

mailto:lihq@ustc.edu.cn
mailto:zhwg@ustc.edu.cn
mailto:lil1@ustc.edu.cn
mailto:eeyhu@ustc.edu.cn

I

BRI

O RETRSZTSEER
O E{&SnieiERg
O EBEl&ikE




% E A 523 8) e g F A

O ZEim: 88 FEGGEENEEEHE
O z=|8)ig Ak Te

gx,y) =T(f(x,y)) O\

flx,y): WAER

g(x,y): WHEIR

T: £ (x, y)RI4E _EEXBIXE TR
—MET

T

— (X,y)

3 X 3 neighborhood of (x, y)

D El‘_l'\_' I‘Ej %\B iﬁﬁ, Image f

B ORETREFERERE Spatial domain
B 1x1: RET x

B 3x3%F: TEEK




RS RS TR R

O Z[E)E 7k E Tk

B HHELE
‘ﬂz )f' /)S‘Z
22 (=1 b R S e
A
L

[l

IIIH



REERE

O “REEHFE (histogram)
|

— MR TREREY, ERTHAFEETE—RERSZ

TR FE R I RD ST Z BB R X =
—IEFFENEBHE—NWERE, BRZAKAIL
BEREE—EEE LA URRERTIR R

v fian: BRI LUREE 75 BlIfE 2 M E RN E

1600 [
1400

1200

Ej‘i 1000

8OO
I > 600

400

200 r

0 50 100 150 200

A, ¢) h(f)

250



REERE

I B 1 e T L
Xt EEG R ESE S BBE T RENIRE IEE

BELSEZENRELCE ARSI 9mHESE, BESxt
Lt B RSN A0 25 Fh 7k €2 9

O O

dll

O

Dark image Bright image Low-contrast image High-contrast image




BH5E{ZIE

O BEIENER
HER TS

B[R LUAEIEE[E
S Ak
BRE

FEUNTELRE (R

{KXTEEL

=SXTEL E




O REETERENKREZ#RP—MLIERE
O BEHERLERERIITE S EISELE




B 5 &1

O APRERRENMNE, ANERENREE
O 7xEEHRERE

T(r) T(r)

4 A
L-1y-———"—""—"="=>"="-- |
Single / :

value, s¢ | |
T(r) —~
Single

value, Sq 4 A

I 3

0 Multiple Single L — 1
values  wvalue

7= A% ER E 1 oR 20 J= 1% ER I h 1 oR 20



B 5 &1

O BEAEHEHRENX

B ABRGREMEZERK A, (r), HITRKETH#Hs =T(), F15
v o () BTHBIKE <, EX s <s, (RFEH)
v (N HENREER R Ep(s) A5 0

r

B OAEE ARG, & f by (W)dw = jo ps (w)dw

S

" ABEEREHEGD), B [ b v =
0

" GE, TB: s=TM) = -1 [ by waw
0

p(r) ps(s)




B 77 &)1

Tr
d
=T =@-1 [ pdw = L=@-1p0)
0
3 ek g,

() = po () || = pp(r) |[—— _ 1 oes<i-1
P\ =P s =P =D p ) | L=1" =s=L7
Pr(r) ps(s)

A _______
> Egq.(3.3-4) —~
1
L —1

0 0 L—1 "

ab
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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. (c) Result of thresholding (b). (Original image courtesy of NASA.)
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(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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FIGURE 3.38

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

(b) Laplacian
without scaling.
(c) Laplacian with
scaling. (d) Image
sharpened using
the mask in Fig.
3.37(a). (e) Result
of using the mask
in Fig. 3.37(b).
(Original image
courtesy of
NASA.)
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FIGURE 4.5 Basic steps for filtering in the frequency domain.
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FIGURE 4.43

(a) Representation
in the spatial
domain of an
ILPF of radius 5
and size

1000 X 1000.
(b) Intensity
profile of a
horizontal line
passing through
the center of the
image.
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(a) Sample text of
poor resolution
(note broken
characters in
magnified view).
(b) Result of
filtering with a
GLPF (broken
character
segments were
joined).
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programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "G0"
as 1900 rather than the vEgr
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FIGURE 4.20 (a) Original image (1028 x 732 pixels). (b) Result of filtering with a GLPF with D, = 100.
(c) Result of filtering with a GLPF with D, = 80. Note reduction in skin fine lines in the magnified sections
of (b)and (c).
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of using a GLPF with D, = 10. (Original image courtesy of NOAA.)
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FIGURE 5.15 From left to right, perspective plots of ideal, Butterworth (of order 1), and Gaussian bandreject
filters.
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FIGURE 5.16

(a) Image
corrupted by
sinusoidal noise,
(b) Spectrum of (a).
(c) Butterworth
bandreject filter
(white represents
1). (d) Result of
filtering. (Original
image courtesy of
NASA))
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FIGURE 5.17
Noise pattern of
the imaﬂ,e in

Fig. 5.16(a)
obtained by
bandpass filtering.
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notch (reject) filters.
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FIGURE 5.19 (a) Satellite image of Florida and the Gulf of Mexico (note horizontal sen-
sor scan lines). (b) Spectrum of {a). {c) Notch pass filter shown superimposed on (b).
(d) Inverse Fourier transform of filtered image, showing noise pattern in the spatial do-
main. (e} Result of notch reject filtering. (Original image courtesy of NOAAL)
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FIGURE 5.24
Degradation
estimation by
impulse
characterization.
(a) Animpulse of
light {(shown
magnified).

(b) Imaged
(degraded)
impulse.
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FIGURE 5.25
Illustration of the
atmospheric
turbulence model.
{a) Negligible
turbulence.

(b) Severe

turbulence,

k = 0.0025.
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FIGURE 5.27
Restoring

Fig. 5.25(b) with
Eq.(5.7-1).

(a) Result of
using the full
filter. (b) Result
with H cut off
outside a radius of
40:(¢) outside a
radius of 70; and
(d) outside a
radius of 85.
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FIGURE 5.28 Comparison of inverse- and Wiener filtering. (a) Result of full inverse filtering of Fig. 5.25(b).
(b) Radially limited inverse filter result. (¢) Wiener filter result.
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FIGURE 5.29 (a) Image corrupted by motion blur and additive noise. (b) Result of inverse filtering. (¢) Result
of Wiener filtering. (d (1) Same sequence, but with noise variance one order of magnitude less (g)-i(i) Same
sgquence, but noise variance reduced by five orders of magnitude from (a). Note in (h) how the deblurred
image is quite visible through a “curtain™ of noise.
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FIGURE 5.30 Results of constrained least squares filtering. Compare (a), (b).and (c¢) with the Wiener filtering
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