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․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․․

In recent years, mobile phone has experienced an extremely fast evolution. It is equipped with 
high-quality color displays, high resolution cameras, and real-time accelerated 3D graphics. In addition, 
some other features are includes GPS sensor and Digital Compass, etc. This evolution advent 
significantly helps the application developers to use the power of smart-phones, to create a rich 
environment that offers a wide range of services and exciting possibilities. 

To date mobile AR in outdoor research there are many popular location-based AR services, 
such Layar and Wikitude. These systems have big limitation the AR contents hardly overlaid on the 
real target. Another research is context-based AR services using image recognition and tracking. The 
AR contents are precisely overlaid on the real target. But the real-time performance is restricted by 
the retrieval time and hardly implement in large scale area. In our work, we exploit to combine 
advantages of location-based AR with context-based AR. The system can easily find out surrounding 
landmarks first and then do the recognition and tracking with them. The proposed system mainly consists 
of two major parts-landmark browsing module and annotation module. In landmark browsing module, 
user can view an augmented virtual information (information media), such as text, picture and video 
on their smart-phone viewfinder, when they pointing out their smart-phone to a certain building or 
landmark. For this, landmark recognition technique is applied in this work. SURF point-based features 
are used in the matching process due to their robustness. To ensure the image retrieval and matching 
processes is fast enough for real time tracking, we exploit the contextual device (GPS and digital 
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compass) information. This is necessary to select the nearest and pointed orientation landmarks from 
the database. The queried image is only matched with this selected data. Therefore, the speed for 
matching will be significantly increased. 

Secondly is the annotation module. Instead of viewing only the augmented information media, 
user can create virtual annotation based on linked data. Having to know a full knowledge about the
landmark, are not necessary required. They can simply look for the appropriate topic by searching
it with a keyword in linked data. With this, it helps the system to find out target URI in order to
generate correct AR contents. On the other hand, in order to recognize target landmarks, images of 
selected building or landmark are captured from different angle and distance. This procedure looks
like a similar processing of building a connection between the real building and the virtual information 
existed in the Linked Open Data.

In our experiments, search range in the database is reduced by clustering images into groups 
according to their coordinates. A Grid-base clustering method and user location information are used
to restrict the retrieval range. Comparing the existed research using cluster and GPS information the
retrieval time is around 70~80ms. Experiment results show our approach the retrieval time reduces
to around 18~20ms in average. Therefore the totally processing time is reduced from 490~540ms to
438~480ms. The performance improvement will be more obvious when the database growing. It 
demonstrates the proposed system is efficient and robust in many cases.
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1. Introduction

Research in outdoor mobile AR has made 
significant progress towards real world consumer 
applications for years. The processing capa-
bilities and multimedia features on the smart-　
phone are the main drivers for this development. 
Additionally it is equipped with high-resolution touch 
screens, cameras, accelerometers, GPS, compass, 
etc. Such devices make ideal platforms to engage 
a new experience between users and the objects 
surroundings them. It enables them to interact 

with particular augmented object (Rohs and Gfeller, 
2004). 

The existing location-based AR services are 
only considered the target location and direction. 
The AR contents roughly overlaid on the view-
finder and the system do not perform any image 
recognition (Adams et al., 2008). These systems 
can easily find out what things exist in the user 
view orientation. A smart phone with a vision sen-
sor (smart-phone camera) provides a large amount 
of information about the user’s environments. It 
can consider as a compelling platform as one of 
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the most powerful information sources of among 
all the available sensors. At the same time, they 
can also provide users with more context-based 
information such as appearance information about 
the buildings from the captured images. When im-
age is captured, this optical sensor obtains visual 
information and solely compare with the existing 
landmarks. We can consider, mobile recognition 
is challenging, especially when query or captured 
image taken under various condition than the data-
base images. A facade of the building, tend to 
have a few discriminative visual features and 
many repetitive structures. Point-based features 
such as SIFT and SURF (Chen et al., 2007; Klein 
and Murray, 2009) are used in order to get a ro-
bust matching process. However, such feature 
generation complexity, image retrieval and match-
ing phase are not fast enough for some application 
in real time tracking. In particular, in order to im-
prove image retrieval process, we combine vision 
sensor capability with location sensor. 

