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Abstract—The worldwide Digital Signage market has been 
getting increasingly popular in recent years. Nevertheless, for 
service providers, the Digital Signage business is still not easy 
to manage and time-consuming to operate. In this paper, 
based on the GPS and wireless infrastructure, we present a 
mobile location-aware digital signage system (LDSS). Through 
the centralized system architecture, the applications for the 
Digital Signage can be expanded to various advertising 
vehicles including buses and other mobile advertising vehicles. 
Also, we present an advertisement recommendation 
algorithm, by which the advertisement can be broadcasted in 
the right markets more effectively. Evidenced by simulated 
experiments and analysis, compared with traditional region 
trigger advertising, sequential advertising and random 
advertising, our advertisement recommendation algorithm 
can effectively reach to the key target audiences in planned 
regions, while show excellent ability to differentiate markets 
in unplanned regions reaching to the target consumer groups 
as well. 

Keywords—Digital Signage, Mobile Advertising, Location-
aware, Fuzzy Theory, Memory Based Reasoning 

I. Introduction 
 No only the properties of the advertising markets will 

impact the advertising results, but the differences of 
consumers’ behaviors among different geographical 
regions. Therefore, many location-aware & personalization 
advertising systems and architectures have been designed 
and proposed [3][4][5][6] to provide more efficient 
advertising services. For instance, the most interesting and 
benefiting one is the mobile phones are used as vehicles of 
advertisement. 

In this paper, based on the GPS and wireless 
infrastructure, a location-aware mobile digital signage 
system (LDSS) and advertisement recommendation 
algorithm (ARA) were proposed including the following 
features: (1) mobile vehicles’ advertisement (2) 
identification of market segmentation, (3) convenient 
communication channels, (4) dynamic advertising 
scheduling, (5) easy to attract consumer’s attention, (6) 
improving advertising effectiveness. 

This paper was organized as follows. Related works 
were described in section 2. Section 3 illustrates the system 
architecture and modules of the proposed LDSS. Section 4 
explains algorithm steps and defines of the proposed ARA. 
Experimental Results were given in section 5. Finally, the 
conclusion was given in section 6. 

II. Related Work 
The former scholars defined the digital signage as [1], 

Digital Signage represents the real-time, dynamically 
changing, digitized multi-media distribution, one store- 
multiple zones, or multiple locations, setting up diverse 
display devices at the same time. It is served as the sending 
system interface of contents, referring to information, 
entertainments, and ads to draw the attention of targeted 
segmentation, based on the internet equipment and function 
to be controlled by headquarter remotely.  

Besides, based on the probe of location-aware 
advertisement by former scholars, there are two different 
implication of the mobile ads’ propaganda [7], one is the 
mass transit advertisement, e.g. bus; the other renders 
advertisement to mobile device, e.g. mobile phone, to 
which location-aware advertisement is belonged. Its 
purpose is to pass the need and suitable information to user 
on the go. Nowadays, there are many services designated to 
Location-Base [3][4][5][6], the basic ads system 
requirement of a Location-Based Service(LBS) are shown 
as below [8]: 
1. Having the ability to provide the correct region 

position of the mobile device exactly.  
2. Having the ability to define or pick up any specific 

regions exactly.  
3. Having the ability to identify in short time that any 

mobile device has entered into one specific region e.g. 
within one minute. 

4. Having the ability to trace out any mobile device 
which has fitted for some specific conditions within a 
designated time. 
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III. Location-aware Mobile Digital Signage System 
(LDSS) 

A Location-aware mobile digital signage system, 
shorted as LDSS, based on the GPS and wireless 
infrastructure, used a centralized system architecture and 
webpage interface design (Figure 1). 

 
Figure 1. Overview of LDSS 

LDSS includes two components, namely Digital 
Signage System Server Platform (DSSP) and Digital 
Signage System (DSS). Figure 2 illustrates the modules of 
each component. Functionalities of each module were 
explained as follows. 

