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ABSTRACT: The main objective of this paper is to develop medical diagnosis decision support system (MDDSS) 

using pattern recognition and HMM algorithm. First of all, we are describing introduction about pattern recognition and 

classification, how we are going to apply deep learning in medical image processing technologies and HMM algorithm. 

Medical Diagnosis Decision Support System is an important task and the lives of patients often depend on it. Healthcare 

industry is totally different from other industry. It is on high priority sector and people expect highest level of care and 

services regardless of cost. It did not achieve social expectation even though it consume huge percentage of budget. Mostly 

the interpretations of medical data is being done by medical expert. In terms of image interpretation by human expert, it is 

quite limited due to its subjectivity, complexity of the image, extensive variations exist across different interpreters, and 

fatigue. However, the analysis itself is often repetitive and time-consuming. Algorithms for this tasks need to have a very 

high success rate and need to be understandable to work with their parameters. The first goal of medical data analysis is to 

build better algorithms. Since the best algorithm is of no use if its routinely application is too complex, the second goal of 

medical data analysis is to develop more understandable algorithms. This is pursued to regain the trust of medical and 

clinical staff in order to save lives, time and money. Designing a frame work for medical diagnosis decision support system 

using pattern recognition and HMM algorithms. This framework can be used for detecting diseases in medical fields. 
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1. INTRODUCTION 
 

Medical digital image processing is a process aimed to recognize objects of interest in an image by utilizing electronic 

sensors and advanced computing techniques with the aim to improve image quality parameters. It contains intrinsic 

difficulties due to the fact that image formation is basically a many-to-one-mapping, i.e., characterization of 3-d objects can 

be deduced from either a single image or multiple images. Several problems associated with low-contrast images, blurred 

images, noisy images, image conversion to digital form, transmission, handling, manipulation, and storage of large-volume 

images, led to the development of efficient image processing and recognition algorithms. Digital imaging or computer 

vision involves image processing and pattern recognition techniques. Image processing techniques deal with image 

enhancement, manipulation, and analysis of images. Image classification is perhaps the most important part of digital 

image analysis. The objective is to identify and portray the visual features occurring in an image in terms of differentiated 

classes or themes. Applications can be found in a wide range of domains such as medical image understanding, 

surveillance applications, remote sensing and interactive TV. Traditional image classification methods analyses 

independent blocks of an image, which results in a context-free formalism. However there is a fairly wide-spread 

agreement that observations should be presented as collections of features which appear in a given mutual position or 

shape. Consider analyzing local features in a small region of an image; it is sometimes difficult even for a human to tell 

what the image is about. With a statistical model in hand, we can perform several important tasks to image analysis such as; 

estimation, classification and segmentation. We employ a new efficient algorithm that models images by a two dimensional 

hidden Markov model (HMM).  
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The HMM considers observations statistically dependent on neighboring observations through transition probabilities 

organized in a Markov mesh, giving a dependency in two dimensions. The main difficulty with applying a 2-D HMM to 

images is the computational complexity which grows exponentially with the number of image blocks. Fig.1 represents the 

segmentation process of the human vision system. 

 

         
(a)                                            (b)                                       (c) 

 

 

Fig.1 (a) Original image, (b) A rough segmentation with the gray region being undecided, (c) The refined segmentation 

 

2. PATTERN RECOGNITION AND CLASSIFICATION 
 

Pattern recognition is one of the most difficult problems in image processing especially in very noisy conditions. Arsenault 

et al. in 1988 have developed a technique to improve the performance of ANN in pattern recognition and classification. 

The superior performance is achieved by introducing an invariant into the network by changing the interconnection 

between layers of the network, or by means of some pre-processing of the input data. They have shown the robustness of 

this approach when highly degraded partial images rapidly converged to the closest stored image. However this research 

has not addressed the issue of shift and rotational variance. They conclude that methods involving data preprocessing is 

the most viable option. Several researchers have developed high performance image classification systems based on 

ensemble of neural networks. Most of the research has shown that the ensemble of neural networks work best when the 

neural networks forming the ensemble make different errors. Giacinto et al. have improved on these models by using an 

automated design to arrive at the best ensemble of neural networks for pattern classification. Their method not only 

showed the effectiveness of their approach in image classification but also provided a systematic method in choosing 

neural. Pattern recognition deals with object identification from observed pattern and images. In the last few years, 

significant advances have been made in pattern recognition, through the use of several new types of computer 

architectures that utilize very large-scale integrated circuits (VLSI) and solid state memories with a variety of parallel high-

speed computers, optical and opto-digital computers, as well as a variety of neural network architectures and 

implementations. Artificial neural networks have shown great strength in solving problems that are not governed by rules, 

or in which traditional techniques have failed or proved inadequate. The inherent parallel architecture and the fault tolerant 

nature of the ANN is maximally utilized to address problems in variety of application areas relation to the imaging field. 

