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Chain Code
 represent a boundary by a connected sequence of
straight‐line segment of specified length and
direction
 based on 4
4‐or‐
or 8 connectivity of the segments
 can be generated following a boundary in a clockwise
direction and assigning a direction to the segments
connecting every pair of pixels
 is unacceptable for two principal reasons:
▪ (1) too long code length
▪ (2) the shape boundary can be disturbed by noise or imperfect
segmentation

 resample the boundary by selecting a larger grid spacing

Treat the chain code as a circular sequence of
direction numbers
 Redefine the starting point
 Normalize
by using the
l ffor rotation b
h ffirst
difference of the chain code (counting the
number of direction changes)


The goal: capture the “essence” of the boundary
shape with the fewest possible polygonal segments
 Minimum perimeter polygons


 Find minimum perimeter polygons: shrink
 If each cell encompasses only one point‐‐‐the error in each

cell would be


2d

Merging techniques
 Merge points along a boundary until the least square error

line fit of the points merged exceeds a preset threshold
 When the above condition occurs, repeat the procedure
 At the end: the intersection of adjacent line segments

form the vertices of the polygon
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Criterion for splitting: the maximum
perpendicular distance from a boundary
segment to the line joining its end points not
exceed
d a presett threshold
th h ld
 A close boundary: the best starting points are the

two farthest points



a 1‐D functional representation of a boundary and
may be generated in
 plot the distance from the centroid to the boundary as a

function of angle

reduce the boundary representation from 2
D to a 11‐D
D
2‐D
function
 are invariant to translation, but depend on rotation
and scaling


 solution to rotation invariant
▪ normalize with respect to rotation can be achieved by selecting the
same starting point, regardless of the shapes orientation
▪ select the point on the eigen axis that is farthest from the centroid
▪ obtain the chain code, and assume that the coding is coarse enough
so that rotation does not affect its circularity



based on uniformity in scaling with respect to both
axes and that sampling is taken at equal interval of θ
(changes in size of a shape results in changes in the
amplitude value of the corresponding signature)



 transverse the boundary and, corresponding to each

point on the boundary, plot the angle between a line
tangent to the boundary at that point and a reference
line
 would carry information about basic shape
characteristics

 scale all functions so that they always span the same range

of values [0,1]




The advantage of this method: simplicity
The disadvantage of this method: depending on
maximum and minimum values (especially in noisy
shape: dependence from object to object )
 divide each sample by the variances of the signature
 remove the dependence on size while preserving the

fundamental shape of the waveform

another way to generate signature



slope density function as a signature
 is a histogram of tangent‐angle values
 correspond to sections of the boundary with constant

tangent angles
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decompose a boundary into segments
reduce the boundary’s complexity and
simplify the description process
 is attractive when the boundary contains one or

more significant concavities
 convex hull and convex deficiency
 digital boundaries tend to be irregular because of
digitization, noise, and variation in segmentation

cause convex deficiency have small,
meaningless components scattered randomly
throughout the boundary
 resolution: smooth a boundary prior to
partitioning


1) transverse the boundary and replace the

coordinate of each pixel (for small irregularities,
but it is time consuming and difficult to control)
2) use polygon approximation prior to finding the
convex deficiency

 thinning algorithm iteratively delete edge

reduce to a graph by a skeleton to represent a shape
Obtain the skeleton of a region via a thinning
morphology skeleton cannot keep the skeleton
connected
 Def.
D f off a skeleton
k l t




 may be defined via the medial axis transformation (MAT)
 The MAT of a region R with border B
▪
▪
▪
▪

For each point p in R, find its closet neighbor in border B
“Closet” depends on Euclidean distance
yield an intuitively pleasing skeleton
computation expensive

