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DIGITAL IMAGE PROCESSING

CHAPTER 3 - 2

IMAGE ENHANCEMENT IN THE
SPATIAL DOMAIN
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Histograrm of an lrmage

»The histogram of a digital image with gray levels from
0 to L-1 is a discrete function A(r,)=n,, where:

r, is the k' gray level
n, Is the # pixels in the image with that gray level
n is the total number of pixels in the image
k=0,1,2,...,L-1
»Normalized histogram: p(r,)=n,/n
sum of all components = 1

Dr. lyad Hatem
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Histogram Processing

» The shape of the histogram of an image does provide useful
Info about the possibility for contrast enhancement.

» Types of processing:

Histogram equalization
Histogram matching (specification)
Local enhancement

Dr. lyad Hatem



Histogram Equalization

»As mentioned above, for gray levels that take on discrete
values, we deal with probabilities:

pLr)=-n/n, k=0,1,.., L-1

The plot of p,(r,)versus r, Is called a histogram and the technique
used for obtaining a uniform histogram is known as histogram
equalization (or histogram linearization).

Dr. lyad Hatem



Histogram Equalization

k
sk=1(r, |= zpr(rj)
/=0

»Histogram equalization(HE) results are similar to contrast
stretching but offer the advantage of full automation, since
HE automatically determines a transformation function to
produce a new image with a uniform histogram.

Dr. lyad Hatem



Histogram Equalization Algorithm

» The intermediate steps of the histogram equalization process are:

» Take the cumulative histogram of the image to be equalized
» Normalize the cumulative histogram to 255 (L-1)

» Use the normalized cumulative histogram as the mapping function of the original
Image

totalPixels = row*col;
greyValue =imageli][j];
pixels = 0;
for (int k=0; k<(greyValue+1); k++)
pixels = pixels + histgram[K];
equalizedImage[i][j] = pixels/totalPixels*(L-1);

Dr. lyad Hatem



Histograrm Equalizaiion 5)(5//7?7/(@
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Intensity

# pixels

20

Accumulative Sum of P,

5

20/100=0.2

25

(20+5)/100 = 0.25

10

(20+5+25)/100 = 0.5

15

(20+5+25+10)/100 = 0.6

5

(20+5+25+10+15)/100 = 0.75

10

(20+5+25+10+15+5)/100 = 0.8

0
1
2
3
4
5
6
7

10

(20+5+25+10+15+5+10)/100 = 0.9

Total

100

(20+5+25+10+15+5+10+10)/100 = 1.0

1.0
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Histograrm Equalizaiion 5,‘(5//’('“7‘/,(3 (cont,)
V

deola
Intensity No. of Pixels Afé%‘%”um Output value | Quantized
(r) (n) of P, Output (s)
0 20 0.2 0.2x7=1.4 1

1 3) 0.25 0.25*7=1.75 |2

2 25 0.5 0.5*7=35 3

3 10 0.6 0.6*7=4.2 4

4 15 0.75 0.75*7 =525 |5

5 5 0.8 0.8*7=5.6 6

6 10 0.9 0.9*7=6.3 6

I 10 1.0 1.0x7 =7 I

Total 100

https://manara.edu.sy/
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Histograrm Equalizaiion
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Histograr Equalizaition (c 0[]%\7
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Histograrm Equalizaiion (c Of}%v
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Histogram Equalization (c Of/z
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Histogram Equalization ( cor/[%

Input gray levels
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Problem: Histogram equalization gives an image with
very Low Contrast

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Histograrm Matching (or Specification)

»
en

ap

Istogram equalization does not allow interactive image
nancement and generates only one result: an

proximation to a uniform histogram.

»Sometimes though, we need to be able to specify particular
histogram shapes capable of highlighting certain gray-level
ranges.

Dr. lyad Hatem



Histogram Matching : A /gori%§
The procedure for histogram-matehing based enhancement is:
ool

 Equalize the levels of the original image using:
n: total number of pixels,

k
s=7(r, |= Z % nj: number of pixels with gray level rj,
/=0 k=0,1,...,L-1

L: number of discrete gray levels

 Specify the desired density function and obtain the
transformation function G(z):

zZ

: n; pz: specified desirable PDF for
v=5(2>= sz (W>z n output
0

4 n
/=0

JApply the inverse transformation _
PP rl TO s [GX)) 2

function z=G-!(s) to the levels obtained
in step |.

https://manara.edu.sy/
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Histograrm Matcning . r\/gor/{r%(/ (cont,)
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Histogram Specification

» The principal difficulty in applying the histogram
specification method to image enhancement lies in being
able to construct a meaningful histogram. So...

