JooooooodouIiIbDoooogg
Juootdbotgdootdbd

O o000

oooonn

ooooboogd
goooood

Jogog
[

002100
(2009)

20090 90



Jooobobbooooobbbogoooobbuooad
gooobbbgoooboobbogooooobooogad

gooon
ool b ooboobuobuobbobobuoobooon
oot o obbbgooobobbuooooobboood
gobd oo boobuoobuobuobboobuoobooon
oo oy ooboobuobuobbobobuoobooon
gooot b bbbgooobobbubooooobbooad

goboo b0 booboobuobuobbobobuoobooon
[

Joooobogobouoooboo



Study on Advanced Information Linkage Service
enabled by Image Identification Technique using
Camera-equipped Mobile Devices

Takehito Abe

DOCTOR OF
PHILOSOPHY

Department of Informatics,

School of Multidisciplinary Sciences,

The Graduate University for Advanced Studies (SOKENDATI)
[]

2009

September 2009



A dissertation submitted to
the Department of Informatics,
School of Multidisciplinary Sciences,

The Graduated University for Advanced Studies (SOKENDAI)
in partial fulfillment of the requirements for
the degree of Doctor of Philosophy

O

Advisory Committee:

Prof. Noboru Sonehara (Chair) National Institute of Informatics/
The Graduated University for Advanced Studies

Assoc.Prof. Isao Echizen National Institute of Informatics/

The Graduated University for Advanced Studies
Assoc.Prof. Yusheng Ji National Institute of Informatics/

The Graduated University for Advanced Studies
Prof. Shin’ichi Satoh National Institute of Informatics/

The Graduated University for Advanced Studies
Prof. Yohichi Tohkura National Institute of Informatics/

The Graduated University for Advanced Studies
Prof. Hiroshi Yasuda Tokyo Denki University /The University of Tokyo

(Alphabet order of last name except chair)



] [

0000000000000 (Coo0ooD)DoooUoooooOooooOopooo
(0000OO0)D0000O0O0O0O0O0OC00O0OD0O0O0ODODOOOOO0OOOBlog(Web Log)
O SNS(Social Network Service) 00 0000000000000 000O0OOOO
goooobobbbbbooooooooobbbboooooobbobbooooa
00000 (Consumer Generated Media, CGM) 00000000000 OOOO
O0O00000o0obOoobOooboRSSOOO0O0OOO0oO0ObOOoOobDOoOobDOoOoDOon
0000000000000 000bO0bO00D0oO0obOooOoOooDOooOoD eGM
goddoooobbbboooooouooobbbb oo ouoooobob o
D000 WebOOOOOGODOOOOOOooooobobOoboooooboboooo
googoobobobbbbooodoouoodoouuuouobobbbbouooa
gooooobbobobobobobobobbbbbboboobooouououg Ibbboboooog
o0 b oobbbobbboooog
O0ooooooooobooobobobObObbObbboo Ibobooooooooo
0000000000000 000000000DoOoooOooOoOoOODOD (OO0
0)0ODO0ODOooooooooooooo0o0ooooooooooooo (oo™
0)000000000000000000000000OO0IDOO0DO0OOoOOOO
000 (DO00O0000oo00O0)000o0oo0o0oooooUooooooooo
googdoooobbbobbboooooooboobbbuoooooooo
goddooobbobbboooooouoobbbb oo oouounoboobobon
guooooooobboobbbbuoooooouoobobbbbouoooooon
goooobbbbbbooooboooooouoououooobbbbuouoooa
goodoooooobbbbodoooo—>0bobbooobbbbboooo
goodooooboobbobbodoodoooooooboobbooooo
O000o0o0oooobuoooboo Ibboooboooboooboooboon
guoodooboobbbbodooouooooooobobobbobbuooooa
guooooobbobooodad

g0 ibidddddddoguooooboobobobobobobobbobbobbbobobo
goddooooobbobboooogoooobbob oo oobooon



