ECE 5273

Test 2
Wednesday, April 8, 1998, 4:30 PM - 5:45 PM
Spring 1998 Name: S ol UTIO /\/
Dr. Havlicek Student Num:

Directions: There are seven problems on this test. You have 75 minutes to complete the
test. All work must be your own. You may use two 8.5 x 11 inch two-sided note sheets.

All Students: Work problems 1 and 2.

Students enrolled for undergraduate credit: Work three problems out of problems 3
through 7. Each of these problems counts 20 pts. Below, circle the numbers of the three
problems you wish to have graded.

Students enrolled for graduate credit: Work four problems out of problems 3 through
7. Each of these problems counts 15 pts. Below, circle the numbers of the four problems
you wish to have graded.

SHOW ALL OF YOUR WORK for maximum partial credit! Good Luck!

Circle the numbers of the problems you wish to have graded:

1 2 3 4. 5 6 7
SCORE:
L(25) 4 (20/15) 7. (20/15)
2. (15) 5 (20/15)
3. (20/15) 6. (20/15)

TOTAL (100):




1. 25 pts. True or False. Mark the correct answer. Mark True only if the statement is
always true.

TRUE FALSE

X

(a) 2 pts. If two images are discrete and periodic with the
same period, then their wraparound convolution equals
their linear convolution.

X (b) 2 pts. IinsaN&NimagewithDFT‘]fand.FislegN
image with DFT J, then the pointwise product I ® J is
1/N times the DFT of the wraparound convolution of I
and J.

(c) 2 pts. With appropriate zero padding, wraparound con-
volution can be used to implement linear convolution.

(d) 2 pts. When a linear filter is used to smooth white noise,
it is usually a high pass filter.

< X

(e) 2 pts. Streaking and blotching are artifacts that can
occur when a median filter is used with a window (struc-
turing element) B that is too small.

(f) 2 pts. A linear translation invariant digital image
processing system can be completely characterized by the
system unit pulse response.

X (g) 2 pts. It is always possible to define a bandpass filter
by taking the difference of two low-pass filters that are
identical except for a scaling factor.

X (h) 2 pts. Nonlinear filtering is based on frequency or spec-
X trum shaping.

(i) 2 pts. The DFT is one of the most useful tools for ana-
lyzing the operation of nonlinear filters.

>< (3) 2 pts. The usual convention for handling edge effects in
nonlinear filtering is replication.

X (j) 2 pts. The median filter removes positive impulses while
preserving negative impulses.

(1) 3 pts. The instructor used to date Lena.




2. 15 pts. Short answer.

(a) 3 pts. A desirable property of the MED, OPEN-CLOSE, and CLOSE-OPEN
filters is that they can retain important image structures. Name a disadvantage
of these filters.

They can FroJ\U\LE SYTeak-;"‘j and h'()'\'c,\m‘vnj effects
wWWwich can appesr ag  ardifactg.

(b) 3 pts. Suppose that I is an image. Write an equation that describes a morpho-

logical image processing operation to detect peaks in I.
J peak — ]1: - E— o B

(c) 3 pts. Name two typical uses for for low-pass filters.
| Swooth noise
2. Blur imeage details to gw\\akasfze gress Lectures.

(d) 3 pts. Give the frequency response for a high-pass digital filter that approxi-
mates the continuous Laplacian.

N
ﬁ(u;V) = Alwrv)/NE; oskhivi< g -]

(e) 3 pts. State one of the two constraints we used to regularize the ill-posed problem

of restoring an image that has been blurred and corrupted by additive white noise.

The data constraint : minimige lldﬁ‘)‘%“I”

The smoothness Constramt:  paintwize “VZf “—



3. UG 20 pts. / G 15 pts. Consider a linear digital image processing system with
frequency response

H= [ﬁ (u, v)] .
Suppose that the system input is the N x N image I defined by

1(i, §) = cos [%g (bi + cj)] |

Find the system response J(i,5) = H(3,7) * I(i, 7).

700)= | H (ke ' Cos [Z—:T( (bi+ei) + 4H (L'C)’J



4. UG 20 pts. / G 15 pts. Pixels in the 4 x 4 image I shown below take gray levels
in the range {0, 1, 2, ..., 99}. The image is sent through a communication channel
where it is corrupted by noise. The received image J is shown below.

72172 73] 74 721721 73| 74
- 721991 72| 74 o 721 99| 72| 74
74{ 75| 71( 70 74751 0 | 70
7571 69| 69 75]71| 69| 69

Choose an appropriate morphological operation to restore the received image by at-
tenuating the noise. Use the window (structuring element) B = CROSS(5):

Handle edge effects by replication. Show the restored image I below. You may use
page 6 for work space.

