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FIGURE 10.1 (a) Image containing a region of constant intensity. (b) Image showing the
boundary of the inner region, obtained from intensity discontinuities. (¢) Result of
segmenting the image into two regions. (d) Image containing a textured region.
(e) Result of edge computations. Note the large number of small edges that are
connected to the original boundary, making it difficult to find a unique boundary using
only edge information. (f) Result of segmentation based on region properties.
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FIGURE 10.3

spatial filter mask.
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boxes are the intensity values of the dots shown in the profile. The derivatives were
obtained using Eqs. (10.2-1) and (10.2-2).

10



10.2.2  f\3Z S BYAa M

O AR DL O B, RIS A 3 3 51
O [FRE, 257 i ORI

O WRAEIEA SAL, 2R e RS2 28X (BRI T FR e I BIE, IE
(o AR R e ] Eiah EET, Zebsoul, SN0

a

1 1 1 bcd
FIGURE 10.4
(a) Point

1 8 1 detection

(Laplacian) mask.
(b) X-ray image
of turbine blade

1 1 1 with a porosity.
The porosity
contains a single
black pixel.

(c) Result of
convolving the
mask with the
image. (d) Result
of using Eq. (10.2-8)
showing a single
point (the point
was enlarged to
make it easier to
see). (Original
image courtesy of 11
X-TEK Systems,
Ltd.)
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FIGURE 10.5

(a) Original image.
(b) Laplacian
image; the
magnified section
shows the
positive/negative
double-line effect
| characteristic of the
. Laplacian.

@ (c) Absolute value
@ of the Laplacian.
(d) Positive values

of the Laplacian.
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FIGURE 10.6 Line detection masks. Angles are with respect to the axis system in Fig. 2.18(b).
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FIGURE 10.7

(a) Image of a
wire-bond
template.

(b) Result of
processing with
the +45° line
detector mask in
Fig. 10.6.

(c) Zoomed view
of the top left
region of (b).

(d) Zoomed view
of the bottom
right region of
(b). (e) The image
in (b) with all
negative values
set to zero. (f) All
points (in white)
whose values
satisfied the
conditiong = T,
where g is the
image in (e). (The
points in (f) were
enlarged to make
them easier to
see.)
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FIGURE 10.8

From left to right,
models (ideal
representations) of
a step, a ramp, and
aroof edge, and
their corresponding
intensity profiles.
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FIGURE 10.10
(a) Two regions of

Horizontal intensity constant intensity
-ofil separated by an
profile . .
ideal vertical
ramp edge.

(b) Detail near
the edge, showing
a horizontal

First intensity profile,

derivative together with its
first and second
e derivatives.
Second
derivative

A 16
Zero crossing
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FIGURE 10.11 First column: Images and intensity profiles of a ramp edge corrupted by
random Gaussian noise of zero mean and standard deviations of 0.0, 0.1, 1.0, and 10.0
intensity levels, respectively. Second column: First-derivative images and intensity
profiles. Third column: Second-derivative images and intensity profiles.
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FIGURE 10.12 Using the gradient to determine edge strength and direction at a point.
Note that the edge is perpendicular to the direction of the gradient vector at the point
where the gradient is computed. Each square in the figure represents one pixel.
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FIGURE 10.16

(a) Original image
of size

834 x 1114 pixels,
with intensity
values scaled to
the range [0, 1].
(b) |8/, the
component of the
gradient in the
x-direction,
obtained using
the Sobel mask in
Fig. 10.14(f) to
filter the image.
() |&l, obtained
using the mask in
Fig. 10.14(g).

(d) The gradient
image, |8x| + |8yl
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FIGURE 10.18
Same sequence as
in Fig. 10.16, but
with the original
image smoothed
usinga 5 X 5
averaging filter
prior to edge
detection.
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FIGURE 10.20 (a) Thresholded version of the image in Fig. 10.16(d), with the threshold
selected as 33% of the highest value in the image; this threshold was just high enough to
eliminate most of the brick edges in the gradient image. (b) Thresholded version of the
image in Fig. 10.18(d), obtained using a threshold equal to 33% of the highest value in
that image. 22
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h(x,y) = exp(—

X;Z] g(x,y) =h(x, y) ® f (x,y)
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FIGURE 10.21

(a) Three-
dimensional plot
of the negative of
the LoG. (b)
Negative of the
LoG displayed as
an image. (c)
Cross section of
(a) showing zero
crossings.

