on our budget constraint.  We didn’t hear back from them until this week, stating that they could not afford to pay for the device themselves but would support us with the Windows CE O/S.  This late response forced us to research alternate devices at the last minute.  Luckily, Micro/Sys mailed us a price catalog of their entire line of products very promptly.  They had a wide variety of small computers to choose from.  We decided on the SBC1190 PC/104 Controller with a/d, d/a, serial ports, built-in o/s, and network software, shown in Figure 3.  This device is a ready-to-run embedded personal computer.    
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     Figure 3. Micro/sys PC/104 SBC1190

The SBC1190 core has 128K RAM and 256K Flash EPROM, two serial RS-232 ports, 24 I/O lines, and a 5V only operation.  This computer directly executes programs written in C/C++, includes Turbo Debugger, and comes with a free development kit.  The SBC1190 will benefit us greatly because now we can write all of our programs in C language and use the knowledge of Embedded Systems (ESE 380) to use Turbo Debugger.  


Once we knew the basic microcontroller setup, we needed an LCD interface to produce output to the user.  The MPC201 LCD and Keypad Interface for the PC/104 was the solution for this problem.  This unit features alphanumeric and sub-VGA graphic LCD display interface, pinouts for popular LCD panels, and PC/104 format so it can attach directly to our computer.  This unit was also chosen because it is directly compatible to the SBC1190 microcontroller and the LC0240 LCD display that we have chosen.  The LCD displays 2 lines by 40 characters, which is more than the output we want to show.  Figure 4 shows the diagram of the MPC201.
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The rest of the components will include light emitting diode (LED) lights, a light sensor, and other electronic parts.  These parts are rather trivial and will not be implemented for this project.  The finished prototype shall include LED lights that act like a flashlight and a light-detecting sensor.

	Component
	Estimated Cost ($)
	Actual Cost ($)

	SBC1190 Microcontroller
	235.00
	211.50

	MPC201 LCD interface
	135.00
	121.50

	LC0240 LCD screen
	105.00
	94.50

	Vector 2X digital compass
	50.00
	57.00

	Motorola M12 Receiver
	50.00
	40.00

	Motorola GPS Antenna
	n/a
	28.99

	LEDs, other electrical parts
	100.00
	50.00

	Shipping 
	50.00
	50.00

	
	
	

	Total
	725.00
	653.49




Table 1.  Budget Analysis

The overall budget for this project has already exceeded the amount that the school will refund us.  The cost for the components is given in Table 1.  The school will refund us about $345.00.  My partners and I have agreed that we will pay for the rest of the parts with our own money.


With all of the components known, we feel that we will be able to implement the main functions to the flashlight.  The most challenging part of this project will be implementing the software.  We must make sure that all of the hardware components communicate and interact with each other correctly.

PRIMARY FUNCTION SCHEMATIC

SYSTEM INSTALLATION
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Figure 5.   System Installation

OPERATIONAL FLOW CHART




Figure 6.  Operational Flow Chart

BACKTRACKING FLOW CHART






Figure 6.  Backtracking Flow Chart

GPS FLOW CHART




Figure 7.  GPS Flow Chart

DISCUSSION OF RESULTS


Overall, the NAVILIGHT was a tremendous success.  The interaction of the embedded system containing the 80C188EB microprocessor and the Vector 2X digital compass worked flawlessly.  The digital compass recorded a reading of the current heading and sent it to the embedded system.  The microcomputer in turn, through the software we created, recorded the heading and returned the path that the user had chosen.  Even though the project was a success, many additions could have been warranted.  The addition of a velocity sensor could have tracked the exact distance that the user had traveled instead of a rough approximation currently used.  Also if time allotted, the addition of LEDs as lights would also have been used.  
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Definition of Highlighted Terms:

Backtrack: To go back over the course by which one has come

GPS: The Global Positioning System (GPS) is a worldwide radio-navigation system formed from a constellation of 24 satellites and their ground stations.  GPS uses these satellites as reference points to calculate positions accurate to a matter of meters.   The GPS will keep track of the user’s position within 25 meters to give the user a general idea of his location. The GPS will give the user’s coordinates so it can be calculated where he/she is relative to the landmarks.

To find out more, please visit the website: http://www.trimble.com/gps

Time to First Fix: The amount of time it takes for the GPS receiver to start producing solutions.  A GPS receiver will start producing solutions fairly quickly if it has a rough idea of the time; it’s approximate position and the current satellite’s location in space.

Embedded System: A complete computer on a smaller scale, which contains a microprocessor, memory, I/O ports and sensors.  
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Vector 2X Compass www.precisionnavigation.com
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