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FIGURE 2.15 An cexample of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An el-
ement of a scene. (¢) Imaging system. (d) Projection of the scene onto the image plane. (e) Digitized image.
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FIGURE 2.25 Top row: images zoomed from 128 x 128, 64 X 64, and 32 X 32 pixels to 1024 X 1024 pixels

using nearest neighbor gray-level interpolation. Bottom row: same sequence, but using bilinear interpolation
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g =imread(’2.jpg’);
z=f+g;
Imwrite(z,’res.jpg’);
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FIGURE 2.29 Shading correction. (a) Shaded SEM image of a tungsten filament and support, magnified
approximately 130 times. (b) The shading pattern. (c) Product of (a) by the reciprocal of (b). (Original image
courtesy of Mr. Michael Shaffer, Department of Geological Sciences, University of Oregon, Eugene.)

So mask is 0 (black) where
we want to mask an image.
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FIGURE 2.30 (a) Digital dental X-ray image. (b) ROI mask for isolating teeth with fillings (white corresponds to
1 and black corresponds to 0). (c) Product of (a) and (b).




FIGURE 2.33 Shading correction. (a) Shaded test pattern. (b) Estimated shading pattern. (c) Product of (a) by the
reciprocal of (b). (See Section 3.5 for a discussion of how (b) was estimated.)




2.5

S

. 58
« AR/
I
« HiE

3 [§2

RS
MeN
RO
".-— ._|\,\ /
R
:{,\}\ \ ()~

s,’ ’ '\"\5 !




lena. 111'[ ft

——

4

P
N wh ‘! [
/ s ™ "ﬁ
Lo N o
7o e, AT
’A ¥ " “'Q
N

7




Q A’ ANB AUB

<

A-B B* ANB* AN(BUC)

al Ibliciid
ef &&h

FIGURE 2.35 Venn diagrams corresponding to some of the set operations in Table 2.1. The results of the operations,
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[see Eq. (2-40)].
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TABLE 2.3
Affine

transformations

based on
Eq. (2-45).

Transformation
Name

Identity

Scaling/Reflection
(For reflection. set one
scaling factor to —1
and the other to 0)

Rotation (about the

origin)

Translation

Shear (vertical)

Shear (horizontal)

Affine Matrix, A
1 0 0
0 1 0
0 0 1
c, 0
0 cy
0o 0 1
cosf —sinf 0
sin 6 cosf 0
0 0 1
S
01 f
L 0 1 =
s, 0]
0 1 0
0o 0 1]
(1 0 0]
s, 1.0
L0 0 1]

Coordinate
Equations

X=X

x'=xcosf—ysinf
V' =xsinf + ycosf

X'=x41,
Y=y+t,
X'=x+s,y
y'=
X'=x
yi=sx+y

Example

X

y,
X IT

)”’
X

)”




2.5 BMG FL AR AR #i

- BFUMFEIR: hese3Ein
Jie S AN JR

SRR R
e %

A 2
+

poE et M
+

T %




2.5 BMG FL AR AR #i

+ BRUIRITIR: FIRRER
o — A MAR IR SRS . R B8 Z e
FeAR S (BB TR A

&

‘\

.

LU T H BN FFEE A X v BEAT AR
X LB 5 B ) 38 SR 7 — AN A B

y (0]
« . | B
| & 1

S PR S TRAE » Seil4E)fE R

Tep) R (»/4) T»
il ' ™ A

y y

B4.2 LSEESPIESPF.




2.5 BBRIAA

o JUAIRERIE
. FHAERE: - [AJRA: FTHAXEPESRA, H
e SHIESEF S HAYITE
o VA A A e R K YN = EKREEE

= JAEIETE




x

2.5 BMG FL AR AR #i

- @& At AFEiHERSE?

« REJEHIARSR oy )R REA R B, AU ?
» AL AR By ) BOL R R IE, AR
o WAMAEE: EHY)I4BERR R A EHEETHE

G\. /’)
O




2.5 BRI AAL

- NLAXEKIE
- EREEER: PRV LR S AT H T U DA AR R K R

x'=s(x,y) s(x.y)=kix+k,y+k; F F

¥ R f(.\°._ .1..') 1’(.\'._ _\’) = ]\’4.\' + k5_1‘ + k6

s(x.3) =k +hx + kv + kg +ksxy +kgy?