 
Figure 2. LDSS system modules 

Digital Signage System Server Platform (DSSP) 
The DSSP was composed of four subsystems, one 

database and one webpage user interface.  
Ads Management Subsystem provides two paths of 

uploading advertisements, one is a customized ads 
scheduling via the schedule management module to set 
advertising periods and positions; the other is the ads 
recommend subsystem, the only need is to set up the types 
of advertisements, and then the dynamic schedule 
subsystem based on advertisement recommend algorithm 
will work exactly. 

The ads recommend subsystem is an advertisement 
recommendation system, based on the former scholar’s 
Instant Messenger (IM) research, according to the ads types 
set up by customers, which are going to recommend the 
highly relative broadcasting regions.  

The Digital Signage Management Subsystem was used 
to manage and plan the advertising trigger point, in which 
the type of different regions and radius of their influence 
were decided. Beyond that, through the mobile type ads 
trigger management module, the different regions’ type 
such as Education, Commence, Medical, Residential and 
Tourism were set up as well.  
Digital Signage System (DSS) 

The DSS can be used in mobile or fixed digital 
signage through different modules to communicate with 
DSSP, including transfer location to back-end server 
and download playlist and ads from database.  

IV. Advertisement Recommendation Algorithm (ARA) 
In advertisement recommendation algorithm, the main 

goal is to compute advertising effectively by current 
locations of advertising vehicles with neighboring regions. 
In this approach, we construct a relevance module of ads 
and regions, by which the advertising vehicles can work in 
the effective markets and right times in the planned 
geographical environments. 

In membership functions of relevance, we uses fuzzy 
logic, the influence degree of each element from binary 
logic extension into a multi-valued logic, defined as 
follows, 1 means absolute relevance, 0.7 means highly 
relevance, 0.5 means general  relevance, 0.3 means slightly 
relevance and 0 means without relevance. 

In the vicinity of educational region, the most 
potential audiences were students, and then the advertising 
type, toys and stationery, clothing and boutique were taking 
into consideration. The impacted times were 7 to 8 a.m., 
peak hour to school, and 12 a.m. to 1 p.m., peak hour for 
student lunch, and then 4 to 6 p.m., peak hours to home. 
The trapezoidal membership function was shown as Figure 
3.  

 
Figure 3. Degree of membership on educational region 

V. Experimental Results 
Total 30 days experiment ran from 6 a.m. to 10 p.m., 

each set of experimental data collected 10 times, and then 
analyzed the averaged data in the planned regions and 
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unplanned regions. The region triggers advertising 
belonged to location-based and event-based, which were 
usually used in mobile advertising service [3][4][5] and 
travel information provider[9] nowadays, while sequential 
advertising were  big quantity ads by traditional digital 
signage. 

The simulation environment was built in a personal 
computer with Intel Core 2 Quad Q8400 CPU and 4 GB 
RAM; installed in the operating system of Windows XP 
with Service Pack 3, and C language was used. 

The regions planning accordance with actual 
distribution of Hsinchu city, and the coordinate regions 
used the web-based geographical image data digitizer [2], 
The types of planning regions were classified as Education, 
Commerce, Medical, Residential and Tourism. In 
advertising vehicles routes, similarly, the web-based 
geographical image data digitizer was used, and then 
sequentially depicted the straight line and recorded the 
coordinate’s turning point. The advertising vehicle speeds 
as 10 km/h and each advertisement sheet lasts 3 seconds.  

Whether the advertising was favored by audiences, it 
can be found out by questionnaires. Have the viewer see 
different advertising types and by the questionnaire rating 
to find out the preferred advertising involvement in 
different regions, and the relevance regions and ads as well. 
Therefore, we assumed the questionnaire rating of absolute, 
highly, general, slightly, and without as the parameters. 