(d) 5 % 5 mask
approximation to

r 2 O_2 r 2 L sz e =20 =1 the shape in (a).

2 " The negative of

V h = h (r) = 4 eXp - 2 ( LOG) Zero crossing —\ r ero crossin; 0 ! 2t 0 this magsk would
O 20 —~J o o loe ol ol be used in

practice.
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FIGURE 10.23

(a) Negatives of the

LoG (solid) and

DoG (dotted)

profiles using a

standard deviation

ratio of 1.75:1. 24

~ NV ueing a atio of 161




10.2.6 ST LS4

[0 Marr—HildrethiZd Zfs il &y 15 BA

ab
cd

FIGURE 10.22

(a) Original image
of size 834 X 1114
pixels, with
intensity values
scaled to the range
[0,1]. (b) Results
of Steps 1 and 2 of
the Marr-Hildreth
algorithm using

o =4and n = 25.
(c) Zero crossings
of (b) using a
threshold of 0
(note the closed-
loop edges).

(d) Zero crossings
found using a
threshold equal to
4% of the
maximum value of
the image in (b).
Note the thin
edges.
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FIGURE 10.24

(a) Two possible
orientations of a
horizontal edge (in
gray)ina3 X 3
neighborhood.

(b) Range of values
(in gray) of a, the
direction angle of
the edge normal,
for a horizontal
edge. (c) The angle
ranges of the edge
normals for the
four types of edge
directions in a

3 X3
neighborhood.
Each edge
direction has two
ranges, shown in
corresponding
shades of gray.

27



10.2.6 EFiFEH NI

O jeiigrilas ARkl

Ady, dy, dzFld,ZRRIA B I3 X SR PUANFEARILZ T 1. X Tax,y)

HDVEE AL(x, y) D EI3 X 3IXE, AU AR s ORI T &

v SR EFEIEax, y) T,

v EBEME ) EZED DTN EZ—, WS gy y) =0 D 5 &0, 4
gn(x,y) = M(x,y), XHgy(x,y) RAERKF N i KA

u ﬁEL%#W%<ﬂm@ﬁ@>

XF gy Ce, v) AT BME AL B, DUE /DOl 25

PN BIE: — MR BE T, A — A B AE Ty -

Voo i, mE KBME R EE N2 18031

BB ERVE AR R G g3 P B o iy BB

gnu(,y) = gn(x,y) = Ty gnL(x,y) = gv(x,y) =T,

B2 gy (0, y) = gn (0, Y) — gua (e, ), Bl I gy, (e, y) TER Ak B
I o VWAERBE R . gun (o ) Mgy, (x, ) TRIFERG R A R0 “58”
M “55” LB R

BB, gyn (o ) FITE G R NE RIL G B =, FEgrRI
Fride BURTTyHME, gy (e, y) I S0E T 2775 245

28



10.2.6 EFiFEH NI

O

W e G ilzs O BSEALELD

B BRKMIAGH YD IRIERK:

m (a) fEgny (e, ) ELL N — ARV M LS8 & p

B (b)) gy O y) TR E BRI E RN SGG R, HSEE N ERTTILE
BRp

m (o) Hogvupo,)HPRIEIERG ROV, WEBEZEER (D), HUER[E
IR (a)

B (D Bgy o) P RMICNBERILG G EZENTE G RERE

wJa, BERE gy, O, y) BT EIEFG R MB gy (x, y), HARIEE TV i & 1 5

H K&

REAER KIS E A& WERFIBEDZH, BINAE T HIBEERNL%. A~

BIIGEEANG%, BEELERE —PPIT —RIAGHWEE

P HIR UL I AT A2, SEOLERREE R, RIRPATR B, L
NEHT AR AR5 5 7 SR R BT A SE ] BBk, B BRMERA L T 1%

HRVEW EER UG E R, Wl fMarr-Hildreth5LEMIK B, Frnl
W

29



10.2.6 ST LS4

O

W e 1h ZxAs i 5 W

ab
ciid

FIGURE 10.25

(a) Original image
of size 834 > 1114
pixels, with
intensity values
scaled to the range
[0,1].

(b) Thresholded
gradient of
smoothed image.
(c) Image
obtained using the
Marr-Hildreth
algorithm.

