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A scanning electron microscopic image suffers various degradation processes. As a result, a SEM
image is blurred and disturbed by eclectronic noise and can bave unsatisfactory contrast. It is
difficult to reduce the effects of these degradations only by various improvements in the intrinsic
instrument. Certain image enhancements using digitel image processing are the most powerful
methods for improvement of the results of an unknown degradation process, Ways to compensate
each degradation by using the appropriate image processing, have been tried. As a result of the
application of these digital processings, we achieved better quality of the SEM image these were
taken under high-resolution conditions by using combinations of these methods.
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Fig.1 A SEM image taken under optimum

{(a) original SEM image of a
, {identified

conditions :
coin; (b} enlarged image of {a)
by a square).
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Fig. 2 Noise removal of a SEM image: (a)
a noisy image; (b) noise removed image by
smoothing by neighborhood averaging; (e)
noise removed image by smoothing by ave-
raging along edges; {(d) noise removed image
by median fiitering.
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Smoothing by averaging along edoes
Gpin = MiNt8a, Ga. 6Ger 6o )
If Gy = Ga

The vaiue of the point X(i,3i) is replaced

by the average { fop+oo+os+as+as)  in the

direction of mininum edge value G,

Fig. 3 A schematic diagram showing
the operation of a smoothing by
averaging along edges.
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Smoothing by medion filtering

For a 3x3 nelghborhood,

The value of the point X(2,5 is replaced
by the fifth largest value (=medion value!
in a nefghborhood of the point X(i,3).

Fig. 4 A schematic diagram showing

the operation of a smoothing by
median filtering.
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linear filter :

Simulation for confirming the effect of the noise removal from a
simulated image involving supposed structural details by using two non-

{a) compounded image; (b) result of the averaging along

edges; {¢) result of the median filtering.
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Fig. 8 Simulation for confirming the effect of the removal of the salt-and-

pepper like noise by using two non-linear filter :

{b) result of the median filtering ;

(a) simulated noisy image ;

{¢) result of the averaging along edges.

Fig. 7
{a’) histogram for (a};
(b);
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Improvement of a SEM image in contrast:
{b) contrast stretched image;
(c) histogram flattened image; {c¢’} histogram for (o
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(b”) histogram for
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Flg 8 Simulation f01 conﬁrmmg the effects of
the contrast stretching and histogram ecualiza-
tion: (a) Simulated image with its histogram
(a’} ; {b) result of the contrast stretching;
(¢) result of the histogram egualization.
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Fig. 9 Improvement of a SEM Image in sharpness {a) blurred image; (b)
gradient image; (c¢) Laplacian filtered image.
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Fig, 10 A schematic diagram showing the
effect of the T.aplacian filter increasing the
sharpness and contrast.
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Fig. 11

resolution SEM image:
image of {(b);
median filtering; (e

Combinations of various methods for improving the quality of a high-

{a) SEM image of gold particles deposited on a
carbon thin film; (b)) mediam filtered image of (a)
(d) processed image after removing the artifact by the
y histogram equalization of {d}.

: (¢} Laplacian filtered
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e

Tig. 12 High-resolution SEM image of gold particles deposited on a carbon thin film: (a)
original SEM image; (b) processed image by the smoothing by averaging along edges and

contrast siretching,

e

Fig: 13 High-resolution SEM image of gold coated magnetic tape: (a) original SEM image ;
{b) processed image by the median filtering, smoothing by weighted averaging, Laplacian
filter and histogram equalization.
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