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ABSTRACT 

In case of Magnetic resonance imaging (MRI), the image of an 

object is taken in all 3 directions. But, all the analysis and study 

based on MR images is carried out on 2D data, more precisely 

taking a single view at a time rather than considering all 3 views. 

Hence, the analysis is not always accurate. A solution is to create 

a 3D figure that will include all three views in it, so that the doctor 

can see any view as per his/her wish with just one click using 

virtual scissors. We have developed a tool that will generate the 

3D from a set of MR images in a single plane and from that we 

can slice out along any axis to get the view from different angle in 

different planes as per our wish using virtual scissors. The results 

show that the slices generated after reconstruction are very close 

to the ground truth images. 
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1 INTRODUCTION 

While MR image is captured in three directions, but the analysis 

on it is carried out on a two directional data at a time. The data 

that we get at hand is 2D, as the image is captured in 3 different 

planes - transverse, coronal and sagittal, in 2D. The 2D analysis of 

MR images is not always accurate. The slices in each plane are 

not continuous as there always exist a gap between the slices 

while capturing. A solution to this can be to create figures that 

include proper interpretation and can emanate 3D information. 

Such figures can be created and produced using standard 

functional magnetic resonance imaging (fMRI) analysis packages, 

such as SPM [1], AFNI [2] with SUMA, and FreeSurfer [3], as 

well as some more specialty programs, such as MRIcroGL [4], 

3DSlicer [5] and the Mango [6]. While these several options helps 

in 3D rendering of MRI data, but the internal structures and 

functionalities are usually lost, and moreover, all these above 

mentioned procedures uses all three set of views generated during 

MRI scan for 3D reconstruction. During the MRI process the 

patient is subjected to tremendous noise, which affects the 

nervous system. Hence if the time can be reduced for MRI then 

the exposure to this noise will also be reduced. In an MRI centre if 

the time can be reduced, hence more patients can be dealt in a 

day, which will decrease the cost of imaging. The brain MR 

images have specific characteristics having complicated changes 

of the gray-scales and highly irregular boundaries. 

 

Marching cubes [13] is the most used algorithm in medical image 

3D surface construction, being an easy and widely used algorithm. 

The algorithm creates “triangle models of constant density 

surfaces from 3D-medical data” by dividing the region of interest 

into cubes and then creating triangles for which the normal to the 

surface at each vertex of each triangle are calculated. It iterates 

over a grid of cubes that are superimposed over a region on a 

function and if all 8 vertices of the cube are below or above then 

they are not discarded and are considered part of the surface 

otherwise some vertices and triangles are generated. With 8 

vertices there are 256 ways a surface can intersect the cube. A 

lookup table is generated for surface-edge intersections. 

Triangulation for each case has proven to be either a rotation or 
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mirror of 15 unique patterns, and therefore reduces the number of 

required triangulation computation. An index is given to each 

case, which will state which edge the surface intersects, then a 

linear interpolation is used along the edge of the surface 

intersection. It uses information from the original data to 

determine inter-slice (real-world depth) connectivity between each 

slice, surface location, and surface gradient. The resulting triangle 

model can be displayed using standard rendering algorithms. 

 

Traditional 3-D reconstruction algorithms [7], [8], [9], [11] are not 

capable of solving this problem. Previously, the realization of 3D 

visualization was mainly by two reconstruction methods, surface 

rendering and volume rendering [10]. The problem of surface 

rendering is that if the image is not properly captured then it gives 

erroneousness results. Volume rendering [10] is the most 

commonly used approach for 3D reconstruction as both volume 

and surface are preserved. 

Figure 1: Block diagram of the proposed method 

2 METHOD 

There are software that generate the 3D of MRI brain, taking into 

account the slices of all three planes. It allows the doctor to view 

slices as per his/her wish. But this is time consuming, our goal is 

to reduce the time and cost of MR imaging. With the development 

of 3D volume image from images of a single plane and generating 

all possible slices from it, we can achieve a reduction in 

reconstruction without compromising the quality of visualization. 

This visualization will provide assistance for medical diagnostics 

and surgery at a low cost [12]. 

 

Normal MRI in India now-a-days takes about 25-30 mins time 

whereas with this software being installed only 5-6 mins will be 

required for a MRI scan i.e up to 80%. 

 

Fig. 1 shows the block diagram of our proposed method. First we, 

concatenate all the 2D arrays corresponding to the 2D aligned 

slices as 3D array. Then, we apply bilinear interpolation to 

generate intermediate 3 slices between every two corresponding 

slices.  

