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Abstract. In this paper, we propose a distributed video transcoding system that
transcodes various video codec formats into the MPEG-4 video format. This
system makes various kinds of video content available for heterogeneous
devices such as the smart phones, PCs, TVs, and pads. We design and
implement our system using the MapReduce framework running on a Hadoop
Distributed File System (HDFS) platform and the media processing library
Xuggler. In this way, we exponentially reduce the encoding time to transcode
large amounts of video content, facilitating a transcoding function. Based on
experiments performed on a 28-node cluster, the proposed distributed video
transcoding system provides excellent performance in terms of speed and
quality.
Keywords: Video Transcoding, MapReduce, Hadoop, and Distributed
Processing

1 Introduction
Due to the explosive growth of mobile devices and improvements in mobile device
communication technologies, media streaming services and applications based on
video content have gained remarkable popularity and interest from users. Under these
circumstances, transcoding techniques [1] are needed in order to deliver large
amounts of video data in multiple formats to heterogeneous mobile devices.
The transcoding system requires a high performance computing capability as well
as the intensive use of scalable computing resources. Video transcoding includes three
main process steps: decoding, resizing, and encoding. However, the transcoding
processing time is extremely slow since most existing transcoding systems run within
a traditional single PC environment.
In order to reduce transcoding time significantly, we propose a distributed video
transcoding system based on MapReduce [2] running on a Hadoop Distributed File
System (HDFS) [2]. The proposed system is able to transcode a variety of video
coding formats into the MPEG-4 video format. Improvements in quality and speed are
realized by adopting a HDFS for storing large amounts of video data created from
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numerous users, MapReduce for distributed and parallel processing of video data, and
Xuggler [3] for transcoding based on an open source.
Our paper is organized as follows: Section 2 introduces Hadoop and MapReduce. In
Section 3, we explain our distributed video transcoding system based on MapReduce
with simple characteristics. Experiment and its results are provided in Section 4.
Section 6 concludes our paper.

2 Hadoop and MapReduce
Hadoop, inspired by Google's MapReduce and Google File System, is a software
framework that supports data-intensive distributed applications handling thousands of
nodes and petabytes of data. It can perform scalable and timely analytical processing
of large data sets to extract useful information. Hadoop consists of two important
frameworks: 1) Hadoop Distributed File System (HDFS), like GFS, is a distributed,
scalable and portable file system written in Java. 2) MapReduce is the first framework
developed by Google for processing large data sets.
The MapReduce framework provides a specific programming model and a runtime
system for processing and creating large data sets amenable to various real-world tasks.
This framework also handles automatic scheduling, communication, and
synchronization for processing huge datasets and it has fault tolerance capability. The
MapReduce programming model is executed in two main steps called mapping and
reducing. Mapping and reducing are defined by mapper and reducer functions. Each
phase has a list of key and value pairs as input and output. In the mapping step,
MapReduce receives input data sets and then feeds each data element to the mapper in
the form of key and value pairs. In the reducing step, all the outputs from the mapper
are processed, and the final result is generated by the reducer using the merging
process. Figurel shows the example of word counting using MapReduce framework.

Map

the quick

Shuffle & Sort
the, 1
brown,
1 fox, 1

brown
fox

Reduce

Output

brown,
2 fox, 2
how, 1
now, I

the fox ate

the, 3

the mouse
ate, I
how now
brown cow

cow, 1
mo u s e , 1
q u i c k, 1

Fig. 1. An example of word counting using MapReduce
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3 Distributed Video Transcoding System based on MapReduce
In this section, we briefly describe our proposed system architecture. 1) Our system
contains a codec transcoding function and a function with a different display size,
codec method, and container format. 2) Our system mainly focuses on the batch
processing of large numbers of video files collected for a fixed period rather than the
processing of small video files collected in real time. 3) HDFS is applied to our
system in order to avoid the high cost of the communication of the video file while
data transfer occurs for distributed processing. HDFS is also applied to our system
due to the large chunk size (64MB) policy suitable for processing video files and the
user-level distributed system. 4) Our system follows load balancing, fault tolerance,
and merging and splitting policies provided from MapReduce for distributed
processing.
The proposed system uses HDFS as storage for distributed parallel processing. The
very large amount of collected data is automatically distributed in the data nodes of
HDFS. For distributed parallel processing, the proposed system exploits the Hadoop
MapReduce framework. In addition, Xuggler libraries for video resizing and encoding
are utilized in Mapper. The Map function processes each chunked block of video data
in a distributed and parallel manner. Figure 2 illustrates the overall system architecture
of a distributed video transcoding system based on MapReduce.
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Fig. 2. Overall system architecture of a distributed video transcoding system
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4 Experiment and Results
Performance evaluation is conducted on a 28 node HDFS cluster consisting of 1
master node and 27 slave nodes (data node). Each node running on the Linux OS
(CentOS 5.5) is equipped with two Intel Xeon 4 core 2.13GHz processors with 4GB
registered ECC DDR memory and 1TB SATA-2. All nodes are interconnected with a
100Mbps Ethernet adapter. We also use Java 1.6.0_23, Hadoop-0.20.2, and Xuggler
3.4.
To verify the performance evaluation for encoding very large amounts of video
files into target files, we prepare and use seven kinds of video data sets (Table 1)
according to their volume sizes. We measure the total time to transcode each data set
with the different MapReduce options of block size (default: 64MB) and block
replications (default: 3EA). Table 2 lists the parameters for the original and target
transcoded video file. Table 3 lists the measured transcoding times in seconds for
different block size and replication.
According to Table 3, our system provides an excellent transcoding time for very
large amounts of video files. For example, our system takes approximately 2000 sec
(about 33 min) in order to complete the transcoding process in a 50G video data set
with the default Hadoop options. In this experiment, we demonstrate convincingly
that our system shows a better performance when block size is set to 256MB and
512MB or block replication is set to 3EA as compared to other conditions.
Table 1. Video data sets for performance evaluation
Parameter

1GB 2GB 4GB 8GB 10GB 20GB 50GB

Number of video files

5

10

20

40

50

100

250

Table 2. Parameters for each original and the transcoded video file
Parameter
Codec
Container
Size
Duration
Resolution
Frame rate

Original video file
XviD
AVI
200MB
3m19s
1280 x 720
29.97 fps

Transcoded video file
MPEG-4
MP4
60MB
3m19s
320 x 240
29.97 fps

Table 3. Total transcoding time according to the change of block size and the number
of block replication (sec)
Block
Size
32MB
64MB
128MB
256MB
512MB

1G

2G

4G

8G

10G

50G

182
171
109
105
107

269
183
124
106
109

366
232
177
107
110

617
378
219
118
119

741
438
275
130
129

3366
1928
983
521
515

Replication

1G

2G

4G

8G

10G

lEA
2EA
3EA
4EA
5EA

189
173
171
170
229

231
188
183
179
232

330
242
232
233
287

474
376
378
388
395

562
453
438
456
468
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50G
2661
1944
1928
1966
2022

5 Co n cl us io n
In this paper, we proposed a distributed video transcoding system based on
MapReduce and HDFS that transcodes various video codec formats into the MPEG-4
video format. Our system ensures uniform transcoded video quality and a fast
transcoding process. We experimentally verified the excellence of our system in video
transcoding processing using distributed techniques.
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