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Abstract 

In this paper, a design of integrated environment for 
image and video processing is presented. Based on our 
experience in developing and teaching image/video 
processing algorithms, main goals of the design are 
outlined first. Among these the most important are 
providing possibility of steep learning curve for 
students with minimal C++ knowledge, providing 
possibility of testing real-time image processing 
algorithms for expert developers, enabling team work 
and provide standardized methods of algorithm 
initialization, execution, data loading and retrieving 
results.  A separate hierarchies of user interface 
classes, data classes, image processing classes, and 
stack classes were developed, which provide easy start-
up of any basic image/video processing project, as well 
as full adaptability/extensibility for advanced users. In 
the paper, basic concepts and implementation 
guidelines are given, as well as some application 
examples.  

1. Introduction 

Starting a video-processing project in C++ from 
scratch can be a painful exercise, which is very likely 
to end in a bunch of non-extensible, inflexible, 
compiler-specific code, which is hard to maintain and 
to extend beyond its original highly specialized 
purpose.  

Although it may seem at first that by using modern 
compilers with visual programming environments and 
tools, one can easily start a video-processing project 
and obtain first results, use of standard rapid 
application development (RAD) tools presents a 
number of risks to an inexperienced programmer. First 
of all, most RAD tools are intended for development of 
visual interfaces, database and/or Internet applications.  
Consistent libraries of image processing functions 
developed for use with RAD tools are scarce, so one 
often needs to rewrite standard image processing 
algorithms, which is both highly inefficient and error-
prone. Second, by using visual tools for concurrent 

development of user interface and processing 
algorithm, the two are bound up in same classes, and 
testing and modifying processing algorithm becomes 
impractical and dependent on the user interface. To 
conclude, as far as image/video processing is 
concerned, RAD using standard compilers ends at 
developing user interfaces. 

The second approach to fast video processing 
development is to use one of the general–purpose 
computation/modeling/simulation environments with 
appropriate image processing libraries [2]. This might 
provide fast start-up and simple user interface; 
however, it is likely that by using general-purpose tool 
all project goals could not be achieved. For example, it 
might not be possible to achieve real-time 
performance, extensibility and adaptability is limited, 
programming language might be very simple and 
inflexible, and it is often not possible to compile an 
executable program. There also exist some 
environments specifically targeted to image and/or 
video applications, but source code is rarely freely 
available, or is written for specific platform (mostly 
UNIX), so by using such environment you are 
dependent on the environment developer.  

Because of mentioned reasons, almost every image 
processing group is developing its own programming 
environment, tailored for their specific research area, 
and based on the pool of the existing source code. 
After considering mentioned alternatives, at the 
Laboratory for digital signal processing a decision was 
taken to develop a proprietary programming 
environment for research and educational purposes, 
based on the clearly defined design goals. 

2.  User Requirements and Design Goals 

Two specific user groups with slightly different 
requirements were identified: pre- and post-graduate 
students, involved in university education process, and 
researchers, mostly PhD students. Besides that, the 
proposed environment is used for general-purpose 
image and video processing research and development.  



From the educational point of view, the programming 
environment was designed to achieve the following 
goals: 

• to enable problem based learning, i.e. efficiently 
combine specialized computer language  course 
and  basics of image and video processing, 

• to enable team work: collaboration of students in 
a common project, 

• to enable source code reuse, 
• to enable efficient lecturing material preparation,  
• to avoid complexity of programming Windows-

based user interfaces by providing an easy-to-use 
set of IO routines and components, 

• to bring together: 1. programming language 
learning 2. team work, 3. research and 
development of video processing algorithms. 

From the research point of view, additional 
requirements were set: 

• Flexibility and customizability: because all source 
code is under our control, we are able to easily 
modify components of UI or extend functionality 
by inheriting existing classes. 

• Real-time performance: because image and video 
processing algorithms are typically 
computationally very demanding, it is necessary 
to take care of code optimization. 

• Flexibility of algorithm testing by on-line 
adjustment of algorithm parameters during 
execution. 

• Communication to other software packages 
(Excel, Mathematica [2], Matlab) to utilize their 
functions and data visualization capabilities. 