 Maximum disk

points of a region subject to the three
constraints:
(1) does not remove endpoints ;
(2) does not break connectivity;
(3) does not cause excessive erosion of the region
g

 two steps applied to the contour points of the

given region
(1) flag a contour point for deletion based on four
conditions (a) (b) (c) (d): If one or more of
conditions (a) –(d) are violated, the value is not
changed, otherwise flag for deletion; the point is
not deleted until all border points have been
processed
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(2) is applied to the resulting data based on (a)
(b) (c’ ) (d’ )
 N(p1):The number of nonzero neighbors of p1
 T(p1): the number of 0‐1 transitions in the ordered

sequence p2, p3,,, p8, p9
▪ (a): end point
▪ (b): 1 pixel thick
▪ (c) (d) p4=0 (east); or p6=0 (south) or p2=0 and p8=0
“north west“ corner point

Some simple boundary descriptor
 the length for a chain code curve with unit spacing
 the diameter of a boundary B is defined as Diam(B) = max[D( pi , p j )]
i, j
 major axis: constructed form the diameter and the

orientation of a line segment connecting two extreme
points
 minor axis: line perpendicular major axis
 basic rectangle: the box passing through the outer four
points of intersection of the boundary
 eccentricity: the ratio of the major to the minor axis


curvature: the rate of change of slope (the difference
between the slope of adjacent boundary segments)
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convex segment: the change in slope at p is nonnegative
Concave segment
A nearly straight segment: slope change < 100
Corner point: if the change exceeds 900

11.2.2 Shape numbers
 based on the 4‐direction code
 the first difference of smallest magnitude
 the
th order
d n off a shape
h
number
b iis d
defined
fi d as th
the
number of digits
 n is even for a closed boundary
 depend on the orientation of the grid



Desired shape number ‐ the rectangle of n whose
eccentricity best approximation that of the best
rectangle; For example n=12,







represent a boundary as the sequence of coordinates
S(k)=[x(k),y(k)]
each coordinate pair can be treated as complex number so
that s(k)=x(k)+jy(k)
reduce a 2‐D to 1‐D problem
the Fourier descriptor of the boundary: the complex
coefficients a(u)
the inverse Fourier transform of these coefficients restores
s(k) (11.2‐4) S ( k ) = ∑ a ( u ) e
 only first P coefficients are used (11.2‐5):S ( k ) = ∑ a (u ) e
directly insensitive to geometrical changes: translation,
rotation and scaling
 translation has no effect on the descriptor except for u=0
Results depend on the order in which points are processed
p −1

u=0








j 2π uk / K

P −1

∧

j 2 π uk / K

u=0

Insensitive to starting point
Table 11.1 summarizes the Fourier descriptors for a
boundary sequence s(k)

Statistical moments
Describe a shape quantitatively by using statistical
moment
 represent a line segment as a 1‐D function g® is obtained
by


 connecting the two end points of the segment
 rotating the line segment until its is horizontal



treat the amplitude of g as a discrete random
variable v and form an amplitude histogram
A−1

n

 The nth moment of v about its mean is μn(v) = ∑(vi -m) p(vi )
i=0
 The second moment measures the spread of the curve

about the mean value
 The third moment measures its symmetry
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Simple descriptors
 Area
 Perimeter
 Compactness
 Maximum
Minimum
Ma im m and Minim
m gray
gra values
al es
Topological descriptor
 Properties of a figure that are unaffected by any
deformation, as long as there is no tearing r
joing of the figure
 Euler number E=C‐H
 Euler formula V‐Q+F=C‐H=E
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Provide measures of properties such as
smoothness, coarseness, and regularity.
 Three principal approaches used in image
processing: statistical,l structural,l and
d spectral.l





level
 The second moment is a measure of gray
gray‐level
contrast that can be used to describe relative
smoothness
 The third moment, is measure of the skewness of the
histogram
 The fourth moment is measure of its relative flatness
 The fifth and higher moments are not so easily related
to histogram shape

 statistical: yield characterization of texture as

smooth, coarse, and grainy
 structural: based on regularly spaced parallel lines
 spectral: based on Fourier spectrum and detect
global periodicity





