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Abstract— Diffusion Tensor Imaging (DTI) is a process to 

determine the diffusion of water molecules in the body, 

especially in the brain. This process can be used to extract the 

neural fibers in the brain. In this study, we proposed an 

approach for constructing three-dimensional (3D) DTI using 

Digital Imaging and Communications in Medicine (DICOM) 

files directly and linear interpolation to improve the quality of 

neural fibers extraction results. Based on the experimental 

results, the average amounts of neural fibers generated using 

our approach are 155534 fibers. Meanwhile, the use of 

Neuroimaging Informatics Technology Initiative (NIfTI) data 

that was widely used in recent studies resulted in an average of 

117028 fibers. So that there was an increase of 38606 fibers or 

about 32.9%. In addition, the metadata of the DICOM file is still 

stored properly and can be used for further 3D image 

processing. The greater amounts of fibers indicate that the more 

complete the fibers produced and can be more helpful for 

doctors to check for abnormalities that may exist. 

Keywords— Diffusion Tensor Imaging, Fiber Tracking, 

DICOM, NIfTI, Linear Interpolation 

I. INTRODUCTION 

Techniques in the medical world used to find out the inside 
of the human body in detail are called Magnetic Resonance 
Imaging (MRI) [1]. The image results from these techniques 
can be in Digital Imaging and Communications in Medicine 
(DICOM) files. In the MRI technique, the observation process 
is carried out on each slice of the body part with a 
predetermined distance [2]. There are many fields of research 
that can be done using the results of this MRI process, the 
example that is mostly done is segmentation to get certain 
brain anatomy [3–5]. Another results of MRI data processing 
is DTI. DTI is a process that can be further developed to 
perform neural fibers extraction by adding fractional 
anisotropy (FA) and fiber tracking methods. The results of this 

neural network extraction are useful to be able to see 
abnormalities in the neural fibers of the human brain.  

The results of the neural fibers extraction process are 
utilized by several studies for further medical analysis. As in 
some studies [3–6] discussing the analysis of DTI results in 
certain types of abnormalities in the human brain. Some 
abnormalities in the brain have different tendencies of neural 
fibers structure. The use of DTI can also be done to compare 
neural fibers structures in certain age groups. 

Currently, the implementation of neural fibers extraction 
using DTI tends to use NIfTI data types. This is evidenced in 
several recent studies [7–13] that use NIfTI data as input for 
the DTI process. NIfTI data is a type of data obtained from the 
results of DICOM file conversion [17]. This type of data has 
a simpler structure than DICOM files [15]. Many studies use 
NIfTI files due to the simplicity of their structure. However, 
in NIfTI files a lot of metadata is removed from DICOM files. 
Thus, NIfTI files will not be able to be converted back into 
DICOM file forms with their original metadata due to the 
amounts of metadata that are omitted. The image resolution 
on NIfTI files is also less good than indirect DICOM files. 

Based on the problems mentioned, we propose an 
approach for constructing 3D diffusion tensor imaging using 
DICOM files directly to maintain existing metadata and 
improve the quality of neural fibers extraction results. We also 
added a linear interpolation method to improve the shape of 
3D diffusion tensor imaging that has pixel spacing too large 
that affects the results of 3D images. The direct use of DICOM 
data and the addition of linear interpolation method are 
expected to improve neural fibers extraction results and 
maintain the metadata stored in them. Metadata information 
that is still stored properly can be used in the next 3D image 
processing. 
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Fig. 1. Proposed method 

This paper is structured into some parts. Sections 2 
describes literature review. Then, the research methodology 
is in Section 3. The experimental results and discussion are 
presented in Section 4. Finally, Section 5 draws 
conclusions and the following research. 

II. LITERATURE REVIEW 

Many types of research on DTI have been done before. 
DTI can be used for several things that are beneficial to the 
world of health. Such as the use of DTI for the analysis of 
several types of diseases carried out by several studies [15, 
16], to the use of DTI to assist in planning surgical procedures 
[17–19]. 

In previous studies, DTI processing is often done by 
converting the DICOM data to NIfTI data form. In 2021, [23] 
conducted a study using DTI to analyze classifying 
Alzheimer's Disease (AD). It proves that DTI is good for 
identifying AD. Another study on AD was conducted by Pan 
et al. [15] in 2021. This study proposes a new approach using 
decoupling generative adversarial network (DecGAN) to 
detect abnormal neural circuits for AD. Both studies regarding 
the use of DTI in the context of AD used the DICOM files that 
have been converted to NIfTI form first.  

