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Representation 

• Representation means that we make the 
object information more accessible  for 
computer-interpretation 

• Two types of representation 
– Using boundary (External characteristics) 
– Using pixels of region (Internal characteristics) 
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Description 
• Description means that we quantify our representation 

of the object 
• Boundary Descriptors 

– Geometrical descriptors : Diameter, perimeter, eccentricity, 
curvature 

– Shape Numbers 
– Fourier Descriptors 
– Statistical Moments 

• Regional Descriptors 
– Geometrical descriptors: Area, compactness, Euler number 
– Texture 
– Moments of 2D Functions 
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Desirable properties of descriptors 
• They should define a complete set 

– Two objects must have the same descriptors if and only if they have 
the same shape . 

• They should be invariant to Rotation, Scaling and Translation 
(RST) 

• They Should be a compact set 
– A descriptor should only contain information about what makes an 

object unique,  or different from the other objects. 
– The quantity of information used to describe this characterization 

should be less than the information necessary to have a complete 
description of the object itself. 

• They should be robust 
– Work well against Noise and Distortion 

• They should have low computational complexity 

5 



Introduction 

• The common goal of feature extraction and representation 
techniques is to convert the segmented objects into 
representations that better describe their main features and 
attributes. 

• The type and complexity of the resulting representation 
depend on many factors, such as 
– the type of image (e.g., binary, gray-scale, or color), 
– the level of granularity (entire image or individual regions) desired 
– the context of the application that uses the results (e.g., a two-class 

pattern classifier that tells circular objects from noncircular ones or an 
image retrieval system that retrieves images judged to be similar to an 
example image). 
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Introduction 

• “Feature extraction is the process by which certain 
features of interest within an image are detected and 
represented for further processing.” 

• It is a critical step in most computer vision and image 
processing solutions because it marks the transition 
from pictorial to non-pictorial (alphanumerical, usually 
quantitative) data representation. 

• The resulting representation can be subsequently used 
as an input to a number of pattern recognition and 
classification techniques, which will then label, classify, 
or recognize the semantic contents of the image or its 
objects. 
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FEATURE VECTORS & VECTOR SPACES 

• A feature vector is a n × 1 array that encodes the n features 
(or measurements) of an image or object. 

• The array contents may be 
– symbolic (e.g., a string containing the name of the predominant 

color in the image), 
– numerical (e.g., an integer expressing the area of an object, in 

pixels), 
– or both. 

• Mathematically, a numerical feature vector x is given by 
   𝑥 = (𝑥1, 𝑥2, … , 𝑥𝑛)𝑇 

– where n is the total number of features and 
– T indicates the transpose operation. 
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FEATURE VECTORS & VECTOR SPACES 

• The feature vector is a 
compact representation 
of an image (or object 
within the image), which 
can be associated with 
– the notion of a feature 

space, 
– an n-dimensional 

hyperspace that allows the 
visualization (for n < 4) and 

– interpretation of the 
feature vectors’ contents, 
their relative distances, 
and so on. 
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Invariance & Robustness 

• A common requirement for feature extraction 
and representation techniques is that the 
features used to represent an image be invariant 
to rotation, scaling, and translation, collectively 
known as RST. 

• RST invariance ensures that a machine vision 
system will still be able to recognize objects even 
when they appear at different size, position 
within the image, and angle (relative to a 
horizontal reference). 
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Binary Object Features 

• A binary object is a connected region within a 
binary image f (x, y), which will be denoted as 
𝑂𝑖 , i > 0. 

• Mathematically, we can define a function      𝑂
𝑖 (𝑥, 𝑦) as follows: 

    1  𝑖𝑓(𝑓(𝑥, 𝑦) ∈ 𝑂𝑖 ) 
  𝑂𝑖 (𝑥, 𝑦) = 
    0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

• Area 
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BOUNDARY DESCRIPTORS 
• In this section, we will look at contour-based 

representation and description techniques. 
• These techniques assume that the contour (or 

boundary) of an object can be represented in a 
convenient coordinate system (Cartesian—the most 
common, polar, or tangential) and rely exclusively on 
boundary pixels to describe the region or object. 