Therefore we exploit to combine advan-
tages of location-based AR with context-based 
AR. When the image captured, server will per-
forms recognition. The system will select the clos-
est cluster and load to the corresponding database. 
The promising landmarks which are at user view 
orientation in these clusters are used to match 
with the queried image. In our system, we are us-
ing a client-server structure, with most of calcu-
lation in the server part. Inherent capability of 
each smart-phones performance doesn’t need too 
much consideration. In our system content gen-
eration adopt the Linked Data, thereby can re-use 

already existing standards and technologies from 
the semantics community such as RDF (data mod-
el) and SPARQL (query language). Metadata about 
things of interest can be retrieved from Linked 
Data servers which already provide interfaces to 
the main Linked Data sources (like Freebase). By 
using linked data our system enables more dy-
namic and flexible AR experiences. Through us-
ing the existing scale of structured data being pub-
lished on the web, our system move away from 
the hardcoding of landmarks and their associated 
data.

2. Related Works

2.1 Mobile Augmented Reality

There are various well-known AR browsers. 
Particularly, Layar1) and Wikitude2) are serving 
mostly a reference and travel data respectively. 
Meanwhile, Junaio3) and Tagwhat4) are more into 
user-centric browsers, which are allowing users to 
collaboratively share and discover the content 
from other users as they encounter it in the physi-
cal world. Generally, these applications does not 
perform any image recognition, instead it uses a 
GPS device for localization and an inertial sensor 
to provide the orientation.

AR technology exploit have exploit all the 
capabilities available on smart-phones. Especially 
on Internet connectivity, build in camera and loca-

1) http://www.layar.com/.
2) http://www.wikitude.org/.
3) http://www.junaio.com/.
4) http://www.tagwhat.com/.
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tion sensor. User can easily snap a pictures and 
view relevant information instantly from the 
system. With AR application, user can easily 
shopping, which they can easily obtain about the 
product information. Recently, Amazon has re-
lease an AR shopping application for the iPhone. 
They call it “Flow” 1. It uses both barcode and 
image recognition in live camera view to help 
user shop. They can also access information about 
certain event with on-site event detection and a 
mobile city guide, to tell what is the captured 
landmark is. One similar application known as 
“OttawaGuide”, that superimposes virtual infor-
mation about current location.

Landmark recognition requires extraction 
of content-based image features (Datta et al., 
2005) and training of classifiers using these fea-
tures. Therefore, there are various works to en-
able image analysis. The image analysis techni-
que is applied either to work together with the 
mobile sensor or to work solely. (Fritz et al., 2006) 
in his work, use a modified SIFT algorithm for 
object detection and recognition in a relatively 
small database of mobile phone imagery of urban 
environments. Basically, the system using cli-
ent-server architecture, a mobile phone client 
captures an image of an urban environment and 
sends it to the server for analysis. In a variety 
of applications the SURF algorithm has been 
used successfully, such as an interactive museum 
guide (Bay et al., 2006). 

Bruns and Bimber, have actively works on a 
mobile museum guidance system call “PhoneGuide”. 
“PhoneGuide” is an adaptive museum guidance 

system that utilize mobile phone for on-device ob-
ject recognition. They have applied a different ap-
proach instead of SIFT algorithm. “PhoneGuide” 
have implement a simple and memory efficient 
classification method that enable global color fea-
tures extraction from captured photograph and uti-
lizes a 3-layer neural network. Local descriptors 
have also been used for tracking. The SIFT fea-
tures is used for recognition, tracking, and virtual 
object placement by Skrypnyk and Lowe (Skrypnyk 
et al., 2004; Ta et al., 2009). Extracting SIFT fea-
tures from a video frame is used for camera track-
ing, matching them against features in a database, 
and to compute the camera pose using the corres-
pondences. (Takacs et al., 2007; Wagner et al., 
2008) track SURF features using video coder mo-
tion vectors for mobile augmented reality appli-
cations.

2.2 AR Content Generation

A smart-phone with a high performance 
computation, great multimedia and sensing capa-
bilities have triggered a new experience for a user 
to view and interact with virtual or augmented 
media (Cho et al., 2011; Kyoung, 2010). There 
are also, a positive trend on creating and provid-
ing AR content from commercial and non-com-
mercial. Some AR browser provides information 
by categories or channels. Upon selecting a chan-
nel, AR browser will send a query to a server 
requesting local POI’s for that corresponding to 
the channel. These queries typically based on pla-
ces around the location and bounding range. If 
we take a closer look on the typical architectures 
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of current AR browser like “Layar” 3 and 
“Wikitude” 4, these architectures are usually com-
prised of three parts : AR Browser, AR server 
that acts as a gateway and Point of Interest (POI) 
server that manages and stores the content. In 
some specific AR applications domain, AR server 
and POI server are merged into a single part. The 
AR server’s primary role is to mediate between 
the AR browser and the POI server, which they 
act similarly as web client and server portal. On 
receiving a query, the AR server usually redirects 
the query to the appropriate POI server, which 
then determines the POI’s in response to the query 
and returns with a content, via the AR server, to 
the AR browser. 