Besides the use of DTI for the context of AD, the use of 
DTI is also often used for the analysis of several other diseases 
for health needs. One example was the study [10] which used 
DTI for analysis of changes in the MRI microstructure of the 
parkinsonian peripheral olfactory system and in particular the 
olfactory tract. In this study, DICOM data was converted to 
NIfTI using the free dcm2nii software. Xia et al. [16] 
conducted a study in the context of diabetes to explore the 
relationship between DTI parameters and electrophysiological 
parameters. The preprocessing process was carried out by 
converting DICOM data to NIfTI form using MRIConvert. 

The use of NIfTI data that is often done in several previous 
studies was carried out because NIfTI data has a simpler 
structure than DICOM data. This NIfTI file is actually 
obtained from the converting DICOM file [17]. The use of 
NIfTI input is widely used for processing input from DTI 
because the file size is smaller so that the processing time is 
faster [24]. However, this process of converting DICOM files 
to NIfTI may cause some of their metadata information to be 
lost. Therefore, the use of DICOM files can be used instead of 
NIfTI files. In addition, there is much open-source software 
that can help the conversion process into NIfTI so that we can 
directly get data in the form of 3D images. 

III. METHODS 

Several steps are performed to extract neural fibers in 3D 
form. These steps consist of preprocessing, fractional 
anisotropy, and fiber tracking. The steps performed in this 

study are shown in Fig. 1. Our proposed method is given a red 
color in the background. 

A. DICOM File Sorting 

The existing DICOM file consists of a collection of images 
in random order. These files must be sorted first in the order 
in which they should be sliced. The sorting process is done by 
reading the instance number metadata in the header of each 
DICOM file. The Instance Number metadata is obtained based 
on the DICOM tag number (0020, 0013). The instance number 
metadata indicates the position of the file that should be based 
on the existing direction. One example is when we read the 
header of a DICOM file named Z21. The metadata instance 
number in the header of the file shows the number 410. 
Therefore, based on the instance number value, we must put 
this file in the order of 410 of the total files. This is done 
continuously on the entire DICOM file. 

When the whole file has been sorted, the next process is to 
find the number of slices and the number of directions of the 
DICOM file. A DICOM file with DWI (Diffusion Weighted 
Image) type used in this process is a scanning image in several 
different directions. After the files have been sorted, the next 
process is to rearrange the files according to the number of 
slices and the directions. This process is done by reading the 
metadata of image position patient index to Z. Image position 
patient metadata is generally obtained based on the value of 
the DICOM tag number (0020, 0032). However, on GE’s 
scanning machine image position patient metadata is obtained 
based on the value of the DICOM tag number (0020, 9301). 
The value of Image Position Patient index to Z itself is the 
same for each slice in several different directions. Based on 
these characteristics, the number of slices can be determined 
by checking the number of different Image Position Patient 
values. If the number of slices has been obtained, the number 
of directions can be calculated by dividing the number of files 
by the number of slices. 

The last process is to rearrange the DICOM files that have 
been sorted according to the number of slices and directions. 
One example is if there are 480 DICOM files with information 
on the number of slices is 30 and the number of directions is 
16. Then we can change the value of 480 to 30 x 16. 

B. Extraction of B-Value and B-Vector 

B-Value is the weight value in the DWI image type. B-
Vector is the gradient value in DWI image type. The B-Value 
and B-Vector on the DICOM files can be retrieved based on 
metadata values. The values of B-Value and B-Vector will be 
the same at different slices for the same time in one direction. 
However, the DICOM tag numbers that are used may vary, it 
depends on the type of scanning machine that is used to get 
the files. In this research, we used the scanning machine of GE 
Healthcare Company. This B-Value and B-Vector will be 
used to calculate the value of the B-Matrix. The B-Matrix will 
be used in the FA calculation process later. Table I is a detailed 
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DICOM tag for retrieving B-Value and B-Vector values from 
each vendor's scanning machine. 

