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Mobile technology has grown rapidly in recent years due to the availability of sophisticated mobile phones in the
market. Many features offered in the mobile phones encourage people to develop mobile-phone-based systems.
Internet applications also have been developed to transmit data by mobile phone in a mobile environment. In this
paper, we study and develop transmission methods for large multimedia files using MMS technology. We
implement file compression, splitting, masking and cropping techniques to improve the ability of MMS technology in
multimedia message delivery so that it can transmit large size data files which are not possible with the existing
technologies. We hope that this research can provide a valuable contribution to the development of MMS
technology. The experimental results demonstrate that the proposed techniques perform better than the
conventional MMS technologies in preserving the quality of data. The modified MMS technology can be used to
develop practical client-server applications.

Key words: MMS technology, Multimedia file, Compression, Splitting, Transmission method
Communicated by: ). Ma & T. Shih

1 Introduction

Multimedia messaging service (MMS) is the enhanced version of SMS [1]. MMS is designed to
overcome limitations and shortcomings of both SMS and email, making it suitable and effective to
work over contemporary and evolving wireless infrastructure, and also to fulfil the market demands
of wireless messaging [2]. Mobile messaging continues to progress, including MMS. The open mobile
alliance (OMA) has developed the MMS version 1.3 that can be used to send multimedia messages up
to 600 KB [3]. Currently MMS version 1.2 [4] which is still used by mobile phone vendors can only
transmit data for each sending up to 300 KB. MMS can send multimedia messages to mobile phone
recipients and external servers such as email servers and fax servers [5]. Interoperability between
email and MMS is simplified because a typical MMS message body follows the multipurpose Internet
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mail extension (MIME) specifications that consist of a header and a body [6]. The header contains
control information, while the body represents the message content. The body is encoded using the
MIME multipart encoding scheme and uses a multipart/related structure [7].

Using the MMS technology, one can send not only text files but also image, audio and video files
in mobile environments [8, 9]. Currently, the capability of MMS in sending large data files are limited,
and hence it needs to be improved. For example in telemedicine applications, large data files are
required to be transmitted without any degradation in the quality and this is not possible with the
existing MMS technologies. In this paper, we propose techniques to enhance the capability of MMS in
multimedia message delivery. We use compression, splitting, masking and cropping techniques to
implement the MMS application that is installed on mobile phone devices. It is shown that with the
implementation of these techniques, the ability of the MMS technology is enhanced significantly
compared to the existing technology.

The compression technique is used to reduce the file size [10] which is followed by a splitting
process. The system splits the compressed data file if it is still larger than the permitted MMS
capacity. Masking technique is used to send audio or video files. Cropping is a technique used to get
selected area of an image file. The aim of including all these techniques is to make the system
adaptive to the size and type of files and also to make it more cost-effective. In this paper, we study
and discuss these techniques in detail. To know the performance of the techniques, we develop a
client-server application. The client side application is MMS application that is installed on the mobile
phone and the server application is an Internet application that processes the data sent from the
client side.

The main objectives of this research are: (i) to study and develop transmission method using the
MMS technology (ii) to explore and enhance the ability of the MMS technology (iii) to develop a
client-server system application prototype (iv) to evaluate the performance of the MMS technology in
implementing the application and (v) to design an adaptive and efficient system using MMS
technology. This research is expected to make the following contributions: (i) providing knowledge
about the use of MMS technology to develop a mobile system application (ii) providing a description
of the techniques for transmitting large size multimedia files preserving the quality of data, and (iii)
evaluating the advantages and shortcomings of the MMS technology.

The remaining part of the paper is organized as follows: section 2 discusses the study of
techniques. Development application and discussion is presented in section 3, performance
evaluation is presented in section 4 and conclusion and future work are presented in section 5.

2 Study the Techniques

In this section, we perform a study and discuss about the techniques that can be used in developing a
client-server application such as compression, splitting, masking and cropping techniques. We
implement and improve them to develop MMS application on the mobile phone. We use MMS
technology as mobile client application because MMS has advantages such as (i) multimedia
capabilities, (ii) mobile phone and email addressing modes, (iii) efficient transport mechanism, where
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MMS relies on an efficient message retrieval mechanism, (iv) charging framework leaves freedom to
operators for the development of billing models and (v) future-proof open standards and worldwide
acceptance [7].

We develop data transmission technique using compression, splitting, masking and cropping for
not only enhancing the ability of the MMS technology but also for other reasons such as security,
privacy, integrity and implementation cost. If we use other technologies such as SMS, the data is
limited in size and it is text only. If we use email, we must create an email server in order to able to
control process and manipulate the data. Securing email server from spam and cracker is essential for
the success of the system which will be an additional work. If we use Internet connection to access
server applications using 3G network on mobile phone, we will have difficulties because mobile
phones in general have small memory and display capabilities and also low processing power which
will make the system access inconvenient. Further, in all these methods, the system will be less
secured and ineffective. Besides, the coverage of the 3G network is limited; it commonly covers big
cities or densely populated areas only. The 3G mobile network does not cover remote and rural
areas, whereas 2.5G or GPRS is already established in remote areas in most of the countries in the
world.

We choose to develop client-server application using MMS technology because MMS has
advantages such as MMS needs lower bandwidth and cost compared to smart phones for accessing
server applications. MMS also needs ordinary mobile phones and low-price device. MMS data is more
secured and also protected from unauthorized user compared to sending data through smart phone
to the Internet application directly. Further almost all of the existing mobile phones have MMS
features like the smart phones. In the following sections, we explain in detail the techniques that are
used to transmit large multimedia file using MMS technology.