Artificial neural networks find their application in pattern recognition (classification, clustering, feature selection), texture 

analysis, segmentation, image compression, color representation and several other aspects of image processing, with 

applications in medical imaging, remote sensing, aerospace, radars, and military applications. 

 

Medical Informatics: Is an interdisciplinary scientific field of research that deals with the use of Information and 

Communication Technologies and Systems for clinical health care, for more accurate and faster service to people. 

● Pattern Recognition (PR): Automated analysis of collected attributes of objects, events, etc. to classify them into 

categories. 
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● Medical Pattern Recognition: All PR Techniques in decision support and treatment of illnesses. 

 

Applications of Pattern Recognition 

 

 Reading hand-written text to classify it into letters and words 

 Analyzing fingerprints to find the owner 

 Recognizing the faces of people to name them 

 Finding buildings in a satellite image 

 Naming a gun from its bullet mark(Ballistics) 

 Identifying different objects on a conveyor belt 

 Analyzing test results in decision support for any illness 

 

3. MEDICAL IMAGE PROCESSING USING DEEP LEARNING 

TECHNIQUES 
 

Many image diagnosis task requires initial search to identify abnormalities, quantify measurement and changes over time. 

Automated image analysis tool based on machine learning algorithms are the key enablers to improve the quality of image 

diagnosis and interpretation by facilitating through efficient identification of finding. Deep learning is one extensively 

applied techniques that provides state of the aft accuracy. It opened new doors in medical image analysis that have not 

been before. Applications of deep learning in healthcare covers a broad range of problems ranging from cancer screening 

and disease monitoring to personalized treatment suggestions. Various sources of data today - radiological imaging (X-Ray, 

CT and MRI scans), pathology imaging and recently, genomic sequences have brought an immense amount of data at the 

physicians disposal. However, we are still short of tools to convert all this data to useful information. In the below 

discussion, we highlighted state of the art applications of deep learning in medical image analysis. Though, the list is by no 

means complete however it provides an indication of the long-ranging deep learning impact in the medical imaging 

industry today. Image processing and machine learning play vital role in diagnosing and analyzing these diseases and help 

the doctors in making fast decision for treatment efficiently and accurately. Due to advancement in computer aided 

diagnosis (CAD) systems, various kind of imaging tests is in practice for digestive systems disease detection and 

classification. These imaging test are Wireless Capsule endoscopy, Endoscopy and enteroscopy, colonoscopy or 

sigmoidoscopy, Radiopaque dyes and X-ray studies, deep small bowel enteroscopy, intra operative enteroscopy, Computed 

tomography and magnetic resonance imaging (MRI). Deep learning technology applied to medical imaging may become 

the most disruptive technology radiology has seen since the advent of digital imaging. Most researchers believe that within 

next 15 years, deep learning based applications will take over human and not only most of the diagnosis will be performed 

by intelligent machines but will also help to predict disease, prescribe medicine and guide in treatment. Which field in 

medical has revolutionized deep learning first? Ophthalmology, pathology, cancer detection, radiology or prediction and 

personalized medicine. Ophthalmology will be the first field to be revolutionized in health care, however, pathology, 

cancer diagnosis have received more attention and currently we have application with decent accuracy. Google Deep Mind 

Health is working with National Health Service, UK signed five year agreement to process the medical data of up to 1m 

patients across the trusts five hospitals. Even its early days of this project, Deep mind already has high hopes for the 

proposal. 

