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Intr oduction  
 

1 Purpose of this document  
 

The goal of this document is to expose the design and the implementation of the DCM API in 

accordance with the requirements defined in DCM API SRS [1]. This document is elaborated by 

members of VPH NOE WP3 subgroup 4 ς Imaging Tools: CNRS1, UPF2 and INRIA3. 

The intended audiences for this specification include: 

Developers: in order to be sure they will develop the project in a way that fulfils the design provided 

in this document. 

 

2 Scope 

 
This document only concerns DCM API Design. DCM API shall provide methods to index and manage 
medical images and medical signals in a configurable storage structure. More, DCM API shall allow 
the manipulation of information stored and connections with other medical images archiving 
systems. Finally, DCM API shall allow connections to third party application and also implementation 
as stand-alone.  
 

3 Definitions  

4 References 
 

[1]: DCM API SRS 
 https://vphnoewiki.comlab.ox.ac.uk/DeliverablesSection?action=AttachFile&do=get&target=DCMAP
ISpecifications.PDF 
 [2]: DICOM Supplements 118 Application Hosting  

ftp://medical.nema.org/medical/dicom/supps/sup118_pc8.pdf 

 

5 Overview  
 

This document is separated on two parties. The first part is the introduction. The second part will 

expose the proposal architecture for DCM API. It will also detail the different diagrams: 

- Use-case diagram  

- State diagram to describe internal behaviour of DMC API. 

- Sequence diagrams to model the different data flows available in DCM API. 

- Class diagram to detail all classes of DCM API and their relations.  

  

                                                           
1
 : http://www.creatis.insa-lyon.fr/site 

2
 : http://cilab2.upf.edu/index2.html 

3
:  http://www-sop.inria.fr/asclepios/ 
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Description  

1 Global Architecture  

 

The proposal pattern for DCM API architecture is a Model View Controller model. This pattern allows 

to isolate data functionalities from interface and independent development from a specific GUI. 

 

 
 

 

 

The solid lines represent a direct association between compartments, the dashed lines an association 

via an observer. 

For the DCM API, the classes implemented on the View section will all be abstracted classes. DCM API 

will not have in its first implementation a predefined GUI but only virtual displaying functions. 

The most important section is the Model section that will extract available information, manage data 

and provide them in predefined formats.  

Controller section will allow to interface between Model and View. The View class will not have 

direct access to data and their management. 

A fourth part will be added in MVC model: PACS compartment. This section will represent all 

mechanisms to access to medical images archiving systems (identification, socket mechanisms, 

ǎŜŎǳǊŜ ŎƻƴƴŜŎǘƛƻƴǎΧύ ŀƴŘ ǇŜǊŦƻǊƳ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀŎǘƛƻƴǎ ƻƴ t!/{ ǎȅǎǘŜƳ ŘŜŦƛƴŜŘ ƛƴ 5/a !tL {w{[1]4. 

 

 

 

 

 

 

 

 

 

                                                           
4
 The methods/signatures that should be exposed by an external library implement are not yet defined. 

Model 

Controller 

View 

PACS 

Figure 1: DCM API architecture 
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2 Use case diagram 
The use case diagrams (cf. fig. 2) describe the different needs for the DCM API. The available actors 

are:  

- User 

-  Hosting application  (in sense of DICOM supp 118[2]) 

- Port. The PƻǊǘ ŀŎǘƻǊ ƛǎ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ άƭƛǎǘŜƴ ǎǇŜŎƛŦƛŎ ǇƻǊǘǎέ ǳǎŜ case as referenced in 

DCM API SRS [1]. 

- PACS. The PACS actor represents PACS entity without clues about security or localization 

problems. 

 

Figure 2: DCM API use cases diagram 

 

The User actor is the generalization of Hosting actor. All use cases identified for the User are, by the 

way, identified also for the Hosting actor. The extend relation for the ǳǎŜ ŎŀǎŜ άƭƛǎǘŜƴέ ƛǎ ŘŜǇŜƴŘƛƴƎ 

of DCM API settings.  

