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Abstract
The digital image processing system is one of the main applications 
used in object detection and image segmentation. The digital image 
processing has been applied in several areas, especially where it 
is necessary to use tools for feature extraction and to get patterns 
of the studied images. In an initial stage, the segmentation is 
used to separate the image in parts that represents an interest 
object that may be used in a specific study. There are several 
methods that intend to perform such task, but it is difficult to 
find a method, that can easily adapt to different type of images, 
that often are very complex or specific. To resolve this problem, 
this work aims to presents an adaptable segmentation method 
that can be applied to different types of images, providing a 
better segmentation. The proposed method is based on a model 
of automatic multilevel thresholding and considers techniques 
of group histogram quantization, analysis of the histogram slope 
percentage and calculation of maximum entropy to define the 
threshold.
This paper presents a general approach to image segmentation and 
object recognition that can adapt the image segmentation algorithm 
parameters to the changing environmental condition. Segmentation 
parameters are represented by a team of generalized stochastic 
learning automata and learned using connectionist reinforcement 
learning techniques. The edge-border coincidence measure is first 
used as reinforcement for segmentation evaluation to reduce 
computational expensed associated with model matching during 
the early stage of adaptation. This measure alone, however, cannot 
reliable predict the outcome of object recognition. Therefore, it 
is used in conjunction with model matching where the matching 
confidence is used as a reinforcement signal to provide optimal 
segmentation evaluation in a closed-loop object recognition system. 
The adaptation alternates between global and local segmentation 
processes in order to achieve optimal recognition performance. 
Results are presented for both indoor and outdoor color image 
where the performance improvement over time is shown for both 
image segmentation and object recognition.
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I. Introduction
Object recognition system has three key components: image 
segmentation, feature extraction and model matching [1]. The 
goal of image segmentation is to extract meaningful objects from 
an input image. Image segmentation is an important and one of 
the most difficult low-level image analysis tasks. All subsequent 
tasks including feature extraction and model matching rely heavily 
on the quality of the image segmentation process. The inability 
to adapt the image segmentation process to real-world changes is 
one of the fundamental weaknesses of typical model-based object 
recognition systems. 

Fig. 1: Image Segmentation and Object Recognition System

The real-world changes are caused by variations in environmental 
conditions, imaging devices, lighting conditions, time of the day, 
sun position, shadows, weather conditions, etc. Despite the large 
number of image segmentation algorithms available, no general 
methods have been found to process the wide diversity of images 
encountered in real world applications. Segmentation and feature 
extraction modules use default values of algorithm parameters, 
and generally work as pre-processing steps to the model matching 
component [2]. These default values of algorithm parameters, 
however, generally degrade the system performance and cannot 
adapt to changes in real-world applications. The default settings of 
algorithm parameters are usually obtained by the system designer 
by following a trial and error method. Parameters obtained in this 
way are not robust, since when the conditions for which they are 
designed are changed slightly, these algorithms generally fail 
without any graceful degradation in performance. The usefulness 
of a set of algorithm parameters in an image analysis system can 
only be determined by the system’s output. 
To recognize different objects or instances of the same object 
in an image, it needs different set of parameters locally due 
to the changes in local image properties, such as brightness, 
contrast, etc. Also the changing environmental conditions affect 
the appearance of an image that requires the ability to adapt the 
algorithm parameters for multi-scenario object recognition [3]. To 
achieve robust performance in real-world applications, therefore, 
a need exists to apply learning techniques that can efficiently find 
parameter values yielding optimal results for the given recognition 
task. The original contributions of the adaptive integrated image 
segmentation and object recognition system presented are- 
1. Model matching confidence is used as feedback to influence 
the image segmentation process, thereby providing our object 
recognition system with adaptability in real world scenarios.
2. A team of generalized stochastic learning automata is used to 
represent both global and local image segmentation parameters, 
making faster learning possible.
3. Edge-border coincidence, when combined with model matching 
confidence, reduces overall computational costs of the learning 
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process.
4. Explicit bias is introduced in a reinforcement learning system 
in order to speed up the learning process for adaptive image 
segmentation.
Digital image processing is the use of computer algorithms to 
perform image processing on Images. There are fundamental 
steps in digital image processing [4]. These steps are image 
acquisition, image enhancement, image restoration, color image 
processing, wavelets and multi resolution processing, compression, 
morphological processing, segmentation, representation and 
description, object recognition. These all steps are applied on 
an input image. 
An image is two dimensional light intensity function f(x, y), where 
(x, y) are spatial coordinates and the value of f at any point (x, y) 
is proportional to the brightness of the image at any point.
All the fundamental steps are discussed below:

