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Abstract: - The evolving features of mobile devices have opened 

new avenues for research in Augmented Reality based Social 

Networking (ARSN) applications. Since the interest of the users 

in ARBSN applications is increasing exponentially, cloud-based 

services for these applications have become the need of the hour.  

Also, location based services are emerging as a necessary service 

since the content (images, messages, videos, etc...) to be accessed 

with respect to the location is quite larger. This has paved way 

for cloud-based, location relevant services for ARSN so as to ease 

the accessing of the augmented content effectively. This work 

focuses on developing an application for accessing the 

appropriate collection of augmented content with reference to 

the location of the mobile user.  Initially the large volume of 

content (images) uploaded by the user is stored in the cloud as 

feeds. In order to increase the accessing speed, the feeds are 

constrained fetched and cached in the cloud. Whenever the user's 

movement is detected in the precise location, the range of content 

that has been uploaded by other users of the same group in the 

same location are post fetched and presented as an augmented 

content to the end user The frequency of user's movement to the 

same location has been validated using the Geolife Trajectories 

dataset [16-18] which traces the user's outdoor movement. 

Finally we demonstrate the proposed work using an Android 

based Smart Phone and the efficiency of the constrained fetching 

of feeds across various locations has been analyzed extensively. 

Keywords: Social networking, Mobile applications, Cloud 

storage, Location based services, Augmented Reality. 

I. INTRODUCTION 

he evolution of smart phones has paved way for the 

tremendous success of social networking applications. 

Prior to the smart phone era , the Augmented Reality  (AR) 

applications faced a major challenge in designing the user 

interface component [19] that determines the way the  

information to be conveyed to the user.  Smart phones are 

capable of conveying the information accurately and 

especially sharing the conveyed information through social 

networking applications.  On the whole, AR facilitates two 

major technologies [20]. The first technology provides the 

smart hub facility where sensors and smart sensors are 

embedded into the appliances concerned. The second 

technology provides additional information to the user 

through their mobile smart phone. This information is based 

on user's location, preferences and social relationships. This 

paper focuses on the efficient accessing of location preferred 

information for social networking groups from the cloud 

storage and thereby minimizing the complexity of information 

processing at the end-user's device. 

       The aim of this work is to improve the quality of 

accessing location relevant content through cloud computing. 

AR is a natural interface to visualize spatial information such 

as position or direction of locations and objects for location 

based applications that process and present information based 

on the user's position in the real world [9]. Cloud computing 

has increased the freedom of using AR in AEC/FM 

applications [8]. Another factor that will lead to the wider 

usage of AR is that mobile devices are becoming smaller, 

more powerful, and less expensive.  In this work, we 

investigate collecting location based feeds and caching them 

in the cloud.  Scalability is achieved by accessing the cloud-

assisted feeds depending upon the type of network.  

  Feed is the information required for providing the 

users with the requested content by accessing cloud.  Feed can 

be of any valid content of user's interest. This system involves 

feed constrained fetching which includes location information 

processing through Geo fencing generation. The POI (Point 

Of Interest) values for geo fencing based boundary are 

generated. This is performed using Haversine formulation [7] 

which computes the distance between user’s current location 

and the geo location .This information is embedded with the 

image. This is termed as geo-fencing generation with 

reference to the user’s location. 

  The feeds (images in this context) are realized as 

objects in the cloud. These objects are queried and collected 

which are then cached in the cloud with respect to the 

embedded location information. Post fetching involves the 

following set of processes to be executed in order.   

i. Automated request from the user 

ii. Evaluating the processing time 

iii. Identifying the network service  

iv. Downloading the requested content from the cloud. 

 This will help in minimizing the time required to access the 

content from the cloud, irrespective of the size of the content 

stored in the cloud. 

The requested content is the collection of objects with respect 

to the location of the mobile user.  The location bound content 

with respect to the social group will be augmented with the 

location information that has been embedded with the content. 

To investigate the efficiency of such a system, the frequency 
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of the mobile user's movement to the same location has been 

examined for a larger Geolife trajectories data set which has 

recorded the trajectory information of user's outdoor 

movement over a certain period of time. The outcome of this 

observation indicates that the pattern of user's movement for 

the same location is repeated at least twice for the period of 

time as referred from the data set. 