The parameters of advertising methods setting were 
used as benchmark to condition the same advertising 
situation to ARA and region trigger advertising. For ARA, 
the parameters absolute correlated to 1, highly to 0.7, 
general to 0.5, slightly to 0.3 and without to 0. Then 
computed the current location benefit value iB , and ranked 
the first, second and third benefit value of ads types; the 
first type advertised 3 times, second 2 and third 1 continued 
to broadcast in stagger way. For region trigger advertising, 
the parameters general, highly and absolute correlated to 1, 
to which types region when the advertising vehicle went 
into the advertisement were going to broadcast; while 
slightly and non-correlated to 0, represented these types 
would not be broadcasted in relative regions. 

We can observe from Figure 4 that, in most times, the 
Commerce region’s ads was designated to shopping people 
and the occupied highest rate were ”Clothing and 
Boutiques” and ”3C Product”, while “Foods” type ads, in 
the two peak times i.e. 11 to 13, 16 to 18, occupied the 
highest rate, also by the the trapezoid time category setting, 
the occupied rate of  “Foods” increased or decreased when 
tmies came close or departed from the peak time. 

 
Figure 4. Different times Advertising situation of ARA in Commerce. 

 
Figure 5.  The Broadcast Situation of Residential 

By the analysis above, the advertising situation of 
ARA in Residential designated ads to the main shopping  
group was “Daily and Household supplies”, which more 
than the trigger method 11.55%, the sequential 29.31% and 
the random 29.43%. While the designated ads to the 
secondary dine out people was “Foods”, the ARA lower 
than trigger method 10.46%, but more than the sequential 
8.06%, and the random 8.18%. Not only the trigger method 
couldn’t identify the different between the main group and 
secondary, but there were not obviously different of 
sequential and random method. So ARA is the only could 
control the market differential than any other methods. 

Finally, we observed the ads situations of unplanned  
regions that were beside the planned regions, their main  
groups were the potential audiences of neighbor regions. 
Therefore,  the third section of  the experiment was  the  
annular region which skirts of each planned regions one 
radius, the calculated ads of each regions’ annular was 
shown as Figure 6 and Figure 7.  

Each advertisements rates of the trigger method 
situaion in each regions’ annular was very close., i.e. the 
trigger method lost the market differential ability in the 
unplanned regions at all. In Figure 6, ARA to  the  annular 
region, which skirted of the planned regions, still could  
broadcast the relative ads for the neighbor region. 
Acctually, ARA is the only mehtod that can differentiate the 
markets in any regions, controling the trend of any key 
audiences. 
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Figure 6.  The Ads Situations of the Annular Regions Skirted of  the 

planed  Regions.(ARA) 

 
Figure 7.  The Ads Situations of the Annular Regions  Skirted of  the 

planed  Regions. (Regions trigger) 

VI. Conclusions 
This paper, based on GPS and wireless infrastructure, 

presents the structure of a location-aware digital signage 
system (LDSS), makes the digital signage can be applied in 
mobile carriers like ads broadcast cars and buses etc, and 
through the location-aware digital signage focuses on the 
target audiences. Through the design of centralizing system 
structure, integrated the digital signage management and 
the upload advertisement function, makes the service 
providers and the advertisers can contact to back-end server 
by the internet, managing the digital signage, uploading and 
scheduling the ads,  reducing  the time and labor cost of the 
advertiser and customers for discussing the content  of ads. 

Moreover, by the Advertisement Recommendation 
Subsystem, the advertisers only set up the ads types, 
designating the higher benefit advertisement to broadcast, 
and then can reduce the complicated setting process of the 
advertisement, speeding up the exposing time of ads in the 
ads markets. Through the experimental analysis, we prove 
that ARA is the only method can control the key audiences 
of different times. No matter the planed or the unplanned 
regions, ARA has batter performances than any other 
methods, can broadcast the neighbors’ relative ads, and 
control the trend of the potential audiences. 
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