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¥R I Segmentation and Thresholding

2. Multiband Images

» Multiband S49) o : 9|8 94 Hoke] MR G4z
¥ 2), 97 g 94 A, 2} 9AHad 6)

*Multiband G449 7% S92 bandd A7}

S7HETE ¥ ¥(segmentation) AFo] FAHI

T8 3ol 494,

Multiband %94+¢} thresholding( 28 3)

Fig 3. The combination of separate
thresholds on individual color planes.

3. Two-dimensional thresholds

and 4ol 4 229 28198 24D
19 e o)A thresholding e $13 W9 AR,

lane(28 4)

/ /
/ / \
i Y

// 4
W Gwey Pina l Red

l’ [
)
Y

M

F— - « R iow
Fig 1. (@) A gray scale image; (b) brightness
histogran; c)-(f) several binary images.

4, Selecting an arbitrary region in a
two-dimensional parameter space.

«HIS cube(28 5)
+ Binning : 32 x32 bins

4, Multiband thresholding

*RGB 4 #EA(2¥ 6-9)
JHIS & #EA (28 10-13)
« 2344 thresholing®] o : #9 &% AvH G4l

Fig 2. Proton-density and T2—weighted§ ) .
images © A $25%, Hued saturation o] 4(2 14)

®
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Fig 5. The combination of two-parameter Fig 9. The data from Figure 10 projectd onto
threshold settings. i the faces of a cube.

#U] GoRRIMES MH

Fig 7. Brightness histograms for the color Fig 10. Brightness histograms for the color
plane images in Figure 8. i plane images in Figure 12,
h,_ P Red I r n .-b Bluc !'_— P Red

+ + h +

Lyt i Green Bluc

Fig 8. Pairs of values for the pixels in the imagés of Figure 8.




%424 1 : Segmentation and Thresholding

IHu L ¥ F mur;l - .I., 'lu;\si:' H
Fig 1l. The same color information as in Figure 8, converted to hue saturation,
and intensity components.

%y

' v
s I

Fig 12. Hue, saturation, and intensity values fo} the pixels in Figure 12, projected onto HI, HS,
and SI planes.

Saiatin

Fig 14. The data from Figure 13 projected
onto the faces of a cube.

Fig 13. Thresholded Binary images;: (a)
thresholded on hue; (b) thresholded by a
region in the two-dimensional saturation-

intensity histogram, 5, Thresholding from texture
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Fig 15. Test image containing five different Fig 16. Brightness histograms of each area in
regions to be distinguished by differences in : Figure 15.
the textures

cdA3 BHT I B2 frequency-domain(2817), épatial-domain( 2318)

B
e

Fig 18. Application of various texture-sensitive operators to the image in Figure 15; (a)
Laplacian; (b) Frei & Chen, (c) Haralick, (d) range: (e) Hurst; (f) variance.



%424 1 : Segmentation and Thresholding

+3E3Hag 19, 20).

b , Fig 21. Thresholding the smoothed variance
¢ image.

Fig 19, (a) Result of smoothing the variance%
image with a Gaussian Kernel with standard :
deviation equal to 1.6 pixels; (b) the Sobel :

edge detector applied to the smoothed image. '

Fig 20. (a) Histogram of the variance
image before smoothing: (b) histogram
after smoothing.

+ R8s A7 N9 J2EaH(2E )& o ¢
& thresholding(29 21),

+ Sobel operatorg o] 43te} edgeE Tai(2¥
19b), A8 A (28 22).

cd23 Bed T g2 (28 23): 34 A

A, Hurst texture operator,

Fig 22. Results of segmentation by
skeletonizing the edge from the Sobel
operator.

Yo ¥
[ ) )
L‘Q_Q._

Fig 23. Application of Hurst texture operator
to a microscope image of metal containing a
eutectic : (a) original image; (b) application
of a Hurst operator; (c} binary image formed
by thresholding image b to select the low-
texture regions.
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6. Multiple threshold criteria

m

cBE A% 944 BEANE F A o4 5 .
A& A g0k B8o] 7552 %) [ 3
b 1
B B nuss

: Fig 26. Histograms of the individual images
Fig 24. Another : in figure 25c and 25d, and the two way
segmentation | histogram of the pixels showing the
test image. . separation of the four regions.