The iW\an comtaing « ‘Posi‘\‘N&-—CJoTv\ﬂ fMFu\SQ-

s

The noise  Mtroduces a v\esq‘h‘ve——am‘nﬁ ‘yMP»L‘ﬂE_

— > USE chE.

Show the restored image here:

72|72[74{74 e gce L —>
on ) ge

72| 99| 74| 4 u ‘

75[75] 71|70

IS|71 7010

=)
i




More work space for problem 4...

[K.= DiLaTE [JT:I 1’1\:: L:JQDDEDK] = CLOSE[JT]

12| 974 | % 712172 4| 74
99199 (99|74 72 199 | 74| 7

75199175|74 75175 |71 |70
15|75\ 71 {10 75|71 70|70




5. UG 20 pts. / G 15 pts. The N x N digital image I, is defined by

I,(2,5) = 5+ 36(4, 5)

and the N x N digital image I, is defined by
2
L3, 5) = 1+ 6 cos [WW (2 + 7j)] .

Let the N x N digital image J be the wraparound convolution of I, and I,. Find J,
the DFT of J.

i\: SNV + 57
]Aﬁ.&: NG V) + %‘f’ [d‘(u—z,‘v:,) + PMu+z, v-r‘l)]

~ N
5-; DFT[I\®12] = NL|EL
o
=N {szd‘(u;v\TSNd‘(u,v)é& a2V =1) A (utz, u-f-l)J + 34w V)

TR [ puuty v-1)t dluey VH):\E

= GNZalwv)t 3|\\d‘(wv)+ ON [o‘(u—’z,v4)+ o (utz, v+1)]

j}i = [SMBJr 31\\] Juv)+ ON (d‘(u-?,v-'l) + Mutz, v1 )]

J




6. UG 20 pts. / G 15 pts. Consider the 2 x 2 images I; and I, shown below. Pixels in
these images take gray levels in the range {0, 1, 2, ..., 15}. Pixel I;(4, ) is the pixel
in ROW 7 and COLUMN j of image I;.

I

2 Lol 3]1

0

Let the image J = I; * I; be the linear convolution of I; and I,. Compute the image

J directly. Show your answer below.

i\ .
) = g-:ogéol' (mn) T, (=", j-n )

J(010)= Tir0) T,L00) ¥ T, ()T, (0,-1) t T,010)T, (-1,0) + T, (1,0)FL, (-6~)
= 3+to0toto=3 | ‘

J(O) ') = I‘ (O/O)Iz (Oﬂ) TI‘(U,[)_Cz (0/0)_‘_.1.1 (.‘/0) IL(—’,()TI( (/,I)Iz (—{,0)

= Wbt 0t0 =7

— J(ho)= 3 (00) T Qo)+ I, (o 10T, (4 ~1) + Tuly0) T, (0, 0) €T, (4 1) Tz (o)1)

< 4tpto+to= &

T0N) = L) T, 0p0) ¢, (0, 1) T (40)+ T (10)Io (1) + L (4,0 lo,0)
= |+§tot’ =12

Show the result image here:

3

5

4

(2




7. UG 20 pts. / G 15 pts. Pixels in the 4 x 4 image I shown below take gray levels
in the range {0, 1, 2, ..., 99}. The image is sent through a communication channel
where it is corrupted by noise. The received image J is shown below.

72172110} 10 65|172/10] 10
- 72(72]110] 10 . 72( 73] 10 10
721 72110| 10 72(72]122(10
72{72110| 10 72175110 10

Use a median filter to restore the received image by attenuating the noise. For the
window (structuring element), use B = ROW(3) = {(0,-1),(0,0),(0,1)}. Handle
edge effects by replication. Show the restored image K below. Also, find the ISNR
(improvement in signal to noise ratio) for the restored image K relative to the received

image J. You may use page 10 for work space.

B= 1]

See work an

ISNK: - 07é32 dB Pa?"/ \0.

Amm——————

[l

—_-;> TIan Hacs cuase MF W\ﬁk% it worse..

Show the restored image here:

6S|1LSt o]0
K =|72|72|10]i0
1212 | 2L 1D
1272 0 |10
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More work space for problem 7...

49+ 114119 _ 203

- - = 12,6575
mse (T) = P ¢
- 9tYrive . 24z _
mse (k) ——= = T, = Istes
nee (T) ~
- -~ :’0'7é3
Tonk= by Zomns 2dB

[te=T/ (-2)*

k=mel T, 5]

65 [esTo] 1o A
1721720 e R EAA
1272 {22( 10 S| Ve %
122|720 {10 RaEAPAYA
|v-Ll /(r-7)*

28 92%

o 0

10