- -

2 2
H(x. )=k +hgx +hkoy +kyoX™ + Xy +Kh,V"  Eass kREAREEBNMEA

o R EE BRI DX A AR AR L P e N A DU 320 7 X3 A T
FIAE DR I R




2.5 BBRIAA

- JUAXERIE

« IREHRE (REPHELSHIRE) - X =m0 ERKT
FH L AR PEE A AR B S B A AR P AR

PEEZIN)

gx'y')
255 REFHEREHE







B BB AL

(Digital Image Processing)

F IE

Email: zheng wang@seu.edu.cn

PAOE: LB A5415
image
Processing

PI‘%IEG'I ideas

e gctriresrs




Pl {5 o B& R )5

* AEEEEEI )R | x ZEEEE T
A, RGOl | R, Ear “FE i
Hf]%ﬁﬁiz’ﬁ%#ﬁ?@ﬂj C |7«

HR | )
gt ﬁﬂﬁfj’m]@ | s,
* IZIE ? Z:—‘ . -

75 50 P AR

* EREFE




DU Bk R B D VA AR
HRAR MR 0 JR R B AT AV, AN 25

AEEERAER, FEARBRENZE, RKERPERMGBRHFMERER
H R, TOERINHA T ERRE, FROE R,




Tﬁﬁ:@ﬁﬁ@ﬂ%%ﬁﬁ@ﬁ
7 ) 3 3 55 5 v

PRI 558 )7 V%
TbE, REERBREBIFHNER

*

R 085 5 3 BB 5 B R 3k H K

Sy

Xt BB B R ET Ha A E

R BB 2 S8 AT B e B R -3t

15 38 9 1Y) 38 FH B R R AN AR Y

TH] ] 1) 7L !

BEFORE



F3E ERTmESTIREIN

=p—vla

LN E TR
5 5 B4 E
Bl EM,

S L
H




R

O ). @3B GGEEEY
O |k ELTHA

glx,y)=T(f(x,y))

f e,y @ BABER
g x,y) : b &

T ESG, YRR R AT
H—FhE T

é;i




Origin N

P (x, )

O =) Rk
" REEMEEREESEE

= R/NBiE: 1x 1

3 X 3 neighborhood of (x, y)

Image f

Spatial domain




IR E AL

O SR A I 1B R EE 2T A

s =T(r) s=T(r)
' I
0= T0) - S |
= | = |
) ! .l !
3| T~ | T(r) ~ |
| |
| |
| | |
= ’ oz :
Qm : [ A |
1 | - F | -
k To k
Dark Light Dark Light

P m VA LIS SHERMERREY




> XS LR

F

W !

_ ’, =
X &
*’] -‘-.K




F3E ERTmESTIREIN

B=xhA

LR E A
5 5 B4 E
NN E = Yhi

I L
H




=

[

WK,

E AR

RETHs = T (r)
r A FEBRUESIR, 1ZIRETrEdEIKER

L-1
Negative
ILAE
“ Log
E
o
'é-;
o L2
]
=5
=
Qo
L/4

nth root

nth power

Inverse log

Identity
0 / |

0

L2 3L/4
Input gray level, r

=

Sh

n




255

IR

&k

»235




SR

O IKERIRREL: s

L-1-r7r

" EATERERAEGRESXEFHEERERBMHT

e

FIGURE 3.4

(a) Original
digital
mammogram.

(b) Negative
image obtained
using the negative
transformation in
Eq. (3.2-1).
(Courtesy of G.E.
Medical Systems.)
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FIGURE 3.5

(a) Fourier
spectrum.

(b) Result of
applyving the log
transformation
given in

Eq. (3.2-2) with
c = 1.
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FIGURE 3.7

(a) Linear-wedge
gray-scale image.
(b) Response of
monitor to linear
wedge.

(¢) Gamma-
corrected wedge.
(d) Output of
monitor.

Image as viewed on monitor
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Gamma
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v=0.4
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FIGURE 3.8

(a) Magnetic
resonance (MR)
image of a
fractured human
spine.

(b)—(d) Results of
applying the
transformation in
Eq. (3.2-3) with

¢ =1and

y = 0.6.0.4.and
0.3, respectively.
(Original image
for this example
courtesy of Dr.
David R. Pickens,
Department of
Radiology and
Radiological
Sciences.
Vanderbilt
University
Medical Center.)
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FIGURE 3.9

(a) Aerial image.
(b)—(d) Results of
applving the
transformation in
Eq. (3.2-3) with
c=1and

vy = 3.0.4.0.and
5.0, respectively.
(Original image
for this example
courtesy of
NASA.)
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(r2.52) FIGURE 3.10
w 3L/A- Contrast
3 stretching.
2 (a) Form of
= transformation
g L2+ T(r) l
E.b . function. (b) A
2 low-contrast
3 LA image. (¢) Result
of contrast
(r151) stretching.
0 | I I (d) Result of
0 L/4 L2 3L/ L thresholding.

