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ESS 421

January 7, 2011
Laboratory No. 1: Black and White Image Processing




Due at beginning of Lab on Wednesday, January 12th.

Laboratory exercises are an integral part of any remote sensing course. Materials presented in the lab exercises, including computer operations, may appear on exams. Lab work may be done with a partner or in teams; however, each student must hand in her/his own completed lab exercise. If you do not understand any part of a lab ask your instructor, TA or another student for help. It is important that you understand what is going on! Filling in the right answers without understanding the material surely will be a problem at exam time.


Note that there are spaces in this lab for answers… this is a worksheet. The questions are the same ones that are on the answer sheet ( “Lab-1_answers.doc” ). If you write answers in this lab, print “Lab-1_answers.doc” and copy your answers there and turn in the answer sheet only.

DIGITAL-IMAGE PROCESSING
Landsat Thematic Mapper (TM) Image of the Seattle Area


We begin with a note on the arrangement of digital data.  In these Landsat scenes, each data point (or pixel) is a spatial average of the amount of energy seen by the sensor.  Essentially, it defines the maximum resolution of the sensor.  It is analogous to looking into a crowd of people from a long distance.  From that range, your eyes cannot resolve individual people, therefore, what you see is an average of all the colors in the scene that you are looking at.  Since Landsat data cannot resolve small-scale objects (rocks, cars, people) each pixel is an averaged value for all the elements within that pixel.  One digital number (DN) is assigned to each pixel to represent this average.


The “sea92” image that you will be looking at is part of a Landsat Thematic Mapper (TM) image with 30-meter pixels.  It has seven different channels or wavelength bands-more on these later.  In Lab 1 we will focus mainly on just one band (band 1). 

Once you catch on to how the Impact program works, you can focus on why you are doing these things to the image. It will take several lab periods to understand all of the possibilities. 

1) To Start Program and Display an Image

  Log on to one of the classroom computers as geo-user with password temporary IMPACT is the name of our image-processing program.  Navigate to D-temp\ESS 421 LAB Data\Impact.  Run IMPACT by clicking twice on impact.exe.  Open the File menu and click on Open.


Navigate to D-temp\ESS 421 LAB Data\Seattle (or E\temp\ESS 421 LAB Data\Seattle ) folder. Click twice on sea92.bin to open this image.


2) Zoom

The sea92 image is now displayed in black and white. As you move the mouse around it controls a cursor which is a magnifying glass with a “+” in the center. A left click enlarges the image. A right click reduces it. Try it.

3) Pan


Buttons and arrows on the margins let you move the image around. Try it. Be patient, though, because it takes a few seconds to move large amounts of data from the disk.

4) Pixel x,y and DN



The Information Window (the smallest window) records the x, y position of the cursor. The x,y coordinates define the locations of picture elements (pixels) that are arranged in columns and rows to make up the image. In the same window are the DN values for the pixel under the cursor. The DN is a number on a brightness scale from 0 to 255. Pixels with a DN of 0 are dark; those at 255 are at maximum brightness. Since the same TM band is loaded in each of the blue, green and red color guns the DN values read the same for each color gun.


Move the cursor over Puget Sound and over Lake Washington. What is the range of DN's?  Puget Sound : _____ to _____.  Lake Washington:  ______ to ______.   Now try Green Lake: ______ to ______.   Why might the water in Green Lake reflect more light than Puget Sound or Lake Washington?  There are several possible reasons. (Give a one-line answer below.)
5) Color Guns and TM Bands



Check the Color Window. If you click on BGR it will change to BLU, GRN or RED.  These are the three color guns that are the basis for any color-monitor display. More about color later. The BLU, GRN and RED settings will be used to load different TM bands into different color guns. For now stay with BGR.


When the image is first loaded, TM band 1, at a center wavelength of 485 nm, is displayed by all three color guns. This is why 485 is the number shown for each color gun, and why the top line shows Color: BGR.

To display a menu of the other TM bands that are available for the Seattle image, click on the button at the right of the File: bar in the Color Window. There should be 7 bands for this image, each designated by the number of its center wavelength in nm. One click on a band number will display it. Try it.


Also in the Color Window is Operator: -  /  NDVI. Ignore these for now. The other entry is Path: d: \ ESS 421 LAB Data\Seattle \.This is your roadmap back if you forget where you are. Ignore the SAVE button.