                 To reduce the transmission cost and processing 

time, location has been considered as a major constraint such 

that irrelevant content with respect to the geo-location can be 

segregated. This will in turn reduce the data traffic with 

respect to the network. The images that are uploaded in cloud 

are tagged with respect to the geo location. Whenever user 

logged into the application, location is identified and images 

are queried. Querying the image without any constraints will 

promote accessing all the content irrelevant to the context. 

This may lead to unnecessary contents to be searched which 

consume more time as well as increase the network traffic.  

Experimental results reveal that through the proposed 

methodology, the accessing of location based content has been 

improved through constrained fetching and catching the 

relevant contents. 

II. LITERATURE SURVEY 

 ARSN applications in the emerging mobile context 

have provided a new dimension to the AR systems. Since the 

content to be augmented is of large in volume, there arise the 

need for cloud computing to share the complexity involved in 

processing the enormous content posted on the social 

networking platform. The state of the art technology in this 

direction has been discussed in this section. 

Xiaofei Wang and Min Chen [1] proposed a 

framework to improve the quality of Really Simple 

Syndication (RSS) service for mobile users, called Pre-Feed. 

Pre-Feed consists of two parts, such as cloud-assisted 

prefetching, which will proactively fetch the multimedia 

content of the RSS feeds for all subscribed mobile users, and 

Cognitive pushing, which will push the content to mobile 

users at an appropriate time by evaluating the link quality. It 

has been shown that cloud computing can effectively facilitate 

feed pre fetching and cognitive pushing for mobile users; a 

large portion of traffic load due to redundant downloads can 

be reduced. The cognitive pushing is not intended towards 

social networking group but exclusively for the mobile 

subscribers involved. 

David Prochazka et al [2] presented   an augmented reality 

application for customizing the design of a car. A neural 

network recognition algorithm for identification of the 

replaceable parts of a car has been proposed. Since neural 

networking algorithms are complex, the processing is 

performed on the cloud server.  This improves the scalability 

of the system. However, the recognition method is focused on 

identifying objects with considerably modified shapes but 

fails to distinguish objects of similar shape. 

Bai-Ruei Huang et al [3] implemented a mobile augmented 

reality system for capturing images of book spines and sends 

the processed feature to the cloud. In order to reduce the 

transmission cost, the image processing tasks are performed 

on the mobile device. More complex processing is performed 

in the mobile device which diverge the sole purpose of 

migrating to cloud environment.   

P Geiger et al [4] [5] focussed on the implementation of a 

mobile augmented reality engine which provides location 

based functionality and proposed a mobile business 

application based on this engine. The challenges in 

implementing business application have been discussed. 

However the issues concerned with the overlapping of POIs 

are yet to be resolved.  George Papagiannakis [6] et al have 

surveyed the impact of augmented reality on the different 

mobile and wireless technologies. 

  Yu Zheng et al [10] designed an approach based on 

supervised learning to automatically infer user's transportation 

modes, including driving, walking, taking a bus and riding a 

bike, from raw GPS logs . The process includes a change 

point -based segmentation method, an inference model and a 

graph -based post-processing algorithm. The computational 

complexity will be more if the content to be processed 

increases dynamically. 

  Xiaotao Wu and Henning Schulzrinne  [11] 

developed a comprehensive application-layer analysis of 

location information and location-based communication 

services. The end-user-oriented location by using location 

detection approaches was tracked. Then, location information 

was used to provide communication services. Location 

information describes a physical position or attributes of a 

place, such as place type and privacy status, that may 

correspond to the past, present or future location of a person, 

event or device. This work focuses on the underlying 

communication overhead related to location-based services. 

 Nan Li and Guanling Chen  [12] explored the 

challenges in Location-based Social Networks (LSNs) that 

allow users to search location-tagged content within their 

social graph, and to meet others nearby. This work focuses on 

the analysis over user profiles, update activities, mobility 

characteristics, social graphs, and attribute correlations. Based 

on the patterns of user’s location clusters, it is possible to 

classify user’s mobility patterns into four mobility groups. 