TABLE I.  DICOM TAGS FOR EACH TYPE OF SCANNING MACHINE 

DICOM Tag Scanning Machine Notes 

(0018, 9087) Common / Philips B-Value 

(0018, 9076) Common / Philips B-Vector (X, Y, Z) 

(0019, 100C) SIEMENS B-Value 

(0019, 100E) SIEMENS B-Vector (X, Y, Z) 

(0065, 1009) UIH B-Value 

(0065, 1037) UIH B-Vector (X, Y, Z) 

(2001, 1003) Old Philips B-Value 

(2005, 10B0) Old Philips B-Vector (X) 

(2005, 10B1) Old Philips B-Vector (Y) 

(2005, 10B2) Old Philips B-Vector (Z) 

(0043, 1039) GE B-Value 

(0019, 10BB) GE B-Vector (X) 

(0019, 10BC) GE B-Vector (Y) 

(0019, 10BD) GE B-Vector (Z) 

(0018, 9087) CANON B-Value 

(0020, 4000) CANON B-Vector (X,Y,Z) 

(0018, 9087) Bruker B-Value 

(0177, 1100) Bruker B-Vector (X,Y,Z) 

C. Interpolate the number of slices in each direction 

The interpolation process is used to improve image quality 
when viewed from other directions.  Interpolation is a 
relatively easy approach to dealing with problems where we 
need information that is not explicitly available on existing 
data. For example, if the picture is taken from the Axial 
direction with a size of 256 x 256 and the number of slices is 
30. So, if we look at the picture from the direction of Sagittal 
and Coronal will look less good. This is because the range 
value of the image resolution with the number of slices is too 
far away. Therefore, it is necessary to improve the number of 
slices. The interpolation process used is linear interpolation in 
the direction of Axial. The interpolation process is done based 
on Equation (1). 

𝑦 =
𝑦0(𝑥1− 𝑥)+𝑦1(𝑥− 𝑥0)

𝑥1− 𝑥0
    (1) 

 

Based on Equation (1) y is the value of each pixel of the 
image to be interpolated. 𝑥1 is the coordinate of the image at 
the upper limit. 𝑥  is the coordinate of the image to be 
interpolated. 𝑥0 is the coordinate of the image on the lower 
limit. 𝑦0 is the value of each pixel of the image at the lower 
limit, and 𝑦1  is the value of each pixel of the image at the 
upper limit. 

Before we interpolate the number of slices, we must 
determine the target number of interpolation first. The target 
amount of interpolation can be obtained based on the 
calculation ratio between voxel spacing and pixel value. 
Assume that 𝑇𝑧 is the target number of interpolations, 𝑃𝑧 is the 
current number of slices, 𝑃𝑥 is the size of pixel index to 𝑥 , 𝑊𝑥 

is voxel spacing index to 𝑥 , and 𝑊𝑧 is voxel spacing index to 
𝑧 . Based on these variables, we can create an Equation to 
calculate the target interpolation described in Equation (2). 

𝑇𝑧 =
(𝑃𝑧𝑊𝑧)𝑃𝑥

𝑃𝑥𝑊𝑥
   () 

In the DICOM data, the target number of slices to be 
interpolated is obtained based on the ratio of the current image 
size and the number of slices that exist in the value of pixel 
spacing and slice thickness metadata. Pixel spacing metadata 
is retrieved based on the value of the DICOM tag number 
(0028, 0030), while slice thickness metadata is taken based on 
the value of the DICOM tag number (0018, 0050). The 
minimum coordinate of the slice is currently obtained based 
on the minimum value of the image position patient metadata. 
The maximum coordinate of the slice is currently obtained 
based on the maximum value of the Image Position Patient 
metadata. 

D. Fractional Anisotropy 

The first step in the process of calculating diffusion tensor 
is to calculate the value of diffusion tensor matrix notation, or 
in this study, we refer to as B-Matrix 𝐵𝑀𝑎𝑡 . B-Matrix is 
calculated based on the values of B-Value and B-Vector in 
each direction. B-Matrix is a matrix consisting of six main 

values ( 𝐵𝑀𝑎𝑡𝑥𝑥 , 𝐵𝑀𝑎𝑡𝑦𝑦 ,  𝐵𝑀𝑎𝑡𝑧𝑧 ,  𝐵𝑀𝑎𝑡𝑥𝑦 , 𝐵𝑀𝑎𝑡𝑥𝑧 , 

 𝐵𝑀𝑎𝑡𝑧𝑧 ). If we describe it in the form of a matrix, a 3x3 
matrix will be formed. B-Matrix structure can be seen in 
Equation (3). 

