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Abstract – A system for development of authoring, editing, 
analyzing and compressing / decompressing algorithms for video 
and audio is presented. The system uses DirectShow, QuickTime 
and its own MPEG-4 framework. It supports multi-language and 
multi-platform (native, Java and .Net) plug-in system. The system’s 
core as well as its GUI (Graphical User Interface) gives access to 
any data in the process of authoring, editing and analyzing. The 
system gives extensive access to compressed and non-compressed 
data in many of its representations. This way the system is suitable 
for developers of multimedia tools or for specialists who need to 
modify data that is inaccessible in other editing tools. 
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I. INTRODUCTION 
 
A. Overview of video and audio related applications 
 
Today, there are many different and separated applications 

related to multimedia data: authoring, editing and analyzing 
tools, and different types of codecs (encoders and decoders). 

The authoring tools allow for creation of multimedia 
content for a consumer. They are used to: 

• create / synthesize audio or video; 
• assemble multimedia content in one – such as creating 

DVD, VideoCD or MPEG-4 scene; 
• mix different audio or video contents in one audio or 

video stream. 
The editing tools are utilized mostly for non-compressed 

audio and video and allow for: 
• filtering; 
• applying effects; 
• changing the data format (for example – audio / video 

frame rate or video frame resolution); 
• mixing video frames with other data – e.g. adding 

subtitles or TV channel logo, adding / removing black 
fields, etc.; 

• mixing audio frames with other data – e.g.  add voice 
to background music or mixing different audio 
channels; 

• adding / removing audio and video frames. 
The editing of compressed data is suitable for correcting 

errors in the bit streams or for some specialized editing which 
depends on the compression algorithm. 

The analyzing tools often need both compressed and non-
compressed data and sometimes they even use both audio and 
video data. These tools are used for: 

• construction of scene structure from native video; 
• extraction of audio and video features for indexing and 

searching in multimedia databases; 
• video recognition (used for computer vision, for 

utilization of the object-based video compression and 
similar tasks); 

• audio recognition (such as voice to text translation); 
• automatic corrections (such as audio volume 

correction, light intensity correction and correction of 
camera shaking). 

Most of the tools use some popular multimedia framework 
instead of making their own. 

 
B. Multimedia frameworks 
 
Now the biggest competitors for multimedia framework 

are Apple and Microsoft. Sun has Java Media Framework [1] 
but it is too limited and instead of it, QuickTime for Java is 
used [2] (Java wrappers around the native QuickTime 
interface). Apple’s QuickTime [3] happens to be the cleanest 
and the most homogenous multimedia framework for now. In 
contrast to Apple, Microsoft has different libraries according 
storage formats, handling of media data and operating system 
usage [4]. For example: 

- Video for Windows – used for RIFF-based formats 
(Resource Independent File Format – such as avi 
and wav files); 

- Windows Media SDK – used for ASF based formats 
(Advanced Systems [formerly Streaming] Format – 
such as wma and wmv files); 

- Microsoft Windows Media Center SDK – designed 
for usage under Windows Media Center operating 
system. 

Additionally, there are more generalized Microsoft 
technologies such as: 

- DirectX (with its Media Objects); 
- Media Foundation (with its Media Foundation 

Transforms). 
Currently, the most popular Microsoft’s multimedia 

framework is DirectShow (based on DirectX Media Objects). 
With the API called “DirectShow Editing Services” (recently 
added because of Windows Movie Maker) DirectShow has 



good perspectives of usage although the Microsoft’s push for 
their newest framework – Media Foundation [4]. 
 

C. Multipurpose and extendable multimedia applications 
 
Writing a video editing application is heavy task even 

when multimedia framework is used. An easier way is to 
make a plug-in for current video editing software. There are 
such applications with core that has rich functionality and 
support for a plug-in system. These plug-in systems allow 
third-party developers to enhance the application’s features or 
just to utilize the core functionality. Disadvantage is that 
almost all big and serious multimedia applications are 
commercial, which makes them too end-user oriented. Their 
highest priorities are optimizations and the user interface 
instead of the ability to interact with the working process, 
thus they are not well suitable for scientific purposes. 

Popular commercial applications of this type are Adobe 
Premiere [5], Avid Media Composer [6] and Apple Final Cut 
Pro [7]. Non-commercial is for example VirtualDub [8]. 
 

D. Specific tools and codecs 
 
The number of codecs and specialized editing tools is 

enormous – there are tools for changing compression method; 
for changing storage type (file format); for multiplexing and 
demultiplexing streams; for morphing and motion-based 
animations (face, body, etc.); for editing via user written 
script; for simple GUI editing… Instead of describing all 
kinds of tools, it is easier to visit and see sites [9] that contain 
many of them and have description of what they are doing. 

There are also many analyzing tools (example surveys – 
[10], [11]). The frame server technology [12] allows 
painlessly their usage. In short, frame server is an application 
that feeds non-compressed video to some client application 
through virtual video file (i.e. small file that only serves as 
dispatcher between the two programs). 

From the authoring tools, those of interest are the ones 
related to MPEG-4 (such as [13], [14] and [15]). 
 