 

4. MRI MACHINES 
 

Great convenience has been brought by modern clinical imaging techniques in studying anatomy and in making screening, 

prognosis, diagnosis and examination of disorders or diseases present in human body.  
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Clinical imaging techniques can be categorized on two basis: 

 

a) According to the target position, medical imaging can be classified into cerebral imaging, cardiac imaging, thoracic/lung 

imaging, liver imaging, bone / arthral imaging, vascular imaging and so on; and  

 

b) According to imaging modality, medical imaging can be categorized as one of the following : Magnetic Resonance 

Imaging (MRI), Computed Tomography (CT), Positron Emission Tomography (PET), Single Photon Emission Computed 

Tomography (SPECT), Functional Magnetic Resonance Imaging (FMRI), Ultrasound, Diffusion Tensor Imaging (DTI) 

etc., 

 

4.1 Working of MRI Machines 

 

Due to the importance of brain in human body, brain imaging has always been one of the focuses of attention of 

researchers in medical imaging. MRI machines use magnetic and radio waves to look inside the human body. It provides 

an unparalleled view inside the human body. The level of detail we can see is extraordinary compared with any other 

imaging modality. MRI is a popular method for the diagnosis of many types of injuries and conditions because of the 

incredible ability to tailor the examination to the particular medical question being asked. The basic idea of MRI is to 

calculate the signal changes of protons caused by a strong external magnetic field and low-energy radio frequency signal. 

 

5. HIDDEN MARKOV MODEL 
 

Hidden Markov Model (HMM) is a technique highly capable of modelling the structure of an observation sequence. In this 

paper, HMM is used to provide the contextual information for detecting clinical signs present in diabetic retinopathy 

screen images. However, there is a need to determine a feature set that best represents the complexity of the data as well as 

determine an optimal HMM. This paper addresses these problems by automatically selecting the best feature set while 

evolving the structure and obtaining the parameters of a Hidden Markov Model. This novel algorithm not only selects the 

best feature set, but also identifies the topology of the HMM, the optimal number of states, as well as the initial transition 

probabilities. A Hidden Markov Model (HMM) is a statistical modeling approach and is highly capable of modelling the 

structure of an observation sequence. More importantly, they are capable of modelling the context dependent entities by 

allowing fine details to be learnt through the data by adjusting the transition probabilities and emission probabilities. While 

HMMs have been successful in many applications such as speech recognition, DNA sequencing and handwriting 

recognition, very little research has been performed to statistically model and understand the high level context within 

images beyond pixel level. In speech recognition, HMMs can determine the statistical variations of utterance from 

occurrence to occurrence. Similar principle can be applied to understand the different context in which the feature appears 

within the image. In this work, HMM is to encapsulate the contextual information within the underlying sequential states 

to model the contextual information of features in diabetic retinopathy screening images. Perhaps the most popular 

example (and simplest) of a directed graphical model (DGM) is the hidden Markov model (HMM). The one-dimensional 

hidden Markov model is a class of stochastic signal models which has a long history of success in various problem 

domains, perhaps most notably in the field of automated speech recognition (ASR). The HMM are so named because they 

are composed of Markov chains that often contain hidden variables. Nodes in a graphical model can be either observed or 

hidden. If a variable is observed, it means that its value is known, or that data is available. In speech recognition it could 

correspond to utterances and for images visual observations such as color values. The observed variables are often 

represented by probability distributions for the feature vectors, usually modeled by a multi-component GMM. If a variable 

is hidden, it currently does not have a known value, and all that is available is the conditional distribution. Hidden variables 

are also called state variables and may reflect (a hypothetical) belief about the properties of the underlying process that 

generated the observation that is being modeled. For practical applications there is often some physical significance 

attached to the states; in speech they could represent a vowel or a part of a word and in images some abstract stationary 

property. Figure 2 displays a one-dimensional hidden Markov model.  

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 4, ISSUE 7, DEC/2017

ISSN NO: 2394-8442

http://iaetsdjaras.org/420



 

 

 

The opaque nodes represent observed variables and the transparent nodes hidden variables. 

 

 
 

Fig 2 One-Dimensional Hidden Markov Model 

 

Image classification is a process for dividing an image into its constituent parts. With applications ranging widely from 

remote sensing to medical image analysis, classification is often a key step for extracting information from images. In order 

to improve classification by context, a new algorithm models images by two dimensional hidden Markov models (HMMs). 

The HMM considers feature vectors statistically dependent through an underlying state process assumed to be a Markov 

mesh. The model is estimated by the maximum likelihood (ML) criterion. To classify an image, optimal classes are 

searched jointly for all the blocks. The 2-D HMM is extended to multiresolution to benefit from more global context and 

to enable fast progressive classification. 

