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ABSTRACT: Human brain is the command centre for nervous system. Brain is a collection of soft spongy tissues. 
Research depicts that there are more than four hundred neurological diseases have been found till now. People dying 
because of these diseases are spiking now a days. Data shows five hundred to hundred million people dying around the 
world because of these brain diseases. Most commonly used image modality, to identify the brain abnormalities are 
Magnetic Resonance Imaging. Analysing MRI is necessary to take decisions regarding the disease. This paper takes 2D 
brain MRI DICOM images as an input and performs various segmentation and 3D reconstruction techniques to build a 
3D model. Performance metrices are used to define, which segmentation and 3d reconstruction technique builds a 3d 
brain model efficiently. And the 3D model provides highly sophisticated view of human brain, and acts as a supporting 
aid for the doctor in the treatment process.  
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I. INTRODUCTION 
 

    Human brain is one of the largest and most complex organs in the body. Brain is made up of many cells, including 
neurons and glial cells. There are several diseases affect the brain. They are Parkinson's disease, Autism, 
Meningitis, Alzheimer's, Hydrocephalus, Brain Tumors etc. Brain tumor is one of the most dangerous diseases. Brain 
tumors can be classified into two types, benign and malignant. Benign tumor consist non cancerous tissues and 
malignant tumor consists of cancerous tissues, and it also affects the healthy brain cells. The modalities used to acquire 
brain images are MRI, CT, PET, and SPECT. This paper takes brain  MRI DICOM image as an input. The common 
classifications of brain MRI are grey matter, white matter and cerebrospinal fluid. The input image is segmented for 3d 
reconstruction.  

Segmentation can be defined as extraction of information from ROI (Region Of Interest) in the input image. There 
are several segmentation techniques are available such as global threshold, adaptive threshold, Otsu threshold, K 
means, fuzzy c means, seeded region growing, expectation maximization etc. The rendering techniques are used to 
construct the 3d model. There are two types of rendering, (i). Surface Rendering and (ii). Volume Rendering. The 
difference between surface and volume rendering is, in surface rendering  it renders only the external surfaces it does 
not concentrate in it internal details where as in volume rendering it renders the volumetric details. 

This paper uses volume rendering technique to reconstruct the 3D brain model. Volume rendering was further 
classified into two types Direct Volume Rendering (DVR) and Indirect Volume Rendering (IVR). The difference is 
direct volume rendering directly constructs the 3d model where in indirect volume rendering uses an intermediate 
surface to construct the 3d model. Example for indirect volume rendering is marching cubes, and direct volume 
rendering is shear wrap, splatting and ray casting. The 3d representation provides better understanding about the shape 
and topology of human brain. The organization of paper as follows; section III provides the proposed work of 2D to 3D 
reconstruction, section IV details experimental results & evaluation and section V concludes the result. 
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II. RELATED WORK 
 

    This section elaborately discussed about the previous achievement in the field of 3D brain modelling. Every image 
consists of image elements called, pixel in 2D and voxel in 3D space. Each image element have its own intensity and 
location, pixel is represented by (x, y) and voxel is represented by (x, y, z) where x and y represents the number of row 
and column in the image, and z represents the slice number in a volumetric stack [10]. Image pre-processing is the 
process of eliminating unwanted distortions and enhancing the image quality. Several image pre processing techniques 
are available they are, bias field correction, low resolution , simulation , presence of image artifacts , geometric 
distortion , low contrast , high level of noise[8]. Segmentation can be grouped under manual segmentation, intensity 
based methods (including thresholding, region growing, classification and clustering), atlas based methods, hybrid 
segmentation method, surface based methods (including active contours and surfaces, and multiphase active contours) 
[10]. Paper [1][5][11] uses the marching cubes algorithm and paper[2][4][9] uses the volume 3d technique to build a 
3D model. However segmentation techniques and pre-processing approaches may vary. In paper [1], the author Himani 
S. Bhatt, Sima K. Gonsai   has proposed active contour model and in paper [5], the author uses the fuzzy c means 
clustering technique to segment the brain MRI. In paper [2][4][7] the authors has used region growing, threshold and 
morphological operations to segment the DICOM images. The most commonly used 3D reconstruction technique is 
volume 3D and marching cubes. In this paper we have used two segmentation techniques adaptive threshold and k 
means clustering technique to segment the DICOM MRI brain images and marching cubes and volume 3D technique 
for 3D reconstruction. 

