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2 INTRODUCTION 

BioImage WIP is a software intended for a general, workflow-based image processing, particularly for biological 2D 
and 3D time lapse movies. It provides a graphical editor for building a workflow of algorithms and also controls its 
execution.  

 

Figure 1 The Program's main window 
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3 GENERAL INFORMATION 

This section provides an overview of the BioImage WIP from the user’s perspective. 

3.1 WORKFLOW ELEMENTS 

Workflows are built from the three kinds of elements: Initiators, Algorithms and Storages. Each element has its own 
properties, which can be easily modified in a provided editor. 

3.1.1 ALGORITHMS 

Algorithms process data. They are usually used for transforming images. 

3.1.2 INITIATORS 

Initiators provide data (usually images) for processing. Internally, they are just Algorithms that usually contain 
output connectors only. However, they cannot be connected to Storages and have a different visual 
representation. Currently, a disk data provider is implemented that reads images from a disk (or a network). 

3.1.3 STORAGES 

Storages store intermediate and final results of processing. A Storage element that is not connected to any 
Algorithm serves as the default Storage. Data produced by Algorithms that are not connected to any Storage is 
stored in the default Storage. If there are multiple disconnected Storages, only the first one added serves as the 
default Storage. Currently, Storage that stores data on a disk (or a network) is implemented. 

3.1.4 CONNECTING ELEMENTS  

Algorithms and Initiators can be interconnected, so that output of one Algorithm or Initiator can be provided as an 
input to other Algorithms (one or more).  One element can have multiple inputs and multiple outputs.  Inputs and 
outputs are called Slots. You can connect the output of one element to the input of another element, only if the 
output and input are of the same type. To connect two slots, drag a connection line from one slot to another.  

You can connect an Algorithm (but not an Initiator) with any Storage element by dragging the orange triangle that 
is visible on one of them and dropping it on the orange triangle on the other element. 

3.2 WORKFLOW PROCESSING 

3.2.1 TIME SERIES 

If multiple images are provided for the input, they are interpreted as a time lapse image series. The first image  is 
considered as the first frame, the second image represents the second frame in the time series, and consecutive 
images are the successive frames. By default, images are ordered alphabetically by the program. 

3.2.2 EXECUTION STRATEGY 

Execution Strategy controls the execution of the whole workflow. Especially it takes care of the order of Algorithms 
processing, so that they are executed according to the workflow connections. Currently an Execution Strategy that 
executes the workflow linearly (one by one) is implemented.  
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3.3 DATA VIEWERS 

To view the images provided by an Initiator or processed by an Algorithm, double click the element to open a 
Viewer window. 

¶ To move between frames, drag the vertical slider. 

¶ To move between slices, drag the horizontal slider (only for 3D data). 

Only processed images are displayed in the Algorithm’s Viewer. 

3.4 SETTINGS PERSISTENCE 

Program’s settings are stored in the .bioImage folder in the user’s home directory. The folder has the following 
elements: 

¶ log subfolder – contains files with messages logged during the program operation, such as information 
about not loaded modules, etc. 

¶ projects subfolder – default directory for saved projects. 

¶ *.layout files – they store the graphical layout of program’s windows, so that it can be restored when the 
program loads. 

¶ modules.ignored file – it contains the list of files that exist in the modules folder and were not identified 
as valid modules. 

¶ settings.xml file – it contains the following keys: 
o componentsDirectory – the directory from which the program tries to load modules. 
o logLevel – determines the messages logging level (see java.util.logging.Level for more 

information). 
o lastWorkflowDirectory – last used project’s folder. 
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4 DEVELOPMENT GUIDE 

This section provides information for software developers about developing custom modules for BioImage WIP.  

4.1 MODULES 

Modules contain custom – developed classes extending the functionality of the program. They can contain custom 
Initiators, Algorithms, Storages and other elements. The modules are regular Java libraries. To be recognized as a 
valid BioImage WIP module, the library needs to contain a manifest file inside. 