There are various types of information me-
dia to represent an object or landmark. It’s not 
only a 2D or 3D object, but a several of informa-
tion media such text, video, images or even sounds. 
They will display as an augmentation or as a rep-
resentation for physical object. They can rela-
tively communicate or interact with the user. But 
sometimes, it’s only a simple or static augmenta-
tion.

As we know, there already exist a large data 
on the internet. Through the platform called of 
the Linked Data principles5) to open datasets 
(with leading contributors such as BBC, NY 
Times, Newsweek, US and UK government, etc.), 
there is more than 20 billion of data items have 
been made available in the Linked Open Data 
(LOD) cloud6) since 2006. In this paper, our work 

5) http://www.w3.org/DesignIssues/LinkedData.html.

will explore possibilities in terms of existing 
standards and data in linked data. In our experi-
ment we propose using Freebase.7) As collabo-
rative knowledge base, consisting of metadata 
composed mainly for its community members, 
Freebase stands as a collection of structured har-
vested data from various online sources including 
individual ‘wiki’ contributions. People can access 
its common information effectively. Its work un-
der Creative Common Attribution License and an 
open API, DRF endpoint,8) and a database dump 
that area freely available for programmers. It’s al-
so a collaborative platform we can work together 
to improve Freebaseʼs data and make contribution.

3. Mobile Landmarks Guide System

<Figure 1> gives an overview of the system 
which consist two major modules, annotation 
module and AR module. In the annotation mod-
ule, First user typing annotation keyword and then 
searching in the Linked data, the system may get 
different topic having that keyword inside. User 
decides which topic is exactly he or she wants 
to annotate. The system will use the selected one’s 
URI to make further query to get the target in-
formation from Linked data, i.e. the full name, 
URI and coordinates of the landmark, then storing 
this information in landmark ontology. Second 
taking images about the landmark from different 
angle and distance and then send to sever. Then 

6) http://linkeddata.org/.
7) http://www.freebase.com/.
8) http://www.w3.org/RDF.
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<Figure 1> Overview of Mobile Landmarks Guide System

images can be represented by vectors of SURF 
feature distribution (Bay et al., 2008). On the fol-
lowing step each landmark will cluster into group 
using Grid-based method. The assigned group ID 
and feature vector will also store in the landmark 
ontology.

For landmark browsing module, the user’s 
location information (e.g. coordinates, azimuth) 
continuously sends to the query manager to get 
the associate cluster. The nearest and in the look-
ing orientation landmark will be loaded. The cor-
responding data from landmark ontology match 
with the queried new frame feature vector. When 
we successfully recognize the landmark we can 
use the landmark’s URI from landmark ontology 
directly retrieve the introduction from the linked 
data (Lee et al., 2011). At the camera pose also 
can be calculated from the matching. We will 
discuss each step in more details in the following 
sections.

3.1 Landmark Annotation

Instead of obtaining images covered the 
whole area from the web or given by developer, 
we let normal user take images themselves and 
only cover the locations of interests such as fa-
cades of buildings. At each location, the images 
are taken from different views at different dis-
tances (Agarwal et al., 2008). To ensure that our 
image matching algorithm is robust against varia-
tions in illumination, viewpoint, and scale, we 
have adapted the SURF algorithm. Vectors of 
SURF feature distribution generated from the to-
ken images are recorded. Moreover, User only 
searches with the keyword and decides which top-
ic is he or she wants to annotate. The landmark 
Universal Transverse Mercator (UTM) coordinate 
and URI obtained from linked data for each loca-
tion is recorded. Such information can be used 
for automatically generating the landmark intro-
duction.
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<Figure 2> (a) An Image is Represented by SURF Feature. (b) A 3-level Hirerchical Vocabulary Tree with 
5 Feature (a, b, c, d, e). The Weights are 1/8, 1/4 and 1/2

3.1.1 Data Preprocessing

The pre-processing are divide into two 
parts. Firstly, user search and selects a relevant 
topic to an object or particular landmark. It is not 
necessary for them to know the exact name of 
particular building. They can simply input the 
keyword, and the system will automatically dis-
play related topic results. User then can easily se-
lect the topic which is what he or she wants to 
annotate. The system then will make further query 
about the full name, URI and coordinate of the 
landmark of selected topic, which will automati-
cally store in the landmark ontology.