From the presented consideration it is obvious that for 
the successful design of video processing environment 
for education and research a number of challenging 
issues need to be taken into account: 

• separation of user interface elements and 
data/processing classes, 

• code optimization to enable real-time image 
processing algorithms, 

• mechanism for enabling separate class 
compilation and linking to enable team work, 

• standardized methods of algorithm initialization, 
execution, data loading and retrieving results, 

• templates and examples of image processing 
classes to enable steep learning curve for students 
with minimal C/C++ knowledge. 

3.  Fundamental concepts  

The design of video processing environment is based 
on a set of fundamental concepts, which will be 
presented in this section.  

3.1.  Stack 
The concept of stack is introduced to enable global 
data exchange between processing modules. This 
concept was developed by Polish mathematician 
Lucashevich and is called Reverse Polish Notion 
(RPN). Global stacks of images, integers, floats, data 
and processing modules are used for data interchange. 
All data is loaded from files or from other sources onto 
stack, and each processing module takes its input data 
from appropriate stacks, and returns results onto 
appropriate stacks. Stacks are global and are accessible 
inside each processing module. Stacks are also 
responsible for deleting objects, whose pointers they 
contain, at the end of the program. Using stack, 
algorithms based on RPN can be executed. 

3.2.  Processing modules  
At the development of an image and video processing 
algorithm to be integrated and executed inside our 
programming environment, specific rules needs to be 
obeyed. Each algorithm must define its input variables 
(data types), output variables, and parameters, which 
can be viewed also as a subset of input data. A C++ 
class which implements an algorithm needs to be 
derived from AbstractProcessing base class, and must 
implement some specific functions.  

Function initializeProcessing() is responsible for 
initializing all necessary variables and for retrieving 
input data from global stacks. Function 
runProcessing() implements algorithm, and is called 
for each frame of the sequence. Function 
finalizeProcessing() is responsible for cleaning up 
memory and returning results to stacks after processing 
was executed on all frames of the sequence. Function 
directSetParameters(..) is called in interactive mode, 
when processing parameters are adjusted. 
AbstractProcessing base class provides a default 
implementation of the run() function, which executes 
an algorithm on a whole sequence, using fore 
mentioned functions, defined in a derived class. 
Processing classes thus provide a standardized wrapper 
for any algorithm to be executed inside programming 
environment, regardless of the mode of the execution, 
which can be interactive, batch processing, etc. 

3.3. Execution modes of an algorithm 
Two basic modes are available, batch processing and 
interactive processing. In the batch processing mode, a 
sequence of processing functions is executed, by 
calling their run() function. Each processing module 
takes its input data and parameters from stacks, 
executes processing on each frame of the sequence, 
and return results to stacks, which then become input 
data for next processing module. An example is shown 
in Figure 1, where thresholding module is used. 
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Figure 1: Batch processing mode for Thresholding 

In the interactive mode, a special parameter input form 
containing sliders for each parameter is shown, which 
enables interactive adjustment of processing 
parameters. 

 

 

 

 

 

Figure 2: Interactive parameter input form for 
Thresholding module 

Processing is continually executed on a current frame 
of the sequence, and after all parameters are set, a 
batch processing of whole sequence is executed and 
resulting sequence is returned to stack of images. The 
other option is processing image stream from a camera, 
where each incoming image is processed using a 
current parameter values and is optionally saved to 
disk. 
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Figure 3: Interactive processing diagram for 
Thresholding 

3.4. Processing stack 
A special stack of pointers to processing modules is 
introduced, which enables the end user to interactively 
build and test video processing algorithms. A sequence 
of operations can be created by allocating processing 
objects and by putting their pointers on the processing 
stack. The whole sequence of operations can be 
executed automatically, calling run() method of each 
module. By double clicking an item on stack, the 
parameter input form (Figure 2) is shown, and user is 
able to interactively adjust parameters of the 
processing module. 

3.5. Real time input/output 
Real-time input data stream is supported by the 
proposed programming environment. When a camera 
together with supporting hardware is provided, a real 
time video stream data is acquired, processed and 
displayed on the screen.  

