
07 November 2019  Name:___________________ 

ECE 638 Exam No. 1 Fall 2019 

This exam is closed book and closed notes. No calculators are permitted. Mobile phones must 
be put away. Smart watches must be put away. You have 120 minutes to work the following 
five problems that are worth a total of 165 pts. (Please see the last page of the exam for a summary 
of the point assignment.) To obtain maximum partial credit, be sure to show the complete 
derivation of your answers. However, you do not need to derive anything that can be found on the 
provided sheet of formulas. Just cite where you found it. See p. 16 for the formulas to invert a 
3× 3  matrix, which you will have to do to solve some of these problems. 

1. (40 pts.) Consider a three-channel sensor with the response functions QR (λ),QG (λ),QB (λ)[ ] 
shown below. 

 
a. (8) Find the response of this sensor to the stimulus S(λ)  with the spectral power 

distribution shown below: 

 
b. (8) Carefully sketch the spectral locus in the sensor chromaticity diagram for this 

sensor, using an equilateral triangle where each chromaticity coordinate is given by the 
distance from one of the vertices along the direction that is normal to the opposite edge. 

Consider the primary set PR (λ),PG (λ),PB (λ)[ ] with power spectral distribution shown below: 

 

c. (8) Find the amounts of each of the three primaries that will yield a match to the 
stimulus S(λ)  from part a), as viewed by the sensor with response functions shown 
above. 

d. (8) Find the color matching functions r (λ),g(λ),b(λ)⎡⎣ ⎤⎦ for this primary set. 
e. (8) Use the color matching functions as an alternate solution to finding the amounts of 

the primaries that will match the stimulus S(λ)  shown above. 
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4. (40) Consider the doubly periodic binary pattern g(x, y)  shown below: 

 
Here, g(x, y) = 1  within the shaded squares, and g(x, y) = 0  elsewhere. 

a. (5) Using standard operators and standard functions, find a simple expression for 
g(x, y) .  

b. (5) Using standard transform relations, find an expression for the Continuous-Space 
Fourier Transform (CSFT) G(u,v)  of g(x, y) . Your answer should not contain any 
operators other than summation signs. 

c. (5) Sketch G(u,v)  with sufficient detail to indicate that you know what it looks like. Be 
sure to dimension all quantities. 

Now consider a new pattern h(x, y)  defined as follows: 

h(x, y) =
g(x, y), x < 3X  and y < 3X

0, else

⎧
⎨
⎪

⎩⎪
 

d. (5) Using standard transform relations, find an expression for the CSFT H (u,v)  of 
h(x, y) . Your answer should not contain any operators other than summation signs. 

e. (5) Sketch H (u,v)  with sufficient detail to indicate that you know what it looks like. 
Be sure to dimension all quantities. 

Finally, consider a continuous-tone image f (x, y) . Let fscreen (x, y)  denote a new image 
defined as follows: 

fscreen (x, y) =
f (x, y), x −m2X < X / 2 and y − n2X < X / 2 for all integer pairs (m,n)

0, else

⎧
⎨
⎪

⎩⎪
 

f. (5) Using standard transform relations, find an expression for the CSFT Fscreen (u,v)  of 
fscreen (x, y)  in terms of F(u,v)  the CSFT of f (x, y) . Your answer should not contain 

any operators other than summation signs. 
g. (5) Assume simple illustrative examples for f (x, y)  and F(u,v) . Sketch fscreen (x, y)  and 

Fscreen (u,v)  with sufficient detail to indicate that you know what they look like. Be sure 
to dimension all quantities. 

h. (5) Determine conditions on F(u,v)  under which it is possible to reconstruct f (x, y)  
exactly from fscreen (x, y) . Determine the process that needs to be applied to fscreen (x, y)  
to reconstruct f (x, y) . 
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