<97 AR 924 ABE o4 ¢ $8(23 5-%)

Fig 27. Thresholding of images in Figure 25:
(a) selecting intermediate brightness
values(regions a and b); (b) selecting only
region b by its brightness AND texture,

Fig 25, (a) The brgihtness image;
(b) the variance image: (¢)
smoothing image a with a Gaussian

g:::; (d) smoothing image b with a Gaussian thresholding on the two-dimensional

histogram,

Fig 28. Result of segmenting Figure 24 by



oA o4 criteria® o] 43o HAH gAL B
[

dote T g2 (29 29-30)

Fig 29. Texture thresholding of curds and '
whey: (a) original image; (b} application of the :
Haralick texture operator; (c) thresholding :
image b and applying an openinglerosion and :
dilation); (d) measuring feature area to select

just the large regions.

FFEY | : Segmentation and Thresholding

7. Textural orientation

PHEARE o8 T 927 949 ¥E(28 3)

* Frequency-domain processing

—249) Fourier M35 833 wedge-shaped
maskE o] &t ME 08 FHYE Ze 99
5¢ ¥ag.(a2g 32)

—Range operator, thresholding, closing operation.
(23 33-34)

Spatial-domain processing

—Sobel operators H&3to 7t A YA A9
gradient®] WS T (28 35)

—Thresholding, closing operation.{ 2% 36-37)

YT
4
oxl
[$s4
o,
a9y
(Rt
-
oxl
HT
it}
o
oo
e

=
I
Y
o

2
g}

41)

Fig 30. Texture and brightness thresholdihg of the curds and whey image: (a)
range image: (b) thresholding image a; (b) leveled original image; (d) smoothing of
image e; (e) thresholding image d: (f) Boolean AND of images b and e; outlines fram

image f(superimposed on original).
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Fig 3l. An image containing regions that

have different textural orientations, but the | Fjg 34 Regions selected by thresholding the
same average brightness, standard images in Figure 33.

deviation and spatial scale.

777
17
44

Fig 35. Application of the Sobel operator to

the image in Figure 31, calculating the

orientation of the gradient at each pixel,
i The brightness histogram shows six peaks,

Fig 32, Isolating the directional texture in : in pairs for each principal textural

frequency space: (a) two-dimensional : orientation

frequency transform of the image in Figure !

3 (b)-(d) retransformation using masks to

select each of the orientations.




ZWEM 1 : Segmentation and Thresholding

Fig 36. Thresholding binary images from Figuré 35.

Fig 37. Outlines showing the regions defined
by applying a closing operation to each of
the images in Figure 36.

Fig 38. (a) Light microseope image of bone
marrow; (b) the result of applying a variance
operator.

histogram

Fig 40. Binary image produced by
thresholding Figure 38a,

Fig 4l. Two-dimensional thresholding: (a)
ANDing together binary images selected by
thresholding the two images individually: (c)
using a non-rectangular threshold region
directly on the two-dimensional histogram,

Fig 39. (a) and (b) Brightness histograms for the images in Figure 38; (c) the two-dimensional
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8. Including position information

§2EIWE o 714 W e Ze daE
Meshs dely, d489 934 o¢ a9
w3 Hie 24 g

B 22BN Y Fig é 2A4.(29 42

*HE O 999 W7 #E0 FE A% §2E
239 HAROE thresholding & 2% 255

& 8459 B4aA 99028 )
& 44 : Sparse dot map.

Fig 42. An example histogram from a
specimen with three distinct regions.

Fig 43. A test image containing two whose
mean brightness levels are different, but
which have variations in individual pixels
are overlap: (a) original image: (b) result of
setting a simple threshold at the minimum
point.

Fig 44. Thresholding a sparse dot image: (a)
X-ray dot map; (b) gray scale image formed
by counting the dots within a 15-pixel-
diameter circle centered on each pixel; (c)
boundary determined by thresholding
image b; (d) application of closing operation
to fill the gaps between closely spaced
pixels in the image a: (e) application of an
opening operation to remove small dark
regions.,



« 383}, median fiter $& o] $3le] §2E18L
27 4% vol5.(2d 65-46)

Fig 45. Histogram of an image in Figure 42:
(a) original; (b) after smoothing: (c) after
median filtering.