(d) Image
obtained using the
Canny algorithm.
Note the
significant
improvement of
the Canny image
compared to the
other two.
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FIGURE 10.27 (a) A 534 X 566 image of the rear of a vehicle. (b) Gradient magnitude

image. (¢) Horizontally connected edge pixels. (d) Vertically connected edge pixels.

(e) The logical OR of the two preceding images. (f) Final result obtained using

morphological thinning. (Original image courtesy of Perceptics Corporation.) 33
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FIGURE 10.29 (a) A set of points in a clockwise path (the points labeled A and B were chosen as the starting
vertices). (b) The distance from point C to the line passing through A and B is the largest of all the points
between A and B and also passed the threshold test, so C is a new vertex. (d)—(g) Various stages of the
algorithm. (h) The final vertices, shown connected with straight lines to form a polygon. Table 10.1 shows
step-by-step details.

TABLE 10.1
CLOSED OPEN O rocomed™ genérated | g o-by-step
B B, A _ A, B details of the
B B A (BA) C mechanics in
B B AC (BC) — Example 10.11.
B,C B, A (CA) —
B.C, A B (AB) D
B,C, A B, D (AD) —
B,C,A,D B (DB) - 35
B,C,A, DB Empty — —
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FIGURE 10.30 (a) A 550 X 566 X-ray image of a human tooth. (b) Gradient image. (c) Result of majority
filtering. (d) Result of morphological shrinking. (e) Result of morphological cleaning. (f) Skeleton. (g) Spur
reduction. (h)—(j) Polygonal fit using thresholds of approximately 0.5%, 1%, and 2% of image width (T" = 3,
6, and 12). (k) Boundary in (j) smoothed with a 1-D averaging filter of size 1 X 31 (approximately 5% of
image width). (1) Boundary in (h) smoothed with the same filter. 36
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FIGURE 10.32 (a) (p, #) parameterization of line in the xy-plane. (b) Sinusoidal curves in the pf-plane; the
point of intersection (p’, 8") corresponds to the line passing through points (x;, ;) and (x;, y;) in the xy-plane.

(c) Division of the p#-plane into accumulator cells.
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FIGURE 10.33

(a) Image of size
101 x 101 pixels,
containing five
points.

(b) Corresponding
parameter space.
(The points in (a)
were enlarged to
make them easier
to see.)
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cde

FIGURE 10.34 (a) A 502 X 564 aerial image of an airport. (b) Edge image obtained using Canny’s algorithm.

(c) Hough parameter space (the boxes highlight the points associated with long vertical lines). (d) Lines in

the image plane corresponding to the points highlighted by the boxes). (e) Lines superimposed on the 41
original image.
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FIGURE 10.35
Intensity
histograms that
can be partitioned
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FIGURE 10.36 (a) Noiseless 8-bit image. (b) Image with additive Gaussian noise of mean 0 and standard
deviation of 10 intensity levels. (c) Image with additive Gaussian noise of mean 0 and standard deviation of
50 intensity levels. (d)—(f) Corresponding histograms.
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FIGURE 10.37 (a) Noisy image. (b) Intensity ramp in the range [0.2, 0.6]. (c) Product of (a) and (b).
(d)—(f) Corresponding histograms.
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FIGURE 10.38 (a) Noisy fingerprint. (b) Histogram. (c) Segmented result using a global threshold (the border
was added for clarity). (Original courtesy of the National Institute of Standards and Technology.)
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- FIGURE 10.39

(a) Original
image.

(b) Histogram
(high peaks were
clipped to
highlight details in
the lower values).
(c) Segmentation
0 3 127 191 255 result using the
basic global
algorithm from
Section 10.3.2.
(d) Result
obtained using
Otsu’s method.
(Original image
courtesy of
Professor Daniel
A. Hammer, the
University of
Pennsylvania.)
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FIGURE 10.40 (a) Noisy image from Fig. 10.36 and (b) its histogram. (c¢) Result obtained using Otsu’s method.
(d) Noisy image smoothed usinga 5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using 51
Otsu’s method.
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FIGURE 10.41 (a) Noisy image and (b) its histogram. (c) Result obtained using Otsu’s method. (d) Noisy

image smoothed using a 5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using Otsu’s 52