2.1 Study of the Compression Technique

In this section, we discuss about compression techniques. The aim of data compression is to reduce
the redundancy (useless information). Compression is needed to save the storage space and
bandwidth requirements and also to reduce the time for data transmission [11]. There are two types
of compression techniques: lossy and lossless compression. Lossy compression causes the file size
smaller but eliminates some information, while lossless compression technique does not eliminate
any information [12]. There are several techniques for lossy compression, for example in image file
compression we use techniques such as colour reduction, chrome sub-sampling and transform coding
(DCT, DWT) [13]. There are several types of lossless compression algorithms such as entropy encoding
(Huffman, Arithmetic), Shannon-Fano, Lempel-Ziv-Welch (LZW), Run Length Encoding and Dynamic
Markov Compression (DMC) [10]. In JPEG baseline compression process, there are several steps such
as discrete cosine transform (DCT), quantization up to the Huffman coding [14]. The reduction of file
size will occur at the DCT and quantization stage, which would remove valuable information and
redundancies [15]. In Huffman encoding stage, information that appears frequently will have smaller
number of bits and the information that rarely appears will have larger number of bits [16]. The JPEG
format uses sequential DCT-based mode where the image is compressed in a single scan using
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DCT-based lossy compression technique. As a result, the decoded image is not an exact replica, but
an approximation of the original image. Figure 1 shows the process of JPEG compression.

Encoding
ST T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT :
| Input " Compressed
. Zig-zag Run- P |
| Image [l
| 8 x 8 block Lol ber | Normal[zer/ Lol length || Huffm.an mage |
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Figure 1 Compression process of JPEG compression.

The lossy and lossless compression techniques have advantages and limitations. This depends on
the purpose for doing the compression process. For example, when we are not particular about the
quality, meaning that the image can be correctly perceived by human eyes, then we can use lossy
compression. On the other hand when we need information with excellent quality to ensure the
accuracy of the data then we should use lossless compression. One of the advantages of lossy
compression is the compressed data will have much reduction in file sizes and simplifies the process
of transferring data in communications network. While in lossless compression, the data would not
significantly decrease in size and so we still commonly need other techniques. A technique that is
usually used is the splitting data technique. The advantage of lossless compression is that the quality
of data will remain intact where it can be obtained as the original file, while for the lossy compression
technique the data quality will experience a significant degradation. According to 3GPP, with MMS
technology, we can send message contents using certain formats only. This is influenced by the ability
of the mobile phone, communications network and MMS Center that are provided by the operator.
The details of message content that can be sent using MMS technology is shown in Table 1.

Table 1 Message content classes for 3GPP2 devices.

Content domanis Core Message Content core contain
Content Domain domain
Content classes Class Text Class Image Class Image Class Video Class Video Class Class Content Class Content
Basic Rich Basic Rich Megapixel Basic Rich
Text US-ASCII US-ASCII US-ASCII US-ASCII US-ASCII US-ASCIl US-ASCIl US-ASCII
UTF-8, UTF-8, UTF-8, UTF-8, UTF-8, UTF-8, UTF-8, UTF-8,
UTF-16 UTF-16 UTF-16 UTF-16 UTF-16 UTF-16 UTF-16 UTF-16
Still Image None Baseline Baseline Baseline Baseline Baseline Baseline Baseline
9 JPEG JPEG JPEG JPEG JPEG JPEG JPEG
GIF87a, GIF87a, GIF87a, GIF87a, GIF87a, GIF87a, GIF87a,
Bitmap Image None GIF89a, GIF89a, GIF89a, GIF89a, GIF89a, GIF89a, GIF89a,
WBMP WBMP WBMP WBMP WBMP WBMP WBMP
Vector Graphics None None None None None None None SVG Tiny
Speech None AMR AMR AMR AMR AMR AMR AMR
P Narrowband Narrowband Narrowband Narrowband Narrowband Narrowband Narrowband
Audio (Music) None None None None None None None MPEG4 AAC
Synthetic Audio None None SP-MIDI SP-MIDI SP-MIDI SP-MIDI SP-MIDI SP-MIDI
H.263 with H.263 with H.263 with H.263 with
Video None None None AMR-NB AMR-NB None AMR-NB AMR-NB
(3GP) (3GP) (3GP) (3GP)
g::o'mﬁgi Not Applicable 160 x 120 640 x 480 640 x 480 640 x 480 1600 x 1200 640 x 480 1600 x 1200

Message Size <30KB <30KB <100 KB <100 KB <300 KB <300 KB <100 KB <300 KB
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We conduct an observational measurement for the compression results by using the existing
software. We use some samples of data such as text, image, audio and video to find out the
compression ratio so that we can find the best compressed file. It is also highly influenced by the
capability of the communications network, especially mobile communications network. The selection
of an appropriate compression algorithm will produce file sizes much smaller making it easier to
process the data transmission in a network. We use JPEG image format to simulate the compression
process. We can also develop lossless compression using GIF, PNG or BMP image format. We choose
JPEG format as a sample because the image format that is the most commonly used by mobile phone
normally for digital image storage standard. Therefore, we can take picture using camera on mobile
phone directly without doing adjustment on the image format. We can specify the quality factor on
the quantization process to reduce the file size. The file will be small file but it can be understood by
human eye well. The reason is we can afford to lose a lot of more information in the chrominance
components than in the luminance component. The human eye is not sensitive to high-frequency
chrome information. Table 2 shows some results of the different compression methods.

Table 2 the Compression result of multimedia files.

