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Module Summary

Overview of Module

Introduction to the basic principles behind GPS and GIS systems.  The recommended grade level for this module is 6-12.

Primary Career Cluster:  Transportation Distribution and Logistics

Primary Career Pathway: Transportation systems/ Infrastructure Planning, Management and Regulation

Related Occupations: Civil Engineers, Surveying, Mapping technicians, Urban and Regional Planners

Recommended Subject Areas:  CAD, Transportation, Civil, Design, Computers, Career Education: TDL

Cluster Knowledge and Skills and Performance Elements

· TRC04.01 Demonstrate the effective use of computer based equipment (containing embedded computers, or processors) to control electromechanical devices commonly used in conducting work within the TDL industry.

· TRC04.02 Utilize geographic information systems software common to the transportation, distribution and logistics industry to coordinate and facilitate business related tasks.

· Use leadership and teamwork skills in collaborating with others to accomplish organizational goals and objectives.

State and National Learning Standards
· NA-VA.9-12.1 Understanding and Applying Media, Techniques, And Processes 

· NL-ENG.K-12.2 Reading for Understanding 

· NL-ENG.K-12.6 Applying Knowledge

· NSS-G.K-12.6 Uses of Geography

· NT.K-12.4 Technology Communications Tools 

Common Core Standards
Language Arts

· RST.9-10.3.
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.

· RST.9-10.4.
Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.

· WHST.9-10.7.  Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

· WHST.9-10.10.  Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Mathematics

· G-CO 12. Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric software, etc.)

· G-MG 3. Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with topographic grid systems based on ratios). 

Objectives

	What I Want Students to Know
	What I Want Students to be Able to Do

	· What GPS is.

· What GPS is used for.

· What Trilateration is and how it is used in GPS calculations.

· What GIS is.

· What GIS is used for .

 
	· Explain what GPS and GIS is.

· To calculate different points using trilateration.

· Effectively us a GPS device.

· Effectively use GIS. 




Measurement Criteria

The students will be tested on their knowledge of GPS and GIS uses and functions.  The students will also be measured on their ability to use trilateration to find different points on a map.  An optional measurement would be if they can use a GPS device to locate a predetermined object or location.  

Teacher Notes

A GPS unit is not needed to do this activity but can be incorporated to enhance the lesson.  Many students have wireless devices and phones that come equip with GPS location software and hardware.  The teacher may want to make sure that the student using their device has the appropriate data plan before going this route.  Many GPS devices are now under $100.00 from most major retailers. 

Time required to complete the module (Estimated): 5 - 45min periods for a total of 225min 

Module Support Materials Summary

· RAP Sheet for How GPS Receivers Work document
· How GPS Receivers Work document
· GPS Trilateration Activity document
· Map of US document
· GIS.com Worksheet document
	Lesson Outline
	Introduction to GPS/GIS

	Time Estimate: 5 - 45min periods for a total of 225min

	Objectives

	1. Explain What GPS is.

2. Explain What GPS is used for.

3. Explain What Trilateration is and how it is used in GPS calculations.

4. Explain What GIS is.

5. Explain What GIS is used for.

	Materials & Resources

	· Handout 1, RAP Sheet for How GPS Receivers Work
· Handout 2, GPS Trilateration  Activity 

· Handout 3, Map of the US

· Handout 4, GIS.com Worksheet 

· Websites:

· YouTube video: Case of the Technical Knockout - How GPS Work     http://www.youtube.com/watch?v=3zRlbboMvb0
· www.gis.com
· Compasses, rulers, pencils

· Computers with internet access.  

· A GPS device (optional)  

	Agenda

	Step
	Minutes
	Activity

	1
	5
	Go over the Reading Assignment Planning (RAP) sheet, Handout 1, RAP Sheet for How GPS Receivers Work, with the students.  Note the different terms and any words they may not be familiar with.  

	2
	35
	Give time to read the "How GPS Receivers Work" document.  Students may want to take notes from the reading

	3
	5
	Show the YouTube video: Case of the Technical Knockout - How GPS Work.  It can be found at 

http://www.youtube.com/watch?v=3zRlbboMvb0    

	4
	45
	Distribute Handout 2, GPS Trilateration  Activity and Handout 3, Map of the US documents.  

