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Abstract -The development of the modern mobile communicatidi@ble training and testing of the algorithms deyeld;
systems and the accessibility of the mobile terfaingith built-in -~ « A balanced number of different types of snapshatisn-
multimedia possibilities enable the creation ofimas mobile applica- pber of faces in the frame, type of lightning (natuartificial),
tions, able to process multimedia information (auslid video) in soft §rgwbacks (presence of objects which cover patteface, or
;eal ti(;ne. A typi(:a(:I example of such ap;pl;lcatioming]t:ns]ystemhs for with color that is close to human skin).
ace detection and recognition. One of the maj s in these .
systems is the absence of sufficient volume ohingi and test mate- The paper preser_ns .a program System for on-lineldpy
rial — frames from the cameras of the mobile teaisin ment of Qatabas.e W'th, |r_nages, ob.talned by the GESTET Mo-
This paper presents a client-server applicationchtin on-line bile terminals with built-in Java V”'tua! Machiné\(M). The
mode enables the development of image databasehwhn be used Uusage of HTTP protocol to upload the images guaesn100%
in training and testing of systems for mobile faegection and recog- mobility of the clients, whose number is practigaihlimited.
nition. This is a platform independent applicatiand may be used by The construction of the database is realized idiren-mode

any mobile terminal, which supports Java and progagcess to the through a WEB application on the base of the infatiam be-
camera

. INTRODUCTION

Within the last several years, a trend is beingeolesl for
significant improvement of the functional charaistics of the
mobile terminals with multimedia capabilities [9]he combi-
nation of microprocessors with low consumption ardck
frequency over 300MHz, operative memory over 1MBND
Flash over 100MB, cameras with resolution over 2iXdis,
and 3G technologies allows for the developmentasiaJand
C#/C++ mobile applications, which few years ago ldooe
unthinkable. The modern multimedia mobile terminat&ble
the development of applications for face detectind recogni-
tion which use relatively complicated algorithmsieTcreation
of such application would be impossible without théstence
of Application Program Interfaces (APIs), enablitng prog-
ram access to the camera, microphone, flash-meraady dif-
ferent network interfaces. The usage of HTTP pmitadth
(E)GPRS or UMTS bearers allows for the download apéd
load of multimedia information within a period thatclose to
real time.

Most of the mobile face detection and recognititgoathms
use training and test data sets of images, obtdioed profes-
sional cameras [1-3]. Furthermore, experimentalltgesare
reported using different image databases. In cta@ompare
algorithms fairly, training and test sets with agla number of
images, obtained from mobile terminals are required

The training and testing of systems for face datacand
recognition, adapted for mobile terminals, requities avail-
ability of image databases, containing sufficientl d&alanced
material. The not so good parameters of the mdbilminal
cameras imposes that the testing be realized threogpshots,
obtained from mobile devices. The main requiremémtsuch
image databases are as follows:

e The number of the snapshots to be sufficient fer ris

ing sent by the mobile clients. The platform indegence and
portability of the application is guaranteed by tisage of Java
technologies both from the client side (J2ME) ahd server
side (J2EE). The usage of Java by the client’s altbevs for
the application to be installed in a far greatembar of mobile
terminals as compared to the usage of C# or C++.

The structure of the paper is as follows: Sectioreviews
the architecture of the suggested application. dglication
structure at the clients’ side is described inisactll, and at
the server side — in section IV. The experimengsiults ob-
tained are described in section V. The last seatantains the
necessary conclusions and indicates the directiothe future
improvements of the application.

Il. APPLICATION ARCHITECTURE

The proposed application has a typical client-seavehitec-
ture and consists of two basic modules:
» Mobile Image Database Creator - Client (MIDC-C);
» Mobile Image Database Creator - Server (MIDC-S).
The application architecture is shown on Fig.1
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Figure 1. Application architecture.

The program code at the client’s side is developedava
MiIDlet, using the J2ME technology. The applicatiweeds the



presence of MIDP 2.0 profile [5] and Mobile Medi®6], in

TABLE |
ENCODING THE SNAPSHOTPARAMETERS

order to ensure program access to the camera.
The program code at the server side uses compoogttiie

Parameter Function Possible values

J2EE technology, namely: servelets, filter sevel#dsa Server
Pages (JSP) and Java beans.
The communication between the clients and the sésve-

1=Caucasian

2=Afro-American

3=Asian

4=persons of different races in the shot

Human race

alized on XML-based requests and responses. Thgeush
Java technologies and XML guarantee the portabdlitd re-
usage of the program code.