E. Objectives 
 

The primary objective of this paper is to design a system 
that allows for writing of authoring, editing, analyzing and 
compressing / decompressing algorithms. Special care is 
taken for the usage of leading multimedia technologies as 
well as for extensibility (the system must be at most open for 
the developers). The core is described as development 
framework in [16] and the editing system is described in [17]. 

The rest of this paper is arranged in the following manner: 
Section II gives an overview on how the multimedia data is 
split on levels and explains which tools (algorithms) which 
level are using. Section III describes the implementation 
issues of the proposed system. Section IV provides the 
experimental results, and the last section presents some 
concluding remarks and future research directions. 

II. EDITING LEVELS IN THE PROPOSED SYSTEM 
 
The proposed multimedia system consists of core and 

Graphical User Interface (GUI). The core contains the basic 
functionality for access and edit of data and that functionality 
can be used by plug-ins. The GUI application uses the same 
core and allows the user to see and edit data manually. By 
default, there is no automation in the GUI so it is kind of an 
instrument that helps the investigation and experimenting 
with data as well as the development of plug-ins. The GUI is 
more an environment for developing multimedia tools, rather 
than an end-user software. Giving full control over some data 
means that the user should be specialist with deep knowledge 
about that data. The system allows its GUI to be treated as 
end-user software when it is used with plug-ins that are more 
user-friendly and perform automatic processing procedures 
(i.e. algorithms). 
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Fig. 1. Systems model of MPEG-4 

 
MPEG-4 standard defines one of the most abstract systems 

for multimedia content (see Fig. 1). Many other multimedia 
systems can be fit to the MPEG-4 definitions, so that standard 
is chosen as a model for managing the multimedia data. 
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Fig. 2. Splitting the data, handled by the suggested system, on three levels 



The proposed system represents the multimedia data in 
levels, as shown in Fig. 2. Notice that the data flow from left 
to right on Fig. 1 is similar to the data flow from top to bottom 
and then back to top on Fig. 2. The data model is the same on 
both figures. 

The types of algorithms and tools for managing data differ 
between data levels. Here is a description of these levels: 

Level 1: “Presentation data” (uncompressed audio, video, 
scene and supporting information) is used typically by 
encoders and editing and analysing tools. 

Level 2: “Encoded Elementary Streams” are used by 
decoders, multiplexers, and analysing and authoring tools. 
Example binary MPEG-4 “Encoded Elementary Streams”: 

- Object Descriptor Stream (ODS); 
- Intellectual Property Management and Protection 

(IPMP); 
- BInary Format for Scenes (BIFS); 
- Object Content Information (OCI); 
- Media streams – natural or synthetic audio and 

video streams. 
Level 3: “System Data” is used by delivery tools and 

demultiplexers. Example packets for different containers: 
- Chunks – Resource Independent File Format (RIFF); 
- Atoms – QuickTime containers (mp4, mov, 3gp); 
- Network packets (depending on the protocol). 

The proposed system unites the above mentioned types of 
tools. Example scenario for combined usage of different tools 
is editing and mapping uncompressed natural video to 3D 
object and encoding it in MPEG-4 scene. The user could use 
an editing tool to apply the necessary effects to the video, 
authoring tool to create and encode the scene (the 3D object 
and mapping the video over it), and video encoder for the 
natural video (which in its turn could use some external 
analyzing tool for scene detection or something else). 

Authoring, editing, encoding and analyzing tools will use 
common core and would not have to know that the other tools 
are involved in the process. Such a transparency can be 
achieved with the editing system described in [17]. 
 

III. IMPLEMENTATION SPECIFICS 
 

Basic description of the proposed system is given in [16]. 
The implementation was done in native C++. The system 
utilizes different frameworks, has powerful plug-in engine 
and supports explicit loading. So far, it works with 
QuickTime [3], DirectShow [4] and its own ISO MPEG-4 
framework thus avoiding tight dependences with any one of 
them. The system supports explicit loading from arbitrary 
external modules (for now there are simple standalone 
applications and assembly for Java applications). Adobe 
Premiere and Avid Media Composer plug-ins should be able 
to load it too. The plug-in engine loads different virtual 
machines when necessary for a plug-in. Now it supports 
native, Java and .Net plug-ins. Another advantage is that 
these plug-ins can call each other regardless of their platform. 

In order to support current video editors, a frame server 
technology could be implemented [12]. An evaluation of 
what the proposed system provides for developers is depicted 
in Fig. 3. The internal multimedia framework (for MPEG-4) 
can be extended using C++ language (the whole core is 
written in C++). Native plug-ins can be written in any C-
compatible language. 

Native

.Net

Java

Frameworks

Tools

Extensions

Multimedia System

QuickTime, DirectShow, Internal (for MPEG-4)

Authoring,
Non-linear editing,

Compression change,
Audio / Video analyze

Plugin System

Frameserver

 
Fig. 3. Benefits for the developers provided from the proposed system 

 
IV. EXPERIMENTAL RESULTS 

 
Here is presented a simple examination of the data levels 

shown in Fig. 2 with the default GUI (without plug-ins). 
System data for MPEG-4 file (QuickTime based format) is 
shown in Fig. 4. The file content is grouped in blocks (atoms). 
Each atom has a header (with fields and field values), and 
content data (it could be sub-atoms or just a byte sequence).  
 