4.1.1 MANIFEST FILE 

The manifest file, named bioimage.xml, is located in the top level source directory (so that when packed into a 
JAR file it is not placed in any subfolder). It is a regular XML file and it should follow XML conventions. The schema 
for this file is located in the bi-public module in the de/biotec/bioimage/common/bioimage.xsd file. 

4.1.1.1 THE ROOT ELEMENT 

The root element of the file is named Module and contains the following attributes: 

¶ Id [required] – a globally unique identifier of the module. Two modules cannot have the same identifier. 
It’s best to use UUID (Universally Unique ID) for this purpose. 

¶ Name [required] – the name of the module. 

¶ Author [optional] – the author of the module. 

¶ Description [optional] – the description of the module. 

¶ Version [optional] – the version of the module. 

¶ Namespace [optional] – a common namespace for classes to be registered. It can be provided to avoid 
typing the same namespace in the class names – see the namespace expansion description in 4.1.1.3. 

The root element can contain the following child elements: 

¶ Algorithms – contains definitions of Algorithms and Initiators to register (see 4.2.1 and 4.2.2). 

¶ Storages – contains definitions of Storages to register (see 4.2.3). 

¶ Transformers – contains definitions of Object Transformers to register (see 4.2.6). 

¶ Strategies – contains definitions of Execution Strategies to register (see 4.4). 

Each of these elements can include one or more child Item elements as described in 4.1.1.2.  

4.1.1.2 ITEM ELEMENT DEFINITION 

Each Item element describes a class to register and has the following attributes: 

¶ Class [required] – the full name of the class to register. This value is a subject to the namespace expansion 
(see 4.1.1.3). 

¶ Name [optional] – the name of the element for display purposes. If not provided, the name of the class 
will be used. 

¶ VertexClass [optional] – the full name of the class that will be used as a Vertex in a JGraph workflow. See 
4.2.7 for more information. This value is a subject to the namespace expansion (see 4.1.1.3). 

¶ ViewClass [optional] – the full name of the class that will be used as a View in a JGraph workflow. See 
4.2.7 for more information. This value is a subject to the namespace expansion (see 4.1.1.3). 
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4.1.1.3 NAMESPACE EXPANSION 

If the Namespace attribute value is provided in the Module element (see 4.1.1.1), it is inserted at the beginning of 
values of the following Item attributes: Class, VertexClass and ViewClass. 

Considering a partial example manifest file with the Namespace definition as provided below: 

 
<Module 

Χ 
Namespace='de.biotec.bioimage.modules.sample’ 

> 
… 
<Algorithms> 
 … 

<Item Name='Sample Algoritm' Class='algorithms.SampleAlgorithm' 
VertexClass='workflow.SampleAlgorithmVertex' ViewClass='workflow.SampleAlgorithmView' /> 

… 
 </Algorithms> 
 

the attribute values of the Item element are expanded as follows 

¶ Class – de.biotec.bioimage.modules.sample.algorithms.SampleAlgorithm 

¶ VertexClass – de.biotec.bioimage.modules.sample.workflow.SampleAlgorithmVertex 

¶ ViewClass – de.biotec.bioimage.modules.sample.workflow.SampleAlgorithmView 

4.1.2 JAVA PACKAGES NAMING CONVENTIONS 

Classes in modules should go into a de.biotec.bioimage.module.ModuleName namespace where ModuleName is a 
unique short name of the module. Resources, such as images, should go into the 
de.biotec.bioimage.module.ModuleName.resources namespace. 

4.1.2.1 DEPENDENCIES 

The following libraries are provided for development with BioImage WIP: 

¶ bi-public – contains elementary classes and interfaces for workflow processing that are associated with 
creation and usage of Algorithms, Initiators, Storages, Execution Strategies, Object Transformers and 
others. This library is required to use if you want to extend any of the above functionality. 

