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GPS


GPS 
How to use the Global Positioning System to find your way

Target Age
1st-4th Grade; 6th-12th Grade; Undergraduate

Objectives 

· Students will learn the origins and operation of GPS
· Students will gain hands-on GPS field experience
· Students will analyze GPS data and turn points into useable maps
Time Required 

4 Hours (1 hour lecture, 2 hours field, 1 hour lab)

Materials 

· Computers (ideally 1 for every 3 students)
· GPS Units (ideally 1 for every 3 students)
· Compass and maps
· Worksheets
Preparation

Field Set-Up


Create a study area for students to map out. Lay out a short orienteering course. 

Procedures

Part 1: Background 

I. Origins and definitions 

a. Celestial Navigation

i. [image: image3.wmf]In the old days sailors used sextants to “shoot” lines of position using the sun and the stars. Why does this work? If you know where 3 fixed points are, you can find where you are.

ii. Limiting factors: weather! Accuracy of your watch.


b. Launch of satellites

i. Starting in 1957 with the launch of Sputnik—the first artificial satellite—countries around the world sought to use space for tactical and security purposes. 

ii. By 1960 the US tested the first satellite added navigation system. Using 5 satellites, the system was able to give a fixed position once every hour 

iii. The system has come a long way since then! Between 1989 and 1994 the United States launched 24 satellites, creating the “satellite constellation” we know as the Global Positioning System or GPS.  Providing all weather, around the clock navigation.

iv. Premise: Like celestial navigation, the GPS constellation, uses triangular to tell you your precise location on the globe.

II. Technology

a. Components: satellites, handheld, computer software

i. The Satellites

1. Each satellite has an atomic clock, precise to the billionth of a second

2. They circle the earth twice per day in very precise orbits while emitting continuous signals

3. “GPS receivers use triangulation of the GPS satellites' navigational signals to determine their location. The satellites provide two different signals that provide different accuracies. Coarse-acquisition (C/A) code is intended for civilian use, and is deliberately degraded. The accuracy using a typical civilian GPS receiver with C/A code is typically about 100 meters. The military's Precision (P) code is not corrupted, and provides positional accuracy to within approximately 20 meters. GPS satellites are controlled at the GPS Master Control Station (MCS) located at Falcon Air Force Base outside Colorado Springs, Colorado. The ground segment also includes four active-tracking ground antennas and five passive-tracking monitor stations.” http://leonardo.jpl.nasa.gov/msl/Programs/gps.html
4. “Up until May 2000, there were the civilian signals and the military signals. Basically, the military signals required special components to be received, thus it was limited. The civilian signals were not as precise, usually allowing for about a 30 metre (100 feet) accuracy.

During the Clinton Administration, they decided that the civilian application of GPS outweighed the risks involved with precise signals, so on 1 May 2000 the select availability was dropped, and with a small update, civilian GPS receivers could utilise the military signals, giving an accuracy of roughly 3 metres (10 feet).

The select availability can be turned back on over a specific region if needed, but for the most part it's not meddled with. However, this might be moot if another GPS constellation is launched. (The ESA has considered that idea.)” http://answers.yahoo.com/question/index?qid=20080226050014AAI7K8p
5. http://www.ngs.noaa.gov/FGCS/info/sans_SA/docs/GPS_SA_Factsheet.pdf

ii. Receiver

1. The handheld units we will use to determine our locations today are more broadly known as “receivers”. Using an antenna they pick up the continuous signals sent by the satellites and using their own internal clocks, are able to quickly do a set of calculations to determine where you are located on the earth’s surface. 

2. The basic premise is that the unit calculates the difference between the time when the signal was sent and when it was received—each signal includes a location and is time-stamped to that billionth of a second precision. All 24 satellites are coordinated to broadcast their signals simultaneously.

3. Later today we will practice using the features of our handheld receiver.

iii. Software

1. The software allows us to understand the mathematical data communications being sent between our receiver and the satellites.

2. Software, on your computer and within the devise place the data points in context. If I told you your precise location was “????” where would you be located? Without context, knowing your precise location is useless. 

3. Kinds of software???

a. On the handheld

i. Map overlays

ii. Only correction

iii. More complex programming capabilities

b. GIS

i. The most thorough mapping software available

ii. Uses layers of data points to construct complex, data-rich maps

c. Visualizers

i. Many units come with associated programs to help the user view the points/lines in a coherent way

ii. Google earth


III. Translating positions to maps

a. Triangulating

i. USE IMAGES FROM POWERPOINT

ii. http://www.trimble.com/gps/howgps-anim00.shtml great animated explanation

b. Accuracy, precision

IV. In the field

a. How to use the unit

b. Collecting data

c. Understanding what you’re seeing

d. FIELD ACTIVITY

i. Map transects and identify trees, map out a study area, amazing race with clues, hide and seek

V. In the lab

a. Downloading and correcting data

b. Applying data to maps

c. http://www.gpsvisualizer.com/links.html

GPS Lab

Use your GPS unit to complete the following tasks.

PART I

1) Spread out and mark a way point


2) Change the name of the way point
3) Move the way point 10 feet to the south
4) Below, write a description of your way points locations (eg near the maple tree on the North side of the Science Center)
5) Mark a route from your way point to the science center
6) Return to the main menu page
7) Exchange GPS units with another group
8) Follow the route they created to their way point
9) Move their point 10 feet to the North, placing it back where it was originally intended
10) Write a description of their way point
11) Check with the group whose unit you used. Compare your way point descriptions. Did you find the correct location?
Part II

1) Go to Lat, Long 
a. ____, _____

b. ____, _____

c. ____, _____

2) What is there?
PART III: Along Old West Point Road

1) Mark all the necessary components of a transect 100 feet long

2) Label each tree you encounter with a way point and name 

3) Return to the science center and download the data to google earth

ALT PART III: Mt. Misery Long Term Plots

1) Break up into four groups: 1 group will map the area of the control plot, 1 group will map the area of the treated plot; 1 group will map the trees in the control plot; 1 group will map the trees in the treated plot

2) Record all necessary data to create a complete and accurate map of your study area

3) Work with the other group on your plot if you finish first

4) Map the route from your study site back to the Science Center

5) Download your data and create a useable map

Name________________________							Date__________


























Figure 2. NAVSTAR satellite constellation. � HYPERLINK "http://images.google.com/imgres?imgurl=http://dspace.mit.edu/bitstream/handle/1721.1/39820/12-215Fall-2002/NR/rdonlyres/Global/B/B29A5C16-6D69-445A-9CE2-7F3043E3FDD8/0/chp_24satellite.jpg&imgrefurl=http://dspace.mit.edu/bitstream/handle/1721.1/398" ��Image credit MIT�








Figure 1. Sextant—the tool used to “shoot” the stars.
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