The access restriction to the storage is not a key feature.  In first implementation, the available 

storage will be a local storage, only the local user can access to the storage. 
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3 States Diagram 
 

In this section, we will describe the state diagram to clarify the available states for the API.  No 

assumption will be performed on functions or actions necessary to reach the states. The actions can 

be completed by the user or the hosting application resulting in a similar state. 

 

 
Figure 3 : DCM API state diagram 

 

STATE DESCRIPTION 

IDLE This is the initial state when DCM API is launching.  DCM API is 
waiting for new instructions from User or Hosting application.  

PROCESSING DCM API is processing some tasks provided by User or Hosting 
application. 

COMPLETED The assigned task is performed. 

SUSPENDED The task is suspended and DCM API is trying to release some 
resources to resume the assigned task. 

CANCELED The task is abandoned. User, Hosting actions and internal action 
can put DCM API in this state. 

EXIT This is the final state of DCM API. DCM API will end with the release 
of all used resources. 
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4 Sequence Diagrams 

 

The sequence diagrams will describe the different workflows in DCM API:  

- The creation of storage  

- The extraction of attributes 

- The addition of data (files, folders) 

- The data removal 

- The data modification  

- The listen of specific ports (emplacements) 

- The exports of data. Export is a generic term to resume the different ways to provide stored 

data from storage to storage in DCM API context or another application.  

- PACS connection. 

The visualization of data will be not represented with a sequence diagram.   

 

4.1 Create storage sequence diagram  

 

 

Figure 4 : create Storage sequence diagram 
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The sequence to create storage can be initialized following two ways: 

- By user with a predefined storage structure in a descriptor file. The form of the descriptor file 

is described in Annex A. User shall have the possibility to create his own descriptor structure. 

- During the first instance of DCM API. A default descriptor file shall be provided with DCM API 

and be used to create a first storage.  

 

Function Name Definition Return value Comments 

createStorage Initial function to create a database, 
SQLITE database for example, following 
a descriptor template. 

A warning 
message to 
inform user 
of success or 
failure 

If no descriptor is 
available or if the 
descriptor is not 
valid, the 
application shall 
end with a warning. 

checkSettings Test if the settings file is available and 
can be parsed. From this file, test if 
DCM API can access to the settings 
ŘƛǊŜŎǘƻǊȅ ǿƛǘƘ ŀƴ ŜȄƛǎǘŜƴǘ άōȅ ŘŜŦŀǳƭǘέ 
descriptor file.  

A Boolean to 
indicate 
success or 
not 

The settings folder 
will contain the 
default storage and 
settings file. 

getDirectorySettings Provide the settings directory.  Boolean  

getInitialDescriptor Provide the descriptor template to 
ŎǊŜŀǘŜ ǘƘŜ άōȅ-ŘŜŦŀǳƭǘέ ǎǘƻǊŀƎŜΦ 

Descriptor 
File 

Optional sequence 
if user provides his 
own descriptor. 

getTree Provide a Tree from a TreeHandler. Tree 
structure 

 

readDescriptorFile Read descriptor file to create the 
storage structure (XML files, 
databaseΧύ. 

Boolean Definition of a 
descriptor file is in 
annex A 

createAttributeMap Create Attributes map in function of 
previous structure (number of levels, 
attributes ōȅ ƭŜǾŜƭΣ Χύ. 

Attributes 
map 

Attributes can be 
DICOM attributes 
or attributes 
defined by DCM API 
(path, name, access 
ƴǳƳōŜǊΧύ. 

createStorage Create a physical storage: a SQLITE 
ŘŀǘŀōŀǎŜΣ ŀ ·a[ ŦƛƭŜ Χ 

Boolean For the moment, 
only a SQLITE 
storage is available 
in DCM API. 

createTables Create the different tables for one 
database. Each table is corresponding at 
one level.  