¶ bi-visual – contains classes to use when creating Data Viewers and the class 
de.biotec.bioimage.visual.ImageProcessAlgorithm, which facilitates creation of ImageJ based Algorithms. 

¶ JGraph – is required if you want to extend any functionality related to JGraph workflow processing, such 
as creating custom Vertexes or Views. 

¶ JSupport – contains various helper classes that can be used in general Java development. 

¶ l2fprod-common-all – allows creating discoverable properties of elements and provides graphical 
editors for them. 

4.1.3 MODULES DISCOVERY 

Compiled modules should be put into the modules folder which location is declared in the settings file (see 3.4). 
Program tries to load all files with the .jar extension from this folder. If the file is not a valid module - e.g. it does 
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not have the manifest file or there are other errors encountered – the program marks the file as invalid by creating 
an entry for the file in the modules.ignored file (see 3.4). The program will not attempt to load such a file again 
unless its modification date is changed or a user removes the appropriate entry from the modules.ignored file. 

4.2 WORKFLOW ELEMENTS 

4.2.1 ALGORITHMS 

All Algorithms must extend the de.biotec.bioimage.common.Algorithm class and, at minimum, create some slots 
and implement the run() method. 

4.2.1.1 CREATING SLOTS 

Slots are intended for interconnecting Algorithms to allow the flow of data between them. Typically, you should 
create them in the constructor. To create an input slot, use the createInputSlot() method and to create an output 
slot, use the createOutputSlot() method. Both methods require providing a name, the type of the data that will be 
passed through the slot, and declaring whether the slot will be public or not. Public slots appear graphically on the 
workflow and can be connected to other slots in contrast to non-public slots, which are for internal use of an 
Algorithm only. 

4.2.1.1.1 SETTING THE MAIN SLOT 

One of the public input slots must be declared as the main slot with the setMainInputSlot() method. The main slot 
is used to provide to the Algorithm the list of frames to process . The list of frames is retrieved from the output slot 
of the Algorithm connected to the main slot. This list depends on the type of data stored by the other Algorithm 
(see 0). The list allows discovery of the number of frames to process and their names (usually they are the same as 
the names of input files). 

If there are no public input slots, setting the main slot is not possible. 

4.2.1.2 EXECUTING THE ALGORITHM 

The Algorithm’s processing should be performed in the run() method (you should override it in a derived class). In 
this method, the Algorithm processes the current frame only. The information about the frames can be accessed 
through the IFrameNavigator interface, which the Algorithm implements. 

4.2.1.2.1 INITIALIZATION 

If necessary, additional initialization code can be included in the init() method, which is called once per workflow 
execution for each instance of the Algorithm. 

4.2.1.2.2 REQUESTING INPUT AND GENERATING OUTPUT 

To request input data, call the loadInputData() method providing as an argument an input slot from which you 
want to read. 

You can also request data previously stored by the current Algorithm for output by calling the loadStoredData() 
method. 

To store processed data for output, call the storeOutput() method providing as an argument the desired output 
slot. 
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If you don’t want to process input data, but you want to provide it for output, you can store a link from the input 
slot to the output slot using the Storage.storeLink() method. This will cause the future data requests from the 
output slot to be passed through this Algorithm. The process is best described with the example below.  

 

Figure 2 Linked slots and the flow of data 

Consider the connections as on the FIGURE 2. The input slot X is linked with the output slot Y in the Algorithm B.  
The slots of the Algorithms are connected in such a way that K is connected to X and Y is connected to L. When the 
Algorithm C requests data from the Algorithm B, the Algorithm B passes the request through its lined slots (X and Y) 
and requests data from the Algorithm A. The data obtained from the Algorithm A is provided then unmodified to 
the Algorithm C. It is like the slot K was directly connected to the slot L. 