Either a particular probability density function (such as a Gaussian
density) is specified and then a histogram is formed by digitizing the
given function,

Or a histogram shape is specified on a graphic device and then is
fed into the processor executing the histogram specification
algorithm.

Dr. lyad Hatem



Histograrm Matcning E,‘(a////,r)@jm

Histogram of
Input image
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Histograrm Matcning E,‘(a////,o/l'gégpr/;r’, )
' ' \/
v

1. build Histogram Equalizationém'both tables

r (n;) 3P, S z (n;) XP, v
0 20 0.2 1 0 5 0.05 0
1 5 0.25 2 1 10 0.15 1
2 25 0.5 3 2 15 0.3 2
3 10 0.6 4 3 20 0.5 4
4 15 0.75 3) 4 20 0.7 3)
5 5 0.8 6 5 15 0.85 6
6 10 0.9 6 6 10 0.95 I
I 10 1.0 I I 5 1.0 I

Se=T(ry) Vi = G(Z)

https://manara.edu.sy/
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Histogram Matching Exarmpleont,)
\

2. Make the table Map  icols

5ol Actual Output
r->s vz oo result  Histogram
r S s D>v |v |z r |z z | #Pixels
0 |1 0 |0 0 |1 010
T T[T T3 E 1 20
2 3 \ 2 |2 2 |2 2 |30
3 4 s 14 |3 3 |3 3 |10
4 5 s |5 |4 4 |4 4 115
5 6 6 |5 5 |95 S5 |15
6 6 / 7 16 6 |5 6 |10
7 17 / 7 17 7 |6 710

— 5= T(1ry) Z,= Gy

nttps://manara.edu.sy/


https://manara.edu.sy/

Histograrm Matcning E,‘(a/m,o/'@\éﬁon ’
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Number of pixels ( X 10%)
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Local Enhancernent : Local fistogram Equalization

Concept: Perform histogram ecﬁﬁé}ization In a small neighborhood

: : _ After Local Hist Eq.
Orignal image After Hist Eq. In 7x7 neighborhood
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https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Local Ennancernent . Hlsmgral/yifaﬂsﬂc for Image Enhancernent
Z \/

We can calculate statistical values gigh as Mean, Variance of Local area

Image of filament taken by electronic
camera

The right corner of the image contain
another filament (dark)

We need to increase the brightness
of the background

Adjust the brightness of entire image

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Local Enhancerment P
Sample equations for Local enhﬁement specific for this task)
&)Ll
E - f(.Z})/) Wbenmsxy < koMGandleGO'sxykzMG
f (xy)otherwise

gy |=

o Local Variance  Multiplication
Original image image factor

albiic

FIGURE 3.25 (a) Image formed from all local means obtained from Fig. 3.24 using Eq. (3.3-21). (b) Image

formed from all local standard deviations obtained from Fig. 3.24 using Eq. (3.3-22). (¢) Image formed from

all multiplication constants used to produce the enhanced image shown in Fig. 3.26. .
¢ [ ] =5 £ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Local Ennancermeanit

FIGURE 3.26
Enhanced SEM
image. Compare
with Fig. 3.24. Note
in particular the
enhanced area on
the right side of
the image.

Output image

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Aritnrnetic Operai
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Application: E&rar measurement
oilall

ab
¢ d
FIGURE 3.28
(a) Original
fractal image.
(b) Result of
setting the four
lower-order bit
planes to zero.
(¢) Difference
between (a) and
(b).
{(d) Histogram-
equalized
difference image.
{Original image
courtesy of Ms.
Melissa D. Binde,
Swarthmore
College.
Swarthmore, PA).

Error
Image

ages fro afael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Aritnrnetic Operaijc

on. S S//amlf/*iﬁ on (cont,)

Application: Mask mode radjb_glgraphy In
o)l

ab

FIGURE 3.29
Enhancement by
image subtraction.
(a) Mask image.
(b) An image
(taken after
injection of a
contrast medium
into the
bloodstream) with
mask subtracted
out.