Data Size Type Compression Result Ratio
Text (*.doc) 4.305 KB | Lossless Zip 2.744 KB 0.64
Rar 2.383 KB 0.55
Docx 2.931 KB 0.68
PDF 426 KB 0.10
Plain Text 32KB 0.01
Web page 106 KB 0.02
Image (*.bmp) 769 KB | Lossless TIFF (LZW) 572 KB 0.74
GIF (LZW) 229 KB 0.29
Lossy JPEG (75%) 57 KB 0.07
JPEG2000 (75%) 335 KB 0.43
Audio (*.wav) 2.017 KB | Lossless ZIP 834 KB 0.41
Rar 590 KB 0.29
FLAC 310 KB 0.15
Lossy MP3 Audio 129 KB 0.06
AAC Audio 62 KB 0.03
MPEG-4 Audio 63 KB 0.03
WMA 224 KB 0.11
Monkey’s Audio 232 KB 0.12
Ogg Vorbis 64 KB 0.03
Video (*.avi) 436.738 KB | Lossless ZIP 79.138 KB 0.18
Rar 81.215 KB 0.19
Lossy Mobile Phone MP4 204 KB 0.0004
Flash Video Movie 571 KB 0.001
MPEG | 1.248 KB 0.003
MPEG Il 3.512 KB 0.008
MP4 2.163 KB 0.005
WMV 1.701 KB 0.004
Matroska 778 KB 0.002

2.2 Study of the Splitting Technique

In this section, we conduct the study about splitting file techniques. Splitting techniques are very
suitable to be applied if the compression result still produces a fairly large file size that cannot be
delivered using the existing technology through mobile communication network. For example,
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suppose that we want to send an image file size around 1 MB using MMS technology, where this
technology uses the 2.5G network. We know that MMS can only deliver a maximum size 300 KB of
the multimedia message depending on the capabilities of the mobile phones, communications
networks and service providers used. To solve this problem, image file is compressed using an
algorithm (lossy or lossless) so that the file size will be smaller. But if the file size is still large, the
splitting technique can be implemented. Each split-file is sent one by one and then merged in the
receiver side with the developed merging application. If we want to recover the original image, we
can use the decompression technique to reconstruct the file on the server.

In the study of splitting techniques, we take an example case on the image file. We can perform
the splitting file technique based on the file size using rectangular-split method (pixel) and bytes-split
method (binary). The splitting file that uses the pixel, the method is employed if the original file size
(OFS) is larger than the maximum capacity (MC) permitted. If M = OFS/MC, the number of split-files N
is given by

M if Misaninteger
- { 0

Integer(M + 1) if Misa fraction
Let the original image is of size (w x h) where w and h denote the width and height of the image,

respectively. Then the size of each of the N split images will be equal to {w x (h / N)}. The algorithm of
the splitting technique is shown in figure 2.

/ size = Get file size /

size is bigger than

Loopi=0to
splitNum

yNew = (partHeight *i) + 1

M=OFS/MC

splitFile = size /

MAX_PART_SIZE_BYTES Yes hNew = height —
< (partHeight * i)

N= M ->integer; T

integer(M+1) No*
splitNum = S splitFile =
splitFile Integer? img(i) = Create image with width and yNew

Draw img to img(i) with x= 0 and y = yNew

|sp|itNum :splitFiIe+1| l SF =w x (h/N)

SF(i) = w x (h(i)/N)
—¢ Save file img(i)

height = get image height

partHeight = height / splitNum

width = get image width

Figure 2 Algorithm of splitting message technique based on pixel.
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The splitting file based on file size using bytes (binary), for an example of an image file of 500 KB size,
it splits file using a maximum size, for an example 200 KB, the file will be split into 200 KB, 200 KB and
100 KB. We assume that the file size is made like a straight line. The split application will scan the file
based on bytes (binary) that exist on the image. If the file size that is already scanned reaches 200 KB
or equal with the maximum size, therefore the file is split. The split process will be repeated until the
file size is reached at 200 KB.

The split technique which is shown in figure 1 is implemented to send an image file (JPEG). We also
simulate the technique using Java technology. This technology cannot be used to develop MMS
application for sending audio and video files yet, this is because there is no existing technique to
solve this problem. We use the masking technique to solve the problem. We use bytes-split technique
to split the compressed file, and then we use image header that is used to mask audio and video files.
The image header is added in each split-file formed. This aim of this technique is to split-files that can
be known by MMS center and forward to target recipient. The header of image file is 128 bytes size.
Figure 3 shows the algorithm for splitting technique based on file size using bytes (binary) method for
audio and video files, where we should add header on each split-file.

| Set MAX_PART_SIZE = 300000 |

[ set MAX_HEADER_sizE = 1024 |

Set MAX_SIZE_MASKED =
MAX_PART_SIZE — MAX_HEADER_SIZE

Set source file

| Open file as binary stream |

v

Read the first
MAX_HEADER_SIZE bytes of file

v

Close file and open file as
binary stream

Yes
| Read last existing byte from file N° Read the first MAX_PART_SIZE |

Create new split file and write
mask header

| Save as the first part of split files

v

I
I
* | Count number of split files based
I
I

| Write bytes to file | on (file length-MAX_PART_SIZE)/
MAX_PART_SIZE_MASKED

Create new split files

v L]

| Close the file | I ———————— —< Loop from O to split number ><> —I
End * I

Read the next
| MAX_PART_SIZE_MASKED | |
v I
| |
I
I

read bytes to file

Write header mask to file and |_

Figure 3 Algorithm of splitting and masking techniques based bytes-split method
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The splitting techniques based on the pixel and bytes which are implemented on the multimedia
file can have advantages and shortcomings. The split technique commonly uses bytes method but in
several cases, we can use other method like splitting file by pixel and also hybrid method like in
sending audio and video files. We use splitting and masking techniques based on bytes to add image
header for each split-file of audio and video files. This is determined and adjusted with requirements
to get a benefit to make the system adaptive and efficient. The explanation of the algorithm which in
figure 3 is as follow:

MAX_PART_SIZE = 30000;

MASK_HEADER_SIZE = 128*1;

MAX_PART_SIZE_MASKED = MAX_PART_SIZE — MASK_HEADER_SIZE; (2)
If fileSize > MAX_PART_SIZE_MASKED

numpParts = fileSize / MAX_PART_SIZE_MASKED; (3)
endSize = fileSize % MAX_PART_SIZE_MASKED; (4)
End.