The data you store or request (by calling the appropriate methods), is associated with the current frame. The 
current frame is set by an Execution Strategy (see 4.4) during a workflow execution. If you want to request or store 
data associated with a different frame, change the current frame before calling the appropriate method. You can 
do that through the IFrameNavigator interface that is implemented by the Algorithm class. It is strongly advised, 
that you change the current frame back to the initial value after you have done processing. 

4.2.1.2.3 REPORTING PROGRESS AND ABORTING PROCESSING 

You can report the progress of processing using the Progress object passes as an argument to the run() method. 
This way you can e.g.  track progress in processing of image slices. The basis of the Progress object usage is 
described in 4.5. When the progress is cancelled you should return false from the run() method (unless the whole 
processing was completed). 

4.2.1.3 ALGORITHM FOR SIMPLE IMAGEJ PROCESSING 

There is a helper class provided for quick creation of Algorithms that process multi-slice ImageJ images. It is named 
de.biotec.bioimage.visual.ImageProcessAlgorithm. When you derive from it, you should implement the process() 
method and perform the processing there. ImageProcessAlgorithm calls this method for each slice to process and 

Algorithm A

•Output Slot K

Algorithm B

•Input Slot X (linked)

•Output Slot Y (linked)

Algorithm C

•Input Slot  L
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sets the current slice on the ImgePlus object before. It also reports the progress. It will process all slices or only one 
slice as set using the setSliceToProcess() method. 

This Algorithm allows access to the current frame data only. If you need access to different frames, you should 
derive your class directly from the Algorithm class. 

4.2.2 INITIATORS 

Creating an Initiator requires in principle creating a custom Storage. The general way of creating an Initiator is to: 

¶ derive your class from the Algorithm class 

¶ create at least one output slot (see 4.2.1.1) 

¶ create an instance of the custom Storage and set it with the setStorage() method in constructor 

¶ override needsStorage() method and return false from it 

The custom Storage should contain the logic of retrieving data from a given medium. See the implementation of 
de.biotec.bioimage.modules.main.DiskInput  for a sample Initiator. 

4.2.3 STORAGES 

A custom Storage must extend the Storage class and implement all abstract methods. The methods are responsible 
for storing, loading and clearing data. Storage should store data uniquely for a single slot and frame. It also should 
be able to provide a list of frames for a given slot. 

4.2.4 CREATING DISCOVERABLE PROPERTIES 

 

 

Figure 3 The properties window 

 
 

Every graphical element (an Algorithm, Initiator or Storage) can have its unique properties, which can be 
discovered and provided automatically for user editing in the properties window. Declared properties will be 
persisted with the project and restored when the project is loaded. Creating properties generally is just a process of 
creating a JavaBean. Only basic subjects of creating a JavaBean are covered here. 

The property description 

The property name 

The property value 
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First you need to override the de.biotec.bioimage.common.Element.getProperties() method and return the object 
that contains the properties (JavaBean). Usually it is done by returning this pointer and implementing the 
properties in the element. 

4.2.4.1 CREATING GETTER AND SETTER METHODS 

To create a property, you need to create a getter method and a setter method. You don’t have to create the setter 
method, if the property is read-only. The getter method should be named getPropertyName() and the setter 
method should be named setPropertyName(), where PropertyName is the name of the property (e.g. “Threshold”). 

4.2.4.2 CREATING BEANINFO 

Creating getter and setter methods is not enough. Properties must be declared in a BeanInfo class. For that 
purpose, you should create another class named YourElementClassNameBeanInfo and usually derive it from 
de.biotec.bioimage.modules.main.ProperitesBasedBeanInfo. This class should be placed in the same namespace as 
your element class. 

In the constructor of BeanInfo, you should: 

¶ call the constructor of the base class providing as the argument the class of your element: 
super(YourElementClassName.class), 

¶ declare properties, by calling the addPropertyEx() method, providing as the argument the name of the 
property. 

