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Note that this exercise has several pages!

In exercises 3-5 you will use Principal Component Analysis (PCA) on the data
set discussed in class. Download the appropriate files from the course website
(Eigenface data.m, viewfaces.m, tightsubplot.m, readyalefaces.m ,meanface.m, yale-
faces.zip, and Eigenfaces truncated.m). Using the Yale database photos available on
the course website (yalefaces.zip) please answer the following discovery questions.

1. Use Fast Fourier Transform (see file Fseries2.m) to compute the same Fourier
coefficients of functions than those computed in Fseries1.m. Invent your own
function and demonstrate the Fourier series approximation as a plot.

2. Study the Fourier approximations of the three functions defined in Fseries1.m

(the polynomial of second degree, the piecewise linear function and the dis-
continuous function. Do not consider the constant function 1 in this exercise).

(a) For each of the three functions, write a for loop computing Fourier series
approximations with M = 2, 3, 4. Remember that the frequencies used are
−2(M−1) ≤ n ≤ 2(M−1) − 1; denote

fM(θ) :=
2(M−1)−1∑
n=−2(M−1)

〈f, φn〉φn(θ).

Here φn(θ) = (2π)1/2einθ.

(b) Calculate the square norm error

‖f − fM‖2 =

√∫ 2π

0

(f(θ)− fM(θ))2 dθ

as a function of M . What do you observe for the three different functions?

(c) Calculate the sup norm error

‖f − fM‖∞ = sup
0≤θ≤2π

|f(θ)− fM(θ)|

as a function of M . What do you observe for the three different functions?



3. Adjust the file Eigenface data.m so that you are working with all of the
available images and that 80% of them are used as the training set.

(a) How many principal components must be used to capture 50% of the
variation in the data? How many must be used to capture 75% of the
variation? Present your results in graphical form.

(b) How many principal components must be used so that a face is recognizable
in its eigenface decomposition? How does your answer change when you
consider various images? Choose 3 different subjects (not just different ex-
pressions of the same subject) and demonstrate your results graphically.
Hint: Investigate the effect of changing the parameter k in the file Eigen-
faces truncated.m.

4. In this problem you will investigate how well the facial recognition works as
you vary the number of principal components and images used in the training
data.

(a) Using the same partition of data as in Problem (1), investigate the effect of
changing the number of principal components used on the facial recogni-
tion. How well does the code work with 50% of the principal components?
Is there a threshold after which you do not see any improvement? Present
your results both in writing and through graphical evidence to support
your claims.

(b) Return to the file Eigenface data.m and choose a new set of data for
your training data (i.e. you can choose to exclude certain lighting condi-
tions/facial expressions, and/or modify the partition of the training and
data sets). Repeat task (a) with your new data set.



5. Use PCA to determine whether or not a new image (of your choosing) con-
tains a (human) face. Repeat this task for 3 images total and present your
results graphically and in writing. In addition, submit your new code. When
reading in your new image make sure to crop the image to the same size, cen-
ter the image so that the main features are in the same location - i.e. if you
choose an animal make the sure the eyes are placed at approximately the same
height and position, and convert the image to grayscale using rgb2gray.m.
If you discover an alternative approach you are welcome to pursue that as well.


