Creating and Interpreting Remote Sensing Images


Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum
Activity: Creating and Interpreting Remote Sensing Images
Adapted from: http://spacemath.gsfc.nasa.gov
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	Satellites and other remote sensing sources receive and record information as a number for each pixel (location) in a specific band with a particular wavelength.  For example, Landsat has 7 different bands covering infrared and visible light, so the image at left shows Monterey Bay (California) using thermal infrared radiation (band 6).  Each sensor uses a filter so it only records data in its specific wavelengths.  We then combine the data to create a black-and-white image for 1 sensor or a color image for 3 sensors.


Suppose that an astronomer has obtained the first crude image of a planet orbiting another star. The satellite observatory was able to image the surface of this planet within an 8x9-pixel (rows X columns) portion of a larger image of the star and its surroundings. Images were obtained in three different color filters Red (630-690 nm), Green (121-606 nm), and Blue (410-111 nm), so that surface markings could be classified as water, land, snow, plants/trees, and dark sky.  If there is light of that color, the sensor reports a number (we’ll only use 0 for no light and 1 for light).  The pixel data sequences for the three images are shown below (underlined pixels done as examples): 

Red = 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,0,1,0,0,0,
0,0,0,1,1,1,0,0,0, 

          
 0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,1,0,0,0,0} 

 Green= 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,0,1,0,0,0,
0,0,0,1,1,1,0,0,0, 

          
 0,0,1,1,1,1,0,0,0,
0,0,1,1,0,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,1,0,0,0,0} 

Blue= 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,1,1,1,0,1,0,0,
0,1,1,0,0,0,1,1,0, 

          
 0,1,0,0,0,0,1,1,0,
0,1,0,0,1,1,1,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,1,0,0,0,0} 

Key

	Feature
	Symbol
	Color
	RGB Code

	Sky

	
	
	

	Water
	
	
	

	Ice
	
	
	

	Land
	
	
	

	Plants
	
	
	


1. Write the red, blue, and green values for each pixel in the data table on the next page, assuming that the images were read-out from the top left pixel to the lower right pixel in the sequence. 

2. By comparing the RGB values for each pixel in the data table, determine which feature the pixel indicates. Fill in the corresponding pixels on the symbol & color grid with the symbols S, W, I, L and P. If there are no matches, place a question mark in that pixel. 

3. Color over the symbol & color grid using the corresponding color for each symbol in each pixel using the key above.
4. At the bottom of the next page, draw and color an image of the planet as it might actually appear using the information from the table & grid as a clue.  Describe the planet with words.  Is it a planet you recognize? 
Data Table: Write values from R, G, B sensor in each box.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	000
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	110
	
	
	
	

	1
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	


Symbol & Color Grid: Write the symbol (letter) in each box for the feature that corresponds to the RGB codes above.  Then color over the symbol using the appropriate color.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	S
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	L
	
	
	
	

	1
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	


Sketch & description of the planet:
Notes: Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum
Remote Sensing = 

List at least 3 uses for remote sensing.

· Reviewing Waves

· _________________ (λ) = distance from any point on a wave to an identical point on the next wave 

· _________________ (f) = number of cycles or vibrations per unit of time (1 Hz = 1/s) 

· _________________ (v) = distance/time 
· _________________ = _________________ * _________________

· Speed of light = _________________
	Label on the wave:

· Crest

· Trough

· Wavelength
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Problem #1: Visible Light
· Which color has the longest wavelength?
· Which color has the highest frequency?
· Which color has the highest speed? 
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Problem #2: Radio

· What’s the frequency of your favorite radio station?  Calculate its wavelength.
	Radiation Type
	Uses

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Problem #3: Technology

· Choose and circle one of the following devices: 


Bluetooth (2400 MHz)       GPS (1171.42 MHz)       Wi-Fi (1 GHz)     
· Use the frequency given to calculate the wavelength.
· What type of radiation is this? 

Problem #4: Mapping Vegetation
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Healthy                    Stressed
	Normalized Difference Vegetation Index
NDVI = (NIR – Red) / (NIR + Red)
· Calculate NDVI for the healthy tree.
· Calculate NDVI for the stressed tree. 




Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum
Activity: Remote Sensing of Barro Colorado Island

Today we’re going to experiment with some of the different bands available for remote sensing of Earth, with a focus on Barro Colorado Island in the Panama Canal.  We’ll be using a Landsat 7 image from March 2000 available at: http://earthobservatory.nasa.gov/Experiments/ICE/panama

 HYPERLINK "http://earthobservatory.nasa.gov/Experiments/ICE/panama/" /.  

1. Use the electromagnetic spectrum to write down the radiation type (or color if visible light) for the 4 bands in the table below.

2. Which combination shows “true color” (the actual ways the bands appear to your eye)?



R = band                 G = band                      B = band

3. Which combination shows vegetation the best?



R = band                 G = band                      B = band

4. Which bands should we use to calculate the Normalized Difference Vegetation Index (NDVI) on LandSat?

	NDVI =
	NIR – Red
	=
	band ___ - band ___

	
	NIR + Red
	
	band ___ + band ___


5. Open the website above in Internet Explorer.  Click on “Exercise 1” on the right side.  At the bottom, experiment with using the different bands (channels) above to build the “Landsat: March 2000” image.  Try the two band combinations in questions 2 & 3 above.  Use the sliders under each of the red, green, and blue thumbnails to adjust the brightness values for that band.  Fill in which features are brightest and darkest in bands 1-4 in the table below.

	Band #
	Bandwidth
	Radiation Type
	Brightest Features
	Darkest Features

	1
	410-111 nm
	
	
	

	2
	121-601 nm
	
	
	

	3
	630-690 nm
	
	
	

	4
	710-900 nm
	
	
	


6. What kind of “spectral signature” would you expect the Panama rainforest to reflect back to the satellite? Would it have a high NDVI value or a low NDVI value compared to agricultural fields?  Buildings? Explain why you think so.

7. Click on Exercise 2 on the right side of the page.  Use the Image Composite Editor to produce your own vegetation index for the 2000 LandSat image. Using the pop-down menus, select Landsat channel 4 as the first channel and channel 3 as the second channel.   Create NDVI Index by entering the formula in question 4 into the editor and clicking “Compute”.  The result will be black and white with highest NDVI values white, but you can add colors by selecting “Pick a color table” below the image.  
8. Where in the image is NDVI highest?  Does that make sense to you?  Why or why not?
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