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Abstract—With the increasingly using of LIDC data in lung 
cancer research, education, and clinical medicine areas, the 
needs for effectively accessing and visualizing the CT scans 
and annotations collected by LIDC is more and more 
underscored. In this paper, we introduce the data 
integration and visualization software for the LIDC data 
exploration. A XML-based data model is provided for 
storing the LIDC data to combine different kinds of 
information into a uniform format. The data integration 
component is developed based on technologies of Java Excel 
API and JAXP. A nodule viewer is developed to visualize 
DICOM images and the annotations (commonly known as 
nodules) using DCMTK. The software offers a solution to 
the challenge of lack of a uniform data format for the LIDC 
data and nodule viewer. This software has the potential 
application in the areas of lung cancer research, education 
and patient care.  
 
Index Terms—LIDC, XML, DICOM, Data Integration, 
Visualization 
 

I.  INTRODUCTION 

Lung cancer is the primary cause of cancer related 
deaths in the world [1]. This makes lung cancer a major 
frontline in the war against cancer. Early detection of 
potentially cancerous pulmonary nodules may be a way 
to improve patient’s chance for survival [2]. CT is the 
most commonly used diagnosis technique for detecting 
small pulmonary nodules due to its sensitivity and 
capacity to represent/visualize a complete three-
dimensional structure of the human chest [3]. However, 
each scan contains numerous sectional images that must 
be evaluated by a radiologist in a potentially fatiguing 
process. As a result, the performance of a human 
interpreter can be adversely affected. Therefore, it is an 
important task to develop computer aided detection (CAD) 
system that can aid radiologist workflow and potentially 

reduce false positive findings. 
To further stimulate research and development 

activities in lung cancer CAD, Lung Image Database 
Consortium (LIDC) was formed under the aegis of the 
Cancer Imaging Program at NCI. It aims to develop an 
image database as a web-accessible international research 
resource for the development, training, and evaluation of 
the CAD system for lung cancer detection and diagnosis 
using CT. This database enables the correlation of 
performance of the CAD methods for detection and 
classification of lung nodules with spatial, temporal, and 
pathologic ground truth. To some degree it can hasten 
advancement of lung nodule CAD research by providing 
clinical images to investigators who might not have 
access to patient images and creating a reference database 
that will support the relative comparison of the different 
CAD system performance [4][5]. 

LIDC have collected and released a database of lung 
CT scans with annotations of nodule. Up to date, the 
LIDC database contained 399 patient cases including 85 
cases from an earlier release [6]. This data is stored in 
anonymized DICOM format [7] that eliminates patient 
identification elements from the images, but preserves 
other data annotations such as dosage and reconstruction 
parameters as well as the make and model of the scanner 
for each study [8]. The image data is accompanied with 
an XML file including information from four experienced 
radiologists’ reading. The XML details nodules smaller 
than 3mm in diameter, nodules larger than 3mm and non 
nodules [9]. In early 2009, the LIDC Nodule Size Report 
in EXCEL format with size estimate for all the 
pulmonary nodules with boundary markings was 
provided to augment the LIDC public image database 
[10]. The purpose [10] of the list is to provide a common 
size index for the selection of subsets of nodules with a 
given size range. The goal is to ensure that when multiple 
research groups use the same size-selected sub-range of 
nodules that they will be using the same set of nodules as 
each other. In early 2010, an EXCEL file with diagnostic 
data associated with the case was released. EXCEL 
details the diagnosis results and diagnosis methods at the 
patient level and the nodule level [9]. 
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LIDC database provides an excellent resource for CAD 
algorithms and plays an important role in CAD research 
[11] [12]. The development of the LIDC has led to a large 
amount of research based on the image sets. In Meyer et 
al [13], the authors investigate the effects of radiologist 
agreement on the development of a “ground truth” and 
the subsequent impact on CAD performance. In Anthony 
et al. [19], the authors compare the volumetric sizes 
computed by their research system with those derived 
from the LIDC archive.  

However, the effort of LIDC has concentrated on data 
collection and transmission and has left development of 
application and tools to the research community. Tools 
that allow users to access to and manipulate such data 
effectively are becoming essential.  