In implementing of splitting technique in MMS application on the mobile phone is seemed to be
an easy work, but the delivery of split-files are complex. The split-files are not known by MMS center
if they do not have header content suitable for MMS format. How the split-files can be known by
MMS center is the main problem. To solve this problem, we give an header for each file, and then
package them into byte and finally sent.

2.3 Study of the Cropping Technique

The other technique that can be used to manipulate data for sending multimedia file using MMS
technology is cropping technique. The existing MMS technology commonly uses resize technique to
solve problem sending larger file size than maximum size allowed. This technique will reduce the
image, quality and file size. An image that has large image size will produce large file size too,
whereas we need information only in small part of the image. To solve the problem, we use cropping
technique to determine selected area of the image which will be sent by using MMS technology. This
technique will produce small image size and file size so that it enables the image file is sent without
compression and split techniques. It will produce an adaptive and efficient system by reducing cost
for sending the file but the transmitted information has a good quality. It is possible, if the cropping
file result is still larger than the maximum size, it will be split in order to be transmitted. Figure 4
shows the developed MMS framework using cropping technique.
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Improvement of the MMS Framework using Cropping, Sending as MMS
Splitting and Compression Techniques

MMS
CENTER

Original Image (BMP)
that will be cropping

More than max size, then
split the file (BMP) or
JPEG Lossy Compress file using lossless
compression (PNG or GIF)

IAdd

Compression (smallest)

=
-
!

. . Merged File
m The image is taken from far Storing the merged

file into database

Original Image (BMP) The image is taken from close

Figure 4 Development of the MMS framework using cropping technique.

3 Development Application and Discussion

In this section, we develop a client-server application. We use mobile phone device as client and
computer with Internet connection as server. On the client side, we develop MMS application that is
adjusted to the information needed by implementing compression, splitting, masking and cropping
techniques before sending the message. It aims to improve the capability of the MMS technology
which cannot be done by the existing technologies. On the server side, we develop Internet
application to process the data from the client, and then is stored into database server. Many
Internet applications can be developed on the server side which can be accessed in mobile
environment using 2.5G or 3G networks. In this research, we develop a telemedicine system on the
server side to prove that the technique works properly. The developed system can be used to send
and receive multimedia data in mobile environment using MMS technology. Figure 5 shows the
architecture of the client-server application that is developed in this research.



10  Study and Development of the Transmission Method for Large Multimedia File Size Using MMS Technology

Sending the diagnosis results to the
nurse at patient's home automatically

@ Uploading Audio and Video Files

Sending and Receiving Information and
History of Patient (SMS)

Ambf{lance

Patient

o

Voice Video

Nurse

@ Sending and Receiving Patient’s data l

by MMS (Text, Image, Audio or Video)
0
—
Email Server
[

! ™
J 'L Database Downloader Application — 8 PNy
s

-

Internet

Pharmacy

=

Doctor /
Specialist

: & 2 @ HOSPITAL
g @Re(rievmg the patient's data % ;
Inputing the diagnosis results s 1 6
@ \ Intern g
@Streammg the audio and video files Doctor / & 0
Specialist

et
Development Model of Mobile Telemedicine System using MMS Technology U 0 U

OUTSIDE

Figure 5 MMS framework for mobile telemedicine system application.

The MMS technology is used to develop mobile telemedicine system. The multimedia message
with a file size larger than the allowed size can be sent to mobile phone recipient (MMS gateway).
The nurse at the patient’s home sends multimedia message using MMS technology to the hospital,
then the doctor can retrieve the data from the server using the telemedicine application on the
server. After performing diagnosis, the doctor can input the diagnosis result into the system. Many
client-server applications use MMS technology [17, 18]. This is caused the MMS technology supports
multimedia message delivery, likewise with email. Email feature on the mobile phone is already set
by mobile phone vendor with limiting the size of email. This is influenced by the communication
network that is provided by the service provider. MMS is also can be used to develop streaming
application [19, 20]. By using mobile phone as client, this application can be accessed in mobile
environment. We can also request and receive information such as the history of a patient in the
form of text message using SMS technology.
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3.1 Simulation for Sending Image

This MMS application is developed using Java technology, which allows only 30 KB each sending so
that in this case is the maximum size is 30 KB. In this simulation, we assume that the 30 KB is the
maximum size of the technology that is already provided by mobile phone vendors which is built by
using the different software. For example, we send the JPEG image that has size 100 KB using MMS
technology. Due to message size larger than 30 KB, the message will be applied the compression
technique and if the compression result is still greater than 30 KB, the message will be split to
become smaller in size. Figure 6 illustrates an MMS application that implements the compression and
splitting techniques.
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Figure 6 Simulation for sending large JPEG image file size.

The clarification of the simulation results are: (a) display for setting an inbox, (b) user interface
for sending MMS, (c) file (image) that will be sent, (d) selecting a file that will be sent, (e) the
information in the form of notification that the file is more than 30 KB, (f) display the image before
compressing and splitting, (g) compressing files with a selected value of the quality factor, (h) splitting
files, (i) determining the destination number (SIM card) transmission, (j) delivery process, where in



12 Study and Development of the Transmission Method for Large Multimedia File Size Using MMS Technology

one time multiple messages are sent sequentially, (k) notification that the messages is ready to be
sent and needs the approval, (I) MMS inbox (sending the multimedia message successfully), (m) the
first part of the split image, (n) the second part of the split image, (o) the third part of the split image
and (p) the split-files are merged to be a single file before decompressing.