High-degree users are likely more mobile, have more friends, 

and send more updates. SMS and Email users are more mobile 

and their location updates are harder to predict. The AR 

related location based service is not taken into consideration. 

 Roberto Rigolin Ferreira Lopes et al [13] studied the 

challenge of designing a feasible social-based mechanism to 

manage wireless mobile connectivity. The main aim was to 

explore the social circles to enhance their wireless 

connectivity experiences such as throughput, latency and 

signal quality. Wireless mobile computing enhances people 
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communication and collaboration capacity as result of the 

evolution of three principal components such as ubiquitous 

wireless connectivity, multimedia mobile devices, and 

applications based on localization and online social networks. 

Evaluation was performed to determine the collaborative 

effectiveness as function of time, number of users and their 

mobility patterns. The usage of socialized context data has not 

been taken into consideration. 

 Tommy Nguyen and Boleslaw  Szymanski  [15] 

exploited the social networking data to validate mobility 

models for pervasive mobile ad-hoc networks (MANETs) and 

delay tolerant networks (DTNs). The Random Waypoint 

(RWP) and Erdos-Renyi (ER) models have been a popular 

choice among researchers for generating mobility traces of 

nodes and relationships between them. It has been observed 

that the patterns confirmed the intuition of humans making 

repetitive sequences of movements. Huijun Wu et al [14] 

demonstrated that a distributed mobile cloud service model 

can utilize the entire mobile cloud system as the mobile 

application running platform such that the mobile cloud 

application can be significantly simplified and enriched. The 

mobile cloud system has not incorporated any social 

networking features.         

Location-Based services for ARSN applications in cloud 

environment is an emerging area of great interest .This section 

revealed the current trends in this direction and the following 

section provides a detailed description of  the proposed 

methodology.  

 

III. PROBLEM DESCRIPTION 

 

This section discusses the design methodology for 

constrained fetching of feeds, caching and post fetching for 

Location Based Social Networking Applications. The 

components involved are constrained fetching the feeds, post 

fetching through cloud access and finally evaluating the 

location based feeds which is illustrated in Fig.1. Initially, 

constrained fetching is processed with respect to the location. 

Then, the queried images are cached and finally cached 

images are post fetched from the cloud. 

 

 

 
Figure.1 Augmented Location Based Content Retrieval System 

User’s current location information generation is 

processed for creating the geo fencing boundary. Images 

within this geo fencing boundary are accessed by the end 

users for location-specific content generation. This is made 

possible through temporary caching of the location-specific 

images. The generated location specific information will be 

uploaded to the cloud for constrained fetching. According to 

the user’s location, current location details will be stored in 

the cloud environment. Whenever the user is within the geo 

fencing bound, the constrained fetching process is initiated 

and the cached images are down streamed to the end user. 

The proposed system is designed to enhance the retrieval of 

images from cloud with reference to the location specification 

and the network service. The user location information 

includes the latitude and longitude positioning of the region 

taken into consideration.  

3.1Constrained Fetching of Images from Cloud 

Since users have an enormous volume of images 

uploaded in the cloud, constrained fetching of location-

specific images minimizes the processing time of the large 

volume of images. The content fetching from the cloud 

involves the location information processing, generating geo 

fencing boundary, collecting the objects and caching the 

location based objects for further down streaming to the end-

user's POI. The constrained fetching of images can be 

accessed as per the user’s requirement. The pseudo-code for 

constrained fetching process is presented as below. 

 

Pseudo-code for Constrained Fetching  

 Input     : User current GPS Latitude and Longitude. 
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 Output: Generation of Java Script Object based on the 

Constraint 

begin 

 

Step 1: Upload the user's current GPS latitude and 

longitude coordinates as  parameters. 

Step 2:  Calculate Geo fencing values for the given 

parameters. 

Step 3:  Execute search query and then objects are 

collected from cloud storage as JSON (Java Script Object 

Notation). 

Step 4:  Cache the objects (JSON) 

Step 5: Present the augmented content to the end-user 

 End 

3.1.1 Location Information Processing and Geo Fencing 

 Geo-location distance is calculated using Haversine 

[21] Algorithm. The Haversine computation is important in 

navigation which provides great-circle distances between two 

points on a sphere (earth) from their longitudes and latitudes. 