Firstly, as LIDC database is a set of various kinds of 
files, it is difficult to access to data collected in LIDC 
database. For example, to acquire the total information of 
a nodule, users should obtain the nodule outline and 
characteristics from XML file, the size information from 
the LIDC Nodule Size Report (a EXCEL file), and the 
diagnosis results and methods from the EXCEL diagnosis 
data file respectively. 

Secondly, because of the specific image annotation 
encoding, conventional DICOM image viewers such as 
Osirix [15], ClearCavas [16], and ImageJ [17] lack the 
capability to visualize nodules stored in LIDC XML 
format. As far as we know, no free tool has the ability to 
visualize nodules stored in the XML format provided by 
LIDC. Thus, it is necessary to provide a nodule viewer 
with the capability of visualizing nodules and images.  

The goal of our work is to develop a data integration 
component and nodule viewer for LIDC data to allow 
researchers to access and visualize effectively data 
collected by LIDC. 

II.  DESIGN CONSIDERATIONS 

A single format to store image annotations will enable 
researchers who focus on providing rich accurate CAD 
algorithms to access to them easily and quickly. To 
provide a unified data view for researchers, both XML-
based storage and free/commercial database solutions 
were considered. The portable and interchangeable XML 
format was chosen in view of the requirements of data 
exchange. Based on the original XML schema provided 
by LIDC, new XML schemas were designed to represent 
unambiguously the annotations and the LIDC cases index. 
Note that in this paper, a ‘case’ refers to a CT scan of a 
single patient.  

Once the XML-based solution is determined, a data 
integration program should be provide for combining the 
information in XML format and the one in EXCEL 
format into a unified data model.  How to parse XML file 
and EXCEL file must be considered. Due to the language 
familiarity of the development team, Java was chosen to 
implement this software. There are some different types 
of parsers, DOM (Document Object Model), SAX 
(Simple API for XML) and JDOM. DOM [18] parsers 
parse the XML document and create an object-oriented 
hierarchal representation of the document, which can be 

navigated during run-time. The structure is intuitive and 
easy to manipulate, but it is very resource demanding 
both in memory and CPU usage. SAX parsers [19] do not 
store any information. Instead they scan the information 
and call handler functions that are associated with 
specific instructions and tags in the XML document. The 
SAX parser is probably faster than the DOM parser and is 
not as resource intensive. The drawback is that the logic 
for handling the XML document instructions and tags is 
significantly more complicated and complex. JDOM 
provides a means of accessing XML document within a 
tree structure, and in that respect is somewhat similar to 
the DOM [20]. However, it was built specifically for Java 
and more intuitive in many ways to a Java developer than 
DOM. Though SAX, DOM and JDOM can meet all the 
requirements of handling XML document, taking into 
account the XML specification, we selected JDOM. We 
used JDOM to implement a component for reading, 
recording, updating annotations in an XML file.  

We used JDOM to implement a component for reading, 
recording, updating annotations in an XML file. 

Parsing EXCEL file is another issue in our work. We 
used the JExcel API [21] (the API technology for java 
developed by Khan) to interface with MS Excel format 
spreadsheets. 

There are two approaches to visualizing DICOM 
images and annotation in XML format. One way is 
converting XML-based annotation into DICOM 
annotation as a data element of DICOM file, and then 
DICOM image and annotation can be visualized using 
traditional DICOM viewer. However, the reuse of 
DICOM image and annotation may be a challenge and 
the capability of customizing annotation visualization 
may be lost. The other approach is storing annotation as 
an external annotation file and implementing a 
customized nodule viewer to adapt the specific 
application. In view of the future usage of annotations, 
we selected the latter.  

There are some SDKs used to build nodule viewer 
such as LEADTOOLS [22], DCMTK [23], and ITK [24]. 
We developed our nodule viewer based on DCMTK. 
DCMTK is a collection of libraries and applications 
implementing large parts the DICOM standard developed 
by the OFFIS computer science institute. It includes 
software for examining, constructing and converting 
DICOM image files, handling offline media, sending and 
receiving images over a network connection, as well as 
demonstrative image storage and work list servers. 
DCMTK is written in a mixture of ANSI C and C++. It 
comes in complete source code and is made available as 
"open source" software.  