OO0NOOObOoobobooobooboboboboboob20b0o0oboobo
00000000 (00)oo0o0o00ooO0o0ooooooUoooooooooo
obobooboobooboooboobo NDOOoboobooboobooo
gbobobooooobbouoobbbuooobbbooooobobbuoooon
gbobbooooobboboobbobuoooobobobuoooobboogboobooo
gobobbooooobbobooooobbbooooooobbbooooobooon
OO0pCODO0ODO0O0OO0OOOOODOODOODODODODODOLDOODOODODO
gobooooobbobuoooooobboodouoboboooooobobooboa
gbobbooogbbbbooooobbbuooouoooobobbooogoboo
gbobbbooooobboboooobobbouoooooobobbbouoooobobn
OO0000O0obO0b0obO0oboo0oooboobOooooDooboboooo pCcOO
gbobobooooobbobuoooooobbooouoboboooooobobooa
gbobobooooobbooobobobuoooobobbuooooobbbuoooon
gooo
OOo00oODIbODOOoDOoO0oOoODOoOoOJAVAOOODOODOOOOODO
gbobbooooobbobuoooobobobboooobobooooobobuoooa
gobobbooodobbooooobobbooooobbbooooboboooa
0000000000 IboD(D000O0O)DODO00D00ooOOoOo0oOooOooOUoo
gbbooooobbbuooobbobooooobobuoooonoboooon
gbobbuoooobbbuooogobbbuoooobbobbooooogoobooo
Obooobbooboboodlsgobbooboo Ibbooobbooobbog
gobobbooooobobobooooobbboooouooobooboboooobooo
goobooodobbbooooobbobooooobobboooooobobooon



Abstract

In the past, information (content) distribution services via telecommunication
network were mainly one-way delivery means from a particular creator or provider
to users. Recently, however, the advent of new information sharing services such as
blogs and social network services has made it easy for ordinary users to transmit
various information. Information linkages are facilitated by functions such as track-
back, social tagging, and RSS feed, and huge information archives can be formed by
linking different CGM (Consumer Generated Media). However, linkage functions
are available only for information published by using specific systems and services.
This dissertation presents some information linkage service models to help users to
find related information or communicate with other users by using still images as
starting points of reference. Furthermore, a technique to create image identifiers to
retrieve target information is proposed. The still images themselves can be used as
link anchors with the image identifier. Images in cyberspace as well as in realspace,
for example, photographs printed on paper or displayed on outdoor signage, can be
linked to information that is related to the target. A modern mobile terminal, such
as a camera-equipped mobile phone, can perform the image capture, characteristics
extraction, matching, and information retrieval functions. As a result, the image
linkage services can be offered in the realspace by using the mobile terminal as a
remote controller in a ubiquitous environment.

We propose three specific information linkage service models: the first is a social
network service in which users can link to a related topic of conversation from image
content in the real world, the second is a content distribution service with a mixture
of media, for example, linking image content in physical media such as magazine
or commercial films broadcasted on TV to web sites on a communication network,
while the third is a content management service that handles metadata such as
rights information. As for content management services, some content creators
require their content to be individualized for each user in order to analyze the post-

marketing distribution route or get user feedback. To meet their requirements, we



propose another information linkage method based on digital watermarking to be
used instead of the identification method based on image feature extraction.

The image identifier is defined on the basis of spatial distribution characteristics
of pixel mean values in the local area of the image, and images are identified by
matching the identifier to images registered in a feature database. The image iden-
tifier definition algorithm yields a compact feature by extracting only a simple pixel
“inclination value” in blocks partitioning the image (N blocks); each block is quar-
tered and the difference between the average value of pixels in the target quarter and
the average value of those in the remaining quarters is taken to be the “inclination”
value of the block. The image is identified by calculating the coefficient of similarity,
a function based on the inverse of the N-dimensional Euclidean distance and cor-
rected for the influence of lighting effects in the environment in which the image was
captured. This method has the advantage of being able to extract feature values
from still-image content that has been altered by noise or lighting effect. It can
also be implemented in a low-specification, mobile-phone environment, and it can
determine whether two images are the same without having to make a connection to
a server. The method gave good identification results in simulations with artificially
illuminated sample images processed by photo-retouching software. The method
was implemented on a PC and validated in experiments by calculating the recall
and precision on images degraded by noise, image distortion, and lighting effects.
The results show that it is superior to existing image identification methods.

Furthermore, a java application of the method was implemented on a typical mod-
ern cell-phone equipped with a camera. In an experiment in which an image printed
on paper or one shown on a display was taken by the cell-phone, the target photo-
sharing site related to the image was linked to by using the implemented function
within 1 second, even though the photo had been distorted by lighting or noise.
The results of the experiment thus demonstrated the feasibility of an information
linkage service implementing this image identification method in a mobile terminal

equipped with a camera.