For second part, image of building or land-
mark are taken from different views and distances. 
This creates a challenging data, where images are 
captured with noisy outdoors settings (Li et al., 
2008). They have to choose a high quality images 
as possible. Possibly they have to avoid a full of 
occlusion by trees, cars, pedestrians, etc. These 
images then will be represented by a bag of SURF 
features. For a large number of images, to directly 
compare the 64-dimension-vector SURF features 

for every two images is extremely expensive. 
Vocabulary tree (Henze et al., 2009) is usually 
used to quantize SURF into more compact fea-
tures. A vocabulary tree is a hierarchical- struc-
tured tree that can efficiently integrate quantiza-
tion and classification. The classification results 
can be further used as indexing based on well-de-
signed scoring scheme. The quantization is built 
by hierarchical k-means clustering. The tree can 
be trained unsupervisely with a large set of SURF 
feature, and each feature generates a visual word 
by going through the vocabulary tree, so an image 
can be described by the bags of visual words. As 
shown in <Figure 2>(b), suppose there are 5 fea-
tures in one image. The features are a, b, c, d 
and e. The process shows a simpler vocabulary 
tree with the red paths they are quantized to 4 
different features.

An image usually contains thousands of 
features as shown in <Figure 2>(a), and each fea-
ture generates a visual word by going through the 
vocabulary tree, so an image can be represented 
by the bag of visual words. It can be further de-
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(a)

      

(b)

<Figure 3> Grid-based clustering in city scale

scribed by the frequency or distribution of visual 
words, and such distribution can be represented 
by a vector. The length of the vector is the same 
as the number of leaf nodes. Though the vector 
is very high-dimensional, there are only a few 
non-zero elements.

3.1.2 Grid-based Clustering

To reduce the searching range we applied 
Grid-based clustering method. We cluster the lo-
cations of interests into groups. Users are asso-
ciated with the clusters, located at the centroids 
are nearest to his or her location. Such location 
is represented as the UTM coordinates returned 
from GPS device in smartphone. Then the re-
trieval process can be done within these clusters. 
In practice, the cluster region should not be too 
large in size; otherwise, the associated landmarks 
we loaded maybe still have large amount. As a 
result, when we consider clustering the landmark 
into group, we need to take such a limit into 

account. Previous clustering algorithms used in 
GPS data processing, such as the classic k-means 
algorithm and the density- based OPTICS cluster-
ing algorithm (Ankerst et al., 2008), do not con-
strain the output cluster sizes. So we propose a 
new grid-based clustering algorithm, as described 
in <Figure 3>(b).

First we divide the map into grids (step 1), 
in order to constrain our output region to be limited 
in size. In particular, we set each grid as a square 
with width of d/3, where d is a parameter to con-
strain our output region size as no larger than d 
× d as shown later. After dividing the map into 
grids, so that we have a set of grids G = {gi, 1 
≤ I ≤│G│} with each gi ∊ G has its landmark set. 

Next, any new landmark, we will project 
into grid gi (steps 4). If the grid is never assigned 
into any region yet, we will extract it into 8 neigh-
boring grids (i.e. consider a square shape with 3 
× 3 grids and gi in the center). The unassigned 
grids among these 8 neighboring grids, denoted 
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<Figure 4> Landmark Ontology

as ng, are clustered with gi to form a new cluster 
region r = gi ∪ ng. Therefore, all the points in 
gi and ng are clustered into the region r. Note that 
at most there will be 3×3 grids clustered to a clus-
ter region, so we can constrain the extracted clus-
ter region size as d×d. Finally, we compute the 
centroid of all landmarks coordinates in r as r’s 
coordinates. At last, we output the cluster region 
like shown in <Figure 3>(a).

3.1.3 Landmark Ontology

Our annotation module enables users to 
collaboratively annotate the building or landmarks. 
Basically, annotation data in annotation module 
is represented and manage by landmark ontology. 
So the information can easily be shared and ex-
tended. Since the landmark ontology does not in-
clude all the relevant introduction of the object, 
in other words, it only contains URI and meta-

data such cluster ID, cluster centroid and the fea-
ture vector. If user needs to look for related in-
troduction about the target, this information can 
be retrieved from Linked Data using URI.

As shown in <Figure 4>, oval shape repre-
sents our concept ontology and data property repre-
sents by the rectangle shape. Each relationship be-
tween two concepts represents by the arrow with 
“has” data property. The “Thing” concept is asso-
ciated with Landmark, Cluster, AnnotationInfo and 
Author concept. As seen, each landmark belongs 
to some cluster and each cluster includes with a 
different landmarks. Different author will create 
annotation about different landmarks. So that, the 
landmark ontology is useful and a will perform 
better over describing the concept and relationship.

