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Abstract-Pattern recognition has become more popular in the coming years and it’s applied in the wider areas of 

research. The application areas spread into medicine, bioinformatics, data mining, speech recognition, handwriting 

recognition, face recognition, objects in satellite images and many others. In the present research paper we have 

studied terminologies named as pattern, pattern recognition system and existing pattern recognition models used in 

pattern recognition system. We also studied and practically implemented integrated functionality of statistical and 

template matching models to get better pattern recognition rate. Based on the results it has been proved that use of 

integrated functionality of statistical and template matching pattern recognition model gives better results as 

compared to existing pattern recognition models. 
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1. INTRODUCTION 
 

Recognizing patterns and Classification have gained interest due to human beings, they have developed skills to 

observe and take actions by using environment. For example a human can recognizes faces, handwriting without 

thinking of other properties affecting the objects. When human needs to implement recognition artificially it 

becomes more complex task. To solve the complexity artificial intelligence is made by using machines which acts 

like human and is very intelligent to recognize patterns in different environmental conditions. A branch of artificial 

intelligence is known as pattern recognition. It can be used in many categories like recognition and classification. It 

is used in different areas like Medical, GIS and Remote Sensing, Data Mining etc. 

In the present research paper, pattern recognition system and existing pattern recognition models has been studied, 

implemented practically and also tested for further result analysis. Present research work also focuses on the use of 

integrated functionality of two existing pattern recognition models that is Statistical and Template Matching Pattern 

Recognition Model. Using integrated functionalities of these two models, better pattern recognition results has been 

obtained and hence we proposes that integrated functionality of Statistical and Template Matching model i.e. ISTM 

model is best for pattern recognition in satellite image. It is recommended that ISTM model can be one of the best 

model for pattern recognition in satellite imagery based pattern recognition system. 
 

2. PATTERN 
 

A pattern is a set of objects or phenomena or concepts where the elements of the set are similar to one another in 

certain ways or aspects. There are various definitions proposed for the term pattern. 

[1] 1977(Pavlidis) defined pattern recognition in his book: “the word pattern is derived from the same root as the 

word patron and, in his original use, means something which is set up as a perfect example to be imitated. Thus 

pattern recognition means the identification of the ideal which a given object was made after.” [2] 
 

3. PATTERN RECOGNITION SYSTEM 
 

The design model of a pattern recognition system essentially involves the following six steps [1][3]: 

 Data acquisition and sensing: Measurements of physical variables, Important issues: bandwidth, 

resolution, sensitivity, distortion, SNR, latency, etc.  

 Pre-processing: Removal of noise in data, Isolation of patterns of interest from the background. 

 Feature extraction: Finding a new representation in terms of features. 

 Model learning and estimation: Learning a mapping between features and pattern groups and categories. 

 Classification: Using features and learned models to assign a pattern to a category. 

 Post-processing: Evaluation of confidence in decisions, Exploitation of context to improve performance, 

Combination of experts. 
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Fig. 3.1Block diagram of a Pattern Recognition System 

4. STUDY OF EXISTING PATTERN RECOGNITION MODELS USED IN PATTERN 

RECOGNITION SYSTEM 
 

4.1 Statistical Model 
 

In Statistical method of Pattern Recognition each pattern is described in terms of features. Features are chosen in 

such a way that different patterns occupy non-overlapping feature space. It recognizes the probabilistic nature both 

of the information we seek to process, and of the form in which we should express it [4]. 

 
Fig. 4.1Statistical Pattern Recognition Model [5] 

 

4.2 Syntactic Model  
 

Syntactical model is also termed as structural models used for pattern recognition which is based on relation 

between features. It is used for more complex relations were patterns are represented by structures. In this model we 

form a hierarchical structure which comprises of sub-patterns. In this model, the patterns to be recognized are called 

primitives and the complex patterns are represented by the inter-relationship formed between these primitives and 

the grammatical rules associated with this relationship [5, 6]. 
 