55 T

Fig 46. Processing the image in Figure 42 to
modify the histogram: (a) smoothing with a
Gaussian kernel; (b) the boundary produced
by thresholding image a; (c¢) median
processing: (d) the boundary produced by
thresholding image c.

e 1 - Segmentation and Thresholding

* Threshold Zte] d& JAE A4 WA, 44 £
g o], WA W, EA Zo9 W 17
ZE o]43td dS 48 threshold #& 7%

& Ath(2g 47-50)

LIPS R e _

Fig 47. A test image for automatic threshold
adjustment, and its brightness histogram,

Fig 48. (a) Plot of total area of the dark
phase;: (b) plot of total boundary perimeter;
(c) plot of change in area; (d) plot of change
in perimeter,



OX" 4 €9iX], Volume 4, Number 1, 1998

Fig 49. (a) Binary image produced by the
application of threshold at brightness level
of 119; (b) 131.

.

Fig 50. Superposition of the boundary
selected with a threshold setting of 119 on
the original image.

9. Selective historgrams

* 43 threshold 3¢ 78 W9 4% :99
A g e $7 W #e 2E 34
9%,

+Edge F¢& 3455 AYsty s2EaUL 7
A threshold ¢ Add £
4¢ 7 A5.(a¢ 51-54)

» 1% 52 : Sobel operator, A9] 20%¢ gradient 2
719 & e 3AEE thresholding,

» 19 54 : Range operator, non-maximum suppres-
sion, 39 20%9 #& e FAEE thresholding

Fig 51. A test image containing three distinct
phase regions.

Fig 52. (a) Application of a gradient(Sobel)
operator; (b) the histogram of the gradient;
(c) thresholding image a to select the 20% of
the pixels with the largest gradient; (d)
elimination of many of the edge-straddling
pixels.
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Fig 53. Brightness histograms from the
original image in Figure 51 and the masked
images.
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Fig 54. Another gradient mask: (a)
application of a 5-pixel wide octagonal
range operator; (b) non-maximum
suppression applied to image a: (c)
thresholding image b to keep the darkest
20% of the pixels; (c) masking of original
image with image c.

10. Contours

F3EM 1 : Segmentation and Thresholding

AAN RR .
« contour®] A3 : A&A(28 55-56)

i
L
2, oflt
M
Ao,
ojd
8]
s

“» —aie 0HR
Fig 55. Cast iron with ferrite(white) and
graphite(black): (a) original image; (b)
brightness histogram showing levels used
for contour{(c) and threshold(t): {c) contour
lines drawn using the value shown in b; (d)
pixels selected by the threshold setting
shown in b.

Fig 56. (a) Gradient image obtained by
applying a Sobel operator; (b) the pixels
selected by thresholding the 20% darkest
values.
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scontour& o] &3 A4 £ o 1 1Y 57-60

Fig 57. lIon microprobe image of boron
implanted in a silicon wafer: (a) original
image; (b) two iso-brightness or iso-
concentration contour values.

Fig 58. (a) Real-world image: (b) four
contour lines drawn at selected brightness
values,

Fig 59. (a) Elevation contour map from a
range image; (b) a reconstructed and
rendered view of the surface,

Fig 60, Selection of features in image: (a)
light micrograph of a cross section of a
coating on a metal; (b) outlines of particles
and voids obtained by setting a contour
level; (c) features or regions obtained by
thresholding: (d) regions obtained by
automatically filling the boundaries from b;
(e) outlines obtained by taking the custer of
C.

1. Image representation

co]A G o s ZE W sa A, A
AR 712 61)

* Run-length encoding : o[ 49 &9 AHEH.
Fax transmission( 2% 62). B3 2
999 2¥3% £ o8

2
* Boundary representation : 4 9
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Fig 6. Encoding the same region in a binary
image by run-length encoding, boundary
polygonal representation, or chain code.

FHEM | Segmentation and Thresholding

(a)

= | (b

Fig 62. Representating a black-and-white
image for fax transmission: (a) original; (b)
run-length encoded.