3.2 Landmark Browsing

On browsing stage, each new image frames 
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(a) (b) (c)
<Figure 5> Cluster Association

captured from user camera will automatically 
send to our server. This process is similar with 
the process in annotation module. The image is 
described by SURF descriptor and will process 
by vocabulary tree; finally a new frame feature 
vector is generated and to be matched with the 
corresponding data. Using context device (GPS, 
compass and accelerometer) to load correspond-
ing database will greatly reduce the searching 
size thus increasing the speed for retrieval.

3.2.1 Cluster Association

A growth number of annotated landmark 
are expected in future. This will increase storage 
usage in our server. If we continuously use exist-
ing data in the server to match with the query 
image, it will definitely involve a large cost, espe-
cially in retrieval cost. In that case the system per-
formance will be largely affected by annotation 
quantity. In order to implement the system in a 
city-scale we need use some tricks to tackle this 

problem. As shown in <Figure 5>(a), an overlap-
ped area is colored in blue. This overlapped area 
is defined as area with highly probability match-
ing with the queried image.

In some cases, vision sensor information is 
limited in great distance landmarks. Therefore, we 
set a distance limit according to user current lo-
cation provided by GPS. The clusters whose cen-
troids are under the limitation will be selected 
first. With the user’s context information, the land-
mark whose coordinate is close to the user smart-
phone Negative z-axis (shown in <Figure 5>(b)) 
can be found. As shown in <Figure 5>(c), with 
smartphone compass we can obtain smartphone 
Azimuth   the angle between the magnetic north 
direction and the Negative z-axis. With the land-
mark coordinates and current user location, we can 
approximate the target Azimuth . With the dif-
ference between  and  we can calculate angle  to 
decide loading which image. The corresponding 
database will then be loaded to the memory.
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3.2.2 Matching And Camera Pose Calculation

For any two images, we only require to 
compare between two distribution vectors. The 
similarity score can be compute by multiplying 
these two distribution vectors. There are only a 
few non-zero elements, so the comparison proc-
ess can achieved in a short time. However, these 
features may not be the best features for image 
retrieval. The main reason is that some of features 
may not be as distinct as others to identify the 
image. By learning the database images, we can 
learn about the distinctiveness for the features.

In feature path we have assign weights to 
nodes at different levels. For an n-level vocabu-
lary tree, from level 1 to level n the weights are 




 


 ⋯ 

  assigned for every nodes. For 

any path in the tree, let the number of feature that 
go through a node in level i be Ni. The path p 
frequency and weight are calculated as,

  
 







  













  ≠

    
(1)

The process is demonstrated with a simpler 
vocabulary tree in <Figure 2>(b). Suppose there 
are 5 features in one image. The 5 features are 
a, b, c, d and e, whose paths are shown in red. 
With the weight assignment, frequencies for a to 
e are calculated as, fa = fb = 1.5, fc = fd = 2, fe 
= 0.875. In this way, e is considered more distinc-
tive than a and b, a and b are considered more 
distinctive than c and d.

To consider the distinctiveness for different 

features, we multiply with the distinctiveness 
weights in calculating the scores. Let v1 and v2 
be the two vectors with length n, and v1 = (e11 

e12 … e1n) and v2 = (e21e22 … e2n). The score S12 
is calculated as,

  




 (2)

where wp is the distinctiveness weight for 
feature p. 

To locate the correct image, RANSAC al-
gorithm is used to guarantee matching are highly 
correct. In our implementation, we set the thresh-
old value for inliers to be 20.

After successfully found the two matched 
images, we then compute the camera pose in or-
der to correctly place the virtual objects into the 
viewfinder. The camera pose is estimated by com-
puting the homography from the matched features 
from the two images. This is reasonable because 
most building facades are more or less planar-like. 
The matching pairs are shown in <Figure 6>.