I1l. MIDC CLIENT DESCRIPTION

1= outdoor snapshot, sunny
2= outdoor snapshot, cloudy
3= indoor snapshot, without lightening
4= indoor snapshot, luminescent lighting
5= indoor snapshot, incandescent lamp

Lighting
condition

The application for the clients is a MIDlet with antirely
graphic interface. Its functionality is realized the next more
important modules:

0=no faces in the snapshot
1=one face

2=two faces

3=more than two faces

Number of
faces

A. Camera Manager
Through the methods of the CameraManager classp4a |
gram access to the camera is realized in ordevittalize it and
to obtain a snapshot. The availability of Mobile dite API is
necessary. The application provides a possibility frogram

0=none

1=snapshot from TV set
2=beard and/or moustaches
4=hair with face color
8=background with face color
Combinations among different drawback
are possible.

Drawbacks

n

control of the white balance, the lightning, araksfi control, if
the mobile terminal supports Advanced Multimedigp@a-
ment (AMMS) specification [7].

O0=full face

1=half face

2=combination b/n full and half face in
case of a number of faces in the snapsh

Face
orientation

=

pt.

B. File Manager

Through the methods of the FileManager class, goeany
buffering of a snapshots as a graphics file is iptessWhen
using Java, the images received from the camerdeancor-
ded as a file in several ways:

0=AMMS not supported

1=white balance on

2=flash on

4=auto-focus on

Combinations between the different
AMMS settings are possible.

AMMS
settings

Recording the snapshot on the flash disk of theilmo
terminal as BMP, JEG or PNG file. The support of File Con-
nection API [8] is necessary. The upload of thesfilobtained
to a personal computer can be realized throughtaaddble or
Bluetooth™ interface.

tem (RMS) of the Java-application. This approachstt have
a great practical sense, as the bigger part ofribleile termi-
nals the RMS memory is with limited volume.

Program access to Bluetooth™ interface in ordératas-
fer each new snapshot to a personal computer.

Upload of each new snapshot by means of the HT®P
tocol to WEB application, which automatically upettthe
database and saves image to file. The availalfityiIDP 2.0
is necessary.

In the proposed application, when there isn’t agdesthe
WEB application, a temporary buffering of the grapfiles
obtained is envisaged on the flash-disk of the fadleirminal.
As the snapshot size is small, PNG encoding is.iBgdhis, a
compromise is made between the file size and intpgdity.
The name of the files is in the following format:

IMG-ABCDEF-ID.PNG,

where ID is a 8-symbol string, obtained on the lafshe cur-
rent date and hour; ABCDEF is a hexadecimal nurttireugh
which the information, contained in the shot, isaed.

Table | describes the function and the possibleesbf the
parameters A, B, C, D, E and F.

The values of the quoted parameters are obtaingeindéng
on the currents settings of the application, setkbly the user.
This selection is made through the application mé&ine para-
meters for each snapshot are uploaded to the WEBRrs¢hus

Recording the snapshot in the Record Management Sy online updating of the database becomes pessibl

C. Connection Manager

Through the methods from this class, the commuioicat
with the server side is realized by means of HWIR proto-
col: registering of the client and the upload ofte®NG file
current file or buffered on flash disk). For tipatrpose, HTTP

OST multipart request to the WEB application isdusFur-
thermore, except the file contents (Base64 encodssd the
following parameters are transmitted to the server:
File name in IMG-ABCDEF.PNG format;

» Client identification code, received after its idgation.

The possibility to send a further file exists, befdthe con-
tents of the previous one has been sent. For tivabpe, a pro-
gram queue is used, in which the sequence of tbe o up-
load, is recorded. If the RAM memory of the molideminal is
insufficient, the files are temporarily buffered the flash disk,
if possible.

D. User Interface

The methods from this class realize the acces&dopto-
gram menu and the processing of the events frorkeieoard.
The user interface as shown in Fig.2 is entirelgphics and
maximum simplified.
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Figure 2. User interface.

IV. MIDC SERVERDESCRIPTION

The programming at the server side is entirelyawallan-
guage. As J2EE server is used Apache Tomcat, andettver
for database management is MySQL. The WEB applicati
consists of the following major modules:

* Request Processing — a servelet to process afitglie
requests and to classify them as valid and invalfe clients
generate two types of requests: HTTP POST, XML-thase
quest for registration, and HTTP POST multipartuesi upon
uploading the contents of PNG files. In case ofcessful re-
gistration the WEB application returns a uniquenidmber for
each client, which is buffered in RMS and is used dvery

The application is adapted to the display sizectvimust be upload request.

bigger than 174200 pixels. The field with video information is .«

Response preparing - Java Server Page (JSP), bysmea

with 16(k120 or 328240 pixels depending on the display sizepf which the reply to every mobile client is formdgach reply
The following information is visualized on the disp:

* Program status;

» Connection status;

» Program buttons (LeftSoftKey, RightSoftKey) — Gefor image database control is realized by a grdulaea beans.
Upload, Save snapshot.