𝐵𝑀𝑎𝑡 = [

𝐵𝑀𝑎𝑡𝑥𝑥 𝐵𝑀𝑎𝑡𝑥𝑦 𝐵𝑀𝑎𝑡𝑥𝑧

𝐵𝑀𝑎𝑡𝑦𝑥 𝐵𝑀𝑎𝑡𝑦𝑦 𝐵𝑀𝑎𝑡𝑦𝑧

𝐵𝑀𝑎𝑡𝑧𝑥 𝐵𝑀𝑎𝑡𝑧𝑦 𝐵𝑀𝑎𝑡𝑧𝑧

] () 

Based on Equation (3), the value of the B-Matrix is 

symmetrical ( 𝐵𝑀𝑎𝑡𝑥𝑦  = 𝐵𝑀𝑎𝑡𝑦𝑥 , 𝐵𝑀𝑎𝑡𝑥𝑧  = 𝐵𝑀𝑎𝑡𝑧𝑥 , 

𝐵𝑀𝑎𝑡𝑦𝑧  = 𝐵𝑀𝑎𝑡𝑧𝑦 ). The value of the B-Matrix for each 

direction can be calculated based on Equation (4). 

𝐵𝑀𝑎𝑡 = 

[ −(𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑥𝐵𝑣𝑒𝑐𝑥)   − (𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑦𝐵𝑣𝑒𝑐𝑦)  − 

(𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑧𝐵𝑣𝑒𝑐𝑧)  − 2(𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑥𝐵𝑣𝑒𝑐𝑦)  − 

2(𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑥𝐵𝑣𝑒𝑐𝑧)  − 2(𝐵𝑉𝑎𝑙)(𝐵𝑣𝑒𝑐𝑦𝐵𝑣𝑒𝑐𝑧)] (4) 

Based on Equation (4),  𝐵𝑉𝑎𝑙 is the value of the B-Value. 

𝐵𝑣𝑒𝑐𝑥 , 𝐵𝑣𝑒𝑐𝑦 , and 𝐵𝑣𝑒𝑐𝑧are the values of the B-Vector in 

each index, namely: index x, y, and z. When the value of the 
diffusion tensor or B-Matrix is known, the next process is to 
calculate the value of the diffusion tensor image. The 
calculation of diffusion tensor image value is done on each 
voxel. 

Before entering into the anisotropy calculation of the 
diffusion tensor, the eigenvalue and eigenvector values of 
each voxel must be calculated first [25]. The three eigenvalue 

values obtained (𝜆1, 𝜆2, 𝜆3 ) are values that will define the 

ellipsoid diffusion shape. While the three eigenvector values 

obtained (𝑣1, 𝑣2, 𝑣3) will define the orientation of the ellipsoid 

diffusion [26]. After we got those six values, the next process 
is to calculate the value of the anisotropy diffusion tensor [27]. 
At this time, the widely used method of anisotropy calculation 
is fractional anisotropy. FA is a method measured using 
diffusion tensor imaging [28]. This method of anisotropy 
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calculation is described by Basser and Piarpaoli [29]. The 
Equation for calculating FA values is described in Equation 
(5). 

𝐹𝐴 =  √
((𝜆1− 𝜆2)2+ (𝜆2− 𝜆3)2+(𝜆3− 𝜆1)2)

2(𝜆1
2+𝜆2

2+𝜆3
2)

   (5) 

Based on Equation (5), 𝜆1, 𝜆2, and 𝜆3 are the eigenvalues 

used to calculate the 𝐹𝐴  value. This FA process will 
determine the position as well as the direction of the diffusion. 

There are only six unknowns (𝐷𝑥𝑥, 𝐷𝑦𝑦, 𝐷𝑧𝑧, 𝐷𝑥𝑦, 𝐷𝑥𝑧,  𝐷𝑧𝑧) 

in the diffusion tensor matrix notation. Thus if we have six-
directional DW data set then the unknown diffusion constants 
can be obtained by solving the Equation. In this FA process, 
the shape used is an ellipsoid because it can determine the 
direction of diffusion. 

E. Fiber Tracking 

The fiber tracking process is carried out from the FA data 
that has been obtained previously. The fiber tracking process 
usually also depends on the eigenvector value that has been 
calculated previously on each voxel [30]. 

IV. RESULT AND DISCUSSION 

The experiment was conducted using 6 datasets. We 
divide this dataset into 2 types. The first type of dataset is the 
internal dataset, this data we obtained from hospitals and not 
used for the public. The second type of dataset is an external 
dataset, this data we obtained from one of the webs that 
provides an open-source data. The dataset used are not divided 
into training data and testing data. All datasets will be directly 
do the fiber extraction process using the same method. 

The dataset used consists of several different types of 
scanning machines. Dataset 1 consists of 480 DICOM files. 
Dataset 2 consists of 4344 DICOM files. Dataset 3 consists of 
1628 DICOM files. Dataset 4 consists of 2380 DICOM files. 
Dataset 5 consists of 2380 DICOM files. Dataset 6 consists of 
31 DICOM files. Datasets 1 and 2 are datasets obtained from 
the National Hospital, Surabaya. Datasets 3, 4, 5, and 6 are 
external datasets obtained from the Aliza Medical Imaging 
website. Datasets 1, 2, and 3 are obtained using GE-type scan 
machines. Datasets 4 and 5 are obtained using Philips-type 
scan machines. Dataset 6 was obtained using the Siemens type 
scan machine.  