 

To apply the HMM to images, previous work extended the 1-D HMM to the pseudo 2-D HMM. The model is “pseudo 2-

D" in the sense that it is not a fully connected 2-D HMM. The basic assumption is that there exists a set of “superstates" 

that are Markovian. Within each superstate there is a set of simple Markovian states. For 2-D images, first the superstate is 

chosen using a first order Markov transition probability based on the previous superstate. This superstate determines the 

simple Markov chain to be used by the entire row. A simple Markov chain is then used to generate observations in the 

row. Thus, superstates relate to rows and simple states to columns. In particular applications, this model works better than 

the 1-D HMM, but we expect the pseudo 2-D HMM to be much more effective with regular images, such as documents. 

Since the effect of the state of a pixel on the state below it is distributed across the whole row, the pseudo 2-D model is 

too constrained for normal image classification. 

 

6. FRAMEWORK OF MEDICAL DIAGNOSIS DECISION SUPPORT 

SYSTEM 
 

The proposed framework in this research relies mainly on image processing algorithms and machine learning techniques. 

We are working to develop new pattern recognition methods for medical image analysis and bioinformatics. The purposes 

of our research are the identification of important factors and quantitative evaluation for medical diagnosis. The 

development of a medical diagnosis support system will help improve diagnostic accuracy. The aim of our research is to 

develop computer-aided diagnosis systems for individualized medicine by using clinical medical images such as CT images 

and microscopic images. The merit of computer-aided diagnosis systems is that they diagnose lesions in medical images in 

an objective and universalistic manner. To achieve this goal, we focus on the following three areas of research: (1) image 

analysis to understand internal human bodies and diseased organs, (2) image-based computer simulation to understand the 

dynamic function of organs, and (3) development of image processing algorithms for more precise analysis. The image 

understanding process consists of sequential hypothesis generation and testing. The hypothesis testing algorithms 

represent data by a set of points (or prototypes). A class is assigned to each prototype by majority vote on the associated 

class distribution of the prototype. A test feature vector is identified as the class of its closest prototype. Fig.3 represents 

the components of medical diagnosis decision support system. 
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Fig.3 Components of Medical Diagnosis DSS 

 

Developing an medical diagnosis decision support system  

 

 To investigate and apply existing image processing algorithms and machine learning techniques  

 To develop a system using the investigated techniques and combination of image processing algorithms and machine 

learning techniques. 

 To verify the reliability and accuracy of the developed system using the datasets from different sources. 

 To perform a comparative study for identifying the most suitable machine learning technique  

 

We have to collect the data from the patients and put into the data sets and compare with image processing techniques. 

With utilization of HMM algorithms we have to classify the data set and predict what kind of the diseases. With the 

decision support system, it can helps the patients and physicians to detect and predict the diseases. With using the system, 

we can give the solution at the earliest to the patients. Specific details about pattern classification, namely the way in which 

learning machines address pattern classification tasks is presented in the following sections. In particular, two important 

aspects of learning machines will be discussed. First, how they learn directly from data, without using any priori 

assumption on the classification problem they are facing. Secondly, how supervised and unsupervised learning paradigms 

are implemented in order to practically solve pattern classification problems. 

 

6.1 Learning from Data 

 

One of the most important characteristics of learning machines is that they are not programmed by using some prior 

knowledge on the probability structure of the dataset considered; in fact they are trained using repeatedly large numbers of 

samples for the problem under consideration. In a sense, they learn directly from the data how to separate the different 

existing classes. This approach determines some important peculiarities of learning machines. First, they are particularly 

suited for complex classification problems, as the whole solution is difficult to specify a priori. Secondly, after being 

trained they are able to classify data previously not encountered. This is often referred to as the generalization ability of 

learning machines. Finally, since they learn directly from data, so the effective classification solution can be constructed far 

more quickly than using traditional approaches. 

 

6.2 Supervised Learning 

 

Supervised learning is defined as the machine learning task of inferring a function from supervised training data. As the 

training data consists of a set of training samples, each training sample represents a pair of an input features and a desired 

output value or label. Similarly, each testing sample is a pair of input features with no desired output value.  In pattern 

classification problems, a supervised learning algorithm analyzes the training data and produces an inferred function, also 

known as a classifier.  
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During the testing phase, the inferred function is used to classify the correct class membership for any valid pair of input 

features. Thus, the inferred function predicts the class membership of the testing samples. This requires the learning 

machine to generalize using the training data to classify unseen samples in an appropriate manner. In order to implement 

the supervised learning scheme for a binary classification task, a labeled dataset of training patterns must be provided. 