* Video from the camera (Video window). When the uséut makes it reusable — keeping the applicationkimgrupon
gets a snapshot, the video player is stopped. Bee uts dynamic shift to another WEB server. The neasss
decides whether to sent the snapshot to the serwvén, information for access to the image database (driaee, da-
receive a further snapshot.

« Snapshot window (last snapshot from camera).

« Application menu (Menu window).

The elements of the application menu are givenabld I1.

TABLE Il
MENU ELEMENTS

Menu elements

Function

Image buffering method selection: recording in t

ne

is in XML-format.
» Database Access and Status — the support of tHe app
cation status, the user registrations and the adoethe server

This solution guarantees not only the portabilifytiee code,

tabase name, user name and password) is saved tottii-
guration file web.xml.

» Filters and LOG file — A servelet filter is usedalizing
the restriction of the access to the applicationcase the
request is not from a mobile terminal, and suppgra. LOG-
file at user level.

Initially, an empty database with a single tablersated. Its
fields are described in Table IlI.

background with face color.

AMMS (optional)

AMMS settings: white balance, flagtuto focus.

If the mobile terminal supports AMMS API dynamigalin
the application menu an element AMMS is insertedstena-
bling the control of:

« White balance (on/off);
* Flash (on/off);
 Auto focus (on/off).

The navigation in the application menu is realinéith the
following buttons: (4>, <|>, <>, <«>, <select>) or with
their substitute buttons (<2>, <8>, <6>, <4>, <5>).

Upload mode flash disk, upload to the WEB server. TABLE Il
Selection of frame size in pixels. The applicatior| __ IMAGE DATABASE RIELDS

Image size automatically gets information for the possible ImagelD Size Race NumOfFaces
frame sizes, received in Video snapshot mode. char (16) int (1) int (1) int (1)
Selection of lighting type: sunny, cloudy, room - - —

Lighting without lighting, luminescent lamp, incandescent Drawbacks Crientation Lighting AMMS
lamp. int (1) int (1) int (1) int (1)

Faces Selection of number of faces in the frame: none 1, £40h jmage gets a unique 16-symbol identificatiouec
2, more than 2. . . . : . .
oloction of drawback , Pr——l which is used as a primary key and in the formatbthe file

election of drawbacks: none, image from TV sét, ) :

Drawbacks moustaches and/or beard, hair with skin color, name. The values of the other fields are formecendng on

the values of the parameters A, B, C, D, E andmfthe name
of the PNG-file, transmitted as a parameter of indtipart
requests. The database is updated in on-line nu®fending
on the customers’ requests.

V. EXPERIMENTAL RESULTS

We carried out a number of experiments for theqrerbnce
evaluation of the proposed client-server applicatibhe ex-
periments have been performed with the usage dbttoaving
hardware and software platforms:

* Mobile phone — Nokia 6630 (microprocessor ARM9
220MHz) and Nokia N95 (microprocessor ARM11
332MHz);



» Server — host with microprocessor Pentium 4, 2.6GHz
1.5GB DRAM, Apache Tomcat 5.0 WEB server, and

operating system Windows XP SP2.

Table IV shows the following average time intenvals:
e T1-image capture time and prepare request time;
* T2 - establish connection with server time;

e T3 - upload image file;

e T4 —image file save time;

e T5 - database update time (100 records);
e T6 —response time.

TABLE IV
TIMING RESULTS

Bearer GPRS UMTS
Interval, ms
Tl 19 19
T2 156 78
T3 6953 4128
T4 18 18
T5 694 694
T6 72 39
Total 7912 4976

According to the results, described in Table IV jongor-
tion of time is taken up for image upload over HTdR&nNnel.
Server side takes only 9-14% of total time. WhenT8vbea-
rer was used upload time is reduced 1.7 times.

Client side application user interface is showr-an3.
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Figure 3. User interface (Nokia 6630).

VI. CONCLUSIONS ANDFUTURE WORKS

A client-server application has been developed doline
development of databases wit images, received fracam-
eras of mobile terminals. Such databases may bd fme
benchmarking of mobile applications for face detecand re-
cognition [4].

The application is distinguished by 100% mobilifyctents
whose number is practically unlimited; mass appiiity;
online development of the image database withdetwention
of administrator.

As a disadvantage of the application the necessipay the
traffic could be pointed out, realized by the mebdlients.
However, this cost is insignificant. For examplar, & database
with 2000 images (16120 pixels) with average size of the
upload requests of 16KB the price is about 190 BG&NT
included.

The development of the database can be realizealuibly
free, if the snapshots are buffered on a flash digske mobile
terminal, and transferred later to the personalmaer through
a data cable or Bluetooth™ interface.

For the future, the development of a WEB applicatoen-
visaged, which will enable the administrator of tta&tabase to
edit and update it in offline mode, and to expbe tontents

under a preset combination of criteria.
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