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3.19 (a) Develop a procedure for computing the median of an n X n neighborhood; 3.24 -Show that the Laplacian defined in Eq. (3.6-3) is isotropic (invariant to rota-
*3. a) Deve

(b) Propose a technique for updating the median as the center of the neighbor-
hood is moved from pixel to pixel. .

(a) In a character recognition applicatiqn, text pages are reducelil to bmFary
form using a thresholding transformation functl.on of the form s ownt .1lnth1g.
3.2(b). This is followed by a procedure that thins the charact;rs UIlll i . ey
become strings of binary 1s on a background of Os. Due to nmsc’:, the bina-
rization and thinning processes result in broken’ s’t’rlngs of c.harf\cters with
gaps ranging from 1 to 3 pixels. One way to “re'palr the gaps is to ‘21;11:i an av;
eraging mask over the binary image to blur 1t_, and thus crelzlite ridges o
nonzero pixels between gaps. Give the (odd) size of the smallest averaging
mask capable of performing this task. ‘

(b) After bridging the gaps, it is desired to thresho?d the image in order.tq con-
vert it back to binary form. For your answer m'(a),-what is th.e minimum
value of the threshold required to accomplish this, without causing the seg-
ments to break up again?

i shown were blurred using square aver

;I;hi ;gie;S,lr;lr?ge:S? respectively. The vertical l?ars on the left lower part of t(1511)

and (c) are blurred, but a clear separation exists between them. iiowevzr, §

bars have merged in image (b), in spite of the fact that the mask .t at pro ulcze
this image is significantly smaller than the mask that produced image (c). Ex

plain the reason for this.

aging masks of sizes

@ ) ©

Consider an application such as the one shown in Fig. 3.34,in whlch it is dezx;j
to eliminate objects smaller than those enclosefi by asquare of size q >f[ q{ ptone
Suppose that we want to reduce the average intensity of Fhose qb]ic slo e
tenth of their original average value. In this way, those quf?cts will ehc oshOId
the intensity of the background and they can .then be ehm1na4te<? byt ﬁf‘ih .
ing. Give the (odd) size of the smallest averaging mask that will accolr(np i .
desired reduction in average intensity in only one pass of the mask over
e i i i images to reduc
In a given application an averaging maslk is applied to input 1mag1 e
noise, and then a Laplacian mask is applied to enhance small details. Wou
result be the same if the order of these operations were reversed?

z
~ca-baa+ba+cl

tion). You will need the following equations relating coordinates for axis rota-
tion by an angle 6:

x=x"cosd — y' sinf

y=x"sinf + y' cosf

where (x, y) are the unrotated and (x', y') are the rotated coordinates.
Y

You saw in Fig. 3.38 that the Laplacian with a —8 in the center yields sharper re-
sults than the one with a —4 in the center. Explain the reason in detail.

With reference to Problem 3.25,

(a) Would using a larger “Laplacian-like” mask, say, of size 5 X 5 with a —24 in
the center, yield an even sharper result? Explain in detail.

(b) How does this type of filtering behave as a function of mask size?

Give a 3 X 3 mask for performing unsharp masking in a single pass through an
image. Assume that the average image is obtained using the filter in Fig. 3.32(a).

Show that subtracting the Laplacian from an image is proportional to unsharp
masking. Use the definition for the Laplacian given in Eq. (3.6-6).
(a) Show that the magnitude of the gradient given in Eq. (3.6-11) is an isotropic
operation. (See Problem 3.24.)
(b) Show that the isotropic property is lost in general if the gradient is computed
using Eq. (3.6-12).
A CCD TV camera is used to perform a long-term study by observing the
same area 24 hours a day, for 30 days. Digital images are captured and trans-
mitted to a central location every 5 minutes. The illumination of the scene
changes from natural daylight to artificial lighting. At no time is the scene
without illumination, so it is always possible to obtain an image. Because the
range of illumination is such that it is always in the linear operating range of
the camera, it is decided not to employ any compensating mechanisms on the
camera itself. Rather, it is decided to use image processing techniques to post-
process, and thus normalize, the images to the equivalent of constant illumina-
tion. Propose a method to do this. You are at liberty to use any method you
wish, but state clearly all the assumptions you made in arriving at your design.

Show that the crossover point in Fig. 3.46(d) is given by b = (a + )/ 2.

Use the fuzzy set definitions in Section 3.8.2 and the basic membership func-
tions in Fig. 3.46 to form the membership functions shown below,
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