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ABSTRACT 
In this paper, we present a frame-based characteristics 
extraction tool, which can retrieve meaningjiul information 
from MPEG-compressed bitstream. Taking advantage of 
the extracted information for content analyses, such as 
scene change detection and bitrate allocation, we 
implemented a practical and useful application: an 
intelligent video transcode,: This representative 
application demonstrates the potential usage of such 
frame-based characteristics, and it is believed that these 
characteristics can also benefit MPEG- 7 related 
applications. 

INTRODUCTION 
Video compression techniques are getting mature after 
years of efforts on development of successful standard and 
de-facto codecs. The well-known moving picture expert 
group (MPEG) has published three versions of video 
codecs (MPEG-I, MPEG-2, and MPEG-4). They are 
broadly used for digital video storage, presentation and 
transmission. By exploring these codecs in depth, we find 
that they not only reduce the data rate explicitly but also 
hide some meaningful information implicitly. The 
information hidden in the MPEG syntax is rich and worth 
to investigate further as the compression performance 
getting better. And they may benefit many applications, 
such as scene change detection [I], video indexing [2], 
meta-data extracting [3], transcoding [4], and etc. 

THE PROPOSED INTERMEDIATE 
FORMAT AND INTELLIGENT VIDEO 

TRANSCODER 
First, we define the low-level characteristics extractable 
from MPEG bistreams and categorize them into three 
classes: Temporal Similarity, Spatial Property, and Region 
Perceptibility. These three characteristics, defined as 
“Low-level Descriptors”, are described by XML 
(Extensible Markup Language) for interchangeability and 
stored in the atom of standardized MPEG-4 file format 
(MP4) for streaming applications. Fig. 1 depicts the 
relationship diagram of these descriptors. 
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Then, an intelligent video transcoding system is 
implemented by using these characteristics. This 
transcoder not only can convert syntax (MPEG-IR to 
MPEG-4) and bitrate (high bitrate to low-bitrate), but also 
can augment some meta-descriptions into the generated 
streams simultaneously (c.f. Fig. 2). Moreover, it can also 
encode individual semantic video segment separately by 
intelligent frame type conversion. The overall transcoding 
process and its timing map are shown in Fig. 3. We adopt a 
working window of several frames to overlap the following 
four stages. The first stage, called video decoding process, 
is to decode input video and to extract low-level 
characteristics, and then working window slides forward. 
The second stage, called scene change detection process, is 
to detect scene boundary after neighboring frames are 
decoded. The scene change detection can be done either by 
using extracted description [I]  or detection in 
decompressed video frames [2]. At the third stage, named 
coding type determination process, the new coding type is 
decided not only to facilitate the cut-and-paste 
functionality of an arbitrary scene in the output bitstream 
but also to encode video efficiently. If scene change doesn’t 
occur, we will reuse coding patterns in the original video, 
but if scene change is detected on some frames, the coding 
types of those frames are changed to “I” type and those of 
their immediately previous frames to “I” type or “P” type 
depending on the original frame coding pattern. Under the 
assumption that object motion in several frames of the 
same scene can be well approximated by linear motion 
model, special coding mode (direct mode) of MPEG-4 can 
operate well by this way (c.f. Fig. 4). The final stage is 
named re-encoding process. Two works are done in this 
stage. One is reusing frame coding pattern and macroblock 
coding mode to re-encode input video. The other is 
performing rate control during re-encoding process. Based 
on extracted characteristics such as Region Perceptibility, 
effective rate control scheme can be integrated into 
well-known rate control algorithms, such as TM5, to get 
better performance. 

CONCLUSIONS 
Our work describes the MPEG coding properties in a 



semantic way, and uses this information in the applications 
of transcoding and video content analyzer. Furthermore, 
the proposed system can transcode and annotate the MPEG 
coded stream intelligently. And this system can be treated 
as a gateway service at the VOD server side to fit 
underlying channel bandwidth, or integrated into DSP as a 
new functionality of current settop-box to enable storing 
user-preferred programs with their desired bitrate or 
quality (c.f. Fig. 5) .  
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Figure 1: The Relationship Diagram of Low-Level Descriptors. 
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Figure 2: The Block Diagram of the Proposed Intelligent 
Transcoder: 
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Figure 3: The Flowcharts of Video Transcoding Process and 
Timing Map. 
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Figure 4: Coding Pattern Selection Rules. Based on coding 
type of scene-change frame, all situations can be classified into 
three caws 
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Figure 5: The Applicative Scenarios of the Intelligent 
Transcoder. (a) The gateway of the server application. (b) The 
digital settop-box application. 
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