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Arithrelic

Operation: lmacg /a[‘/tym ging

Degraded Image
9(e) =) +7(xy)

: (noise)
Image averaging

K
1
g (ﬂcy>= e Egi(my)

/=1
Taking the average makes
the variance of noise
diminish
1
Og(xy) = \/_?“n(x,y)

ab
cd
2|l

FIGURE 3.30 {a} Image of Galaxy Pair NGC 3314. (b) Image corrupted by additive Gauss-
ian noise with zero mean and a standard deviation of 64 gray levels. (¢)—{f) Results of av-

inara.edy eraging K = 816.64.and 128 noipy ingecs. (sl papec e GNASA Richard E.
Wood, Digital Image Processing, 2" Edition.
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155 7 "‘.l ~ -n".' a 7)<~ ~ ~ ~ 7 2 e
Arithretic Operation.: Image %7%1 ging (cont,)
T T T ahb

FIGURE 3.31

(a) From top to

bottom:

I~ . Difference images

between

L . Fig.3.30(a) and

the four images in

Figs. 3.30(c)

- h ) through (f}).
! L || ‘ ‘ | |I i respectively.
T T T

(b) Corresponding
histograms.

_ ||\HH| |

L ! (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Basics of Spatial Filtering %
deola
ot
Sometime we need to manipulate values obtained from
neighboring pixels

Example: How can we compute an average value of pixels
In a 3x3 region center at a pixel ?

Pixel z

N N O N O© DN

https://manara.edu.sy/
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Basics of Spatial Filtering (co) lj/’f /

Ole_l:lJ[

Step 1. Selected only needed pixels

Pixel z
2 4 1 2 6 2
9 2 3 4/
[ 2 9@6 7 :NV
5 2 3 6 1 5
/7 4 2 5 1 2
2 5 2 3 2 8

W ©O© w

O N b

R o B

https://manara.edu.sy/
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Basics of Spatial Filtering (co) Vf )

h_oJ[
Step 2. Multiply every pixel by 1/9 and then sum up the values

3 4
9 7 6 . ’ .
3 6 1 y=— 3+§'4+— 4
1 1 1
+§'9+§'7+§'6
Il > P
X 9 9 9
1 1]1 - Mask or
9 11111 wWindow or
11| Template

https://manara.edu.sy/
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I_J‘(‘J.'J
DESICS

5};#/:// / ///‘H/’/f/j /f Vﬁ)

L1_0.|[

Question: How to compute the 3x3 average values at every pixels?

~N O N O DN

A~ DD DD DB

N W O W Bk

Oor o N> D

R kO | O

N O J | DN

Solution: Imagine that we have
a 3x3 window that can be placed
everywhere on the image

Masking Window

https://manara.edu.sy/
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Basics 5);#/:// / //f~f/flj /f Vﬁ)

: Move the window to thedirst location where we want to
compute the average valde and then select only pixels
Inside the window.

2 4 1 2 6 2 2 4 1 . 1C0mpl:te
e average value

9@3444@923:> N

729767 729 FZZ?W’)

5 2 3 6 1 5 Subimagep i

/4 2 5 1 2 : Place the
Original image result at the pixel

43 In the output image
: Move the '

window to the next
location and go to Step 2 Output image

https://manara.edu.sy/
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Basics of Spatial Filtering /r’l)/)f Y,
The 3x3 averaging methggjs one example of the
or

* The mask operation has the corresponding mask (sometimes
called window or template).

* The mask contains coefficients to be multiplied with pixel

values.
Example : moving averaging
w(l,1) |w(2,2)|w(3,1) 11111
w(,2)[w(2,2) |w(3,2) 1 11111
w(3,1)|w(3,2)[w(3.3) 11111
Mask coefficients The mask of the 3x3 moving average

filter has all coefficients = 1/9

https://manara.edu.sy/
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Basics of Spatial Filtering /r’%)
The mask operation at each p@umt IS performed by:

1. Move the reference point (center) of mask to the
location to be computed

2. Compute between mask coefficients
and pixels in subimage under the mask.
Mask frame
;5(1,1) p(2,1) p(3,1) / w(1,1)|w(2,1)fw(3,1)
p(2.1) p(22) p(B2)| " w(1,2)|w(2,2)|w(3,2)
p(lyévm) P(3.3) w(3,1)|w(3,2)|w(3,3)
'~ Subimage Mask coefficients
The refefence boint yzz ZW(,;/). ey
of the mask

/=1 /=1

https://manara.edu.sy/
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I_J‘(‘J.'J
DESICS

5);//‘/:// / //I‘H/'/f/j /f Vﬁ)

.“—F'J‘

The spatial filtering on the whole image is given by:

1.Move the mask over the image at each location.

1.Compute sum of products between the mask coefficeints
and pixels inside subimage under the mask.