Students will then use a compass, ruler, and the documents provided to find the locations using 2-D trilateration techniques described in the reading and video.

	5
	45
	Once finished, distribute Handout 4, GIS.com Worksheet.  

The students will used an internet enabled computer and the www.gis.com  website to answer the questions. 

	6
	60
	Optional:  If you have access to a couple GPS devices, have the students partake in a Geocaching activity.  You will have to go out to hide different items and record their locations before sending the students out to find them.  For more information on geocaching, use www.geocaching.com/guide as a guide.  This optional activity is dependent on the availability of GPS devices. 

	7
	30
	The students will be given 30 minutes to journal and reflect on what they learned throughout this unit.  

They will also be required in their journaling to describe how GPS and GIS can be used in different Transportation, Distribution and Logistics career fields.  


Handout 1          READING ASSIGNMENT PLANNING

How GPS Receivers Work (to be used with the "How GPS Receivers Work" document)

	Reading Assignment:
	Please read the How GPS Receivers Work document 

	
	

	
	


	Purpose / Focus:
	To learn the basic science behind how GPS and trilateration works.

	
	

	
	


	Vocabulary
	GPS

	
	2-D and 3-D Trilateration

	
	Radio Signals

	
	Radio Waves

	
	Pseudo-Random Code

	
	Almanac

	
	

	
	

	
	

	
	

	
	


	Words I don’t Know
	Constellation

	
	Atomic Clock vs. Quartz Clock

	
	Proportionally

	
	


	Pay Special 
Attention To:
	How to calculate locations using 2-D and 3-D Trilateration.

	
	

	
	


Handout 1          How GPS Receivers Work

by Marshall Brain and Tom Harris
Taken from Howstuffworks.com: http://electronics.howstuffworks.com/gadgets/travel/gps.htm/printable

Introduction to How GPS Receivers Work

A GPS receiver uses satellites to pinpoint locations. 

Our ancestors had to go to pretty extreme measures to keep from getting lost. They erected monumental landmarks, laboriously drafted detailed maps and learned to read the stars in the night sky. 

Things are much, much easier today. For less than $100, you can get a pocket-sized gadget that will tell you exactly where you are on Earth at any moment. As long as you have a GPS receiver and a clear view of the sky, you'll never be lost again.

In this article, we'll find out how these handy guides pull off this amazing trick. As we'll see, the Global Positioning System is vast, expensive and involves a lot of technical ingenuity, but the fundamental concepts at work are quite simple and intuitive. 

​When people talk about "a GPS," they usually mean a GPS receiver. The Global Positioning System (GPS) is actually a constellation of 27 Earth-orbiting satellites (24 in operation and three extras in case one fails). The U.S. military developed and implemented this satellite network as a military navigation system, but soon opened it up to everybody else.

Each of these 3,000- to 4,000-pound solar-powered satellites circles the globe at about 12,000 miles (19,300 km), making two complete rotations every day. The orbits are arranged so that at any time, anywhere on Earth, there are at least four satellites "visible" in the sky. 

A GPS receiver's job is to locate four or more of these satellites, figure out the distanc​e to each, and use this information to deduce its own location. This operation is based on a simple mathematical principle called trilateration. Trilateration in three-dimensional space can be a little tricky, so we'll start with an explanation of simple two-dimensional trilateration.

2-D Trilateration

Imagine you are somewhere in the United States and you are TOTALLY lost -- for whatever reason, you have absolutely no clue where you are. You find a friendly local and ask, "Where am I?" He says, "You are 625 miles from Boise, Idaho." 

This is a nice, hard fact but it is not particularly useful by itself. You could be anywhere on a circle around Boise that has a radius of 625 miles, like this: 

	[image: image1.png]Boise
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You ask somebody else where you are, and she says, "You are 690 miles from Minneapolis, Minnesota." Now you're getting somewhere. If you combine this information with the Boise information, you have two circles that intersect. You now know that you must be at one of these two intersection points, if you are 625 miles from Boise and 690 miles from Minneapolis. 