 
Fig. 4. System data – tree of atoms in MPEG-4 container 



The minimum required header fields which any atom must 
have are shown with underscore in their names. There must 
be [moov] atom that gives information about the media data 
in the file and one or more [mdat] atoms that hold the media 
data itself. Atoms such as [ftyp] (see Fig. 4) and [udta] are not 
obligatory. 

The atom [mp4v] indicates that the expanded track is of 
visual type. The selected atom on Fig. 4 – [stsz] contains 
information about the size of each sample (named by the 
standard as Access Unit – AU). The field “entry_count” gives 
the number of samples – it is 1698. One of the fields in atom 
[tkhd] contains information about the track ID – it is 20. 

 

 
Fig. 5. Encoded MPEG-4 elementary streams 

 
In Streams View, tracks and their types are shown in more 

compact and friendly way – see Fig. 5. Generally speaking, 
MPEG-4 streams can be from different sources (files or 
network streams), and are grouped by the Initial Object 
Descriptor. There are two visual streams that are shown on 
Fig. 5 – one with image (Track ID 5) and one with movie 
(Track ID 20). The image content is pointed to by an arrow – 
it serves as a background for the controls in the scene. The 
video content is accessible via information for each sample 
(AU) in the video stream – such as Decoder Time Stamp 
(DTS) and whether is it Random Access Point (isRap). 

 

 
Fig. 6. Presentation data – MPEG-4 scene 

 

The decoded BIFS stream (StreamScene on Fig. 5) gives 
the VRML tree of the scene. The Object Descriptor stream 
(SteramOD on Fig. 5) describes media objects and identifies 
the streams that form the content of each object. The built 
MPEG-4 scene is shown on Fig. 6. Nodes like MovieTexture 
and AudioSource are rendered with the content of the 
corresponding media objects (see Fig. 7). 

An MPEG-4 object (Fig. 7) holds information about: 
- elementary streams that contain its data; 
- decoders necessary to obtain its content for presentation. 
 

 
Fig. 7. Presentation data – MPEG-4 objects 

 
On Fig. 8 is shown the rendered content of the scene from 

Fig. 6. The controls at the top are elements in the VRML tree. 
For example, the text for elapsed time is sub-node ‘Text’ in 
node ‘Script’ (Fig. 6) and the gradient seeking line beneath the 
text is painted via the ‘LinearGradient’ node. Sensors are 
used in order to determine user clicks over these controls. 
The active code that should be executed is written in 
JavaScript and is in the ‘Script’ node (see the value for field 
url [0] in Fig. 6). 

 

 
Fig. 8. Rendered content of the MPEG-4 scene 

 
The tree in Fig. 6 is very detail (all VRML nodes are 

shown) and thus hard to understand. To further complicate 
things, the controls in the demo scene are shown or hidden 
via animation, which adds an additional tree like the original 
one inside the ‘Script’ node. An example schematic scene 
tree without detail nodes and the duplication for the dynamic 
changes is shown on Fig. 9. 

 



Scene

Image Video

B2B1 B5B4B3

SeekText
 

Fig. 9. Summarized schematic scene tree 

 
The simplified tree in Fig. 9 splits the render surface to the 

areas shown in Fig. 10 – compare it with the content of Fig. 8 
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Fig. 10. Render scheme of the 2D scene in Fig. 8 

 
V. CONCLUSIONS 

 
We have presented the main issues related to the recent 

video processing and editing systems. In certain aspects they 
are heavily depended on their application and are with 
restricted functionalities (only for editing, or for indexing, or 
for video parsing). The big, multipurpose and extendable 
applications are mainly end-user oriented. 

The proposed novel approach for deep access to data 
forms a centralized multimedia technology. A development 
system with core that implements and exports that technology 
has been created. To provide generalized and full access to 
the features of the core, a GUI application has been 
developed. Such access gives an extensive but unhandy 
ability to view and edit data – the reason is that it gives to the 
user the “freedom” to modify any data but without 
automation. When specific plug-ins are developed, they will 
have their automation logic as well as user interfaces that are 
comfortable for their purposes. 

The vision for the suggested audio and video developing 
system is: 

1. To give a way to visualize and edit data on any level 
of the video editing process. 

2. To allow for writing plug-ins that use the core for 
their algorithmic purposes. 

The proposed system is suitable both for students who 
need to investigate the process of video editing as well as for 
developers of authoring, editing, analyzing or compressing / 
decompressing algorithms. The ability to visualize the 
generated data from the tool eases the developing process. 
For example, the creation of fractal encoder as described in 
[18] was hard to be done without the ability to visualize 
where the fractal bitstream is put. 

Further work: the utilizations of DirectShow and 
QuickTime should be extended; frame serving capabilities 
can be added to allow external editors and analyzing tools to 
connect easier with the proposed system. 
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