3.6. User interface elements  
During the design of programming environment, a 
special care was taken to separate user interface 
elements and data/algorithm classes. User interface 
elements of the programming environment consist of 
different forms, which can be programmatically 
controlled. Main window contains menus with all 
standard commands for interactive image / video 
processing, as well as additional menu items for user-
specific processing.  Stack window presents a user 
interface for all global stacks. Currently, there are four 
stack interfaces inside stack window, one for stack of 
images, stack of integers and stack of floats, and one, 
which is multipurpose, and can provide user interface 
for any global stack. 

 

Figure 4: Stacks user interface 

Video display form provides slider for scrolling 
through frames of the video sequence, buttons for 
playing a sequence and zooming an image. Camera 



input form provides optional input for image sequences 
when a video camera is available. Each new image 
from camera triggers a call of a frame processing 
function of a current processing module. 

3.7. Naming convention and code commenting  
In order to provide better support for teamwork and 
source code reuse, certain naming conventions of 
classes, objects, functions and variables must be 
followed. Also, predefined source code commenting 
guidelines must be met. A Java-style naming 
convention with long names composed of several 
words with capital initials was chosen to be 
compulsory for each user of the proposed system.  

4. Implementation 

C++ programming language, standard template library 
and Borland C++ Builder Visual Component Library 
were used for implementation.   

To implement different data structures, a hierarchy of 
data classes was created, which enables manipulation 
of different data structures through the common 
AbstractData pointer, and using common AbstractData 
stack.  AbstractData base class provides common 
interface and some implemented routines for all data 
structures which can be viewed as time sequences. It 
implements routines for accessing elements of the 
sequence, and defines virtual functions for loading, 
saving, and displaying data, which are implemented in 
derived classes. AbstractImage base class is derived 
from AbstractData, and defines routines specific for 
image sequences, such as access to image pixels. 
Classes BWImage, GImage, CImage, and IPLImage 
are derived from AbstractImage, and implement 
different types of image sequences. 

A C++ template mechanism [1] was used for 
TemplateData class, which provides template for data 
structures, where each frame in a sequence is an 1D 
array of elements of predefined type. TemplateData 
instantiations could define arrays of simple data types 
such as floats, structures, or classes. TemplateData 
class provides implementation of load and save 
methods for simple data types and structures. Template 
mechanism is also used for implementation of stacks. 
A TemplateStack can be instantiated to provide stack 
of pointers to objects of a given type, for example 
AbstractImage, and provides clean-up of these objects. 
Alternatively, ObjectStack instantiation can hold 
objects, and is used for simple data types or structures, 
for example stack of integers. A standard stack access 
methods are implemented such as push(..), top(..), 
drop(..). By using TemplateStack or ObjectStack 
instantiations, a user is able to dynamically create 

stacks for holding local objects inside a module 
implementation, or to create new global stacks.  

5. Conclusion 

In this paper, a design of the programming 
environment for image and video processing was 
presented. By separating data, processing, stack, and 
user interface classes, we were able to achieve 
flexibility and customizability to different needs. By 
using provided image processing modules, it is 
possible to interactively execute elaborate video 
processing algorithms without any programming. On 
the other hand, an experienced programmer can use 
provided classes to build new processing modules 
easily, or include algorithm implementations from 
other sources [3], define his own data types, etc.  

The design of an environment was following a basic 
goal of encapsulating each video-processing algorithm 
into an independent module, which uses standardized 
methods of data input, data output, and parameter 
setting. This enables flexible use of an algorithm in 
different modes, such as batch mode, interactive mode, 
or inside code. A standardized data input/output is 
provided through global stacks, and integer and float 
parameters can be interactively set using a standardized 
form with sliders for each parameter. Use of stack to 
enable global data interchange is novel in the context 
of image processing environments. In this way, each 
global object is visible and accessible to the user, 
which is able to review results of processing, store and 
retrieve data, and interactively execute sequences of 
image processing operations. A set of stacks holding 
objects of different types is not limited, and user is able 
to define new data types and create new global stacks 
to hold these data, which provides customizability to 
different needs and uses.  

Future work will be mainly oriented in providing wide 
range of image and video processing routines by 
integrating available open source image and video 
processing libraries. An improvement of automatic 
data exchange with other software packages is planed. 
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