3.2 Simulation for Sending Audio and Video Files

In this paper, we will also simulate for sending audio and video files that have larger file size than the
maximum size allowed on the Java platform. It has been mentioned previously that the MMS
application using Java platform has a maximum size only 30 MB for a single delivery and Java
technology does not fully support yet for developing MMS application for sending audio and video
files, so we need a new method to send them. The addition of the header for each split-file also
becomes a problem in the simulation. We focus on the study to develop architectures and algorithms
of MMS framework for Internet applications. We assume that the maximum size in Java is equal with
the maximum size in the existing MMS application that is provided by the mobile phone vendors. We
can also assume that the existing and developed system are using Java platform, and then we can

compare them to get a better system. Figure 7 shows the simulation results for sending audio and
video files.
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MMMS Directory
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Select Back Accept Select
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Figure 7 Simulation sending audio and video files.

In figure 7, we present the simulation results for sending audio and video files using mobile
phone. The clarification of the simulation results are: (a) load an image that will be used to mask the
split-files, (b) display the MMS directory and masked file, (c) browse audio or video file that will be
sent, (d) create audio and video message, (e) audio or video message created successfully and (f)
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browse the created message result. The audio and video files that will be sent is already in the form
of compressed file so that it is not needed to compress file first. This is different with JPEG image
compression, where we can determine the quality of the image for JPEG files accordance with our
needs. Before sending the message, the splitting process is done with masking technique. This
method uses JPEG image to get header of the image (JPEG) so that the message will be known by
MMS center. In this simulation, we can see and monitor the delivery result of MMS on the network
monitor that is provided by an emulator. Figure 8 shows the simulation results which show the
delivery message on the network monitor in details.

Fem rk Monitor 1 ItColorPhane - Sun Java(TM) Wireless Toolkit
File Edit
HTTP / HTTES | SMS / CBS| MMS | osex | spe/Lzcap | aFbu [ Jcami| sie | Socket | 51| Datagram | comm

Wound:NOD1; 111114 #1_4 URL: +5550000
Mime: 2011.03.05 CE 00:21:59 SGT + 0517 ms

keys values

[X-Mms-Message-Type m-retrieve-conf

[X-Mms-Transaction-1D 1299255719517

[X-Mms-MMS-Varsian 1.0

[X-Mms-Friority Normal

From +5550000

To +3550001

Date 2011.03.05 CE_00:21:58 SGT + 0046 ms|
Subject Wound;NOO1;11111#%4_4

Content-Type application/vnd.wap. multipart. mixed; A...

Filter T Filter Sattings Sort By: | Time

umbar of shown messages: 4 o

(i) the spiltting headers

| B Network Monitor - +5550001 - DefaultColorPhone - Sun Java
File Edit
HTTP / HTTPS | SMsS / cas| MMs | oBex | spp/Lzcap | aPDu | 3crmi| s1P| Socket | SSL | Datagram | comm

Content-1D: id0

Size: 20000
Content-Location: MOV01981.mp4##0.jpg

Mime-Type: image/jpeg

[ Filter W Filter Settings | Sort By: | Time

| number of shown messages: 4 aut of 4

(i) the splitting contains

Figure 8 Network monitor for sending audio and video files.

In figure 8, we can explain about the output of the delivery audio and video files using MMS
technology. (i) Displays the MMS parts, where each packet of MMS consists of header and body parts
and we can also see the detail of the header for each split-file, (ii) displays the splitting contains,
where each split-file has 30000 bytes (29872 bytes for body part and 128 bytes for header part). The
MMS application for sending image, audio and video files can be made in one application but to
explain the process of sending, we separate simulation the process one by one.
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3.3 Simulation for Cropping Image Files

We also make cropping image application to simulate the selected image area. This technique is used
before creating message on MMS application. The sent image can be taken from mobile phone
camera, and then the image is loaded and opened to determine selected image area which will be
sent. After getting the selected image area, the next step is to store the cropped file into the memory
of mobile phone. Figure 9 shows the simulation results for cropping an image file.

% 3G 2 @y 1351002 | % 36 2 @y 1352888 | o 36 £2 Wy 14238FA

Operation Operation

Open image

Cropping Cropping

Save image Save image

Ok Select Exit| Ok Select Exit Ok Ok
(@) (b) (© (d)

Su_. 36 02 W 135487 | Sal. 36 &2 @y 13578 | % 36 2 13:58 (B2

. Operation

Open image
Cropping @ = lena
Image saved in file:///

e:/other/Image/
lena.crop.jpg

4

Ok Select Exit Accept Options View EERN | Options Landscape Back

(e) Q) (C)] (h)

Figure 9 Simulation for cropping image file.

3.4 The Method for Making the Message Header

If the compressed file is larger than the maximum file size, the file is split to become few smaller
files. Those files are sent one by one with adding the message header suitable that are allowed by
MMS center. Before sending, the message is packaged into bytes and sent by pressing a button on
the user interface of the MMS application. The header is given to each split-file, so that the MMS
center will be known the received message and forward to recipient target. Then, the next step is to
download the data which is successfully sent to mobile phone recipient into database server. Figure
10 shows the source code for adding the header on each split-file.
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public MMSSendRecvMulti() |

try |
InputStream in = getClass().getBescurcelAsStream("/images.jpa”);
DataInputStream reader = new DataInputStream(in):
reader.read (Jp

int iend = istart + M

int len = iend > contents.le 1 — iatart : MRX
iend = istart + len;
System.cut.println("iscart: " + istart + " ; iend: "| + iend + " ; len: " + len);

byte[] msgcontent = new byte[len + jpegH

System.arraycopy(ip eader, 0, magcontent, 0,

System.arraycopy(contents, 0, magcontent, Ji

mp = new MessagePart (msgcontent, 0, msgcontent.length, mimeType,
'id"™ + counter, contentlocation, null);

Figure 10 Source code for making header of MMS.