Based on DCMTK, we implement a nodule viewer for 
handling DICOM images and annotations. The nodule 
viewer features the capacity to read in and display CT 
imaging studies, basic image manipulation functions such 
as window/level, zoom, pan, cine view, extracting 
information from DICOM headers through data element 
tag, and personalized displaying annotation (nodule) on 
DICOM image. 
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Ⅲ.  SYSTEM DESCRIPTION 

A.  Software Architecture 
In modern software engineering, layer architecture [25] 

[26] is mostly used, in which the lower layer provides 
application programming interfaces (API) to the one upon 

it.  This architecture makes the software convenient to be 
extended, developed and maintained again. Multi-layer 
software architecture was introduced into this software 
design. This software was structured in three layers: 
presentation layer, behavior layer and persistence layer. 
Fig.1 shows this software architecture. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The presentation layer includes the user interface 

developed using Java Swing. Basically, it provides user 
interface to interact with users. Users can click button, 
menu item and other visual component to invoke specific 
functions. 

The behavior layer deals with DICOM image, XML 
file and Excel file. Tree components compose this layer: 
DICOM component, XML component and Excel 
component. The DICOM component wraps all the 
complicated functionality on DICOM involved in reading 
in CT imaging studies, basic image manipulation 
functions (window/level, zoom, pan, cine view), 
extracting information from DICOM headers and 
converting DICOM file into other types files (BMP, TIFF, 
JPEG). XML component encapsulates much of 
functionality on handling XML file including reading, 
writing, querying XML document. The Excel component 
wraps the functionality on dealing with EXCEL file. 

The persistence layer provides storage data for upper 
layer. In this software, it contains a collection of XML 
document and DICOM document. 

B. Persistence Layer 
To store image annotations, LIDC developed a 

portable and interchangeable file format implemented in 

XML. The XML schema [6] was designed to represent 
unambiguously the results of all readers’ review of each 
CT scan. Each XML file contains information as fellows: 
the CT being reviewed, the type of reading session, 
reader identification, results from the reading session, 
where a reading session consists of a set of annotations 
marked by a single reader. For each nodule larger than 
3mm, both the nodule characteristics and the full 
volumetric boundary are reported, while for each nodule 
smaller than 3mm, only the approximate centroid point 
and the identification of the nodule are reported. For each 
non-nodule larger than 3mm, the data of it are similar to 
data recorded for nodule smaller than 3mm. 

To provide a unified view of data for researcher, we 
combined the XML-based specification of annotations, 
the nodule size information in EXCEL, and the diagnosis 
information of the nodule into a uniform XML format. 
The XML schema was designed as shown in Fig.2.  

To meet the needs to browse and retrieve the 
information about LIDC case and nodule, a XML file 
containing information about LIDC case as index was 
provided and the XML schema (Fig.3) was designed. The 
LIDC case XML file contains information about: 1) the 
case identification: a unique id, 2) the diagnosis result 
and methods of the case, 3) the DICOM image collection 

 
Figure 1.  The software architecture. 
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(each DCIOM image contains the DICOM file path and 
name, the image SOP_UID identification), 4) the 

annotation XML file name of this case. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

C.  Behavior Layer 
The main components of the software are placed in the 

behavior layer, which deals with the requests coming 
from presentation layer and manipulates the data storing 
in persistence layer. XML component, DICOM 
component and Excel component compose this layer. 

XML component encapsulates the functionality on 
manipulating XML document. To hide the tree structure 
from other component and presentation layer, XML 
component wraps major nodes with classes through 

mapping tag to class. Once XML component read in and 
parses XML document, an objects tree structure is created 
in memory, that is to say a node is an object. So, methods 
of the classes are used to manipulate the data in the tree. 
Each of the classes provides methods for insertion, 
deletion, update, and retrieval of information about its 
corresponding XML tags. This design that wraps classes 
around XML tags, makes it easy for XML component to 
be called by other components. In addition, maintenance 
of this program is easy. 

 

Figure 2.  The annotation XML scheme.
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Figure 3.  The case index XML scheme. 

Figure 4.  An example of annotation Integration: (a) a part of the annotation of nodule1609 in LIDC case 13614193285030038 before integration, (b) 
a part of the size data in EXCEL, in which the size information of nodule 1609 in LIDC 13614193285030038 is highlighted in bold and italic, (c) a 

part of the diagnosis data in EXCEL, of which the diagnosis information of LIDC case 13614193285030038 is highlighted in bold and italic too, (d) a 
part of  the result annotation of nodule 1609 after integration, in which the newly added information marked in bold and italic. 
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Modifying the XML component to use a different 
XML parser that keeps the tree structure in memory can 
be done without affecting the code in other component. 
Access to information about XML tag of a given LIDC 
term is quick because the object instantiated from the 
wrapper class of the tag knows the exact location in the 
XML tree to update without having to traverse the tree 
from the root. XML component provides the capacity of 
creating, loading, update, and saving annotation in object 
form. 