Boolean For DICOM 
SEQUENCE (used 
for DICOM signals), 
the table 
organization is 
different to take in 
count a large 
amount of data (cf. 
Annex B). 

updateView Update the display view.   
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4.2 Attributes Extraction sequence diagram  

 

Figure 5: Attributes extraction sequence diagram 

 

The attributes extraction sequence is performed each time a new file is added with the DCM API. The 

number of readers can be increased to take in count new modalities formats. As defined in DCM API 

SRS document[1], the choice of DICOM reader (GDCM 1.3, GDCM 2.0.X, DCMTK...) will be perform by 

user. By default a DICOM reader shall be available. But DCM API will provide a dll loading mechanism 

with specific entries functions5. 

The compare sequence can be shorter for DICOM data because the only selective (discriminant) 

attribute in DICOM standards is SOP Instance UID (0x0008, 0x0018). The presence of this attribute 

limits the compare sequence to compare only the new value with already available values of SOP 

Instance UID. If this attribute is not available, the sequence shall be performed on all levels to find 

the discriminant attributes. 

 

Name Definition Return value Comments 

extractAttributes Extract Attributes (DICOM, own 
attributes, specific attributes 
for a modality) from a file. 

Attributes map  

fileExtent Extract the file extension.  String Some readers are based 
on files extension (jpeg 
reader, ...) 

selectReader Select the fitter reader to read 
the file. 

ImageReader  

canRead Test the file extension to 
ensure DCM API will have an 
appropriate reader.  

Boolean DcmVtkReader is used 
as reader for different 
formats: jpeg, tiff, bmp. 

                                                           
5
 : GetProcAddress mechanism for Windows for example or dlsym for Linux. 
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By default the last used 
reader will be tested in 
first. 
 

extractAttributes Extract values for each 
attribute with the appropriate 
reader. 

Attributes map If no reader is available, 
a null map will be 
returned and the 
sequence will end. 

compare Compare the new tree with the 
previous trees. 

Boolean  

compareAttributes Compare attributes for each 
level if necessary.  

Boolean  

 

4.3 Add files sequence diagram  

 

The add files sequence extends the extraction attributes sequence. 

 

 

Figure 6: Add Files sequence diagram 
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The figure 7 represents the add files flow Diagram. The user shall have the possibility to add to DCM 

API files or folders (in a recursive way or not). This action shall add attributes in a specific storage, 

new references on synchronization mechanism and report modifications on display. During this 

sequence, different tests shall be performed:  

- Test that files is not already referenced or previously removed. 

- Test that all attributes are not equivalent of attributes of other entries.  

 

Function Name Definition Return value Comments 

addFiles Add Files or folders to 
specific storage. 

Boolean The storage where 
new file will be added 
shall be selected by 
user via display or else 
the default storage 
will be used. 

selectTreeHandler Select the tree handler 
where add the files. 

TreeHandler For each storage, a 
TreeHandler shall 
correspond. One 
TreeHandler shall 
manage all trees 
referenced on its 
associated storage. 

getDescriptor Get the required descriptor 
files to know which 
attributes to store. 

An empty attributes 
map 

Storage structure is 
used to create the 
map. 

addFiles Add files and folders.  
 

 Folders shall be 
scanned, each 
available file in it shall 
be added. 

addFile Add one file.   

isReferenced Test to know if the file is 
already stored or not. 

Boolean Removed files shall be 
considered too.  

extractAttributes Extract attributes following 
the extract attributes 
sequence. 

Attributes map  

addNodes Add new nodes and branchs 
to Trees. 

Boolean  

addAttributes Add new entries to the 
storage. 

Boolean  

addReferences Add new entries to the 
synchronization database. 

Boolean  

addReference Add new file to the added 
List. 

Boolean  

updateView Update the view to show the 
new additions. 
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4.4 Remove data sequence diagram 

 

 

Figure 7: remove data sequence diagram 

 

The figure 5 represents the flow diagram for removing data.  The removal sequence shall start with a 

selection on display view (with an instance of DcmTreeView). No condition of level is required. All 

children for the removed level shall be removed too from the Tree structure and from the storage 

(database for example). The removal action shall update the synchronization mechanism too. 