<Figure 6> The Matching Pairs

3.2.3 Contents Generation

If user directly searches for the landmark 
information by landmark name, it might result a 
highly irrelevant topic. Therefore, the URI uni-
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[{"id" : "/m/0h98h5y", "type" : "/architecture/building",
  "floors" : null,     
  "building_function" : [{"name" : null}],     
  "building_complex" : [{"name" : null}],       
  "/location/location/containedby" : [{"name" : null}]}]

{"result": {
"building_complex" : [{"name" : "Inha University"}], 
"building_function" : [{"name" : "Office"}, {"name" : "Laboratory"}], 
"floors" : 15, 
"/location/location/containedby" : [{"name" : "Incheon"}, 
{"name" : "Seoul"}, {"name" : "Inha University"}]}

JSON response

<Figure 7> JSON Response From Linked Data

quely identification of the landmark is necessary. 
In such a manner, metadata and data may be fur-
ther retrieved. So such premise could be set up 
in landmark ontology. Our system mainly, intends 
to re-use readily structured data published on the 
Web (which could be collaborative edited by any-
one on the web following agreed procedures, in 
order to allow it to be re-used in various applica-
tions, including but not only our system). In cur-
rent AR applications it is common to directly link 
to HTML pages about targets. This is unsat-
isfactory since it forces user to switch to another 
page or application. In order to let our system 
flexibly handling the information presentation in 
the AR browser, we propose to retrieve data about 
landmarks via re-use Linked Data.

We applied a MQL (Metaweb Query Lan-
guage) making programmatic queries to Free-
base. It is analogous to SPARQL query language 

to be used in RDF. It uses JSON (lightweight 
web application data mode) objects as responses 
for the query via standard HTTP requests. Target 
landmark URI from the available annotation will 
use to retrieve the landmark introduction. As 
shown in <Figure 7>, we use the Inha High-tech 
Building’s URI to get the JSON response. And 
then the system generates the AR contents based 
on this response.

4. Implementation and Experimental 
Results

4.1 Prototype of Landmark Guide System

As shown in <Figure 8>(a), for this case, 
user came to visit Inha University. When they us-
ing our AR system browsing this tall building 
they found there is no annotation about this tar-
get. So user wants to create an annotation about 
this target. It is not necessary for them to know 
the exact name of the Inha University High-tech 
building. They can simply input keyword “inha”, 
and the system will automatically search related 
topic in the linked data. User then can easily se-
lect the topic “Inha Hi-tech Building” is what he 
or she wants to annotate from the result list. The 
related information as we talked before will auto-
matically store in the server part. After doing like 
that, another user came to surrounding this build-
ing they can browse the introduction by using our 
system as shown in <Figure 8>(b). The in-
troduction all generated from linked data after the 
system recognizing the target. 
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(a)

(b)
<Figure 8> The Proposed Augmented Reality System. 

(a) User Searches the Annotation Topic. 
(b) The Image with Augmented Information

(a)
 

(b)
<Figure 9> (a) Matching with the Rotated Image. 

(b) The Image with Augmented Information

(a)

(b)

 <Figure 10> (a) Building #1 Matched with the 
Queried Image. (b) Building #2 
Matched with the Queried Image

As shown in <Figure 9>(a), the left image 
is taken by another user when he she creating anno-
tation and store in the server part. When user using 
our system browses the building the captured image 
is rotated as shown in <Figure 9>(a) right image. 
By calculating the matching pairs the annotation 
contents can accurately overlay on the real target. 
As shown in <Figure 9>(b), the introduction about 
the “Inha Jungseok Memorial Library” success-
fully generated from linked data.

Experiments show there are some worst 
cases when operation our mobile AR system. 
Sometimes is due to the queried image environ-
ment has a large difference with the images ex-
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Without 
Cluster

Without GPS

With Cluster
With GPS

With Cluster
With 

Contextual Info

Retrieval 350～400ms 70～80ms 18～20ms

Matching 120～160ms

SURF 
detector

300ms

Total 770～860ms 490～540ms 438～480ms

<Table 1> The Comparisons between Different 
Approach

isted in the server part. Sometimes as shown in 
<Figure 10>, the queried image has multiple tar-
get existing. As shown in <Figure 10>(a) and 
<Figure 10>(b), the right image is user queried 
new image. In this image there are two building 
which existed in server part. The matching pairs 
will calculate respectively as shown in <Figure 
10>(a) and <Figure 10>(b). When the system 
meets this ambiguous condition the user hardly 
get the corresponding AR contents. So we consid-
er let user to make a further choice telling the 
system what he or she exactly wants. 

4.2 Experimental Results

In our experiment, we have selected an 
Android mobile platform as a client in the im-
plementation. It is selected based on its features 
such as camera stream, GPS, sensor data etc. In 
this experiment, 80 landmarks are recorded in ex-
treme city-scale areas, and 15 clusters have being 
created. Each landmark is captured with 10 im-
ages from different distance and angle which re-
sulting 800 images. We have set the cluster region 
size as 500×500 square meters, i.e. d = 500, as 
previously mentioned on Section 4.12. 