Image Acquisition: Image acquisition means to acquire the 1. 
image. It gives some hints regarding the origin of digital 
images. Generally image acquisition stage involves some 
preprocessing such as scaling.
Image Preprocessing: Image preprocessing means to improve 2. 
the image that increases the chances for success of other 
processes.
Image Enhancement: Image enhancement is the process of 3. 
manipulating an image so that the result is more suitable than 
the original for a specific application.
Image Restoration: Image restoration is an area that also deals 4. 
with improving the appearance of an image. Image restoration 
is based on mathematical or probabilistic models of image 
degradation.
Color Image Processing: Color image processing is an area 5. 
that deals with the concept of color models and basic color 
processing in digital domain.
Wavelets: Wavelets are the foundation for representing images 6. 
in various degree of resolution.
Image Segmentation: Image segmentation means to partition 7. 
an image into its constituent parts or objects. It deals with 
various methods to detect points, lines and edges.
Compression: Compression deals with the techniques for 8. 
reducing the storage required in saving an image.
Image Representation: Image representation means to convert 9. 
the input data into a form suitable for computer processing.
Image Description: Image description means to extract 10. 
features that results in some quantitative information of 
interest or features that are basic differentiating one class of 
object from another.
Morphological Processing: Morphological processing deals 11. 
with tools for extracting image components that are useful 
representation and description of shape.
Object Recognition: Object recognition means to assign a 12. 
label based on the information provided by its descriptors.

As from above discussion image segmentation is an important 
step in digital image processing. In image segmentation, there 
are different models to detect point, line and edge and in image 
registration these models are applied to detect the point or some 
other features and this feature detection is an important part  of 
image registration [5]. Thus image registration is a fundamental 
task in image processing. It is used to match two or more pictures 
taken from different source, different sensors or from different 
viewpoints. Images participating in registration should have all 
valid pixels. 

Registration is required in remote sensing (environmental 
monitoring, change, weather forecasting, creating super-resolution 
images, integrating information into Geographic Information 
Systems (GIS), in medicine to obtain the complete information 
about patient, monitoring tumor growth, treatment verification).

Overview of the Approach
A general approach to adaptive integrated image segmentation 
and object recognition is based on the models of the objects that 
are to be recognized, but we do not know the number of objects 
and their locations in the image. The system consists of two 
key subsystems: reinforcement learning subsystem and object 
recognition subsystem. 