(Original image
courtesy of

Dr. Roger Heady.
Research School
of Biological
Sciences.
Australian
National
University.
Canberra,
Australia.)
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Bit-plane
representation
an 8-bit image.
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FIGURE 3.13 An 5-bit fractal image. { A fractal is an image generated from mathematical
expressions). (Courtesy of Ms. Melissa D. Binde, Swarthmore College, Swarthmore, PA.)




FIGURE 3.14 The eight bit planes of the image in Fig. :
right of each image identifies the bit plane.
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FIGURE 3.28

(a) Original
fractal image.

{b) Result of
setting the four
lower-order bit
planes to zero.
(c) Difference
between (a) and
(b).

(d) Histogram-
equalized
difference image.
(Original image
courtesy of Ms.
Melissa D. Binde,
Swarthmore
College,
Swarthmore, PA).
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right of each image identifies the bit plane.
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FIGURE 3.29 Illustration of 1-D correlation and convolution of a filter with a discrete unit impulse. Note that
correlation and convolution are functions of displacement.
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SEPARABLE FILTER KERNELS

Asnoted in Section 2.6,a 2-D function G(x, y) is said to be separable if it can be written
as the product of two 1-D functions, G, (x) and G,(x); that is, G(x, y) = G,(x)G,(y).
A spatial filter kernel is a matrix, and a separable kernel is a matrix that can be
expressed as the outer product of two vectors. For example, the 2 X 3 kernel

IR
U1

1s separable because it can be expressed as the outer product of the vectors

1

-} d r=|1

(.‘.—1 dan r=

1

1 111
Tl 1 1= -
SRR TR

That is,




Property Convolution Correlation
Commutative fhg=g*f —

Associative fx(gxh)=(f*g)*h —

Distributive fr(g+h)=(fxg)+(f*h)  fr(g+h)=(f*g)+(fxh)

The importance of separable kernels lies in the computational advantages that
result from the associative property of convolution. If we have a kernel w that can
be decomposed into two simpler kernels, such that w = w, *w,, then it follows
from the commutative and associative properties in Table 3.5 that

Wk f = (0, %w,) % f = (10, %w,) % f =0, % (0, % )= (w, % f)kw,  (343)

This equation says that convolving a separable kernel with an image is the same as
convolving w, with f first, and then convolving the result with w,.

MNmn mn HF11x11K

C = = — I
MN(m+n) m+n ;Eﬁgﬁt#}%
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The tie between spatial- and frequency-domain processing is the Fourier trans-
form. We use the Fourier transform to go from the spatial to the frequency domain;
to return to the spatial domain we use the inverse Fourier transform.’

ab Uy

FIGURE 3.32 Frequency domain Spatial domain
(a) Ideal 1-D low-

pass filter transfer 1
function in the . Passband Stopband
frequency domain.
(b) Corresponding u
ﬁlte{r kernel ip the fre qf;oen oy

spatial domain.

1. Convolution, which is the basis for filtering in the spatial domain, is equivalent
to multiplication in the frequency domain, and vice versa.

2. An impulse of strength A in the spatial domain is a constant of value A in the
frequency domain, and vice versa.
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Lowpass filter Highpass filter
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Bandreject filter Bandpass filter
Stopband Passband
. l_ opban L ,— Passban
Passband Passband Stopband Stopband
u
U Lo} U L)
Filter type Spatial kernel in terms of lowpass kernel, /p
Lowpass Ip(x,y)
Highpass hp(x,y) = 8(x,y) = Ip(x, y)
Bandreject br(x,y) =Ip;(x,y) + hp,(x,y)
= Ip(x.y) +[3(x,y) = Ip(x.y)]
Bandpass bp(x,y) =6(x,y)—br(x,y)

= 8(x,y) — [ Ip,(x,y) +[8(x,y) — Ip, (x.y)]]
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LOWPASS GAUSSIAN FILTER KERNELS

s34+ 12

ws.f) = G(s.f) = Ke 207 WETTABHERFE

(m-1) (n-1)
2 ﬁ 2 \/z

———————————————————————————

42 5 25 JIT 4 T 25 5 402,
| 5 |32 V3 M0 3 IO N3 3E| 5|

in§ WG 5 2 5 aVr VB RS
7| o) 5
..... FIRERE
I7| V10| V5|42 |
0| BIVE B 2 T b | 0.3679 | 0.6065 | 0.3679
| L———— ————- |

IS 32 V13 Y10 _3 10 V13 32 | 51

——— X7 o—————
4WZ s o5 VT4 725 s 4| 1
__________ : 4.8976

X1 0.6065 [ 1.0000 | 0.6065

mxXm

m-1) 5 -
2

0.3679 | 0.6065 | 0.3679




~SEVU-
4""“WOM sc\al‘-“"

