CS422/522: Digital Image Processing
Homework 5 (Fall '12)

1 Theory

1. Then-th moment of¥ is defined to bavip{W} = [Z t"W(t)dt. Let f(t) =
e ™ f/(t) = —2nte ™, andf”(t) = 2me ™ (212 — 1). Prove the follow-
ing:

(@) Mo{f’} =0.
(b) Mo{f"} =M1{f"} =0.

2. The ssix vectorsy = [ cogm/3) sin(1/3) ]T,fgz [ cogm/3) —sin(/3) ]T,
fa=[ -1 0], fa=[ —cogm/3) —sin(/3) |",fs=[ —cogm/3) sin(/3) ]",
andfe=[1 0 }T form a frame7 for R2. Draw the frame.

(a) Give two representations for the vector= [ 1 1 }T, in F.
(b) Prove thak has an infinite number of representationfin

(c) Give a matrix which transforms any representation of etaein F
into its representation in the standard basisRér

(d) Give a matrix which transforms a representation of argtaein the
standard basis fdR? into its representation iff .

3. The continuous representation of the Haar highpassifiltet) = 3[8(t +
At) — d(t — At)]. The continuous representation of the Haar lowpass filter is
ho(t) = %[6(t +At) +3(t — At)]. Prove thatHo(s)HG(s) +Hi(s)Hi(s) =1
whereHp(s) andH;(s) are the Fourier transforms bf(t) andhy (t).

4. Compute the Haar transform of the vecfat 2 3 4]T.

2 Practice

1. Write a functiorreduce which takes a square imagey, of size X for inte-
gerk as input, and convolves the rows and columngofith the kernel,



Figure 1: Mona Lisa.

Figure 2: Recursive scheme for displaying Laplacian pydamainsform.



%[ 1585 1]T, and then downsamples it. Demonstrate your func-
tion on an image of your choice.

. Write a functionproject which takes a square imagey, of size ¥ for in-
tegerk as input, upsamples it and then convolves the rows and cawihn
the upsampled image with the kerngl,[ 1 5 8 5 1]T. Demonstrate
your function on an image of your choice.

. Write a functiorlaplacian-pyramid which takes a square image,, of size
2K for integerk as input, and returns a list &fimages representing the
levels of a two-dimensional Laplacian pyramid transfornmnaf

. Write a functioninverse-laplacian-pyramid which takes a list|s, of k im-
ages representing thdevels of a two-dimensional Laplacian pyramid trans-
form of a square image of siz& ®or integerk as input, and returns the
reconstructed image. Demonstrate your function’s abiditywert a Lapla-
cian pyramid you compute withaplacian-pyramid for an image of your
choice.

. Write a functiondisplay-laplacian-pyramid which takes a listls, of k im-
ages representing thedevels of a two-dimensional Laplacian pyramid trans-
form of an image of size ¥2for integerk as input, and returns an image
depicting the Laplacian pyramid using the recursive scheinosvn in Fig-
ure 2. Demonstrate your function on an image of your choiceteNThe
images representing the Laplacian pyramid levels must leactormalized

to the range [0-255] with grey level 0 mapped to grey level pB8r to
constructing the display.

. Write a functiondaubechies4 which takes a square imagen, of size X
for integerk as input, and returns a list of length four representingwee t
dimensionalx — y separable Daubechies 4 wavelet transformnaf The
last three elements of the list are the level 1 wavelet sutidand the first
element is (itself) a list of length four (recursively) repenting levels 2
throughk of the wavelet transform.

. Write a functiorinver se-daubechies4 which takes a list of length four repre-
senting a two-dimensional— y separable Daubechies 4 wavelet transform
of a square imagem, of size ¥ for integerk as input, and returns the re-
constructed image. Demonstrate your function’s abilitynieert a wavelet
transform you compute witaubechies4 for an image of your choice.



8.

10.

11.

Write a functiordisplay-wavel et-transformwhich takes a list of length four
representing a two-dimensional y separable Daubechies 4 wavelet trans-
form of a square imagem, of size X for integerk as input, and returns an
image depicting the wavelet transform using the recursiiesie shown in
Figure 3. Demonstrate your function on an image of your ahoiNote:
The images representing the wavelet subbands must eachrhalized to
the range [0-255] with grey level 0 mapped to grey level 128rgo con-
structing the display.

. Write a functiondenoise-color-image which takes a color imagejm, as

input and returns a denoised color-image computed by:

Convertingcimto HSI.

Computing the Daubechies 4 wavelet transform of the saturgs)
and intensity (I) components.

Soft-thresholding the the S and | wavelet subbands.

Computing the inverse Daubechies 4 wavelet transform.

Converting the HSI representation back to RGB.

Find a noisy color image on the internie¢,, an image which has been de-
graded by aliasing from downsampling or contains visiblIEGmlocking,
film grain, or other additive noise. If you cannot find a suléalmage, then
start with a high quality color image and degrade it yourssif, usingxv.

Usedenoise-color-imageto denoise your image. Use a threshold for shrink-
age which you judge to be optimum and one which is too largewSjour
results for both thresholds.



(b)

Figure 3: (a) Bill Clinton. (b) Recursively displayed twartensionak — y sepa-
rable Daubechies 4 wavelet transform.