Function Name Definition Return value Comments 

remove Remove selected items.  Item can be group of patients, 
patient, series, images, signals, 
ROIs... The number of files, 
entries can be variable.  

removeSelection Remove the selected items. Boolean  

getSelection Get the trees and nodes 
associated at the selected 
items. 

List of Trees Scan the TreeHandler to match 
selected items. 

remove Remove from storage.   

remove Remove from 
synchronization database. 

  

update Update the different 
synchronization lists. 

 The removed files shall be 
added to the remove List. 

updateTree Update the trees.   

updateView Update the current view  to 
show the changes. 
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4.5 Data modification sequence diagram  

 

 

Figure 8: data modification sequence diagram 

 

The data modification sequence diagram summarizes three actions where only storages are 

impacted: 

- Edit a value for an attribute. 

- Add a new attribute. 

- Remove an attribute. 
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However, anonymization (and de-anonymization if available) mechanism provides a modification on 

data and storage. The quality(number of modified attributes, kind of modification) of the mechanism 

is depending of the loaded DICOM reader.  

Data modification sequence shows that modifications are only allowed on storage not on data. For 

anonymization, de-anonymaization or save mechanisms, new data shall be created and stored 

instead of original data. 

 

Name Definition Return value Comments 

editValue Edit value for a selected 
attribute. 

Boolean The modification of data is 
performed through a display 
interface. 

isMutable Test to know if modified 
attribute is mutable. 

Boolean Some attributes shall be not 
editable (SOP Instance ID for 
example). See Annex B. 

edit Edit the value.   

getSelected get the tree to modify.   

edit Modify value in storage.   

updateView Update the View to show the 
changes. 

  

Anonymize Anonymize real data and 
storage.   

  

addAttribute Add a new attribute to data 
management. 

  

removeAttribute Remove an attribute from 
storage and trees 
representation. 

 Some attributes can be not 
ǊŜƳƻǾŜŘ όŦƛƭŜΩǎ ƴŀƳŜ ŦƻǊ ƧǇŜƎ 
files for example) 
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4.6 Synchronization sequence diagram  

 

 

Figure 9: synchronization sequence diagram 

In parallel of data storage, DCM API will manage a synchronization database. In this database, all add 

and remove actions shall be referenced.  

The synchronization sequence allows to update the different storages.  Four operations shall be 

available:  

- Detect added and removed files, folders. 

- Detect added, removed files and modified attributes 

- Detect added and removed files, folders. Report on storages. 

- Detect added and removed files, folders and modified attributes. Report on storages 

Each synchronization shall be followed by a report (log file, warning message to user). 

The synchronization mechanism, very time-consuming, should be performed at the exit of DCM API. 
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Function Name Definition Return value Comments 

synchronize Synchronize storages with 
the real disk state. 

Report Disk, folders or another 
data location.  

getTrees Get the trees to 
synchronize. 

List of Trees  

getSelected Get the trees.   

synchronize Synchronize.   

getAddedList Get the list of all added 
files and directories. 

  

getRemovedList Get the list of all removed 
files and folders. 

  

checkNewDeleted Check if some files are 
missing on disk. 

  

checkNewAdded Check if some files or 
folders are added on 
specified locations. 

  

checkModifiedAttributes Check if the attributes are 
changed. 

 The check for modified 
attributes is a operation 
very time-consuming 
operation. Each file 
needs to be parsed 
again. 
In fact, for DICOM files, 
such modification is not 
possible. Each 
modification of attribute 
(anonymization) on a 
DICOM file shall be 
associated to a new SOP 
Instance UID. 

updateTrees Update the modified trees.   

getSelected Get the trees to modify.   

updateAttributes Update attributes on 
storage. 

  

updateTree Update the Trees.   
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4.7 Listen sequence diagram  

 

Figure 10: listen sequence diagram 

The listen sequence is an asynchronous sequence. The specific ports are constantly scanned to detect 

new data. The add files and removal sequence are identical to the sequences previously described. 