6) Histograms

Another window has the title D: \ ESS 421 LAB Data\SEATTLE\SEA92.BIN. Three identical histograms are shown stacked. The top one is for the BLU gun, the middle for GRN and the bottom for RED. The histograms are identical because the same band (TM band 1 or 485) is loaded in each color gun. The vertical axis is the Number of Pixels. The horizontal axis is the DN, ranging from 0 on the left to 255 on the right. 


Two vertical bars (sliders) are set near the ends of the histogram. Five percent of the pixels fall to the right and left of the bars, respectively. Ninety percent of the pixels fall between the bars. The DN values of the bars is shown in the text on the right. Min is the left bar; Max is the right bar. 

7) Contrast Stretch

The bars govern the scaling of the DN values for the image display. As you can see, for the Seattle TM band 1, 90% of the pixels fall between DN's of 52 and 84. (Note that these numbers will vary somewhat depending on the subset of the image that is displayed. They are not identical on all of the monitors.) This is only a range of 33 DN's out of 256, thus, there is not much contrast between dark and bright areas on most of the image. Contrast can be increased by re-scaling each pixel DN so that a selected dark part of the image has a DN’ of 0 and a selected bright part has a DN’ of 255.  This is called a "contrast stretch":


DN' = 255 (DN - a) / (b - a)


where 
DN  = original DN




DN' = new DN after stretching




a     = original DN to be the new 0, or the DN of the left slider bar




b     = original DN to be the new 255, or the DN of the right slider bar


(DN - a) can be considered an offset (an additive factor); (b-a) can be considered part of a gain (a multiplicative factor). 


When the image was initially displayed the sliders were positioned as you see them to stretch the image automatically. The sliders can be moved by clicking left, holding, dragging, then releasing. A hand icon should appear when the sliders are activated. 


Un-stretch the image by moving the left sliders (for each histogram) to the left until Min = 0. Then move the right sliders to the right until Max = 255. Check the image. This is how it looks un-stretched. 


Use the Seattle map to identify the historical Kingdome (near SAFECO field)  in the un-stretched image. Zoom in on the Kingdome until you can see the individual pixels clearly. (Use the Magnifying Glass.)

What is the maximum DN for the Kingdome?  _______ (Use the Information Window.) Note that there are too few pixels having this high DN values to show on the histogram.


Go to coordinates x =485, y =727. Record the DN: ________.


The DN's for the Kingdome are not all the same. Explain briefly below why the building does not have a uniform DN: (Hint, the image was taken about 10 AM in August,1992)


While still zoomed in on the Kingdome, experiment with the sliders. Note that they can be moved into the histogram. When you do that all pixels to the left of the Min slider are set to 0 (no brightness). All pixels to the right of the Max slider are set to 255. Pixels between the sliders are scaled linearly over the range 0 to 255.


Set the Min sliders at 50. Set the Max sliders to 200. Note the appearance of the Kingdome. Now set the Max sliders to 150. Note that the image of the Kingdome is becoming a uniform white patch. Now move the cursor to pixel x = 485, y = 727. Record the DN: _____. 


Important point: The Information Window always gives you the original (un-stretched) DN value for each pixel. But the screen-image DN values change as you move the sliders. When you moved the Max slider to 150, all of the pixels above a DN of 150 were saturated at 255. 


Now experiment with the full image. Different information can be seen using different contrast stretches.

8) Image Noise

Stretching is a powerful technique to bring out details in an image that otherwise would not be visible. But at some point stretching just amplifies "noise," that is, DN variations that are not associated with real things on the ground (or water), but instead are artifacts of the measuring system. 


Set the Min sliders to 50, and the Max sliders to 55. Note the horizontal striping that is visible over the (dark) water areas. The stripes are due to slight differences in detector responses in the TM camera. Details later.


Zoom in on the  center of Puget Sound using the above stretch. (Stay away from boats!)


a) Record the range of DN's for the detector noise for this band. _______


b) Calculate the noise as a percentage of 255 DN's. _______

9) Inverted-DN Image

Zoom back out, but keep the same stretch as above.  Go to the right side of the histogram window where it says Inv OFF. Click once. It will change to Inv ON. Do this for all three histograms. Now the image is displayed such that the highest DN's are dark and the lowest ones are bright. The previous stretch still holds. When you use the Information Window it will read out the original (non-inverted and un-stretched) DN's. 