Instead of obtaining images from the web 
or given by developer, our system images come 
from user generated annotation. A camera phones 
are used to collect images in our experiments. A 
quality of collected images acquired in order to 
ensure a sufficient for robustness the system ope-
ration. At the same time, we also intend to see 
how effective the camera phones for collecting 

large image-based datasets. These image collec-
tions collect over multiple sessions from several 
individuals, to guarantee a diversity of views, es-
pecially in various lighting conditions, and occlu-
sions. It’s best to avoid images with full of occlu-
sion by trees, cars, or even pedestrians, etc. Once 
user creates an annotations, with correct corre-
sponds image to the object of interest, we have 
found images with a 640×480 resolution will pro-
vide a robust matching with sufficient speed. 
Additionally, this is the smallest native resolution 
of many cameras.

As shown in <Table 1> above, we compare 
our experiment result with a two different existing 
approaches. The first one without cluster and 
without GPS is using queried new frame directly 
retrieval in database. This approach will be hurt 
due to large database size. In second approach, 
a clustering with GPS and in this work we pro-
posed Grid-based clustering method to find user 
surrounding clusters to load to memory. The third 
approach, a clustering with user contextual in-
formation provided by smart-phone, which we 
can search surrounding landmarks that close to 
user pointing direction. Those landmarks beyond 
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user view will have low priority load to memory. 
So the retrieval process improved, therefore, the 
whole process is speeded up.

In our experiment, our mobile work under 
WCDMA HSPA 3G bandwidth networks or wire-
less environment which provide a download speed 
of up to∼28 Mbps and upload speeds of∼5.8 
Mbps. We can ignore the matching result to the 
phone, and more than 95% of the data communi-
cation is devoted to transmit new frame to our 
server. For a 640×480 grayscale image, we can 
represent its intensity approximately within 307KB. 
So transmission time is about 420ms for each 
image. With server processing time around 438~ 
480ms shown in <Table 1>, the system runs at 
1 frame per second while maintaining a very high 
image retrieval quality. 

5. Conclusion and future work

We propose a novel outdoor city-scale area 
augmented reality system. The system is com-
posed of two parts, AR Module and Annotation 
Module. The annotation is driven by typical user 
by choosing an appropriate topic from linked data 
and captured landmark with different viewing di-
rections and distances. The landmarks are clus-
tered using Grid-based method in order to reduce 
a time retrieval cost. Image is represented as dis-
tribution of visual words, which generated from 
the quantization of SURF descriptors. On the 
landmark browsing stage, the query image is also 
represented by the distribution of visual word. 
The landmark in the viewing direction from the 

nearest clusters will be load to memory used to 
retrieve the similar image with the queried one. 
Then camera pose can be computed from the 
matching pairs. Since related “introduction” about 
the landmark did not store in local database, it 
will be retrieved from linked data from provided 
landmark URI. In a word the system is driven by 
the wisdom of crowd and the information can 
easily be shared and extended.

Experiments demonstrate that our proposed 
system works well in large city-scale areas. Further-
more, our system are considers using context de-
vice compared with another two approach. The 
improvement will be obviously as the number of 
annotation growing. For each queried image the 
server processing time is around 438~480ms. The 
system runs at 1 frame per second. As described 
in this paper, our system enables a dynamic and 
flexible AR experience, through using linked data 
the existing scale of structured data being pub-
lished on the web, moving away from the hard-
coding of landmarks and their associated data. 

Our work deal with challenging collected 
images that are captured in busy, outdoors envi-
ronment. A carefully and well organized city-scale 
datasets are needed. However, it’s difficult to ob-
tain in practice. In the future we plan to improve 
our datasets by making dense and spatially well 
distributed coverage landmark images. And SURF 
yield many features per image we consider that 
by pruning features that are likely to be noise. 
Finally, in the content generation part we will 
consider that user can build up his/her knowledge 
base. Having this information, the system can pro-
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vide an intelligent AR content that matches the 
user’s interest and profile.
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Abstract

모바일 랜드마크 가이드 : LOD와 문맥적 장치 기반의 

실외 증강현실

9) 조비성*
․누르지드*

․장철희*
․이기성*

․조근식** 

최근 스마트폰의 등장으로 인해 사용자들은 시간과 공간의 제약 없이 스마트폰을 이용한 새로운 의사소

통의 방법을 경험하고 있다. 이러한 스마트폰은 고화질의 컬러화면, 고해상도 카메라, 실시간 3D 가속 

그래픽과 다양한 센서(GPS와 Digital Compass) 등을 제공하고 있으며, 다양한 센서들은 사용자들(개발자, 
일반 사용자)로 하여금 이전에 경험하지 못했던 서비스를 경험할 수 있도록 지원하고 있다. 그 중에서 