	[image: image2.png]Minneapolis






If a third person tells you that you are 615 miles from Tucson, Arizona, you can eliminate one of the possibilities, because the third circle will only intersect with one of these points. You now know exactly where you are -- Denver, Colorado. 

	[image: image3.png]





This same concept works in three-dimensional space, as well, but you're dealing with spheres instead of circles. In the next section, we'll look at this type of trilateration. 

3-D Trilateration

Fundamentally, three-dimensional trilateration isn't much different from two-dimensional trilateration, but it's a little trickier to visualize. Imagine the radii from the previous examples going off in all directions. So instead of a series of circles, you get a series of spheres.

If you know you are 10 miles from satellite A in the sky, you could be anywhere on the surface of a huge, imaginary sphere with a 10-mile radius. If you also know you are 15 miles from satellite B, you can overlap the first sphere with another, larger sphere. The spheres intersect in a perfect circle. If you know the distance to a third satellite, you get a third sphere, which intersects with this circle at two points. 

The Earth itself can act as a fourth sphere -- only one of the two possible points will actually be on the surface of the planet, so you can eliminate the one in space. Receivers generally look to four or more satellites, however, to improve accuracy and provide precise altitude information. 

In order to make this simple calculation, then, the GPS receiver has to know two things: 

· The location of at least three satellites above you 

· The distance between you and each of those satellites 

The GPS receiver figures both of these things out by analyzing high-frequency, low-power radio signals from the GPS satellites. Better units have multiple receivers, so they can pick up signals from several satellites simultaneously. 

Radio waves are electromagnetic energy, which means they travel at the speed of light (about 186,000 miles per second, 300,000 km per second in a vacuum). The receiver can figure out how far the signal has traveled by timing how long it took the signal to arrive. In the next section, we'll see how the receiver and satellite work together to make this measurement.

GPS Calculations

[image: image4.jpg]



Photo courtesy U.S. Army
A GPS satellite

On the previous page, we saw that a GPS receiver calculates the distance to GPS satellites by timing a signal's journey from satellite to receiver. As it turns out, this is a fairly elaborate process.

At a particular time (let's say midnight), the satellite begins transmitting a long, digital pattern called a pseudo-random code. The receiver begins running the same digital pattern also exactly at midnight. When the satellite's signal reaches the receiver, its transmission of the pattern will lag a bit behind the receiver's playing of the pattern. 

The length of the delay is equal to the signal's travel time. The receiver multiplies this time by the speed of light to determine how far the signal traveled. Assuming the signal traveled in a straight line, this is the distance from receiver to satellite. 

In order to make this measurement, the receiver and satellite both need clocks that can be synchronized down to the nanosecond. To make a satellite positioning system using only synchronized clocks, you would need to have atomic clocks not only on all the satellites, but also in the receiver itself. But atomic clocks cost somewhere between $50,000 and $100,000, which makes them a just a bit too expensive for everyday consumer use. 

The Global Positioning System has a clever, effective solution to this problem. Every satellite contains an expensive atomic clock, but the receiver itself uses an ordinary quartz clock, which it constantly resets. In a nutshell, the receiver looks at incoming signals from four or more satellites and gauges its own inaccuracy. In other words, there is only one value for the "current time" that the receiver can use. The correct time value will cause all of the signals that the receiver is receiving to align at a single point in space. That time value is the time value held by the atomic clocks in all of the satellites. So the receiver sets its clock to that time value, and it then has the same time value that all the atomic clocks in all of the satellites have. The GPS receiver gets atomic clock accuracy "for free." 

When you measure the distance to four located satellites, you can draw four spheres that all intersect at one point. Three spheres will intersect even if your numbers are way off, but four spheres will not intersect at one point if you've measured incorrectly. Since the receiver makes all its distance measurements using its own built-in clock, the distances will all be proportionally incorrect. 