1024x1024

‘.‘ * “ -
=MARRFI#NE
B

allbilc

FIGURE 3.39 Result of filtering the test pattern in Fig. 3.36(a) using (a) zero padding, (b) mirror padding, and (c) rep-
licate padding. A Gaussian kernel of size 187 x 187, with K =1 and o = 31 was used in all three cases.
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FIGURE 3.40 (a) Test pattern of size 4096 x 4096 pixels. (b) Result of filtering the test pattern with the same Gaussian
kernel used in Fig. 3.39. (c) Result of filtering the pattern using a Gaussian kernel of size 745 x 745 elements, with
K =1 and o = 124. Mirror padding was used throughout.
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FIGURE 3.34 (a) Image of size 528 X 485 pixels from the Hubble Space Telescope. (b) Image filtered with a
15 X 15 averaging mask. (¢) Result of thresholding (b). (Original image courtesy of NASA.)
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FIGURE 3.36
[lustration of the
first and second
derivatives of a
1-D digital
function
representing a
section of a
horizontal
intensity profile
from an image. In
(a) and (c) data
points are joined
by dashed lines as
a visualization aid.
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FIGURE 3.42

(a) Optical image
of contact lens
(note defects on
the boundary at 4
and 5 o’clock).
(b) Sobel
gradient.
(Original image
courtesy of Pete
Sites, Perceptics
Corporation.)
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UNSHARP MASKING AND HIGHBOOST FILTERING
1. Blur the original image.

2. Subtract the blurred image from the original (the resulting difference is called

the mask.)
3. Add the mask to the original. —/Oringsignal

=
p

Letting f(x,y) denote the blurred image, the mask in equation form is given by:
Blurred signal

gmask(x7y):f(x’y)_f(x’y) (3_55) =
Then we add a weighted portion of the mask back to the original image:
Unsharp mask
8(x,9) = (X, ) + kgmaqi (X, ) (3-56)
AN
/'
where we included a weight, k (k = 0), for generality. When k =1 we have unsharp
masking, as defined above. When & > 1, the process is referred to as highboost filter-
Sharpened signal

ing. Choosing k < 1 reduces the contribution of the unsharp mask.
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FIGURE 3.46

(a) Blurred
image of the
North Pole of the
moon.

(b) Laplacian
image obtained
using the kernel
in Fig. 3.45(a).
(c) Image
sharpened
using Eq. (3-54)
with ¢ = —1.

(d) Image
sharpened using
the same
procedure, but
with the kernel
in Fig. 3.45(b).
(Original

image courtesy of
NASA.)
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FIGURE 3.49 (a) Original image of size 600 x 259 pixels. (b) Image blurred using a 31 x 31 Gaussian lowpass filter with

o = 5. (c) Mask. (d) Result of unsharp masking using Eq. (3-56) with k = 1. (e) Result of highboost filtering with
k=45.

larger than the minimum value in the original signal. Negative values cause dark
halos around edges that can become objectionable if k is too large,
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(a) The original image

(b) The blurred image of (a)

(c) The result of (a) subtracted by (b)
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FIGURE 3.57

(a) Image of whole
body bone scan.

(b) Laplacian of (a).
(c) Sharpened image
obtained by adding
(a) and (b).

(d) Sobel gradient of
image (a).(Original
image courtesy of
G.E. Medical Sys-
tems.)
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FIGURE 3.57
(Continued)

(e) Sobel image
smoothed with a

5 x5 box filter.

(f) Mask image
formed by the
product of (b)

and (e).

(g) Sharpened
image obtained
by the adding
images (a) and ().
(h) Final result
obtained by
applying a power-
law transformation
to (g). Compare
images (g) and (h)
with (a). (Original
image courtesy

of G.E. Medical
Systems. )
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As you learned in Section 3.4, it takes on the order of MNmn operations (multi-
plications and additions) to filter an M x N image with a kernel of size m x n ele-
ments. If the kernel is separable, the number of operations is reduced to MN(m + n).
In Section 4.11, you will learn that it takes on the order of 2MN log, MN operations
to perform the equivalent filtering process in the frequency domain, where the 2 in
front arises from the fact that we have to compute a forward and an inverse FFT.
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To find the energy at a particular frequency, spin
your signal around a circle at that frequency, and
average a bunch of points along that path.
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FIGURE 4.1 The function at the bottom is the sum of the four functions above it.
Fourier’s idea in 1807 that periodic functions could be represented as a weighted sum
of sines and cosines was met with skepticism.