The inverted-DN image is sometimes helpful for visualizing patterns. For example, the detector-noise stripes stand out more clearly when inverted. 


When you changed Inv on one band you noticed various wild colors on the image until you made the same Inv setting for all three color guns. We can make use of these colors to explore the histograms further.

10) Hiset

Return to the default stretch (Inv OFF) that is applied when the image is first loaded. Min is 52 and Max is 84. Recall that in the default stretch 5% of the pixels are > 84 and 5% are < 52. Click Hiset OFF for each of the three histograms to change to Hiset ON. Parts of the image that were brightest now appear dark. Go back and do it again to be sure you see what is happening. You should end up with a black and white image.


When Hiset is ON, all of the pixels to the right of the right slider are set to a DN of 0. (Recall that when Hiset is OFF, all of the pixels to the right of the right slider are set to a DN of 255). When Hiset is ON, all of the pixels to the left of the left slider are set to 0. (This is the same situation as when Hiset is OFF). For both OFF and ON, pixels between the two sliders are stretched on a linear scale from 0 to 255.  


Using the full image, describe briefly what parts of the image correspond to the brightest 5%, i.e., have DN's above about 84:

When you clicked  on the first histogram to turn Hiset ON the image changed color. If you started with the blue histogram the image showed yellow. Here is why the yellow color appeared: Pixels having a DN of 84 or above are at maximum brightness (255) in the green and red color guns, because Hiset is OFF. The same pixels are set to 0 brightness in the blue color gun, because Hiset is ON. The combination of green and red (additive colors) equals yellow. Or, put another way, white light minus blue light equals yellow. Thus, the DN's of 84 or above (the highest 5%) are yellow.


Click Hiset ON for the green histogram (with the Hiset for blue still ON). The same pixels that were yellow before should turn red. Why? The blue and green have been set to 0 for all pixels > 84; only the red is on for these pixels. If you turn Hiset ON for blue and red the same pixels turn green.


CAUTION: BE CAREFUL NOT TO CLICK INV ON WHILE MANIPULATING HISET. THIS IS CONFUSING ENOUGH ALREADY!


The Hiset function makes it possible to explore the histograms and to connect the distribution of DN values with places on the image. For example:


Set the left slider of the blue histogram to 52. 


Set the right slider of the blue histogram to 60 and turn Hiset ON.

Set the left slider of the green histogram to 60.


Set the right slider of the green histogram to 80 and turn Hiset ON.


Set the left slider of the red histogram to 60.


Set the right slider of the red histogram to 80 and turn Hiset OFF. (yes, OFF)


Evaluate the colors on the image in terms of DN values:




Original DN in band 1
DN’ Range (in stretched display)






(i.e., what numerical DN value do the original 






DN values now have, after stretching?)


Blue

< 52



_______




52-60


             _______




>60



_______


Green

<60



_______




60-80


      
_______




>80



_______


Red

<60



_______





60-80



_______





>80



_______



You have made a color-coded version of the brightness levels in a black and white image. This is known as color-density slicing, or color contouring. It is a very useful technique for bringing out information on the image that otherwise might be obscure. For example, in the image that you just made above: 


Describe briefly what the colored areas correspond to in the Seattle area.  Use the map. 

11) Other TM Bands

So far all work has been done on Landsat TM band 1. As you may have guessed, each of the 7 bands has a different histogram; that is, the DN’s for each pixel may vary from band to band. What is bright in the image in one band may be dark in another. We will explore how to display multi-band information in the next lab. Meanwhile, take a look at another band. Display band 4 (830 nm).

a) For TM band 4 (830 nm) what is the DN range of the pixels that comprise the waters of Puget Sound?    How does this range compare with band 1? 




band 4: _______ to _________




band 1: _______ to _________


b) Calculate the noise due to striping.  Compare with band 1.




band 4: ________________________________________




band 1: ________________________________________


c) What areas on the band 4 image have the highest DN’s? Describe briefly below, and explain how you tested the image. Be specific about the steps you took.   (Don’t just say “well, I checked for high DN’s.”)
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