 

7. APPLICATIONS 
 

7.1 Military applications 

 

Image processing coupled with ANN find usefulness in determining aircraft orientation, tracking (localization), and target 

recognition. Rogers et al. have explored the use of ANN for automatic target recognition (ATR) and have shown it to be 

an interesting and useful alternate processing strategy. Agarwal and Chaudhuri obtained a set of spatial moments to 

characterize the different views of the aircraft corresponding to the feature space representation of the aircraft. The feature 

space is partitioned into feature vectors and these vectors are used to train several multi-layer perceptrons (MLP) to 

develop functional relations to obtain the target orientation. They show that training of several MLPs provide a better 

analysis of aircraft orientation when compared to a single MLP trained across the entire feature space. Liu et al have used 

two-layered ANN for extracting hydrographic objects from satellite images. They have shown that the neural network 

approach preserves boundaries and edges with high accuracy with while greater suppression of noise within each region. 

 

7.2 Surveillance Applications 

 

Surveillance applications often collect a large amount of video data. Currently the surveillance applications do not allow 

the user to quickly search the collected data for an occurrence of a particular individual. Face based browsing for 

surveillance applications such as ID system for the police force to detect the face of criminals, may enhance airport 

security. The ultimate goal of surveillance systems is automatic detection of events and suspicious activities that triggers an 

alarm (detection) as well as reducing the volume of data presented to human operator (retrieval). Event detection requires 

interpretation of the "semantically meaningful object actions". Highway monitoring, airport surveillance, building access 

control are just a few of the several important applications. 

 

7.3 Remote sensing 

 

Remote sensing relies to the interaction of electromagnetic radiation with matter. In remote sensing, fuzzy neural networks 

have been used for a variety of applications such as military reconnaissance, flood estimation, crop prediction, mineral 

detection, and oil exploration. Active systems such as synthetic aperture radar (SAR) can penetrate clouds that block the 

view of passive systems, such as multispectral and panchromatic sensors. 

 

7.4 Nuclear magnetic resonance spectroscopy 

 

Nuclear magnetic resonance (NMR) spectroscopy is used as a non-invasive tool for tissue biochemistry and diagnosis of 

tissue abnormalities be it focal lesions or tumors. Artificial neural network approach has been used as an effective tool in 

NMR spectral characterization. Specifically, important steps in analyzing MRI and CT is segmentation, i.e., pixels are 

labeled with terms denoting types of tissue. 

 

8 CONCLUSION 
 

The new developed system can be useful for the physicians to detect and predict the particular type of diseases. The 

hidden Markov models (HMM) have been successfully introduced to many important problems in image processing such 

as computer vision or pattern recognition. 
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 Their success is due to both their rich mathematical structure which engenders a theoretical basis for many domains, and 

to the Baum-Welch algorithm. The Baum-Welch procedure is an efficient training algorithm that allows estimating the 

numeric values of the model parameters from training data. During the recent few years, pattern recognition has gained a 

central position toward the automation of our daily life and delivered considerable improvements as compared to 

traditional machine learning algorithms. Based on the tremendous performance, most researchers believe that within next 

15 years, pattern recognition based applications will take over human and most of the daily activities with be performed by 

autonomous machine. However, penetration of pattern recognition and HMM algorithm in healthcare especially in 

medical image is quite slow as compare to the other real world problems. Many big research organizations are working on 

pattern recognition based solution that encourage to use HMM algorithm to apply deep learning on medical images. 

Looking to the brighter side of machine learning, we are hoping the sooner human will be replaced in most of the medical 

application especially diagnosis. However, we should not consider it as only solution as there are several challenges that 

reduces its growth. One of the big barrier is unavailability of annotated dataset. Thus, this question is still answerable, that 

whether we will be able to get enough training data without effecting the performance of deep learning algorithms. Recent 

development on other application showed that bigger the data, better the result, however, how big data could be used in 

healthcare. So far pattern recognition based application provided positive feedback, however, but due to the sensitivity of 

healthcare data and challenges, we should look more sophisticated pattern recognition methods that can deal complex 

healthcare data efficiently. Lastly we conclude that there are unlimited opportunities to improve healthcare system. 
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