
CSE 166: Image Processing, Fall 2020 – Assignment 4
Instructor: Ben Ochoa

Due: Monday, November 9, 2020 11:59 PM

Instructions

� Review the academic integrity and collaboration policies on the course website.

� This assignment must be completed individually.

� This assignment contains both math and programming problems.

� Programming aspects of this assignment must be completed using MATLAB.

� Unless specified below, you may not use MATLAB functions contained in toolboxes,
including the image processing toolbox. Use the MATLAB which command to deter-
mine which toolbox a function is contained in. If you are unsure about using a specific
function, then ask the instructor for clarification.

� It is highly recommended that you begin working on this assignment early.

Submission

� You must prepare a report as a PDF file. The report must contain your solutions
and results, and all of your MATLAB source code as a listing in the appendix of your
report.

� Additionally, you must create a zip file containing all of your MATLAB source code.
Your source code must contain a file named main.m which runs all code necessary
to produce results for your report. main.m should run start to finish without error.
Use relative paths to read input data. For questions which require numerical output,
main.m should print a message indicating what question is being answered followed by
the numerical output for that question. Example: display(‘Problem 2b’) followed
by your answer to problem 2b. The instructors should be able to reproduce your report
by running main.m

� You must submit both files (.pdf and .zip) on Gradescope. Please assign the pages of
your PDF submission to the corresponding problems.

Problems

1. Textbook problems (5 points)

(a) Problem 5.10 (2 points)

(b) Problem 5.12 (2 points)

(c) Problem 7.7 (1 point)

2. Programming: Image Restoration and Color Image Processing (30 points)
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(a) Spatial Image Restoration (10 points)

Develop a MATLAB function called adaptiveLocalNoiseReduction that com-
putes an estimate of the original image f̂(x, y) given a noisy image g(x, y), the
overall noise variance σ2

η, and the filter window size using the adaptive expression

f̂(x, y) = g(x, y) −
σ2
η

σ2
Sxy

(
g(x, y) − z̄Sxy

)
and enforce the assumption σ2

η ≤ σ2
Sxy

(see the last paragraph of page 384), where

the local mean z̄Sxy and local variance σ2
Sxy

are calculated over the filter window
centered at (x, y).

Develop a MATLAB script called spatial_image_restoration.m that reads in
input image cameraman.tif, applies Gaussian noise with variance 0.1 using the
function imnoise, and estimates the original image from the noisy one using
adaptiveLocalNoiseReduction.

Include in your report the input image, noisy image, and restored image. Include
the parameters used for adaptiveLocalNoiseReduction. Briefly discuss how
well the restored image approximates the original image and whether or not a
local noise reduction filter is suitable for applying to this type of noise. What are
the trade offs of using adaptive local noise reduction versus other noise reduction
techniques such as an arithmetic mean filter? What are the advantages and
disadvantages of using adaptive local noise reduction?

(b) Inverse Filtering (10 points)

The degraded image d(x, y) is the result of convolving an input image with the
degradation function

h(x, y) =
1
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Develop a MATLAB script called hw4_inverse_filter.m that reads in the de-
graded image d(x, y) and the padded degraded image dp(x, y) contained in degraded.

mat, performs inverse filtering (in the frequency domain), and writes the output
image to estimate.png. Use the 2D Fourier transform related functions in MAT-
LAB. Use the command load degraded.mat to read the degraded image d and
the padded degraded image d_p (use this instead of zero padding d) in MATLAB.
Use imwrite to write the output image in MATLAB.

In your report, include the degraded image and estimated image. Discuss how well
the inverse filtering restored the original image. How well would inverse filtering
work if noise was also applied to the image?
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(c) Color Histogram Equalization (10 points)

Develop a MATLAB script called hw4_rgb_histeq1.m that reads the RGB input
image autumn.tif (included with MATLAB), uses the function histeq to his-
togram equalize each color channel independently (i.e., independent of the other
channels), and writes the output image to autumn_histeq1.png. Use the function
imread to read the input image in MATLAB. Use imwrite to write the output
image in MATLAB.

Develop a MATLAB function called rgb2hsi that converts an RGB image to an
HSI image. The function should take as input an RGB image as a 3D array, where
the third dimension is the color channel, and output an HSI image as a 3D array,
where the third dimension is the color channel.

Develop a MATLAB function called hsi2rgb that converts an HSI image to an
RGB image. The function should take as input an HSI image as a 3D array,
where the third dimension is the color channel, and output an RGB image as a
3D array, where the third dimension is the color channel.

Develop a MATLAB script called hw4_rgb_histeq2.m that reads the input image
autumn.tif (included with MATLAB), uses your function rgb2hsi to convert the
image from RGB to HSI, uses the function histeq to histogram equalize the I
channel only, uses your function hsi2rgb to convert the image from HSI to RGB,
and writes the output image to autumn_histeq2.png. Use the function imread

to read the input image in MATLAB. Use imwrite to write the output image in
MATLAB.

Include in your report the input image and both output images. Briefly discuss the
qualitative differences between the output images. Briefly discuss the quantitative
differences, namely the range of intensities in each channel, between the output
images.
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