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(a) The original picture 'UWO'

(b) The magnitude frequency response of
the mask (ranging from -1t to 1t and zero
frequency in the center of the plane)

(c) The picture processed by the convolution
with the mask

Fig. 1-1. Equally weighted average smoothing
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(a) The original picture 'UWO'

(b) The magnitude frequency response of
the mask (ranging from -1t to 1t and zero
frequency in the center of the plane)

(c) The picture processed by the convolution
with the mask

Fig. 1-2. Unsharp masking enhancement
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(a) The original picture 'PATIEN'

[
......

(b) The magnitude frequency response of
the mask (ranging from -1t to 1t and zero
frequency in the center of the plane)

(c) The picture processed by the convolution
with the mask

Fig. 1-3. Shift and difference edge enhancement
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(a) The original picture 'MAN'

(b) The magnitude frequency response of
the mask (ranging from -7t to 7t and zero
frequency in the center of the plane)

(c) The picture processed by the convolution
with the mask

Fig. 1-4. Gradient direction edge enhancement
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(a) The original picture 'PATTEN'

(b) The magnitude frequency response of
the mask (ranging from -1t to 1t and zero
frequency in the center of the plane)

(c) The picture processed by the convolution
with the mask

Fig. 1-5. Laplacian edge enhancement
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(a) The original picture 'UWO'

(b) The magnitude frequency response of
the mask (ranging from -1t to 1t and zero
frequency in the center of the plane) (c) The picture processed by the convolution

with the mask

Fig. 1-6. Embossing enhancement
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(b) The magnitude frequency response of the Sobel
vertical filter (ranging from -1t to 1t and zero
frequency in the center of the plane)

(a) The original picture 'UWO'

(c) The magnitude frequency response of the Sobel
horizonal filter (ranging from -1t to 1t and zero
frequency in the center of the plane)

(d) The picture processed by the Sobel filter

Fig. 1-7. Contour filtering enhancement







(a) The original picture 'UWO'

...'

(c) The picture processed by the Butterworth
lowpass filter

(e) The picture processed by the Butterworth
highpass filter
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Fig. 1-8. Image filtering in the frequency domain

(b) The magnitude frequency response of the
Butterworth lowpass filter (ranging from-7t
to 7t and zero frequency in the center of the plane)

(d) The magnitude frequency response of the
Butterworth highpass filter (ranging from -1t

to 1t and zero frequency in the center of the plane)
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(a) The original picture 'TOWER' (b) The picture with dynamic range increased by a constant
homomorphic filter h(x,y) =1.18 ("( =1.18)

(c) The picture with contrast enhancement by a
high emphasis filter with a factor a = 1.65

(d) The picture with dynamic range compression by a
constant homomorphic filter h(x,y) = 0.9 ("( = 0.9)

Fig. 2-3. HomomorphiC image processing: contrast enhancement
and dynamic control
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(e) The picture with both contrast enhancement and
dynamic range compression by a highpass filter
with 'Yr = 1.65 and 'Yi = 0.85
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(f) The magnitude frequency response of the filter to
handle both contrast enhancement and dynamic
range compression

Fig. 2-3. (Continued)
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power spectrum

NeIghbor r
~

Noise N(u.v)

/
I·
Frequency f

Fig. 3-1. The power spectrum of a noise image

(b) The picture degr.aded by ~ Butterworth
lowpass filter without nOise

(a) The original picture '5'

(c) The recovered picture of (b)

Fig. 3-2. Examples of the inverse filter



40

(d) The picture degraded by both a Butterworth (e) The recovered picture of (d)

lowpass filter and the high SNR additive noise

(f) The picture degraded by both a Butterworth
lowpass filter and the low SNR additive noise (g) The recovered picture of (f)

Fig. 3-2. (Continued)



(h) The picture degraded by both a Butterworth lowpass
filter and the very low SNR additive noise

G) The picture of (h) recovered by the inverse filter
applied to a medium neighborhood range r
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(i) The picture of (h) recovered by the inverse filter
applied to a small neighborhood range r

(k) The picture of (h) recovered by the inverse filter
applied to a large neighborhood range r

Fig. 3-2. (Continued)





















(a) The original picture 'UWO'

(c) The picture of (b) recovered by the Wiener filter
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(b) The picture degraded by both a Butterworth
lowpass filter and additive noise (SNR = 100)

(d) The picture degraded by both a Butterworth
lowpass filter and additive noise (SNR = 1000)

Fig. 3-3. Examples of the Wiener filter
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(e) The picture of (d) recovered by the Wiener filter (f) The picture of (d) recovered by the inverse filter

Fig. 3-3. (Continued)













(a) The original picture '5'
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(b) The picture degraded by both a Butterworth lowpass
filter and the additive noise (SNR = 1000)

d by the Wiener(c) The picture of (b) .recovere
magnitude-only £liter (d) The picture of (c) recovered by the ensemble

averaging magnitude-only filter with window
size = 64 and overlap = 32

Fig. 3-4. Examples of magnitude-only inverse f~ter a~d
ensemble averaging magnitude-only filter WIth
SNR = 1000



(a) The original picture '5'

(c) The picture of (b) recovered by
the Wiener magnitude-only filter
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(b) The picture degraded by both a Butterworth
lowpass filter and additive noise (SNR = 100)