Uniformity: maximally uniform
Average entropy measure: is a measure of
variability and is 0 for a constant image
Disadvantage of measures using only histogram:
histogram
suffers from the limitation that they carry no
information regarding the relative position of
pixels with respect to each other
 Resol: consider not only the distribution of intensities,

but also the positions of pixels with nearly equal
intensities

Use statistical moments of the gray level
histogram of an image or region
The nth moment if z about the mean is:



Let P be a position operator and Let A be a k×k matrix whose
element is the number of times that points with gray level zj
 For instance:



⎡4 2 1⎤
A = ⎢2 3 2⎥
⎢
⎥
⎢⎣0 2 0⎥⎦

0
1
2
1
0

0
1
2
1
0

0
0
1
0
1

1
1
0
2
0

2
1
0
0
1

Gray‐level co‐occurrence matrix: is formed by dividing every
element of A by n
▪
▪
▪
▪
▪
▪

A set of descriptors useful for texture based on co‐occurrence
Maximum probabilities: max i , j (c i , j )
cij /(i − j)k
Element difference moment of order k: ∑∑
i
j
(i − j ) k cij
Inverse element difference moment of order k: ∑∑
i
j
Uniformity: ∑∑ cij 2
Entropy: − i jc log c

∑∑
i

ij

2

ij

j
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Structural approaches




A rule of the form S→
S→a, which the symbol S may be rewritten as aS
▪

Scheme: S→bA, A→
A→cA, A →c, A →bS, S →a (B: cirle down; c:circle to
the left)
▪



Generate a string of the form aaabccbaa that corresponds to a 33×
×3 matrix

Texture primitive can be used to form complex texture patterns by
means of some rules

cij

 Use Fourier spectrum to describe the

directionality of periodic or almost periodic @‐D
patterns
p
 Three features of the Fourier spectrum
▪ Prominent peaks: give the principal direction of the
texture patterns
▪ The location of the peaks in the frequency plane: give
the fundamental spatial periods of the patterns
▪ Eliminating any periodic components via filtering: leaves
non‐periodic image elements, which can then be
described by statistical techniques
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The moment of @‐D continuous function
 The central moment

−

−

∞

μ pq = ∫ ( x − x) p ( y − y ) q f ( x, y )dxdy
−∞

 The central moment of order up to 3
 The normalized central moments
 A set of seven moments

∞

m pq = ∫ x p x q f ( x, y )dxdy
−∞

▪ Invariant to translation, rotation, and scaling
▪ Error caused by digitization





Mean vector
covariance matrices Cx=E{(x‐mx)(x‐mx)T}
Cx is real and symmetric, finding a set of n
orthonormal eigenvector is possible
 Xi and Xj is uncorrelated Æ Cij=Cji=0

Use A as a transformation matrix to map x’s
into vectors denoted by y’s as follows
(Hotelling transform): y=A(x‐mx)
 my=E{y}=0; Cy =ACx AT
 Reconstruct data for x=ATy+mx
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Capture in the form of rewriting rules basic repetitive
patterns in a boundary or region
 The staircase structure
 Formulate a recursive relationship involving these

primitive elements

 Use the rewriting rules (a) S→aS; (b) A →bS and (c) A→b




Reduce 2‐D positional relations to 1‐D form
Applications of strings to image description
 Extract line segment from objects of interest

▪ Follow the contour of an object and code the results with segments
of specified direction and/or length
▪ String descriptions are best suited for applications in which
connectivity of primitives can be expressed in a head‐to‐tail



Definition
 A unique node: the root
 The remaining nodes are partitioned into m disjoined sets

T1,…, T m (subtree)

The tree frontier: the set of nodes at the bottom of
the tree (the leaves)
 Two important information


(1)

A node stored as a set of words describing the node


(2)

Identifies an image substructure (region or boundary segment)

A node to its neighbor, stored as a set of pointers to
those neighbors
▪ Defines the physical relationship of that substructure to other
substructure
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