Ega beoraad, Se%mmcméw
o relies om edges found on o mage by edgr. daecton operations
o IMage \91\&QMLC! bé e_clﬂ‘jz_ MCC.&‘OY‘ not 8&3& eﬁmzk—cor Se%n{wa;hm

o supplemartany cpnovaUnj to wwmbing, edges wit ed%&c\qw
Thox correspond  better with boundandes

edge

ey

no \n¥ormuﬁ%/ ’ edge_ \mCL(‘aQ_, me’ShaQ&,Vné
—Thack edg&- SO U nor\—-mamma.o SUPPMSS{O‘H O'?’ A\recﬁm

edge. dodo--
— we duol threahestda

woitbn aﬁ\%o}-zﬂvmf; differ LJW mom%phor\n%wdﬁm

/e edae nloxatow

. bOanAcu:(j '\-how):/vng — red te know Feétow .
L] %/‘LO{}\ SQOJKMS — VAL Qa. Fmpr;or‘knowle&%e_, Lo POSS\L}Q -
—omoothmess j

sorre. oSt funcrion
ned o bwrwr stoak ool stOp

. duamwmic P\O“XLWMj - ophmizahom o} o b@wnétcv:y
+ Pougk, tromsforms —rudto knno shape info

bordor. dtection Mj bordar locakion information
(deformable medols) ~ needa. rough shape

— low curvetune

L]

\ojrﬁoZ)mFomm;n o re%lon constweton from bordons



¢ Edge-based image segmentation

— Edge-based segmentation relies on edges found in an image by edge detecting
SOY\kg operators—these edges mark image locations of discontinuities in gray-level, color,
texture, etc.

— The most common problems of edge-based segmentation, caused by image noise or
unsuitable information in an image, are an edge presence in locations where there
is no border, and no edge presence where a real border exists.

— Edge image thresholding is based on construction of an edge image that is
processed by an appropriate threshold. (Cw\é) i

— In edge relaxation, edge properties are considered in the context of neighbor-
ing edges. If sufficient evidence of the border presence exists, local edge strength
increases and vice versa. Using a global relaxation (optimization) process, contin-

uous borders are constructed.
\(\ﬂ%& O\b%ﬁ o(

— Three types of region borders may be formed: inner, outer, and extended. The \none [
inner border is always part of a region, but the outer border never is. Therefore, oX oV
using inner or outer border definition, two adjacent regions never have a common (R R ‘
border. Extended borders are defined as single common borders between adjacent dor

regions still being specified by standard pixel co-ordinates.

~ If the criterion of optimality is defined, globally optimal borders can be determined
using (heuristic) graph searching or dynamic programming. Graph-search-
based border detection represents an extremely powerful segmentation approach.

The border detection process is transformed into a search for the optimal path
in the weighted graph. Costs are associated with each graph node that reflect
the likelihood that the border passes through the particular node (pixel). The
aim is to find the optimal path (optimal border, with respect to some objective
function) that connects two specified nodes or sets of nodes that represent the
border’s beginning and end.

— Cost definition (evaluation functions) is the key to successful border detection.
Cost calculation complexity may range from simple inverted edge strength to com-
plex representation of a priori knowledge about the sought borders, segmentation
task, image data, etc.

— Graph searching uses Nilsson’s A-algorithm and guarantees optimality. Heuris-
tic graph search may substantially increase search speed, although the heuristics
must satisfy additional constraints to guarantee optimality.

— Dynamic programming is based on the principle of optimality and presents an
efficient way of simultaneously searching for optimal paths from multiple starting
and ending points.

— Using the A-algorithm to search a graph, it is not necessary to construct the entire
graph since the costs associated with expanded nodes are calculated only if needed.
In dynamic programming, a complete graph must be constructed.

— If calculation of the local cost functions is computationally inexpensive, dynamic
programming may represent a computationally less demanding choice. However,
which of the two graph searching approaches (A-algorithm, dynamic programming)
is more efficient for a particular problem depends on the evaluation functions and
on the quality of heuristics for an A-algorithm.

— Hough transform segmentation is applicable if objects of known shape are to
be detected within an image. The Hough transform can detect straight lines and
curves (object borders) if their analytic equations are known. It is robust in
recognition of occluded and noisy objects.

— The generalized Hough transform can be used if the analytic equations of the
searched shapes are not available; the parametric curve (region border) description
is based on sample situations and is determined in the learning stage.

— While forming the regions from complete borders is trivial, region determination
from partial borders may be a very complex task. Region construction may be
based on probabilities that pixels are located inside a region closed by the partial
borders. Such methods do not always find acceptable regions but they are useful
in many practical situations.
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teq

(C) - M 1—‘ ' (d) [3
Fig. 3.22 Edge relaxation results. (a) Raw edge data. Edge strengths have been threshold-
ed at 0.25 for display purposes only. (b) Results after five iterations of relaxation applied to
(a). (c) Different version of (a). Edge strengths have been thresholded at 0.25 for display
purposes only. (d) Results after five iterations of relaxation applied to (c).
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Fig. 8.4 Stagesin the recursive linear
(e) segmenter (see text).