 

In mathematics, bilinear interpolation [14] is an extension of 

linear interpolation for interpolating functions of two variables 

(e.g., x and y) on a rectilinear 2D grid. The key idea is to perform 

linear interpolation first in one direction, and then again in the 

other direction. Suppose that we want to find the value of the 

unknown function f at the point (x, y). It is assumed that we know 

the value of f at the four points Q11 = (x1; y1); Q12 = (x1; y2); Q21 
= (x2; y1); and Q22 =(x2; y2).For bilinear interpolation assigned 

gray label is given by 

f(x, y) = a0 + a1x + a2y + a3xy                          (1) 
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Now, we squeeze the generated 3D array. Smoothing algorithm 

using box filter is applied on the squeezed array. Iso-surface and 

iso-caps are calculated for patching the image. Then, we set the 

aspect ratio and add color to the image using Color map. Now, we 

set the parameters for rotation and display the 3D MRI image. 

This 3D MRI image is fed as input and a doctor using virtual 

scissors can cut through it to get the 2D image along any axis as 

per his/her wish. The user can also generate all possible slices 

along all 3 axes by specifying the distance between slices. 

ALGORITHM 1: 3D visualisation 

 

Input: The slices (x plane) of MRI Ma 

Output: 3D volumetric representation of MRI data. 

 

/*Reconstruction*/ 

begin 

Step 1: T=Concatenate(Ma) 

Step 2: T=Bilinear _interpolat ion(Ma) 

Step 3:T=Squeeze(T). 

Step 4:T=Smooth(T) 

Step 5: MI = I so_sur f ace(T)and MC=iso_caps(T ) 

Step 6: A=aspect_rat io(T). 

Step 7: T= Colormap(T). 

Step 8: Rotate_para(T). 

Step 9: Display(T) 

/*Slicing*/ 

Step 10 [m,n,p]=Getdimension(T) 

Step 11: while j <= m              j is the gap between two slices 

begin 

Step 12: M1 = c(j,:,:) . 

Step 13:M1=squeeze(M1) 

Step 14: M1=imresize(M1,[400 256]) 

Step 15: M1 = imrotate(M1,90) 

Step 16: Imshow(M1) 

Step 17: j=j+3; 

end  

Step 18: Repeat steps 11-17 for n and p to get the slices in the 

other two planes to get all required slices 

end 
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3 RESULTS 

We have used MATLAB dataset and BRAINWEB dataset to test 

our method. Fig.2 shows the set of input axial slices with slice 

gap= 5mm and Fig. 3 shows the 3D output corresponding to the 

input. Fig 4 shows the GUI in which we can select the plane along 

which we want to generate the slices, the path where we want to 

store the images after slicing and the gap between two slices. 

After specifying all these, we have to click on Check button and 

the slices will be stored in the specified path. Fig. 5 shows the 

slices along Z-axis with slice gap = 3 mm for the given input 

along X-axis as in Fig.2.  After clicking on Check button in Fig. 4 

the screen in Fig.5 appears, which asks the user whether he/she 

wants to view all slices or any particular slice. If the user views all 

slices, then the output appears as shown in Fig.7 and if he/she 

wants to view a particular slice then the output is as shown in 

Fig.8. Fig. 9 shows the output when a selected number of 

continuous slices are to be viewed.  Fig 10 shows the ground truth 

images and the sliced images after reconstruction corresponding 

to them and the statistical measure for similarity is given in Table 

1 when MATLAB’s data was used as ground truth. 

 

 

Figure 2: Input Axial Slices 

 

Figure 3: 3D reconstructed output from input as shown in 

Fig.1 

 

Figure 4: GUI of tool for slicing along a specified axis 

. 

 

Figure 5:.Output after slicing Fig. 2 along Z-axis with slice 

gap=3mm 
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Figure 6: GUI screen to select whether to view all slices or 

particular slices 

 

 

Figure 7: Output when all slices are to be viewed along X-axis 

with slice gap= 1 mm 

 

 

Figure 8: Output when a particular slice is viewed along Y-

axis with slice gap= 2 mm GUI screen to select whether to 

view all slices or particular slices 

 

Fig.9 Output when a particular set of slices is viewed along Z-

axis with slice gap= 1 mm and number of slices= 22  

 

Fig.10 From left to right: Ground truth axial slice, 

corresponding sliced axial slice. Ground truth sagital slice, 

corresponding sliced sagital slice. Ground truth coronal slice, 

corresponding sliced coronal slice. 

Table 1: Similarity measure between sliced image after 

reconstruction and ground truth image 

Slice Entropy Mutual Information 

Axial  0.0919 6.9075 

Sagital 0.1679 6.9006 

Coronal 0.0659 7.0003 

 

4 CONCLUSIONS 

We have designed a tool for generating all 3 set of slices of MR 

image from a single set of slices in a plane, thus reducing the time 

and cost for diagnosis. We have validated our results using 

entropy and mutual information for the slices obtained from 

MATLAB’s data. This tool can be effectively used for training 

data for 3D visualization at a faster rate too. We further plan to 

segment out tumor and estimating its volume, shape, size and 

exact location through 3D reconstruction for proper surgical 

planning.  
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