3.5 The Method for Merging and Decompression

Multimedia message sent by MMS will be received by mobile phone or email server as MMS
gateway between mobile client and Internet server. The message is downloaded and then performed
merging and decompressing processes before storing into database server. Sometimes, the sending
process of split-files fails. This can happen due to disruption in network, disruption in MMS center or
peak traffic network of the operator used. To solve this problem, after server successfully
downloading the whole message on the mobile phone gateway, the server examines one by one the
message successfully sent using information on the info.txt. If the file successfully downloaded is not
same as the number of split-files which is informed on the info.txt, the server will give a message
notification using SMS technology to the sender and request for sending back.
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1. Download the messages

2. Checking the messages

3.1f the data is uncomplete,

send notification message
MMS Gateway -t Q!
<
Mobile Phone
4. Adding record (save) SMS outbox to the
outbox table of telemedicine database. Receiver
A
Database
Server

5. Run the SMS server and read it to
send

y

6. Send SMS to recipient destination

SMS Gateway

Figure 11 Checking and sending message notification.

To send the failure part of the file, the sender can open the creation message result on MMS
application and take the parts of the file which are not sent can be sent back. It will create a system
to be cost-effective, because we do not need to send back all the parts of the file to avoid spending
more cost. It would cost more if we must send back all of the split-files. The next discussion is about
merging process using merge technique. This technique is used to make the split-files into single file
again. Figure 12 shows the merging file process that is split using bytes-split method.

Determining MMMS
directory that will be build

I Read file mmms.txt on referred mmms directory I

!

Take the total number of split-files stored in
mmms.txt file

v

Take the original file name as the merged file
result

v

I Open the last file to be written I

v

Close the end of file of Loop from i=0 to the total Open file to i
merged result number of split-files P

Remove bytes masking header

v

Read whole bytes of original file
after masking header

Write bytes original file to end of
file

v

L _——— —I Close file to i |

Figure 12 Sending and Merging file process using bytes-split method.
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In figure 12, we can explain that each header that is added in each message (audio or video files)
is removed for merging file process to be a single file. The next step is decompression the merged
files to be reconstructed. The decompression is suitable for image file because we can decompress
JPEG image to be original file format as bitmap image, convert into other format or increase the
compression ratio. The video files do not need decompression because if we reconstruct the quality
of data, then the result will be worse than the previous one. This is because the size and quality of the
video files is already in the smallest one, so that if we make enlargement, the file will be broken and
unclear.

4 Performance Evaluation

In this section, we conduct several experiments and measurements to determine the performance of
the MMS application in sending multimedia messages such as evaluate the compression and split file
result using the existing software and evaluate the developed client-server application. The
observation results of the existing MMS application that is provided by the operators in Indonesia
and Malaysia, there is no significant difference between sending multimedia messages to mobile
phone and email server [21]. Both can be used to develop client-server application as the gateway.
The difference of time needed is also influenced by the capability of the MMS center that has been
provided by the service provider and also network traffic condition at the time of experiments. The
MMS technology can send multimedia messages up to 300 KB data size depending on the service
provider’s facilities. The 2.5G (GPRS) and 3G (UMTS) network provide offering access to high
bandwidth connections. Every operator or service provider of MMS uses different bearer technology,
network and system specification, so that this matter affects the capability of transferring data. The
transfer rate is between 115 until 384 Kbps [21]. The handsets with higher camera and screen quality
make users more easily send large MMS. Larger message is good for customer to maintain the good
quality of data. Operator will increase the message size and ensure that its MMSC has high capacity
and can handle the growth of messages efficiently.

MMS technology is expected to grow with maximum size much larger than now along by the
development of mobile communication network, smart phone devices and operator’s technologies,
so that the data transmission method will be more effective and adaptive. This will be possible in
future because the mobile communication network will move from 3G to 4G that has wider
bandwidth. To create a client-server system or mobile system that can be more adaptive and efficient
within the transmission method, we implement some techniques such as compression, splitting,
masking and cropping on the client side and merging and decompression on the server side. As we
know that mobile phone has limited memory, small display, low power and slow data processing
speed. These limitations make difficult to implement some techniques and to install on it.

In the simulation, we use JPEG image because almost all of mobile phones have default JPEG
format for image file. The techniques can also be implemented for bitmap image such as GIF, WBMP
and PNG. We perceive, if lossy compression can be implemented successfully on mobile phone,
therefore lossless compression too, but may be more difficult because the compression result is still
big, then it will be difficult to simulate using Java technology that allow maximum size 30 KB only.
Although lossless compression has always been the first choice in special case like telemedicine, lossy
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compression (JPEG) is gaining momentum itself with a number of studies have been carry out to
study the lossily compressed medical images.

We choose MMS technology for developing this mobile system for some reasons such as security,
privacy, robustness and integrity. We implement splitting technique where the MMS message is
already-encrypted is broken down into small-files so that if there are tapping the information
obtained is incomplete. For privacy reason, the message which is sent from client to server side does
not connect with database server directly but through mobile phone recipient as gateway so that the
user such as patient cannot open the server application directly. It can be opened by doctor and
administrator only using Internet network coverage with virtual private network (VPN) for server
security. For robustness reason, we develop SMS technology to send message notification to the user
as response from server to solve the problem, for examples if there is any part of file failure sent,
therefore server will send SMS to the sender requesting to send back the part of the file which is
unsuccessfully sent. When the doctor finishes inputting the diagnosis result into the server, the server
will send message notification to the sender automatically for further action. For integrity reason, we
can say that the mobile telemedicine system is a unity system, if there is trouble at one part of the
system, then they will not be able to run well.

