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Homework 1

Received: Wednesday, April 7, 1999

Due: Wednesday, April 21, 1999

Directions

Please provide short written answers to the questions in the space provided.  If you require extra space, you may staple additional pages to the back of your assignment.  Feel free to talk over the problems with classmates, but please answer the questions on your own.

Name: ________________________________

Problem 1  True or False (justify your answers)


(a)
Every color known to mankind can be represented on a PC monitor.


(b)
Two spectra that are metamers have identical coordinates in CIE color space.


(c)
For every monochromatic color A, there exists a complementary monochromatic color A, such that some mixture of A and A makes white.


(d)
Two colors with identical coordinates in CIE color space have the same spectra.


(e)
The color gamut of a printed page can change depending on whether it is viewed in florescent lighting or natural sunlight.


(f)
As an object moves closer, the ciliary muscles of the eye must contract to keep the object in focus.


(g)
The human eye handles a large light intensity range due to at least three types of adaptation.

Problem 2  There are many different color spaces that can be used in computer graphics.  Two of the different color spaces are RGB (red, green, blue) and HSV (hue, saturation, value).


(a)
Label the eight vertices of the RGB cube below with appropriate color names, and indicate where all the gray values lie:



(b)
Label the seven vertices of the HSV hexcone below with the appropriate colors, and indicate where all the gray values lie:



Problem 3  The American standard video system calls for a total of 525 horizontal lines.  However only 483 of these 525 lines are actually visible because a time equivalent to 42 lines is required to reposition the electron beam from the bottom of the screen back to the top.  For the duration of this “vertical retrace” period, the electron beam is made invisible or “blanked.”


(a)
The American standard video system also calls for a “viewing aspect ratio” of 4:3; that is, the visible viewing area is three-quarters as high as it is wide.  How many pixels are on each scan line, assuming square pixels?


(b)
To avoid flicker, the whole screen needs to be refreshed at 60hz.  How much time does this allow for each scan line?


(c)
When the electron beam reaches the right edge of the screen after each scan line is drawn, it is made invisible and rapidly returned to the left edge.  This “horizontal retrace” period generally requires 17% of the time allowed for one scan line.  How much time does this leave for accessing and displaying each pixel?

In order to allow more time for transmitting and displaying each pixel, the American broadcast television standard uses an “interlaced” type of refresh, in which each video frame is broken into two “fields,” each containing one-half of the picture.  The two fields are “interlaced” in the sense that each field contains every other scan line: all odd-numbered scan lines are displayed in the first field, and all even-numbered scan lines are displayed in the second.

The purpose of an interlaced scan is to place some new information in all areas of the screen at a high enough rate to avoid flicker, while allowing the hardware more time for accessing and displaying each pixel.


(d)
If the video controller displays each field in 1/60th of a second, what is the overall frame rate for displaying the entire screen?


(e)
Assuming no additional vertical retrace time is required for painting the two fields, how much time is available for drawing each pixel?


(f)
An interlaced refresh works well as long as adjacent scan lines display similar information.  In which parts, if any, of the following images would you expect to see flicker on an interlaced display (and mention why):

· A single horizontal white line on a black background?

· A single vertical white line on a black background?

· A checkerboard of black and white, where each black or white square is 8 x 8 pixels?

· A checkerboard of black and white, where each black or white square is a single pixel?

Problem 4  Your pinhole camera is not collecting enough light, so you decide to create a “penhole” camera by poking the barrier with your ballpoint pen.  This creates a round aperture with a 1cm diameter.  You proceed in viewing a scene of various objects through your camera.
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(a)
You notice after the “penhole” modification that some of the objects become blurry while others remain focused.  Which became blurry: far away objects or close objects?


(b)
Assume that a given object, when struck by light, reflects it equally in all directions.  Will the film receive more total energy from a point on the object if the object is close or if it is far away?


(c)
Suppose that the film plane is 10cm from the aperture, and you have an object 2m away from the aperture (on the other side, of course).  How big a spot will a point on the object project to on the film?

Problem 5  Suppose a graphics system employs a framebuffer holding 6 bits per pixel and uses a color table containing 8 bits each for red, green, and blue color channels. Assume that for each channel, a direct relationship exists between its value and the intensity of respectively colored phosphors.


(a)
Assuming a white color is attainable when the red channel is set to 255, green to 255, and blue to 255, exactly how many shades of gray are displayable?


(b)
Generate a short function F (in pseudocode or some programming language) that takes a six bit index as input and prints the red, green, and blue color table value (in the range of 0-255).  F must describe a color table containing the darkest possible color at index 0, the brightest color possible at index 63, and a perceptually uniform difference for all steps in between.


(c)
You constructed a color table based on F but found out that on this system it defines a purple color scale!  Further experimentation reveals that a perfectly gray color is attainable if the red channel is set at 80, the blue at 100, and the green at 120.  Re-write F below so that it defines a perceptually uniform grayscale.  (That is, change index 63 so it defines the brightest gray that is attainable.)

Problem 6  Answer each question with a few sentences.  These are somewhat open-ended, and you are encouraged to come up with creative answers.

(a)
Monitors typically employ phosphors with extremely low persistence.  However, it is possible to manufacture phosphors with much higher persistence.  Why might a display made with these phosphors be useful?  Describe a potentially beneficial use of a display with high persistence phosphors.


(b)
In computer programs, we typically store only a light’s color (for instance as an RGB triple), and not its complete emission spectrum.  What would be one possible benefit of storing the entire emission spectrum?  Why would we not want to do this?
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