모바일 증강현실은 스마트폰의 다양한 센서들을 이용하여 개발할 수 있는 대표적인 서비스 중 하나이며, 
이러한 센서들을 이용한 다양한 방법의 모바일 증강현실 연구들이 활발하게 진행되고 있다. 모바일 증강현

실은 크게 위치 정보 기반의 서비스와 내용 기반 서비스로 구분할 수 있다. 위치 정보 기반의 서비스는 

구현이 쉬운 장점이 있으나, 증강되는 정보의 위치가 실제의 객체의 정확한 위치에 증강되는 정보가 제공되

지 않는 경우가 발생하는 단점이 존재한다. 이와 반대로, 내용 기반 서비스는 정확한 위치에 증강되는 

정보를 제공할 수 있으나, 구현 및 데이터베이스에 존재하는 이미지의 양에 따른 검색 속도가 증가하는 

단점이 존재한다. 본 논문에서는 위치 정보 기반의 서비스와 내용기반의 서비스의 장점들을 이용한 방법으

로, 스마트폰의 다양한 센서(GPS, Digital Compass)로 부터 수집된 정보를 이용하여 데이터베이스의 탐색 

범위를 줄이고, 탐색 범위에 존재하는 이미지들의 특징 정보를 기반으로 실제의 랜드마크를 인식하고, 
인식한 랜드마크의 정보를 링크드 오픈 데이터(LOD)에서 검색하여 해당 정보를 제공하는 랜드마크 가이드 

시스템을 제안한다. 
제안하는 시스템은 크게 2개의 모듈(랜드마크 탐색 모듈과 어노테이션 모듈)로 구성되어있다. 
첫 번째로, 랜드마크 탐색 모듈은 스마트폰으로 인식한 랜드마크(건물, 조형물 등)에 해당하는 정보들을

(텍스트, 사진, 비디오 등) 링크드 오픈 데이터에서 검색하여 검색된 결과를 인식한 랜드마크의 정확한 

위치에 정보를 제공하는 역할을 한다. 스마트폰으로부터 입력 받은 이미지에서 특징점 추출을 위한 방법으

로는 SURF 알고리즘을 사용했다. 또한 실시간성을 보장하고 처리 속도를 향상 시키기 위한 방법으로는 

입력 받은 이미지와 데이터베이스에 있는 이미지의 비교 연산을 수행할 때 GPS와 Digital Compass의 

정보를 사용하여 그리드 기반의 클러스터링을 생성하여 탐색 범위를 줄임으로써, 이미지 검색 속도를 향상

*  인하 학교 IT공과 학 정보공학과
** 인하 학교 IT공과 학 컴퓨터정보공학부
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시킬 수 있는 방법을 제시하였다.
두 번째로 어노테이션 모듈은 사용자들의 참여에 의해서 새로운 랜드마크의 정보를 링크드 오픈 데이터

에 추가할 수 있는 기능을 제공한다. 사용자들은 키워드를 이용해서 링크드 오픈 데이터로에서 관련된 

주제를 검색할 수 있으며, 검색된 정보를 수정하거나, 사용자가 지정한 랜드마크에 해당 정보를 표시할 

수 있도록 지정할 수 있다. 또한, 사용자가 지정하려고 하는 랜드마크에 대한 정보가 존재하지 않는다면, 
사용자는 랜드마크의 사진을 업로드하고, 새로운 랜드마크에 대한 정보를 생성하는 기능을 제공한다. 이러

한 과정은 시스템이 카메라로부터 입력 받은 대상(랜드마크)에 대한 정확한 증강현실 컨텐츠를 제공하기 

위해 필요한 URI를 찾는데 사용되며, 다양한 각도의 랜드마크 사진들을 사용자들에 의해 협업적으로 생성

할 수 있는 환경을 제공한다. 
본 연구에서 데이터베이스의 탐색 범위를 줄이기 위해서 랜드마크의 GPS 좌표와 Digital Compass의 

정보를 이용하여 그리드 기반의 클러스터링 방법을 제안하여, 그 결과 탐색시간이 기존에는 70~80ms 걸리는 
반면 제안하는 방법을 통해서는 18~20ms로 약 75% 정도 향상된 것을 확인할 수 있었다. 이러한 탐색시간의 

감소는 전체적인 검색시간을 기존의 490~540ms에서 438~480ms로 약 10% 정도 향상된 것을 확인하였다.

Keywords : 증강 실, 시맨틱웹, 링크드데이터, 동 어노테이션
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