• Object boundaries can be represented by different 
techniques, ranging from simple polygonal 
approximation methods to more elaborated 
techniques involving piecewise polynomial 
interpolations such as B-spline curves. 
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BOUNDARY DESCRIPTORS 

• The techniques described in this section assume that 
the pixels belonging to the boundary of the object (or 
region) can be traced, starting from any background 
pixel, using an algorithm known as bug tracing that 
works as follows: 
– As soon as the conceptual bug crosses into a boundary 

pixel, it makes a left turn and moves to the next pixel; if 
that pixel is a boundary pixel, the bug makes another left 
turn, otherwise it turns right; the process is repeated until 
the bug is back to the starting point. 

– As the conceptual bug follows the contour, it builds a list of 
coordinates of the boundary pixels being visited. 
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Chain Code, Freeman Code, & Shape Number 

• Chain codes are alternative methods for tracing and 
describing a contour. 

• A chain code is a boundary representation technique by 
which “A contour is represented as a sequence of straight 
line segments of specified length (usually 1) and 
direction”. 

• The simplest chain code mechanism, also known as crack 
code, consists of assigning a number to the direction 
followed by a bug tracking algorithm as follows: right (0), 
down (1), left (2), and up (3). 

• By allocating numbers based on directions, the boundary of 
an object is reduced to a sequence of numbers . 

14 



Chain Code 
• Steps for construction chain codes 

– Select some starting point of the boundary and represent it by its absolute 
coordinates in the image 

– Represent every consecutive point by a chain code showing transition 
needed to go from current point to next point on the boundary 

– Stop if the next point is the initial point or the end of the boundary 
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Chain Code, Freeman Code, & Shape Number 

• Assuming that the total 
number of boundary points is p 
(the perimeter of the contour), 
the array C (of size p), where 
C(p) = 0, 1, 2, 3, contains the 
chain code of the boundary. 

• A modified version of the basic 
chain code, known as the 
Freeman code, uses eight 
directions instead of four. 

• Figure shows an example of a 
contour, its chain code, and its 
Freeman code. 
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Chain Code, Freeman Code, & Shape Number 

• Once the chain code for a boundary has been computed, it 
is possible to convert the resulting array into a Rotation-
Invariant Equivalent, known as the first difference. 

• It is obtained by encoding the number of direction changes, 
expressed in multiples of 90◦ (according to a predefined 
convention, for example, counter clockwise), between two 
consecutive elements of the Freeman code. 

• The first difference of Smallest magnitude is obtained by 
treating the resulting array as a circular array and rotating it 
cyclically until the resulting numerical pattern results in the 
smallest possible number is known as the Shape number of 
the contour. 
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Chain Code, Freeman Code, & Shape Number 

• The shape number is Rotation invariant and 
Insensitive to the starting point used to compute 
the original sequence. 

• Figure shows an example of a contour, its chain 
code, first differences, and shape number. 
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Shape Number 

• The shape number of a boundary is defined as 
the first difference of smallest magnitude 

• The order n of a shape number is defined as 
the number of digits in its representation 
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Algorithm for making a shape number 

• Goal: To represent a given boundary by a shape 
number of order n 
– Step-1: Obtain the major axis of the shape and 

consider it as one of the coordinate axis 
– Step-2: Find the basic (smallest) rectangle that has 

sides parallel to major axis and just covers the shape 
– Step-3: From possible rectangles of order n, find one 

which best approximates rectangle of step-2 
– Step-4: Orient the rectangle, so that its major axis 

coincides with that of the shape 
– Step-5: Obtain the first difference chain code of 

minimum magnitude after circular shift 
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Chain Code 

• Advantages 
– Preserves the information of interest 
– Provides good compression of boundary description 
– They are translation invariant 

• Problems 
– Long chains of codes 
– No invariance to Rotation and Scale 
– Sensitive to Noise 

• Solution 
– Re-sample the image to a lower resolution before 

calculating the code 
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Chain Code 

• Problem 
– A chain code sequence depends on a starting point. 

• Solution 
– Treat a chain code as a circular sequence and redefine the 

starting point so that the resulting sequence of numbers 
forms an integer of minimum magnitude after circular shift 

  2 2 3 0 -> 0 2 2 3 
• The first difference of a chain code is counting the 

number of direction change (in counter clockwise) 
between 2 adjacent elements of the code 
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