As a comparison, we will use NIfTI data for constructing 
3D DTI as many previous studies have done. The results of 
the 3D DTI will be compared visually and the number of 
neural fibers that have been successfully extracted. The neural 
fibers to be extracted are neural fibers with a minimum length 
of 50 mm and a maximum length of 600 mm. The results of 
the fiber tracking on all datasets are shown in Table II. Detail 
amounts of fibers in each dataset are shown in Table III. 

Based on Table II, the results of the fiber tracking process 
using our approach that used DICOM data directly show 
better visually. This can be seen from the density of the neural 
fibers formed. In addition, the amounts of neural fibers formed 
are also greater. This is evidenced by the values shown in 
Table III. 

 

TABLE II.  FIBER TRACKING RESULT 

Dataset 
Fiber Tracking Result 

Proposed Method NIfTI 

1 

  

2 

  

3 

  

4 

  

5 

  

6 
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TABLE III.  DETAILS NUMBER OF FIBERS 

Dataset 
Detail Amounts of Fibers 

Proposed Method NIfTI 

1 316412 240948 

2 318533 252753 

3 247974 186040 

4 16920 6404 

5 17920 7082 

6 15448 8943 

Average 155534.5 117028.3 

 

Based on Table III, number 1 is the result of fiber tracking 
process using the GE scan machine. In number 1, our 
approach produces better 3D images with an increase in the 
amount of fiber by 75464 or about 31%. Number 2 is the result 
of the fiber tracking process using the GE scan machine. In 
number 2, our approach produces an increase in the amount of 
fiber by 65780 or about 26%. Number 3 is the result of the 
fiber tracking process using the GE scan machine. In number 
3, our approach produces an increase in the amount of fiber by 
61934 or about 33%. Number 4 is the result of the fiber 
tracking process using the Philips scan machine. In number 4, 
our approach produces an increase in the amount of fiber as 
much as 10516 or about 164%. Number 5 is the result of the 
fiber tracking process using the Philips scan machine. In 
number 5, our approach produces an increase in the amount of 
fiber by 10838 or about 153%. Number 6 is the result of the 
fiber tracking process using a Siemens scan machine. In 
number 6, our approach produces an increase in the amount of 
fiber by 6505 or about 72%. 

There is an increase in the results of all the datasets that 
used in this study. On average, there was an increase in the 
amounts of neural fibers formed around 38606, or about 
32.9% of the six datasets used in this study. The more or 
denser the neural fibers that was extracted, it means that the 
more complete the neural fibers that was produced. This 
higher number of neural fibers corresponds to the 
visualization of fiber shapes in Table II. Visualization of fiber 
shapes in the proposed method that utilizes DICOM data 
directly has a denser neural shape.  

With the more complete of the neural fibers, it is more 
useful for the doctor to see the details of the neural fibers in a 
particular part of the brain anatomy. So that if there is an 
abnormality in the brain, the doctor can see how the neural 
fibers in it is better. 

V. CONCLUSION 

In this study, we proposed an approach for constructing 
3D DTI using DICOM data directly and a linear interpolation 
method to improve the neural fibers extraction results. We use 
the DICOM data directly because DICOM data stores a lot of 
information that can be used for further research. Direct use of 
DICOM data is also used to maximize neural fibers extraction 
results. We also compared the proposed method with the use 
of NIfTI data that is widely used by recent studies. 

Based on the experiment results, our approach has been 
proven to improve the quality of neural fibers extraction 
results. We can see it based on the amount of fiber that has 
been formed. Our approach produces an average amount of 

neural fibers around 155534 fibers, while when we use NIfTI 
data are about 117028 fibers. The difference in fibers around 
38606 or an increase about 32.9% is enough to prove that the 
use of DICOM data directly can provide better neural fibers 
extraction results. The direct use of DICOM data also has the 
advantage that the information of each DICOM file is still 
stored properly and can be used for further 3D image 
processing, like segmentation or registration.  

The following research will carry out further processing 
on the 3D DTI images that have been formed. Processing that 
will be carried out includes registration of 3D DTI images 
with other types of medical images to assist doctors in 
planning better surgical procedures. As well as segmenting 
some brain anatomy to analyze the structure of the brain's 
neural network in certain anatomy. 
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