The area of a polygon may easily be computed from its polyline representa-
tion [Roberts 1965]. For a closed polyline of n points (x (i), y (), i=0, ..., n—1,
labeled clockwise around a polygonal boundary, the area of the polygon is
1 n—1
D) E ey — xiyi+l) @®.1)
i=0
where subscript calculations are modulo n. This formula can be proved by consid-
ering it as the sum of (signed) areas of triangles, each with a vertex at the origin, or
of parallelograms constructed by dropping perpendiculars from the polyline points

to an axis. This method specializes to chain codes, which are a limiting case of poly-
lines.

. -
8.2.2 Chain Codes %J_Q (;\‘% %\‘D

Chain codes [Freeman 1974] consist of line segments that must lie on a fixed
grid with a fixed set of possible orientations. This structure may be efficiently
represented because of the constraints on its construction. Only a starting point is

Mits location; the other points on a curve are represented by succes-

sive displacements from grid point to grid point along the curve. Since the grid is

. uniform, direction is sufficient to characterize displacement. The grid is usually

X\ﬁ{\‘o&'*& considered to be four- or eight- connected; directions are assigned as in Fig. 8.5,

“v‘“ (@ ﬂ and each direction can be represented in 2 or 3 bits (it takes 18 bits to represent the
\}VS% " starting pointina 512 x 512 image).

o7 Chain codes may be made position-independent by ignoring the ‘‘start

. Oyl point.” If they represent closed boundaries they may be ‘‘start point normalized”’

;\(?\\ by choosing the start point so that the resulting sequence of direction codes forms

%
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an integer of minimum magnitude. These normalizations may help in matching.
Periodic correlation (Section 3.2.1) can provide a measure of chain code similarity.
The chain codes without their start point information are considered to be periodic
functions of “‘arc length.”” (Here the arc length is just the number of steps in the
chain code.) The correlation operation finds the (arc length) displacement of the
functions at which they match up best as well as quantifying the goodness of the
match. It can be sensitive to slight differences in the code.

The *‘derivative’ of the chain code-is-useful-beeause-itis-invariant nder
boundary rotation. The derivative\(really a first difference mod 4 or 8)|is simply
another sequence of numbers indicating the telative direction of chain code seg-
ments; the number of lef{ hand turns of 77 /2 or 7 /4 needed to achieve the direction
of the next chain segment.

Chain codes are also well-suited for merging of regions [Brice and Fennema
1970] using the data structure described in Section 5.4.1. However, the pleasant
properties for merging do not extend to union and intersection. Chain codes lend
themselves to efficient calculation of certain parameters of the curves, such as area.
Algorithm 8.2 computes the area enclosed by a four-neighbor chain code.

Algorithm 8.2: Chain Code Area

Comment: For a four-neighbor code (0: +x, 1: +y, 2: —x, 3: —y) surrounding a
region in a counterclockwise sense, with starting point (x, ):

begin Chain Area; XIVI .
1. area:=0; ~__ i
2. yposition:= y; >
3. Foreachelement of chain code v |
case element-direction of e SRV
begin case [ SN
[0] area : = area-yposition;
(1] yposition := yposition + 1; .
(2] area : = area + yposition; \
(3] yposition := yposition — 1; N
end case; LA /
end Chain Area; o
oA

To merge two region boundaries is to remove any boundary they share, obtaining a

boundary for the region resulting from gluing the two abutting regions together.
As we saw in Chapter 5, the chain codes for neighboring regions are closely related
at their common boundary, being equal and opposite in a clearly defined sense (for
N-neighbor chain codes, one number is equal to the other plus N/2 modulo N (see
Chapter 5). This property allows such sections to be identified readily, and easily |
scissored out to give a new merged boundary. As with polylines, it is not immedi-
ately obvious from a chain-coded boundary and a point whether the point is within
the boundary or outside. Many algorithms for use with chain code represenlatlons
may be found in [Freeman 1974; Gallus and Neurath 1970].

Ch. 8 Representation of Two-Dimensional Ceometric Structures




(a) (b) Chain code:
(c) Derivative:

Fig. 8.5 (a) Direction numbers for chain codelelements. (b) Chain code for the
AN

boundary shown. (c) Derivative of (b). \ Sy o ;\1\ ’
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The y—s curve is like a continuous version of the chain code representation; it is
the basis for several measures of shape. ¥ is the angle made between a fixed line
and a tangent to the boundary of a shape. It is plotted against s, the arc length of the
boundary traversed. For a closed boundary, the function is periodic, with a discon-
tinuous jump from 27 back to 0 as the tangent reattains the angle of the fixed line
after traversing the boundary.

Horizontal straight lines in the y—s curve correspond to straight lines on the
boundary (¢ is not changing). Nonhorizontal straight lines correspond to seg-
ments of circles, since ¥ is changing at a constant rate. Thus the y—s curve itself
may be segmented in&o straight lines [Ambler et al. 1975], yielding a segmentation | ¢
of the boundary of the shape in terms of straight lines and circular arcs (Fig. 8.6). Qa.'““ ‘
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Fig. 8.6 -ssegmentation, (a) Triangular curve and a tangent. (b) y-s curve showing re-
gions of high curvature. (c) Resultant segmentation.
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