4.2.4.2.1 DEFINING EDITORS 

Declared properties are automatically discovered and displayed for edition in the properties window, when an 
element is selected on the workflow. Each property has default editor assigned automatically based on the type of 
the property. If you wish to change the editor (for example to use a file browser instead of a string editor for a 
string property being a filename), call the setPropertyEditorClass() on the value returned from the addPropertyEx() 
method, e.g.: 

addPropertyEx("location").setPropertyEditorClass(DirectoryPropertyEditor.class) 

You can define your own editors or choose from several ready ones defined in the 
com.l2fprod.common.beans.editor namespace. 

4.2.4.2.2 HIDING PROPERTIES IN PROPERTIES WINDOW 

If you don’t want the property to appear on the properties window (and still be serialized with the project), call the 
setHidden() method on the value returned from the addProperty() method, e.g.:  

addProperty("startBrowseFolder").setHidden(true) 

If your BeanInfo contains only hidden properties, then you can derive directly from the 
com.l2fprod.common.beans.BaseBeanInfo class. There is also no need to provide the properties description file 
(see 4.2.4.3). 

4.2.4.3 PROVIDING PROPERTIES DESCRIPTIONS 
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To provide names and descriptions of properties in the properties window, you need to create 
YourElementClassName.properties file. This file should be placed in the same namespace as your element class. 
The file is a text file with one command per line. Among others, the following commands are supported: 

a) Property name in the properties window is defined in the form: 
 PropertyName = Property name in the properties window 

b) A property description which is displayed in the description pane of the properties window is defined in 
the form: 
PropertyName.shortDescription = Property description in the properties window 

For example, the assignments for the property “locaǘƛƻƴέ could be defined as follows: 

location = Location 
location.shortDescription = The location into which save the data. 

4.2.5 SAVING AND LOADING SETTINGS 

If an element needs to store additional information along with a saved project – apart from properties values, 
which are saved automatically - it should: 

¶ Override the needsSettingsStorage() method and return true from it. 

¶ In the onSettingsSave() method write code that persists the required information in the stream. 

¶ In the onSettingsLoad() method write code that restores the required information from the stream. 

4.2.6 EDITORS 

Elements in the workflow can have GUI editors displayed after double clicking an element. The editor can be used 
for example to select data to process or provide various viewing and editing capabilities. 

To declare an editor for your element, return the editor’s instance from the de.biotec.bioimage.common. 
Element.createEditor() method. 

You can reuse existing editors, such as de.biotec.bioimage.visual.ImagesProcessEditor or de.biotec.bioimage. 
modules.main.DiskInputEditor. 

4.2.7 GRAPHICAL REPRESENTATION 

The visual representation of the processing workflow is handled by JGraph, which is an external third-party library. 
It uses the following items for rendering: 

¶ Vertex (Cell) represents a single element in a workflow. 

¶ Port represents a connector on an element. 

¶ Renderer is responsible for painting the items. 

¶ View stores configuration for painting and creates a Renderer. 

You can specify custom Vertex and View classes to represent your Algorithm, Initiator or Storage in a JGraph 
workflow in a manifest file (see 4.1.1). 

4.2.7.1 CUSTOM VERTEX CLASS 

You may want to create a custom implementation of Vertex to provide some additional information or validation.  
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Your custom class must extend org.jgraph.graph.DefaultGraphCell and implement IAlgorithmVertex when it 
represents an Algorithms or an Initiator or implement IStorageVertex when it represents Storage. 

4.2.7.2 CUSTOM VIEW CLASS 

You can create a custom implementation of View to provide custom drawing of an element on a workflow. 

Your custom class must extend org.jgraph.graph.VertexView and implement IWorkflowVertexView interface. 

4.3 OBJECT TRANSFORMERS 

Object Transformers transform data (such as images) produced by Algorithms or Initiators for the purpose of saving 
and loading this data by Storages. Algorithms request from Storages to store and load their data, but Storages need 
to know how to write particular data into a storage stream or to load data from it. For example, if there is an image 
type, the Storage needs to know how to save this image to a file; if there is some report data, a Storage needs to 
know how to represent this data in a file and load it later. 