The simulation and experimental results show that all of the implemented techniques can
run-well and we can install them on mobile phone devices. The applications on mobile phone device
can be run successfully, so that the developed system in accessibility and acceptability already have
fulfilled. After that, we perform some experiments to send the various types of data from client to
server side. From the experimental results, we can get information about data quality in an image
sample. We measure the Peak Signal to Noise Ratio (PSNR), Root Mean Squared Error (RMSE),
Universal Image Quality Index (UlQl), Mean Squared Error (MSE), Mean Signal To Noise Ratio (SNR)
and Absolute Error (MAE) for original image before compression and splitting process on the client
side and reconstructed image after merging and decompression or conversion or increase the quality
factor of the merged image on the server side. Table 3 shows the measurement results for
compressing JPEG image with bit rate 1.5 bits per pixel (bpp) for each quality factor.

In Table 3, we can explain that the source image without compression (BMP image format) is
compressed by using JPEG compression with setting bit rate 1.5 bits per pixel, then we can get the
value of encoded bitrate, MSE, SNR and PSNR for each quality factor. Then, we perform the
measurement to know the image quality between original image file, for an example Lena.BMP which
has size 512 x 512 pixels (uncompressed) so that it generates file size 769 KB compared with
compression and decompression result in the desktop computer and mobile phone. Table 4 shows
the comparison results about time need and file result on desktop computer and mobile phone
device.
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Table 3 Measurement results for compressing JPEG image with bit rate 1.5.

Set quality E;:‘::t‘:d MSE | SNR | PSNR
85 1 43 27 418
80 0.8 53 261 | 409
75 0.7 64 | 253 | 401
70 06 7.3 247 | 395
65 06 8.2 242 39
60 05 9.1 238 | 386
55 05 9.9 234 | 382
50 05 10.7 23 378
45 04 116 | 227 | 375
40 04 128 | 223 | 371
35 0.4 141 | 218 | 366
30 03 16 213 | 361
25 03 186 | 206 | 354
20 03 225 | 198 | 346
15 0.2 287 | 188 | 336
10 0.2 42 171 | 319
5 0.1 911 | 137 | 285

Table 4 Comparison results of the compression and decompression processes

No. | Quality Time needed in mili seconds File result in KB
Factor Desktop Computer Mobile phone Desktop Computer Mobile phone
Comp. Decomp. Comp. Decomp. Comp. Comp. Ratio Comp. Comp. Ratio

1 85 93 93 15950 3896 59 0.077 56 0.073
2 80 93 78 16796 3716 49 0.064 44 0.057
3 75 63 78 15666 3697 42 0.055 36 0.047
4 70 63 78 15648 3748 37 0.048 32 0.042
5 65 78 78 15622 3810 33 0.043 28 0.036
6 60 62 62 15843 3777 30 0.039 26 0.034
7 55 63 78 16126 3745 27 0.035 24 0.031
8 50 62 62 15378 3776 25 0.033 22 0.029
9 45 78 78 15277 3760 23 0.030 21 0.027
10 40 62 62 15218 3843 21 0.027 19 0.025

Table 4 shows that there are different times needed to execute compression and decompression
process on the desktop computer and mobile phone significantly. The file results of compression also
experience decreasing but it is not too significant. The files of decompression result have same size
with the original files, but the information of the decompression files have been changed so that the
quality of the file decompression decreased by eliminating redundancy. We perform measurement of
image quality that running on desktop computer or personal computer and mobile phones device,
where the implemented algorithms is same. The measurement results show that there are alterations
which tend to decline when run on a mobile phone. This is probably due to the calculation in the
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mobile phone is not as precise as on the desktop computer or mobile programming language skills
are not same as the programming language that runs on desktop computer. We use Java 2 Standard
Edition (J2SE) for desktop application and Java 2 Micro Edition (J2ME) to mobile phone (MMS)
application. The compression results are different for different image depend on the variety the
colour. For example Blackbuck.BMP after compression process has higher PSNR and UlQI than
Lena.BMP and Baboon.BMP. This is because Blackbuck.BMP has black background. Table 5 and 6
show the measurement results of PSNR and UlQl among original files with compression and
decompression files on desktop computer and mobile phone.

Table 5 Measurement PSNR among original files with compression and decompression files.

Measurement PSNR between Original vs Compression Measurement PSNR between Original vs Compression
. and Decompression Files in Computer and Decompression Files in Mobile Phone
Quality Factor — — — —
Compression File Decompression File Compression File Decompression File
Lena | Baboon |Blackbuck| Lena | Baboon | Blackbuck | Lena | Baboon | Blackbuck| Lena | Baboon | Blackbuck

85 38952 | 34398 | 47.287 |38952| 34.398 47287 (36384 | 31203 | 43.343 |[34.620 | 28.364 41972
80 37.615| 32630 | 46.216 |37.615| 32.630 46216 [35495| 29.844 | 42604 |[34.155| 28.039 41508
75 36.702 | 31376 | 45369 |36.702| 31.376 45369 [34.845| 28.853 | 42.653 |[33.838| 27.698 41114
70 36.117 | 30509 | 44.661 |36.117| 30.509 44661 (34.401| 28.174 | 41479 |33509| 27.384 40.775
65 35601 | 29.777 | 44.099 |35601( 29.777 44099 (33984 | 27585 | 41467 ([33.261| 27.060 40.390
60 35178 29.185 | 43525 |35178| 29.185 43525 (33636| 27111 | 40431 ([33.003| 26.770 39.995
55 34.825| 28683 | 43016 |34.825| 28.683 43016 (33319 26.741 | 40347 |32.784| 26.509 39.598
50 34526 | 28265 | 42576 |34526| 28.265 42576 (33054 | 26397 | 39.899 (32543 | 26.251 39.268
45 34226 27.861 | 42103 |34.226| 27.861 42103 [32.798| 26.081 | 38.243 |[32.373| 25991 38.969
40 33879 27.416 | 40995 |33879| 27.416 40995 (32422 25719 | 38595 |[32.082| 25.682 38.488

Table 6 Measurement UlQl among original files with compression and decompression files.

