Image Processing 1, Mock Midterm Exam
November 9, 2023

1 Fourier Transforms

(a) Compute the Fourier transform of

f(z,y) = wsinc(y)e ™" 7,

(b) Compute the inverse Fourier transform of

§(wg, wy) = e v cos(100wy).

(¢) Using Parseval’s formula, show that

/ / 6—212+j2”ymsinc(y) cos(100y)dady = 0.
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2 Image Acquisition

A camera’s acquisition system is modeled by the following block-diagram:

Optics Sampling aperture 2D sampler
Input light: f(x) —]  @o(x) o pu(—x) - » Pixel Values: p[k]
Equivalent impulse response: h(x) kT

Figure 1: An image-acquisition system

In this system, we set

— LWy L Wy
oWy, wy) = trl(—)trl(—),
(- 2y) wo wo
and
(z,y) = w—g sinc (@) sinc (wioy)
Palh ) = g2 27 21 /)’

(a) Compute the Fourier transform of the equivalent impulse response h(x,y) of the camera.

(b) Given a signal that has passed through the camera, what is the maximum step 7" that can be
used to sample it without aliasing.
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3 Modulation
Consider the system T specified by the following block diagram.

ejwoit e—ijZE

f(z) X h X T{f}(=)
~ o @ ~

In this system, we set A(w) = tri(w/7) and wy = 7. Furthermore, suppose that the input f(z) to

the system has Fourier transform f that is supported on [—m, 7.
(a) On what frequencies is the system supported on at (1) with input f7
(b) On what frequencies is the system supported on at (2) with input f?
(¢) On what frequencies is the output of the system T{f} supported on?
)

(d) Can you propose an equivalent implementation of T as an LSI filter? If yes, (i) give an explicit
formula for the frequency response of the corresponding filter (i) draw a picture of the frequency
response and (iii) specify if the filter is all-pass (AP), low-pass (LP), band-pass (BP), high-pass
(HP), band-cut (BC), or all-cut (AC). If no, explain why.
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