Usage of Object Transformers by Storage is optional. However, it is assumed that they provide the most efficient 
way of storing and loading data for which they are designed. 

4.3.1 CLASS DEFINITION 

You define an Object Transformer by implementing the de.biotec.bioimage.common. IObjectTransformer interface 
providing as a type parameter the type of data which the Object Transformer will handle. 

4.3.2 SAVING AND LOADING 

You need to implement saving and loading functionality in writeObject() and readObject() methods, respectively. 
The streams provided as arguments in these methods are already open and ready for use.  

4.3.3 DECLARING THE TYPE AND THE DEFAULT OBJECT TRANSFORMER 

The method getType() you need to implement usually should return class of the data the particular Object 
Transformer handles (e.g. YourDataType.class). There cannot be two Object Transformers declaring the same type 
of data to handle. 

This method can however return null, if the Object Transformer should serve as the default transformer for data 
types that have not registered transformers. Such a function performs by default de.biotec.bioimage.modules. 
main.XmlTransformer from the mainModule module. 

If the default transformer is registered, you can register a different one only through the de.biotec.bioimage. 
common.ObjectTransformerRegisters.getInstance().setDefaultTransformer() method call. It is so because the order 
of loading modules is not predictable. 

4.4 EXECUTION STRATEGIES  

The Execution Strategy is responsible for executing the workflow. Implementing class should implement the 
de.biotec.bioimage.common.IExecutionStrategy interface and perform the workflow execution in the run() method. 
Before executing an Algorithm for the first time, the Execution Strategy should call the Algorithm.init() method on 
that Algorithm. 

The steps to process (execute) an Algorithm are following: 
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1) Usually you should clear the previous processing results with the clearResults() method. This method can clear 
the processing results from all frames or only from the current frame. It is recommended to clear the results 
from the current frame after the step 3). 

2) Call the Algorithm.init() method when you process the Algorithm for the first time during the current run. 
3) Set the current frame to be processed by that Algorithm – you can use Algorithm.setCurrentFrame() or 

Algorithm.nextFrame() methods. 
4) Call the Algorithm.run() method. 
5) Continue from the step 3) unless all frames are processed. 

4.4.1 REPORTING PROGRESS  

The progress should be reported through the de.biotec.bioimage.common.ExecutionProgress object provided as an 
argument to the run() method. The basis of the Progress object usage are described in 4.5 (ExecutionProgress is 
derived from Progress). Using this object, you should report the progress of processing whole Algorithms.  

You should report the progress of frames processing with the Progress object returned from the ExecutionProgress. 
getFramesProgress() method call. 

When you call the Algorithm.run() method, you should pass as the argument the Progress object returned from the 
ExecutionProgress.getSlicesProgress() method call. 

4.5 HANDLING THE PROGRESS: GENERAL INFORMATION 

The progress reporting is used in some places during the workflow processing. It is mentioned in this document 
where appropriate. 

The reported progress is reflected on the special dialog displayed during a workflow execution. 

The progress is handled using the de.biotec.bioimage.common.Progress class. The Progress object is passed as an 
argument to the methods in which it is relevant. 

Before processing starts, you should initiate the Progress object by calling the Progress.init() method providing as 
an argument the total number of elements you are going to process.  

After each successfully processed element, you should call the Progress.next() method to increase the progress 
value. 

While processing, you should examine the value returned from the Progress.isCancelled() method. If it returns 
false, you should abort the processing as soon as possible. 

4.6 FURHTER STUDY 

It is recommended to study the implementation of elements provided in the de.biotec.bioimage.modules.main 
package. 
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5 CONTACT INFORMATION 

BioImage WIP Software is available at: http://www.biotec.tu-dresden.de/brand 

For questions or suggestions, contact the author (Tadeusz Dracz) at: Tadeusz.Dracz@gmail.com 

http://www.biotec.tu-dresden.de/brand
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