An option at the add files sequence is to export data from the specific port to a specific localization. 

 

Name Definition Return value Comments 

listen Listen on specific ports. Signal The ports can be specified by 
user or specified from settings. 

addFiles Run when necessary 
the add files sequence. 

  

exportdata Run when necessary 
the export data 
sequence.. 

  

remove Run when necessary 
the removal sequence. 

 In function of options 
sequence, the removal 
sequence can be only erased 
entries from storage or erased 
data from export data 
localization too. 
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4.8 Export data sequence diagram  

 

Figure 11: export data sequence diagram 
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Export data sequence regroups different export actions:  

- Export from storage to storage in the context of DCM API. 

- Export from storage to a specific sǳǇǇƻǊǘ όŘƛǎƪΣ ȊƛǇ ŦƛƭŜǎΣ ŦǘǇΣ Χύ 

- Export from storage to a Hosting application. As defined by in-construct DICOM standard [2], 

two types of export shall be available: 

V  A natural export (the files are directly exported to the Hosting) 

V A DICOM structure based on a pre defined DICOM Model (Native or Abstract). 

- Export from PACS to storage.  

 

Function Name Definition Return value Comments 

selectData Select the data to export. List of Trees Data to export can be 
group of patients, 
patient, series, images, 
signalsΧ 

selectStorage Select the storage where 
export data. 

TreeHandler DCM API shall allow to 
manage different 
storages with or without 
ǘƘŜ ǎŀƳŜ ά5L/haέ 
structure and attributes. 

exportData Export data (literally or not) 
from a localization to 
another. 

Boolean to indicate 
success or failure. 

 

addTrees Add new Trees with 
extracted attributes to the 
specific TreeHandler. 

Boolean It extends the add files 
sequence. 

updateView Update the display view to 
show changes. 

  

selectSupport Select the support where 
export data. 

Type of support. It includes move data to 
a specific localization 
(disk, ftp), create an 
archive file. 

connectToPACS Connect to a PACS service.   

setModelfoExport Set the DICOM Model to 
export.  

 The current structure is 
in discussion for the 
moment. The class 
diagram class shall be 
discussed with the new 
stable standard. 

readModel Read the model.   Parse the model to 
extract structure of data 
to export. 

isAvailable Determine if the model is 
available. 

 The new DICOM allows 
private Models[2]. 

 

4.9 PACS sequence diagram 

The PACS sequence is not yet available. 
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5 Class Diagram  
The following diagram describes the different classes in DCM API and their relations. Moreover, 

classes are regrouped in the three compartment of the MVC model. Classes for PACS compartment 

are not present. 

 

Figure 12 : DCM API class diagram 
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The main class is dcmControl that controls access to data. This class is composed of 

dcmStorageTreeHandler that allows storage manipulation and of dcmTreeHandlerImageAdder that 

manage attributes extraction. 

dcmNode and dcmTree will represent the DICOM structure : patient |_series |_image for example. 

This structure is created the first time from a descriptor file.  

 

Class Name Description Cardinality Comments 

Package Model 

dcmNode Node of an attributed Tree 
structure. 

  

>>dcmTree Tree structure which contains data 
Attributes by level (Node) 

  

dcmData Abstract Data object.   

>>dcmSequence Object that can represent the 
DICOM sequence object. 

  

>>dcmAttribute Attribute object which contains 
representation, name and value 

  

dcmTreeHandler Abstract class which handles a Tree 
structure. 

 The storage  
structure 
(number of 
tables, 
columns) will 
be used to 
create Tree 
structure. 

>>dcmStorageTreeHandler Instanced TreeHandler which 
manages a Tree stored in a storage 
(database or XML files). 

 Each 
TreeHandler is 
referenced to 
one and only 
storage.  

dcmTreeHandlerImageAdder Object which can add data to a 
TreeHandler in parsing (recursively 
or not) a part of a file to look for 
known data (images, signals) and 
load their attributes in order to add 
the data to a tree  

  

dcmSynchronizer In charge of the synchronization of 
the storage and the disk state. 