It is a special case of a more general formula in spherical 

trigonometry, the law of Haversines, relating the sides and 

angles of spherical triangles. 

   

where h is haversin (d/r), or more explicitly: 

 

d is the distance between the user Current Location and 

particular image Location.  

 r is the radius of the Earth(6371 kilometres)  

 Φ1, Φ2: Latitude of User and latitude of Particular 

Image. 

 : Longitude of user and longitude of 

Particular Image. 

The distance calculation from the POI to the location 

of the uploaded images is represented as in Fig .2. (Φ1, λ1) 

pair denotes the latitude–longitude measures of the mobile 

user  and (Φ2, λ2) pair denotes the latitude–longitude 

information of the image that has been already uploaded in the 

cloud. This has been retrieved through constrained fetching 

technique. 

 

                                          
 

Figure.2 Haversine Distance Computations 

 

The steps involved in geo-fencing processing have 

been elaborated as below. 

Pseudo code for calculating Geo-fencing boundary 

   begin 

              Step 1:  Check availability for  

1.1 User location information, 

1.2 Location embedded image information. 

Step 2: Convert location information degree into 

radian. 

   Step 3: Compute the difference of the Latitudes. 

   Step 4: Compute the difference between the 

Longitudes. 

Step 5: Compute Haversine values . 

Step 6: Compute the arc tangent for the Haversine 

value. 

Step 7: Compute the distance with respect to the radius 

of the earth. 

Step 8: Compute the Geo Fencing bound 

end 

With reference to this computation, the bound within which 

the images have to be augmented is determined. Since the 

location information is embedded with the image, the bound 

will enable to separate the images for caching so as to ease the 

transfer of images to the mobile.       

3.1.2 Object Collection and Caching 

(1) 

(2) 

(3) 

 

(Φ1, λ1) d km 

(Φ2, λ2) 

User 

Location 

Image 
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From the previous phase, the images that lie within 

the geo- fencing bound are identified. These images are 

generated as objects and the grouping of these location-

specified images are termed as object collection. These 

fetched group of objects are cached in a temporary table 

available for each user which is updated dynamically when 

the user physical location changes. 

The images that are temporarily cached are post 

fetched, with respect to the location of the user. The post 

fetching improves the quality of accessing of the location-

specific images. 

 

    Pseudo code for Post Fetching 

 

      INPUT     :  Request for Cached images with respect to the 

location. 

      OUTPUT :  Augmented Location Based Content 

        Begin 

Step 1:  Request for cached images. 

Step 2: Process and transfer JSON objects and 

download the images  

Step 3: Check the network quality   

Step 4: Present the Augmented content  

 end 

 

The location information is generated by analysing 

the available network service which fastens the Geo- object 

generation. Users current Location is generated and stored as 

Geo object in Cloud for further processing. The movement of 

user generates dynamic Geo Objects and the process is 

continued as an iterative process. 

3.2 Augmented Location based Content Fetching 

 The user within the social networking group can 

view images that are posted by others within the Geo fencing 

bound generated from the user's current location. The current 

position of the user formulates the location co-ordinate 

(Latitude, Longitude) pair of the user. By embedding the 

location object with the image, image object is generated. 

These objects are uploaded in the cloud. These uploaded 

images will be shared among the registered user groups. 

User can share the images wherever they need. Whenever the 

user share their image, this content is uploaded to the cloud 

and the location information related to the image is embedded 

with the image. Other registered users of the social 

networking group, when detected in the same location , this 

embedded geo bound generated object stored in the cloud, is 

cached, retrieved as an augmented content of all the images 

that has been captured within that Geo fencing bound  and 

presented to the user.  

IV. ANALYSIS 

     The Experimental work has been carried out using 

Micromax A350 Canvas Knight smart phone powered by 

android Kitkat version. The users (n=60) were requested to 

register and post their images .These images were stored in 

the cloud using Parse Cloud service. The images which are 

stored as objects and their individual identity generation are 

illustrated in Fig. 3.The information related to images can be 

referenced with respect to the object identifier. Note that the 

location information of the individual objects helps in caching 

the images relevant to current user's location. 