3.Store the results at the corresponding pixels of the
output image.

4.Move the mask to the next location and go to step 2
until all pixel locations have been used.

https://manara.edu.sy/
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Examples of the masks disola
0jliaJl
Sobel operators o 3x3 moving average filter
-110 |1 -11-2(-1 1111
2[0(2 0/0/0 5 1]1]1
-110 |1 11211 11111
dP dP
gradient at x = — gradient at y = —
0x dy

3x3 sharpening filter
-1(-11-1

1|81

1-1]-1

https://manara.edu.sy/
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Srmooining Linear Filter : Viop /f(g Average

& Casil
o e

saaaaaadd
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wd
I
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wd
I
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R R F
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T

T E ¥

deola
ojligJl

Application : noise reduction
and image smoothing

Disadvantage: lose sharp details

FIGURE 3.35 (a) Original image, of size 300 » 500 pixels. (b)) Results of smoothing
with square averaging filter masks of sizes n = 3,5.9.15, and 35, respectively. The black
squares at the top are of sizes 3, 5,9, 15,25, 35, 45, and 55 pixels, respectively: their bor-
ders are 25 pixels apart. The letters at the bottom range in size from 10 to 24 points, in
increments of 2 points: the large letter at the top is 60 points. The vertical bars are 5 pix-
els wide and 100 pixels high: their separation is 20 pixels. The diameter of the circles is
25 pixels, and their borders are 15 pixels apart; their gray levels range from 0% to 100%
black in increments of 209%. The background of the image is 10% black. The noisy rec-
tangles are of size 50 = 120 pixels.

LIl T -~
Ll =M=

'/manara.edu.sy/
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Srooining Linear Filter (cor

[,1

- |1

FIGURE 3.36 (a) Image from the Hubble Space Telescope. (b) Image processed by a 15 X 15 averaging mask.
(¢) Result of thresholding (b). (Original image courtesy of NASA.)

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Ordler-Statistic Filters

Original image

Vi

suéﬂmage

\

Moving
window

T
Statistic parameters

Mean, Median, Mode,
Min, Max, Etc.

Output image

https://manara.edu.sy/
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Order-statistics filters

»Pixel neighborhood

Increasing order

f1/f2 If3
f4 5 ff6
718 19
f4 3 7 f6 £8 2 f1 f9 f5
min median max
filter filter filter

remove isolated
high(low) pixels

Dr. lyad Hatem



abe

FIGURE 3.37 (a) X-ray image of circuit board corrupted by salt-and-pepper noise. (b) Noise reduction with a
3 X 3averaging mask. (¢) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr. Joseph
E. Pascente, Lixi, Inc.)

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Sharpening Spatial Filters

The principal objective of sharpening is to highlight fine
detail in an image or to enhance detail that has been
blurred.

9
1
30,7
1
1

Image > 9fz > Blurred Image

The derivatives of a digital function are defined in terms of differences.

H.R. Pourreza Dr. lyad Hatem
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Snarpening Spaiial Filters

There are intensity discontinuiﬁé?s near object edges in an image

ab

C
FIGURE 3.38
(a) A simple
image. (b) 1-D
harizontal gray-
level profile along
the center of the
image and
including the
isolated noise
paint.
{c) Simplified
profile (the points
are joined by
dashed lines to
simplify
interpretation).

= Isolated poi e
26 - solated point ,'I
=5 - Y St H
T - . 13 I . Ste T
éi “-x{_Rdmp f I‘. Thin l]J'lIJ—\ Lp_\"lull
E 5 . ; 1|Fl;1[ segment At ;
o 1 Lxh\ r ltl ‘_.’ \\l\ ||[
0 ek boale-w “em- -
Image strip| 5[5 [4[3]2]t]o]o]o[e]ofolo]o]1[3]1]olo]o]o]7]7]7]7]]"]
N e e s A O O
First Derivative —1-1-1-1-10 0 6 —-60 0 0 1 2 2-10 0 0 7 0 0 0
et
Second Derivative —10 0 0 0 1 0 6-126 D01 1 411007700
https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2" Edition.
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aplacian Sharpening : Ho W[/";’{ yorks

Intensity profile 1
0.5

px) >
0

0.2
1st derivative

dp : 0.1
dr

0

0.05

2nd derivative

d?p
adr?