  

dcmOperationList Abstract object to represent a list 
of currently files on which some 
operations are performed. 

  

>>dcmAddList Represents the list of currently 
added files. 

  

>>dcmRemoveList Represents the list of currently 
removed files. 

  

dcmDescriptor Handles descriptor files of the 
structure of a Tree (number of 
levels, descriptors of each level, ...).  

 Any Tree has 
at least one 
level (level 0) 
of name 
"Root" 
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dcmLevelDescriptor Handles the level description of a 
Node (name, attributes, ...) 

  

dcmAttributeDescriptor Handles the attribute description of 
a node (name, dicom 
representation, own 
ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣΧύ. 

  

dcmTreeView Abstract class that handles the view 
of a tree through its TreeHandler. 

  

dcmStorageManager Abstract Class that manages input 
and output on storage. 

  

>>SqliteManager Object that manages SQLITE 
database (create tables, access 
ŘŀǘŀΧύΦ 

  

dcmAbstractImageReader Abstract Class that reads image file.   

>>dcmDICOMReader Object that reads DICOM file.   

>>dcmVTKReader Object that reads different images 
format.  

  

>>dcmUSReader Object that reads Ultrasonic 
images. 

  

>>dcmImageReader Instance of 
dcmAbstractImageReader 

 This class 
contains a list 
of the 
available 
readers, the 
last used 
reader. 

dcmAbstractComparator Abstract class to compare two 
objects. 

  

>>dcmIntComparator Class to compare set of integer 
values. 

  

>>dcmStringComparator Class to compare set of lexical 
values. 

  

>>dcmNodeComparator Class to compare Nodes.   

dcmComparator Class that compares new entry to 
stored data. 

  

Package Controller 

dcmControl Central controller of the DCMAPI 
application 

  

dcmSettings Settings Object of the application   

dcmMultiThreaderReader Class that handles multithread to 
read data and give data in an 
appropriate format for the display. 

 By default, the 
displayed data 
will be 
vtkImageData. 

Package View 

dcmView Abstract class that handles views, 
interactions between user and 
display View.  

  

>> dcmGUIView Implementation of the abstract 
View class. 

 Not 
implemented 

dcmTreeView Abstract class that handles the 
display of Tree structure 
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>>dcmGUITreeView Implementation of the abstract 
TreeView class. 

 Not 
implemented 
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Annex A: Descriptor file structure 

Descriptor File Structure: 

 

 

 

!ƭƭ ŘŜǎŎǊƛǇǘƻǊ ŦƛƭŜǎ ǎƘŀƭƭ ƘŀǾŜ ǘƘŜ ƛƴƛǘƛŀƭ ƭŜǾŜƭ άwƻƻǘέ ǘƻ ŜƴǎǳǊŜ ǎǘƻǊŀƎŜ ŎƻƘŜǎƛƻƴΦ  Lƴ Ǌƻƻǘ ƭŜǾŜƭΣ ǘƘŜ 

important information of storage itself will be stored. 

All levels shall be name to identify each node of a tree. 

For each level, a line represents an attribute to store. The line is composed of three elements: 

- ¢ȅǇŜ ƻŦ ŀǘǘǊƛōǳǘŜǎΥ 5 ŦƻǊ 5L/haΣ h ŦƻǊ ŀǘǘǊƛōǳǘŜǎ ŘŜŦƛƴŜŘ ōȅ 5/a !tL ŀǎ ǇŀǘƘ ƻǊ ŦƛƭŜ ƴŀƳŜ Χ 

- Attributes definition: for DICOM a set of group and element defined an attribute.  

- Attributes label: the label represents the accessibility and visibility of an attribute. 0 for 

twL±!¢9Σ м ŦƻǊ t¦.[L/Σ н ŦƻǊ 95L¢!.[9Χ  
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Figure 13: Descriptor template description 
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Annex B: DICOM Sequence Storage 
Structure 

 

 

Image column Sequence 1 