method. Thresholding failed in both cases.
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FIGURE 10.42 (a) Noisy image from Fig. 10.41(a) and (b) its histogram. (c¢) Gradient magnitude image
thresholded at the 99.7 percentile. (d) Image formed as the product of (a) and (c). (¢) Histogram of the
nonzero pixels in the image in (d). (f) Result of segmenting image (a) with the Otsu threshold based on the
histogram in (e).The threshold was 134, which is approximately midway between the peaks in this histogram.
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FIGURE 10.43 (a) Image of yeast cells. (b) Histogram of (a). (c) Segmentation of (a) with Otsu’s method
using the histogram in (b). (d) Thresholded absolute Laplacian. (e) Histogram of the nonzero pixels in the
product of (a) and (d). (f) Original image thresholded using Otsu’s method based on the histogram in (e).
(Original image courtesy of Professor Susan L. Forsburg, University of Southern California.) 55
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FIGURE 10.45 (a) Image of iceberg. (b) Histogram. (c) Image segmented into three regions using dual Otsu
thresholds. (Original image courtesy of NOAA.)
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FIGURE 10.46 (a) Noisy, shaded image and (b) its histogram. (c) Segmentation of (a) using the iterative

global algorithm from Section 10.3.2. (d) Result obtained using Otsu’s method. (e) Image subdivided into six
subimages. (f) Result of applying Otsu’s method to each subimage individually.
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FIGURE 10.48
(a) Tmage from
Fig. 10.43.
(b) Image
segmented using
the dual
' thresholding

s approach
discussed in
Section 10.3.6.
(c) Image of local
standard
deviations.
(d) Result
obtained using
local thresholding.
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FIGURE 10.49 (a) Text image corrupted by spot shading. (b) Result of global thresholding using Otsu’s
method. (¢) Result of local thresholding using moving averages.
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FIGURE 10.50 (a) Text image corrupted by sinusoidal shading. (b) Result of global thresholding using Otsu’s

method. (¢) Result of local thresholding using moving averages.
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FIGURE 10.51 (a) X-ray image of a defective weld. (b) Histogram. (c) Initial seed image. (d) Final seed image

(the points were enlarged for clarity). (e) Absolute value of the difference between (a) and (c). (f) Histogram

of (e). (g) Difference image thresholded using dual thresholds. (h) Difference image thresholded with the

smallest of the dual thresholds. (i) Segmentation result obtained by region growing. (Original image courtesy 67

of X-TEK Systems, Ltd.)
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FIGURE 10.53

(a) Image of the
Cygnus Loop
supernova, taken
in the X-ray band
by NASA’s
Hubble Telescope.
(b)-(d) Results of
limiting the
smallest allowed
quadregion to
sizes of

32 X 32,16 X 16,
and 8 X 8 pixels,
respectively.
(Original image
courtesy of
NASA.)
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. (a) Original image. o (Conlinued)
(b) Topographic (¢) Result of
view. (c)—(d) Two further flooding.
stages of flooding. (f) Beginning of
merging of water
from two

catchment basins
(a short dam was
built between
them). (g) Longer
dams. (h) Final
watershed
(segmentation)
lines.

(Courtesy of Dr. S.
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Mines iParis.)
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FIGURE 10.55 (a) Two partially flooded catchment basins at stage n — 1 of flooding.
(b) Flooding at stage n, showing that water has spilled between basins. (¢) Structuring
element used for dilation. (d) Result of dilation and dam construction. 72
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FIGURE 10.56

(a) Tmage of blobs.
(b) Image gradient.
(c) Watershed lines.
(d) Watershed lines
superimposed on
original image.
(Courtesy of Dr.

S. Beucher,
CMM/Ecole des
Mines de Paris.)
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FIGURE 10.57

(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
gradient image.
Oversegmentation
is evident.
(Courtesy of Dr.
S. Beucher,
CMM/Ecole des
Mines de Paris.)
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FIGURE 10.58 (a) Image showing internal markers (light gray regions) and external
markers (watershed lines). (b) Result of segmentation. Note the improvement over Fig. 77
10.47(b). (Courtesy of Dr. S. Beucher, CMM/Ecole des Mines de Paris.)
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FIGURE 10.59 ADIs of a rectangular object moving in a southeasterly direction. (a) Absolute ADL
(b) Positive ADI. (c) Negative ADI.
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FIGURE 10.60 Building a static reference image. (a) and (b) Two frames in a sequence. 81
(c) Eastbound automobile subtracted from (a) and the background restored from the
corresponding area in (b). (Jain and Jain.)