The receiver can easily calculate the necessary adjustment that will cause the four spheres to intersect at one point. Based on this, it resets its clock to be in sync with the satellite's atomic clock. The receiver does this constantly whenever it's on, which means it is nearly as accurate as the expensive atomic clocks in the satellites. 

In order for the distance information to be of any use, the receiver also has to know where the satellites actually are. This isn't particularly difficult because the satellites travel in very high and predictable orbits. The GPS receiver simply stores an almanac that tells it where every satellite should be at any given time. Things like the pull of the moon and the sun do change the satellites' orbits very slightly, but the Department of Defense constantly monitors their exact positions and transmits any adjustments to all GPS receivers as part of the satellites' signals. 

RESOURCE :

Brain, M., & Harris, T. (2011). How GPS Receivers Work. Retrieved August 30, 2011, from HowStuffWorks.com: http://electronics.howstuffworks.com/gadgets/travel/gps.htm/printable

Handout 2                GPS Trilateration  Activity
Directions: You are lost.  You have been traveling for a long time and do not know where you are.   You have been given a device that shows you how far you are from certain cities, but not what city you are currently in.  The last part is up to you.  Using the following information and a map of the United States, use the 2-D trilateration techniques described in the previous activities to find out what city your are in.  

1.  You are currently: 

· 484 miles from Denver, CO

· 166 miles from Kansas City, MO

· 435 miles from Chicago, IL


Where are you?______________________________________________

2.  You are currently:

· 190 miles from Pittsburgh, PA

· 233 miles from Raleigh, NC

· 124 miles from Philadelphia, PA


Where are you? ______________________________________________

3.  You are currently: 

· 224 miles from Las Vegas, NV

· 664 miles from Albuquerque, NM

· 825 miles from Portland, OR


Where are you? ______________________________________________

4.  You are currently: 

· 358 miles from Austin, TX

· 632 miles from Pierre, SD

· 394 miles from Greenville, MS


Where are you? ______________________________________________

5.  Now you come up with your own.  Pick a city and three cities/landmarks located around it.  Then, give the distances you would be from those locations if you were in that city.

· ______________________________________________

· ______________________________________________

· ______________________________________________


Where are you? ______________________________________________

Handout 4


GIS.com Worksheet
Directions:  Use www.GIS.com to answer the following questions:

1. What is GIS?

2. What can you do with GIS?

3. Who uses GIS?

4. Give an example of how one organization may benefit from using GIS.

5. What do GIS professionals do and where do they work?

Teacher                    

   Assessment Material

Module Assessment Materials

Final Evaluation Criteria

This will be based on participation, following directions, and overall grasp of principles and concepts. 
Final Evaluation Scoring Guide or Rubric

	Grading Score Sheet for (Enter Module Title)

	Student or Student Group Name: 

	Criteria one point is given for each correct answer.
	Scoring

	
	0
	5
	10
	15
	20
	25
	30

	1. Successful completion of the Reading (5 points)
	
	
	
	
	
	
	

	2. Successful completion of the GPS Trilateration Activity (5 questions at 5 points each = 25 points total)
	
	
	
	
	
	
	

	3. Successful completion of the GIS.com Worksheet (5 questions at 5 points each = 25 points total)
	
	
	
	
	
	
	

	4. Successful completion of the Geocaching activity (Optional: 30 points total
	
	
	
	
	
	
	

	5. Successful completion of the journal activity (30 points total)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Total Score ____ out of 115 points total  


A P P E N D I X

Glossary of Terms

Almanac: An annual calendar containing important dates and statistical information such as astronomical data and tide tables.
GIS: Geographic information system, a system for storing and manipulating geographical information on computer

GPS : Global Positioning System is a constellation of 27 Earth-orbiting satellites.  

Pseudo-Random Code: The identifying signature signal transmitted by each GPS satellite and mirrored by the GPS receiver in order to separate and retrieve the signal from background noise

Radio Waves : An electromagnetic wave of a frequency between about 104 and 1011 or 1012 Hz, as used for long-distance communication.
Trilateration: a method for determining the intersections of three sphere surfaces given the centers and radii of the three spheres Radio Signals 

Websites:

www.Howstuffworks.com
www.GIS.com