%
ool
ojligJl
- «— Edge N
| \ \ \ \ | | | | ]
20 40 60 80 100 120 140 160 180 200
20 10 130 200
| \ |
20 100 150 200
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Laplacian Sharpening : Ho W[/";’{ yorks (cont.)
/4 §V

1.5

1

o(x) 05

0

-0.5
0

1.5

2
p(x)—10—

x> 05+

-0.5

S0

200

90

\ |
100 130

200

results in larger intensity discontinuity

near the edge.

https://manara.edu.sy/
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Laplacian Sharvening : r/ow[/}"('/orks (cont,)

deola
sl ol

Before sharpening

pX)

After sharpening

) Y a
p(x (Z’Xz
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Laplacian Masks P
| I
¥

deola

Used for estimating image Laﬁ%[ian

-1 ol-1]0
1] 8|-1 RIE
a]-1f-1 o[-1]0
or
1 1
8 1[-4]1
1 1

Application: Enhance edge, line, point

P  9*P
=—— +
dx? = 0dy?

2

The center of the mask
IS positive

The center of the mask
IS negative

N\
LI
https://manara.edu.sy/
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” Y > .
Laplacian Snarpening i=; am,tl)/ﬁ

vVZp

P —V?P

Alez and Richard E.

scaled
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Laplacian Sharpening (cont. PW

Mask for
P — V2p

-115]-1] or -1]19 (-1

Mask for 0]-110 -11-11-1
VZp

=
I

(00

=

-
~
—

FIGURE 3.41 (a) C Dmpnsii'e Laplacian mask. (b) A second composite mask. (¢) Scanning
electron microscope image. (d) and (e) Results of filtering with the masks in (a) and {(b).
respectively. Note how much sharper (e) is than (d). (Original image courtesy of Mr. Michael

Shaffer, Department of Geological Sciences, University (héges from Eaja;ehﬁ Gonzalez and Richard E.
Wood, D|g|tal Image Processing, 2"d-Edition.
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Unsnarp Masking and iHign-sgost Filtering
/A

ool
aJ.L}T,'.""!.[

-1 -1 -1 0 -1 0

-1 | k+8 | -1 -1 | k+4 | -1

-1 -1 -1 0 -1 0

Equation:

/fP(ﬂcy)—VzP(fcy)}

P (x'y>= {/fP(ﬂcJ/)WZP(ﬂcJ/)

— The center of the mask is positive
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Unshnarp Masking and iign-s ﬁ)r Filtering (cont.)

ab
¢ d
FIGURE 3.43
(a) Same as

g, 3.41(c¢), but
darker.
(a) Laplacian of
(a) computed with
the mask in
Fig. 3.42(b) using
A=10
(¢) Laplacian
enhanced image
using the mask in
Fig. 3.42(b) with
A= 1.(d)Same
as (c), bul using
A=1.7.

g v
N\ —

. z and Richard E.

~ Wood, Digital Image Proéessing, 2nd Edition.
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Firsit Ordler Derivaiive

Intensity profile  1f

pX) > o5 Edges :
O | | | | | | | | |
20 40 60 80 100 120 140 160 180 200
1st derivative 0.2 ' ' '
i | N
a == S
0.2 ' ' '
o 0 50 100 150 200
2nd derjvative 0.2 . . .
dp
‘ZK > ol /\ /\ -
O | | |
0 50 100 150 200
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First Order Partial Derivativep
74Y
ol

Sobel operators

0jliaJl
-foy2 1(-2]-1
4 to computea—P
21 01| 2 to computea ololo dy
110 (1 1121

p oP
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Eirst Order Partial Derive /r/v%n:x ge Gradlient

Gradient magnitude mu <

Often approximated by
|VP| = max{|P(xy)—P(x+1y)|, |P(xy)—P(xy+1)|]

r " a b

FIGURE 3.45
Optical image of
contact lens (nole
defects on the
boundary at 4 and
5 o'clock).

(h) Sobel
eradient.
(Original image
courtesy of

Mr. Pete Sites.
Perceptics
Corporation.)

.. ' 4

font ee—
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First Ordler Partial Derivati yepi{} age Gracdient

VP|
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Image Ennancerment in ine ﬁé}m\;‘a/ Dornain : Mix things up !

https:(ifagesfrofdRafiel C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Image Ennancement in tne Sozitial Dormain : Mix things up !

MUltipliCﬂtiOn https:/ = 3 @ 2 A
(Images from Rafael C. Gonzalez and ' akg
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Irnage Ennancement in the Spatial Dormain : Mix things up !

Multiplication 'y @ ' A
(Images from Rafael C. Gonzalez and ' akd



Questions...

4 Dr. lyad Hatem
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