(d) The picture of (c) recovered by the ensemble
averaging magnitude-only filter with window
size = 64 and overlap = 32

Fig. 3-5. Examples of magnitude-only inverse filter
and ensemble averaging magnitude-only
filter with SNR = 100



(a) The picture degraded by both a Butterworth
lowpass filter and the additive noise

(c) The pi~ture of (a) recovered by the ensemble
a.veragmg magnitude-only filter with window
SIze = 128 and overlap =32
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(b) The picture of (a) recovered by the ensemble
averaging magnitude-only filter with window
size = 64 and overlap = 32

(d) The picture of (a) recovered by the ensemble
averaging magnitude-only filter with window
size = 128 and overlap = 64

Fig. ~-6. Exa~ples ~f e~emble averaging magnitude-only
mverse filter With different window size and overlap length













(a) The original picture 'UWO'

(c) ~e pic~e of (b) recovered by the iterative
WIener filter at the first time
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(b) The picture degraded by both a Butterworth
lowpass filter and the additive noise

(d) The picture of (b) recovered by the iterative
Wiener filter after 10 times

Fig. 3-7. The example of the iterative Wiener filter











(a) The original picture 'MAN'
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(b) The phase-only synthesis picture from the phase
spectrum of 'MAN' and unit magnitude spectrum

(c) The magnitude-only synthesis picture from the
magnitude spectrum of 'MAN' and the zero phase

Fig. 4-1. Single picture's synthesis



(a) The original picture 'MAN'

(c) The synthesized picture from the phase
:,pectrum of 'UWO' and the magnitude
spectrum of 'MAN'
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(b) The original picture 'UWO'

(d) The synthesized picture from the phase
spectrum of 'MAN' and the magnitude
spectrum of 'UWO'

Fig. 4-2. Pictures' cross synthesis





(a) The original picture 'BAR'

(c) The magnitude-only synthesis picture from
the magnitude spectrwn of 'BAR' and
the zero phase
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(b) The phase-only synthesis pic~e fr0n:
the phase spectrum of 'BAR and urut
magnitude spectrum

Fig. 4-3. Single high-geometry picture's synthesis



(a) The original picture 'BAR'

(c) The synthesized picture from the phase
spectrum of 'BALL' and the magnitude
spectrum of 'BAR'
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(b) The original picture 'BALL'

(d) The synthesized picture from the phase
spectrum of 'BAR' and the magnitude
spectrum of 'BALL'

Fig. 4-4. High-geometry picture's synthesis





(a) The magnitude spectrum of 'MAN'

(c) The magnitude spectrum of 'UWO'
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(b) The phase spectrum of 'MAN'

(d) The phase spectrum of 'UWO'

Fig. 4-5. Logarithm magnitude spectra of continuous grey
tone pictures



(a) The magnitude spectrum of 'BAR'

(c) The magnitude spectrum of 'BALL'
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(b) The phase spectrum of 'BAR'

(d) The phase spectrum of 'BALL'

Fig. 4-6. Logarithm magnitude spectra of high-geometry pictures











(a) The original picture '5'

(c) An arbitrary picture '8' used
for spectrum estimation
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(b) The picture degraded by
a Butterworth lowpass filter

(d) The picture recovered by
the power spectrum estimation

Fig. 4-7. Image restoration via power spectrum estimation



(e) The natural logarithm magnitude
spectrum of '5'
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(f) The natural logarithm magnitude
spectrum of '8'

Fig. 4-7. (Continued)















· 'MAN'(a) The original picture

(c) The picture reconstructed
after 8 iterations
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(b) The picture reconstructed from the
phase spectrum of 'MAN' and the
unit magnitude spectrum

(d) The picture reconstructed
after 50 iterations

Fig. 4-8. The iterative image reconstruction via the
Fourier transform of the phase spectrum
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(b) Autocorrelation between the original
picture and its classical matched filter
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(a) The original picture 'G'
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(c) Autocorrelation between the original
picture and its magnitude-only matched filter

(d) A.utocorrelation between the original
picture and its phase-only matched filter

Fig. 4-9. Autocorrelation's peak of three match filters
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(e) The noise contaminated picture of 'G'
with SNR = 1.0 (f) Autocorrelation between th . .

.ts ha e nOIse pIcture and
I p se-only rnatched fil ter with SNR = 1.a
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(g) Autocorrelation between the noise picture and
its classical matched filter with SNR = 0.01

(h) Autocorrelation between the noise picture and
its phase-only matched filter with SNR = 0.01

Fig. 4-9. (Continued)
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(i) Autocorrelation between the noise picture and
its magnitude-only matched filter with SNR = 0.01

Fig. 4-9. (Continued)
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(a) Picture of '3'

(c) Picture of '4'
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(b) Picture of '8'

(d) Picture of '3' moved to the left

Fig. 4-10. Pictures for the discrimination ability test





(a) The noise contaminated picture
of '3' with SNR = 1000

-
(c) The picture recovered from

the phase-only matched filter
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(b) The picture recovered from
the classical matched filter

(d) The picture recovered from
the magnitude-only matched filter

Fig. 4-11. Image restoration via matched filters


