Fig. 2: Bicycle Detection Specified in Terms of the Locations of 
Certain Parts

The object recognition subsystem consists of three basic modules: 
image segmentation, feature extraction and model matching. The 
image segmentation module extracts meaningful objects from input 
images. Feature extraction performs polygonal approximation 
of connected components. The model matching module then 
carries out matching between the stored models and the polygonal 
approximation of the connected components in order to recognize 
model objects. This module indirectly evaluates the performance 
of the image segmentation and feature extraction processes by 
generating a real valued matching confidence indicating the degree 
of success [6]. This real valued confidence is then used as feedback 
to a reinforcement learning subsystem to drive adaptation for 
image segmentation parameters. 
The goal is to adaptively compute segmentation parameters 
that, when applied to the segmentation algorithm, maximize the 
matching confidence for the given recognition task. 
It is important to note that since significant differences in 
characteristics exist between an image and its sub images, 
operating parameters of algorithms need to be tuned to these 
differences to achieve optimal performance of segmentation and 
model matching. 
To recognize two objects in an image or a single object at different 
locations, it is often difficult, if not impossible, to extract and 
recognize objects with a single fixed set of parameters of a given 
algorithm. It is essential to localize computation to meet each 
individual requirement. 
In order to achieve this objective our system performs both 
global and local adaptation. The global adaptation process 
finds segmentation parameters that are likely to result in the 
recognition of model objects from the entire image while the 
local process computes parameters that are best suited for selected 
sub images. 
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The particular framework adopted in this paper is reinforcement 
learning, which closes the loop between model matching and image 
segmentation [7]. There are good reasons for using reinforcement 
learning in our image processing and analysis system. 
First, reinforcement learning requires knowing only the goodness 
of the system performance rather than the details of algorithms 
that produce the results. It is natural to use matching confidence 
as reinforcement. 
Second, convergence is guaranteed for several reinforcement 
learning algorithms. 
Third, reinforcement learning performs efficient hill-climbing in 
a statistical sense images. 
Fourth, reinforcement learning can systematically assign credit 
to different levels in a multi-level image processing and analysis 
system.
The adaptive integrated image segmentation and object recognition 
system is designed to be fundamental in nature and is not dependent 
on any specific image segmentation algorithm or type of input 
images. 
In order to represent segmentation parameters suitably in a 
reinforcement learning framework, the system only needs to know 
the segmentation parameters and their ranges. 
While the same task could be learned in the original parameter 
space, for many types of problems, including image segmentation, 
the binary representation is expected to learn much faster [8]. 
Of course, different segmentation algorithms are designed and 
well suited for different kinds of images in various bands of the 
electromagnetic spectrum.

Algorithm Classification
Following is the classification of image registration algorithms-

On the basis of intensity: Intensity based methods compare 1. 
intensity patterns in image via correlation matrices. These 
methods register entire images or sub images. If sub images 
are registered, center of corresponding feature point.
On the basis of features: Feature based methods find 2. 
correspondence between image features such as points, 
lines and contours. These methods establish correspondence 
between a numbers of points in an image [9]. Knowing the 
correspondence between the numbers of points in an image, 
a transformation is then determined to map the target image 
to the referenced image, there by establishing point by point 
correspondence between the referenced and target image.
Single modality method: Single modality methods tend to 3. 
register images in the same modality acquired by the same 
scanner or sensor type.
Multi modality method: Multi modality methods tend to 4. 
register images acquired by different sensors or scanner 
types.

Methodology
Feature detection: In this step, salient and distinctive objects 1. 
like comers, closed boundary regions, edges, contours, line 
intersection are manually or preferably automatically detected. 
These features are used for further processing [10]. These 
features can be represented by their point representatives 
(centers of gravity, distinctive points), which are called 
control points. The detected features sets in the referenced 
and sensed image must have enough common elements.
Feature matching: In this step, the correspondence between 2. 
the features detected in sensed image and those detected in 
referenced image is established. Various feature descriptors 

and similarity measures along with spatial relationships 
among the features are used for that purpose. The feature 
descriptors should be distrainable enough to be distrainable 
enough to be distinguished among different features.

Fig. 3: The Output of a Face Detection Algorithm

Transform model estimation: The type and parameters of 3. 
the so-called mapping functions, aligning the sensed image 
and referenced image are estimated. The parameters of the 
mapping function are computed by means of the established 
feature correspondence [11]. The type of mapping functions 
should be chosen according to prior information is available 
then the model should be flexible and general enough to 
handle all possible degradation which might appear.
Image re-sampling and transformation: The image is 4. 
transformed be means of the mapping functions. Image values 
in non integer coordinates are computed by the appropriate 
interpolation technique. The choice of re-sampling technique 
depends upon the trade-off between the demanded accuracy 
of the computational complexity.
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