Measurement UIQI between Original vs Compression Measurement UIQI between Original vs Compression
. and Decompression Files in Computer and Decompression Files in Mobile Phone
Quality Factor — —— — —
Compression File Decompression File Compression File Decompression File
Lena | Baboon |Blackbuck| Lena | Baboon | Blackbuck | Lena | Baboon |Blackbuck| Lena | Baboon | Blackbuck

85 0.893 [ 0.951 0909 | 0.893 | 0951 0.909 0.778 | 0.909 0960 | 0758 [ 0.883 0.943
80 0.859 [ 0.934 0902 | 0.859 [ 0934 0.902 0.728 | 0.886 0956 | 0711 [ 0.866 0.940
75 0.825 | 0.921 0904 | 0825 0921 0.904 0.688 | 0.864 0907 | 0674 | 0.850 0.934
70 0.799 [ 0.909 0903 | 0.799 [ 0.909 0.903 0.657 | 0.846 0948 | 0647 [ 0835 0.931
65 0.774 | 0.898 0901 | 0.774 [ 0.898 0.901 0.632 | 0827 0903 | 0623 | 0820 0.926
60 0.750 | 0.887 0.898 | 0.750 | 0.887 0.898 0.610 [ 0.809 0938 | 0603 [ 0.805 0.922
55 0.728 | 0877 0901 | 0728 | 0877 0.901 0592 | 0.79% 0899 | 0586 [ 0.791 0917
50 0.708 | 0.868 0.897 | 0.708 [ 0.868 0.897 0579 | 0.778 0885 | 0571 | 0.777 0914
45 0.687 | 0.858 0.895 | 0.687 [ 0.858 0.895 0.566 | 0.763 0.826 | 0561 | 0.762 0911
40 0.662 | 0.846 0.847 | 0.662 | 0.846 0.347 0549 [ 0743 0822 | 0544 | 0743 0.905

We also simulate to transmit the JPEG file as original file on mobile phone sender to computer
server successfully. The JPEG image file as the original file can be reduced the size by using setup the
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quality factor. Then we also perform measurement to compare PNSR and UlQIl between original file
and increasing the quality factor of merged file converting to other format and decompression. The
measurement results show that the quality of the original file decreases slightly after merging all the
files. This proves that the PSNR for split-files before and after sending is identical but after merge the
file PSNR between the compressed image on the client and merged image on the server is not
identical. To reconstruct the merged with increased quality factor, convert the files to other format
and decompression to BMP (original image without compression) the retain the quality of the original
one. Decompressing the merged files, the size will be larger because the image is changed into the
early form of the file without compression. The amount can be known by calculating pixel:

height x pixel width x number of bits per pixel (RGB equal 24 bits or 3 bytes) (5)

If we want to decompress Lena JPEG which has file size of 512 x 512, it will generate file size of 512 x
512 x 3 = 786432 bytes and added the header of the image size that is 128 bytes to be 786560 bytes.
Table 7 shows the measurement results of the PSNR and UIQI for JPEG image file as original image
which is sent to computer server.

Table 7 the Measurement results of the PSNR and UIQI for JPEG image file.

Lena.JPEG (512x512) size= 69214 Bytes
Quality PSNR vial
Factor On the Client On the Server On the Client On the Server
(%) After After Merging & After After Merging &
Compression Decompression Compression Decompression
85 +36.38447 +34.62010 0.77797 0.75838
80 +35.49460 +34.15548 0.72814 0.71070
75 +34.84501 +33.83808 0.68763 0.67376
70 +34.40077 +33.50887 0.65749 0.64722
65 +33.98426 +33.26122 0.63167 0.62330
60 +33.63648 +33.00327 0.61033 0.60344
55 +33.31938 +32.78432 0.59155 0.58608
50 +33.05356 +32.54285 0.57922 0.57149
45 +32.79801 +32.37335 0.56579 0.56123
40 +32.42172 +32.08210 0.54850 0.54380

To measure the data quality after the reconstruction process, we use some indicators such as
peak-signal to noise ratio (PSNR) and universal image quality index (UIQI). The PSNR can be defined
as follow [22]:

(2" - 1)

PSNR =10 lOgM—SE (6)

Where

()
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To calculate universal image quality index (UlQl) can be defined as follow [23]:
Let x= {x; i = 1,2, 3, ... N} as Original image (8)
Lety= {y;|i = 1,2,3,...N} as reconstructed or corrupted image (9)

The proposed quality index is defined as:

404 XY

uIQI =
? (02 + o2)[C0? + (1)?]

(10)

Where

N N
_ 1 1
X= NZXL Y= NZYL (11)
N N
2_ 1 Z( _)2 2_ 1 Z( _)2 1

N
1
Oy = T3 Z( -DG- D (13)

We hope this research can provide the knowledge about the MMS technology for developing
client-server applications. There are some researchers who have developed the technology to
process MMS telemedicine [24, 25], but no one has done the improvement of the MMS technology
using the combination of compression and splitting techniques. We have done simulations to verify
the built application which can be run-well. The application is still a prototype system that opens a
great opportunity which will be developed in further.

5 Conclusion and Future Work

In this study, we develop a client-server application using MMS technology. The client application
implements the compression, splitting, masking and cropping techniques that are installed on the
mobile phone. For server side, we develop a telemedicine application that receives data from the
user in mobile environment to be processed on the computer server. We implement the merge and
decompression techniques to reconstruct the data which is almost similar to the original file. The
reconstructed data is then stored into the database server.

We have presented techniques that can be used for transmitting large multimedia files using
MMS technology. Using simulation experiments, we have proved that the proposed techniques can
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be easily implemented in a mobile environment and can be used to develop client-server application.
We hope that this research can provide contributions to the development of a new MMS framework
for Internet applications. Our future research will be focused on the development of adaptive and
efficient MMS frameworks for Internet applications based on the techniques proposed in this paper.
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