                                                                                   Names : _______________________________

ES 342:   Chapter 2 -  Electromagnetic Radiation Principles - Reflectance     
In class activity in pairs.  Please turn in one sheet per pair.
The purpose of this activity is to experiment with reflectance properties of various surfaces and to gain a better understanding of the effects of the position of the energy source and the detector (azimuth and zenith angles) on the recorded (perceived) brightness. 

The BRDF (Bidirecitional Reflectance Distribution Function) characterizes the directional properties of reflectance for surfaces.  Both the illumination and viewing geometry play a role in this characterization.  The BRDF is important in remote sensing because it can be used to correct for differences in recorded brightness that result from variation in lighting and viewing angles.  BRDF formalizes the idea that objects appear different when they are illuminated from different directions or when they are viewed from different angles.
The position of the illumination source (usually the sun) can be described with polar geometry using zenith and azimuth angles.  The zenith is directly above the area of interest on the surface of the Earth.  The zenith angle of the illumination source is the angular difference between the zenith and the angle of the illumination source to the area of interest and can range from 0° (directly above the area of interest) to 90° (at the horizon).  The azimuth angle describes the rotation about a vertical axis (formed by the zenith), ranges from 0° to 360°, and is generally described relative to true North (North is 0°, East is 90°, South is 180°, etc.).  The position of the viewer or imaging device can also be described using zenith and azimuth angles.  
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With a perfect specular reflector, the angles of incident radiation (energy coming from the illumination source toward the surface), the reflected radiation (energy bouncing off the surface), and a vertical to the surface of illumination (zenith), all lie in the same plane.  The angle of incidence and the angle of reflection (exitance) are approximately equal as illustrated in Figure 2-18a of the text.  You could confirm this by placing the mirror on the table and pointing the flashlight toward the center of the mirror.  Positioning a detector (an observer or camera) on the opposite side of the mirror and at the same angle to the mirror as the flashlight, a bright lighted area (the reflected energy) will appear on the detector.  (Be careful not to have your observer look into the mirror!)  You have probably observed this phenomena and used the face of a watch to annoy classmates or friends in this way at some point in your youth.
With a near perfect reflector, you should see the greatest amount of reflected energy when the dectector is positioned at the angle of exitance of the illumination source.  

1. Place the sheet metal on the table (you may need to flatten it using the tape) and direct the flashlight toward the center of the sheet, with a zenith angle of about 45 degrees.  Position your detector (observer/camera) directly across the sheet from the energy source at about the same zenith angle.  Have him/her identify the brightest area on the sheet with a red arrow sticker.  Note the height of the detector above the surface and the distance of the detector from the arrow.  (Height:                                    Distance:                                   )
2. Reposition the detector changing its azimuth angle with respect to the energy source, but keeping the zenith angle the same.  One suggestion is to observe from somewhere near the position of the energy source.  To preserve the zenith angle, keep your detector at the same height and distance from the arrow as noted above.  According to the detector, does the arrow still indicate the brightest region?  Has the shape or brightness of the brightly illuminated area changed significantly? 

3. Reposition the detector again.  Begin at the position directly across from the energy source using the height and distance noted above, but now change the zenith angle of the detector by changing the height of the detector above the surface.   Does the arrow still indicate the brightest region?  Has the shape or brightness of the brightly illuminated area changed significantly?

4. Can you make any general statements about the effect that the relative positions of the light source and sensor have on the perceived brightness?  
5. Repeat this process with the sand paper.  Does the position of the detector make a difference in the perceived brightness?

6. Can you make any general statements about the effect that the relative positions of the light source and sensor have on the perceived brightness?  

7. Repeat this process with the felt.  Does the position of the detector make a difference in the perceived brightness?

8. Can you make any general statements about the effect that the relative positions of the light source and sensor have on the perceived brightness?  

9. How would you classify the surfaces of each of the three textured sheets:

	
	Specular
	Diffuse

	Felt
	
	

	Sheet Metal
	
	

	Sand Paper
	
	


Sources:
J. Jensen, Remote Sensing of the Environment, Prentice-Hall, 2007. 



http://www-modis.bu.edu/brdf/brdfexpl.html


http://asd-www.larc.nasa.gov/SCOOL/definition.html





