 
Figure.3 Content as Objects embedded with location information 
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The content table constitutes the images posted by the users 

and loads the images shared by all users. This enormous 

volume of images increases each and every second, which in 

turn increases the time required to request for the interest of 

the users. This is over ruled by constrained fetching and 

caching the images in the temporary cache table as shown in 

Fig. 4. 

    

 

Figure . 4 Constrained fetching and Caching 

This temporary cache fetches the images with the current 

location as the point of reference from user’s location. This 

will be updated every time user changes the location. This 

temporary table is available for each user who holds the 

account within the social networking group. This table 

facilitates the access of augmented location based content 

relevant to that particular group.  

Once the images that are embedded with the location 

information is constrained fetched, the users are able to access 

the location specific content. The geo bound of the location 

has been limited within 500 meters. This enables to improve 

the accuracy of the precise location within which the 

augmented images are presented. This geo bound can be 

restricted as per the user’s requirement. 

The constant updating of images by the user on the 

cloud makes the cloud content to be dynamic across time. 

This may have an impact on the accessing time of the images 

as shown in Fig.5. This  influences the fact that irrespective 

of the dynamic content updating, the accessing time of the 

constrained fetched image has been minimized. This depends 

upon the number of images that has been constrained fetched 

and cached rather than the voluminous uploading of all the 

content on the cloud. 

 

 

 
Figure 5 Dynamic Cloud Content update 

 

 The performance is evaluated by post fetching of 

cached images in various networks such as WiFi, HSDPA, 2G 

and 3G with the location constraints and without the location 

constraints. Without location constraints all the images are 

queried and post fetched, in which all the images are 
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downloaded, which increases the processing time and the data 

traffic. With location constrains the images relevant to the 

physical location are fetched which reduces the content size 

and hence, the accessing time and the count of images fetched 

is also reduced which increases the system performance. The 

users will be able to map with their peers of the social 

networking group who have visited the same location in the 

past. this is made possible through the augmented location 

based content fetching . 

 The accessing of location specific content 

emphasizes the fact that there is a repetitive movement of 

users to the same location. This pattern has been evaluated 

with a larger GPSS trajectory data set.  Samples that trace the 

rapid movement of users have been taken into consideration. 

Samples that record the trajectory on the same location for a 

time period have not been taken into account. This is because, 

the ultimate aim is to observe the performance of the system 

when there is a continuous movement in the user's trajectory.  

The position of the user is recorded as a (latitude, longitude) 

pair of information. The pattern observed from the recorded 

samples is illustrated as in Fig.6.  The series represent the 

number of times the user visits the same location twice, thrice, 

four times and more than 5 times. 

 

Figure.6 User Movement Pattern 

Almost 53% of the users revisited the same location twice, 

20% of the users revisited 3 times, 10% of the users 3 times 

and 17% of the users revisited more than 5 times. Based on 

the above analysis, it has been observed that the movement of 

users to the same location is repeated. Other special cases 

(number of repeated visits is 10 -20) also have been observed.  

Hence forth, the proposed location based augmented content 

fetching from the cloud significantly minimizes the processing 

and accessing time of the location based augmented content. 

The frequency of user's movement to the precise location has 

been observed to be repetitive and hence the proposed 

constrained fetching and caching methodology for accessing 

location-based images proves to be efficient. Experimental 

results show that the increase in the frequency of visits to the 

same location will have an impact on the accessing of location 

bound images irrespective of the contents stored in the cloud 

V. CONCLUSION 

This paper proposes a novel application for 

efficiently accessing augmented location based content using 

cloud service. The proposed ARSN application handles 

constrained fetching for augmented content retrieval by 

processing the location information, generating the POIs, 

generating as objects in the cloud, caching and finally post 

fetching the objects. The evaluation has been validated in real 

time as well as with a larger data set and it has been shown 

that the location based augmented content retrieval using 

cloud environment is efficient. This will further minimize the 

accessing time, meet the user’s interest and thus provide 

location efficient service for mobile social networking 

applications. 

 This work can be extended for social services where 

users can be provided with information related to endangered 

locations. Moreover this service can be extended to other 

multimedia features such that scalability can be achieved to a 

greater extent.  
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