DICOM component provides a series of functionality 
on handling DICOM image. DICOM component is 
composed of two major modules: Dcmimgle and 
Dcmdata. The Dcmimgle module contains classes to 
access and render DICOM monochrome images, aiming 
to image process including zoom, clip, and window 
level/width of image. The Dcmdata module contains 
classes to manage DICOM data structures and files, for 
instance, getting the value of a specific data element. 

Excel component is a simple class. It provides the 
ability to read in Excel file and to extract information 
about nodule size, nodule diagnosis, and patient diagnosis. 

D.  Presentation Layer 
The main feature of presentation layer is its user 

interaction facility which makes it attractive for 
commercial and research usages and the capacity of 
showing information. 

In this layer, a tradition UI engine is developed base on 
the requirements of the UI. This engine covers the base 
functionalities of a UI such as menus, toolbars, and 
routines image handling and drawing functionalities. It 
contains some specific UI components to meet the 
requirements of viewing and visualizing nodules and 
other annotations. 

E.  Data Integration 
Once data model is developed, the data integration 

process should be called to build database. When 

integrating data, the main Java program starts by calling 
data integration programming and transfers the directory 
name containing a patient’s CT scan and the annotation 
XML file, the nodule size report filename, and the 
EXCEL filename containing the diagnosis data for it as 
input parameters. After receiving the input parameters 
from the main Java program, the data integration 
programming gets all files in the directory and calls 
DICOM component for extracting some technical 
parameters from DICOM image, then EXCEL component 
is called to get the size, diagnosis information of nodules 
that belong to the patient and the patient’s diagnosis data. 
In next step, the XML component is called to insert the 
size and diagnosis information of nodules from the excel 
component into the XML annotation file of the patient 
and create or modify the patients index XML file to insert 
the information about CT scan and the diagnosis at 
patient level. An example of integrating data is shown in 
Fig.4. 

F.  Nodule Viewer 
A nodule viewer was developed for displaying 

DICOM image and annotation. This viewer can deal with 
DICOM image with the ability to load in DICOM image 
studies or a single DICOM image. Each image can be 
rotated, flipped or mirrored. Continuous or discrete 
zooms are available for image viewing. Each image can 
be viewed separately in a new window. In addition, each 
image can be zoomed and translated. At same time, the 
nodule viewer has unique capacity of displaying 
annotations encoded in specific LIDC XML format. 
Users can display DICOM image and annotation in a way 
in which they are interested. An example of DICOM 
image and annotation visualization is shown in Fig.5. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                                       (b) 

Figure 5. An example of DICOM image and annotation visualization, on (a) only the DICOM images containing nodules larger than 3mm of LIDC 
case 13614193285030038 are visualized, on (b) the DICOM image and the boundaries of nodules on it are shown, the DICOM image in (b) is the 

one showing on row 2/ column 2 in (a). 
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IV.  DISCUSSION AND CONCLUSION 

We have developed this software for integrating 
different kinds of data into a uniform XML format and 
visualizing DICOM images and annotations. With this 
software, a repository of lung CT scans with annotations 
has been built. With nodule viewer and the database, 
CAD researchers will be able to store the results of CAD 
algorithms and compare visually them to ground truth 
stored in XML files. For medical students, residents, and 
fellows, this software is useful to learn to recognize the 
common lung abnormalities and then can see the 
characteristics described by experienced radiologists as 
well as the pathology diagnosis results. This software will 
be a useful tool in the future. 

Several lessons were learned from the development of 
this software, and the most important point is that the 
component-based method made it easy to reuse the 
component in behavior layer in other relevant application. 
The DICOM component can be used in other application 
about DICOM image without changed. 

In the future, additional features will be added to 
enhance nodule viewer as a useful tool for viewing 
DICOM image and annotation such as the ability to 
retrieve nodule from annotation file given some LIDC 
terms or an example image. 
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