4.3 Template Matching Model  
 

Template matching is simplest and most primitive among all pattern recognition models. It is used to determine the 

similarity between two samples, pixels or curves. The pattern to be recognized is matched with the stored templates 

while assuming that template can be gone through rotational or scalar changes. The efficiency of this model depends 

upon the stored templates. Correlation function is taken as recognition function and is optimized depending on the 

available training set. 
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Fig. 4.2 Example of template/pixel Matching 

 

4.4 Neural Network Model  
 

Neural network is a self-adaptive trainable process that is able to learn and solve problems based on available 

knowledge. Neural Network behaves same like biological brain works which are composite of interconnected 

processing elements that simulate neurons. Through interconnection, each neuron passes information among itself. 

Artificial Neural network models attempt to use some organizational principles such as learning, generalization, 

adaptivity, fault tolerance and distributed representation, and computation in the network of weighted directed 

graphs in which the artificial neurons forms the nodes of the model and the directed edges (with weights) are 

connections between neuron outputs and neuron inputs[8][9]. The weights applied to the connections results from 

the learning process and indicate the importance of the contribution of the preceding neuron in the information being 

passed to the following neuron [7].  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.3 Example of an Artificial Neural Network  
 

5. LIMITATIONS WITH EXISTING PATTERN RECOGNITION MODELS 
 

In most of the emerging applications, it is clear that a classification done using single model may not give efficient 

results so it is better option to obtain result use hybrid models. Primitive approaches to design a Pattern Recognition 

system which aims at utilizing a best individual classifier have some drawbacks [10]. It is very difficult to identify a 

best classifier unless deep prior knowledge is available at hand [10], [11].Fu [12] gave the concept of statistical and 

Structural models can be combined together to solve hybrid problems. In such cases statistical approach is utilized to 

recognize pattern primitives and syntactic approach is then used for the recognition of sub-patterns and pattern itself. 

But combination of these two models leads to complexity and requires more time for processing, in turn decreases 

the system throughput and performance. 
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Hence for the present research required, new hybrid pattern recognition model has been developed. This hybrid 

model is nothing but integration of statistical and template matching pattern recognition models.  
 

6. PROPOSED PATTERN RECOGNITION MODEL – HYBRID MODE INTEGRATION 

OF STATISTICAL AND TEMPLATE MATCHING MODEL (ISTM MODEL) 
 

This model is comprised using integrated functionality of Statistical and Template Matching model. By using 

statistical approach, satellite object features has been recorded using eGLCM method and stored these features at 

training data set. When users provides input satellite image, from this image features of expected object is recorded 

at run time and getting matched with already stored features. This matching of recorded and run time taken features 

are based on template matching model. Hence proposed model is named as Integrated functionality of Statistical and 

Template Matching model i.e. ISTM model. 

 
Fig. 6.1 Integration of Statistical and Template Matching Model (ISTM Model) 

 

7. PRACTICAL DEMONSTRATION AND RESULTS ANALYSIS 
 

For the present research work, all the existing pattern recognition models and proposed hybrid pattern recognition 

model has been studied, implemented and tested using dummy satellite imagery data.  
 

 
Fig. 7.1 Output of different pattern recognition models. Image source [14] 
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Based on test results as provided in below table 2, it seems that proposed hybrid mode gives better results i.e. 

99.10% as compared to neural network and Syntactical/Structural pattern recognition models i.e. 92 % and 90.50% 

respectively. Hence this research recommends that use of Hybrid (ISTM) model for satellite imagery based pattern 

recognition system gives more efficiency and better results. Hence it has been proposed that ISTM is the better and 

efficient model for pattern recognition system in terms of object detection in satellite image. 
 

CONCLUSION 
 

In the present research work all existing pattern recognition models i.e. Statistical, Syntactical, Template Matching 

and Neural Network model has been studied, and implemented practically. Integrated functionality of Statistical and 

Template matching pattern recognition models (ISTM Model) are also studied and implemented practically. Based 

on results it has been proved that ISTM pattern recognition models gives better results and hence proposed to use 

ISTM pattern recognition model in satellite imagery based pattern recognition system. 
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