III. PROPOSED METHOD 
 

The flow chart of converting 2D MRI to 3D brain model is given below, 

 
A. Input Image: 
The proposed method takes brain MRI DICOM images as an input. The input data set contains twenty three slices of 
two dimensional brain MRI images.   
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Fig.1. Input brain MRI DICOM images 

B. Pre processing: 
Aim of the proposed algorithm is to maximize the network life by minimizing the total transmission energy using 
energy efficient routes to transmit the packet. The proposed algorithm is consists of three main steps. 
 Bias field correction: 
       MRI images can be affected by magnetic field variations. This may be results in the intensity non  
       Uniformities. Correction of this bias field is necessary for better result. 

 
Fig.2. Image Before and After Bias Correction 

 Gaussian low pass filter: 
Every image is affected by some sort of noise. Gaussian low pass filter is used to remove noise in the brain MRI 
images. Low pass filter is smoothing or blurring filter used to blur the image. Because the noise has highest 
intensities. The low pass filter calculates the average of a pixel by considering all of its eight neighbours. The 
result is replaced in the center pixel. This process will be repeated for every pixel in the image. 

 
Fig.3. Image Before and After Pre Processing 

C. Segmentation: 
Segmentation is  the process  dividing a digital  image into constituent parts or meaningful segments which helps to  
extract the quality amount of information in  the region of interest. Two types of  segmentation is used in this paper.            
 Adaptive Threshold: 

Adaptive threshold takes color or grayscale image as an input, and outputs a binary image. The assumption behind 
adaptive thresholding is, smaller regions have more over uniform illumination. The adaptive threshold subdivides 
the image into smaller regions. Threshold is calculated using histogram for every smaller region in the image. 
Based on the threshold that particular region will be segmented. This process will be repeated for every sub 
divided partitions in the image. 

 
Fig.4. Adaptive segmentation over Pre-processed input images 
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 K means clustering: 
It is an unsupervised learning technique. k is an number of clusters defined by the user. The algorithm randomly 
chooses k centroids, and calculate the Euclidean distance between the centroids and every pixel of image. Based on 
the distance it will form clusters. Compute mean for every clusters and re assign the centroids repeat the step until 
centroids does not move. i.e. there is no new centroids found. 

 

 
Fig.5. K Means segmentation over Pre-processed input images 

D. 3D Reconstruction: 
This paper concentrated on two types of volume rendering techniques to construct a 3D brain model 
 Volume 3D: 

Volume 3D function uses the 2D orthogonal plane texture mapping technique for volume rendering. It uses the fast 
open GL hardware. Before performing rendering operation the 2D input slices are stacked. All slices should be in 
same dimension. The steps involved in constructing 3D models from 2D slices are 1). Construct an empty space 
for 3D volume. 2). Each pixel coordinate in 2D image is represented by x and y. Distance between each slice is 
represented by z coordinate. If a pixel is adjacent to another pixel, then the 3D points will be connected together. 
3). Repeat the steps to every slice for 3D volume rendering. 

 Marching cubes: 
Marching cubes algorithm was developed by William E. Lorensen and Harvey E. Cline. It works on a scalar field. 
Steps involved in marching cube algorithm are, 1). Load series of input images into the memory. 2). Scan two 
slices and construct the cube using the eight pixels, four neighbors from one slice and another four neighbors from 
second slice. 3). Iso value is defined and each corner is classified. If all the corner is above the iso value then the 
cube is outside the object boundary. If all the corner is below the iso value then the cube is inside the object 
boundary. And it is a Boolean value. For eight corner, it may have 2^8 = 256  possible corner configurations. 4). If 
one or more pixels of a cube have values less than or greater than the iso value depicts that, part of the cube is 
contributing in the object representation. 5). By identifying which edges are intersected by the iso surface, we can 
create triangular patches. This can be accomplished by using look up table for cube iso surface intersection pattern. 
6). By connecting the patches from all the cubes, surface representation is obtained. 

 
Fig.6. Cube-Iso surface Intersection Patterns 
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IV.  EXPERIMENTAL RESULTS AND EVALUATION 
     The obtained result is evaluated by using the following metrices, Volumetric Overlap Error (VOE), Relative 
Volume Difference (RVD), Average Symmetric surface Distance (ASD), Maximum Symmetric surface Distance 
(MSD), Accuracy (ACC), Sensitivity (SEN), Specificity (SPEC), Precision (PREC), F Score.  ‘A’ represents 
segmented image volume and ‘B’ represents the reference image volume. 

VOE =	 1− | ∩ |
| ∪ |       RVD = |A|−|B|

|B| × 100  ASD = 1
|A|+|B| × ∑ d(x, B)x∈A + ∑ d(y, A)y∈B  

MSD =	(max{d (A, B), d 	(B, A)}) 

 

ACC = 
. .

 

 

SENS =	
	

 

 

SPEC =  

 

PREC =  

 

FSCORE = ퟐ 퐩퐫퐞퐜퐢퐬퐢퐨퐧.퐫퐞퐜퐚퐥퐥
퐩퐫퐞퐜퐢퐬퐢퐨퐧 퐫퐞퐜퐚퐥퐥

 

 
 

The 23 series of DICOM input images are pre processed and segmented before converting into a 3D model.  Four types 
of 3D model is obtained from two different segmentation and two 3D reconstruction techniques. They are adaptive with 
volume 3D, k means with volume 3D,adaptive with marching cubes, k means with marching cubes. 
Accuracy, sensitivity, specificity, precision are calculated for series of  images, segmented using adaptive and k means 
segmentation techniques. 
 
                   Table. 1. Performance Analysis of Adaptive                                                      Table.2. Performance Analysis of K means 
                      Segmentation over Brain MRI DICOM images                                                 Segmentation over Brain MRI DICOM images 
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The four types of 3D model, constructed using two different types of segmentation and  reconstruction techniques are 
given below. 

 
                                   Fig.7. 3D model constructed using Adaptive                                Fig.8. 3D model constructed using  K Means 
                                         Segmentation & volume 3D technique                                        segmentation & volume 3D technique         

 
                                   Fig.9. 3D model constructed using Adaptive                             Fig.10.  3D model constructed using K Means 
                                   Segmentation & Marching Cube Algorithm                                segmentation & Marching Cube Algorithm 
 
Volumetric Overlap Error (VOE), Relative Volume Difference (RVD), Average Symmetric surface Distance (ASD), 
Maximum Symmetric surface Distance (MSD), Accuracy (ACC), Sensitivity (SEN), Specificity (SPEC), Precision 
(PREC), F Score are calculated for the four 2D to 3D reconstruction techniques. 
 

Table.3. Performance Analysis for 2D to 3D Conversion Techniques 
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               Fig.11. VOE,RVD,ACC,SEN,SPEC,PREC,FSCORE                                     Fig.12. ASD & MSD of 2D to 3D Conversion 
                           For 2D to 3D Conversion Techniques                                                                              Techniques 

V. CONCLUSION  
 The 2D brain MRI DICOM images are taken as an input. Adaptive threshold and K means clustering techniques are 

used to segment the input images. Volume 3D and Marching Cubes Algorithm are used, to convert the segmented input 
images into a 3D model. Metrices evaluate the 2D to 3D conversion techniques. The result demonstrate that, 3D brain 
model constructed using k means clustering and marching cubes algorithm provides the better result, because its 
accuracy, sensitivity, specificity, precision and fscore is high. Volumetric Overlap Error and Relative Volume 
Difference is low. 
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