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Abstract

Current technological developments have been very rapid. One of them is the
many choices of technology and media to deliver information to the public.
Digital Signage is one of the most popular information delivery systems today,
displays on digital or electronic media, and it can convey new details. The
information usually showed in the form of advertising content in the format of
images or videos. Ad content displayed is static, meaning that the ad content
will be display in the order specified. This system usually placed next to a broad
road. A place that is considered to have a broad audience and requires a
significant amount of money to display ad content. However, this causes ad
content owners who do not have enough costs not to be able to show the ad
content in a particular place. Therefore, this research makes the content
management system adaptive to road congestion situations which represented
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as audience quantities so that the costs can be adjusted. Data is obtained from
the Google Maps APl and analyzed the traffic congestion by conducting
experiments. The compatibility between density and content after testing the
* Corresponding author. results in 100% accuracy.
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1. Introduction

Advertising has an essential role in the present. Advertising has become a necessity for all circles, both for
customers, producers, and traders [1]. Advertising is content that has a message to convey to the audience. Ad content
disseminated through media such as billboards. This media is useful for disseminating information on products or
services to consumers [2]. One of the leading advertising media lately is Digital Signage (DS) [3]. DS is a digital media
that displays different information content and advertising content visually in the form of images, videos or moving text
and is displayed using electronic media such as LCD TV or digital billboards [4]. DS is a digital media that displays
various information content and advertising content visually. Its strengths are more attractive than others [5], [6]. This
media can view more than one ad content that changes continuously [6], [7]. Besides, DS is also easily accessed by
other digital devices such as cellular phones and computers [8], [9]. These indicate that DS can reduce the shortcomings
of conventional information boards [10].

DS takes over in the indoor and outdoor environments quickly and displays various content, including advertising
content [11]. DS usually placed next to significant crossroads, shopping centers, school, airport, and offices. For fixed
DS placement locations, generally using a large monitor and combined with a computer [12]. In addition to the major
road intersections, one of the strategic locations is because many people are passing by using vehicles. However, this
strategic place is relatively more expensive because it has many audiences who see advertising content. So, the
problems are:

1. Ad content owners who do not have enough costs, cannot place ad content in a strategic place.
2.  There is no proper content management [13].

This research analyzes and implements DS to distribute content adaptively. Ad content can change according to
the number of audiences passing by at a significant crossroads by seeing the congestion of traffic so that costs can
adjust to the number of viewers. Content owners who spend a considerable amount of money to display their content
will prioritize when the situation at a significant crossroads was known crowded.

2. Research Method

In Chapter 1, an analysis of the problems in the Digital Signage (DS) system is done and looks for a solution. In
chapter 2.1, understand the existing DS architecture. After understanding the architecture, identify traffic congestion by
retrieving data from the Google Maps API described in chapter 2.2.
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2.1 Digital Signage (DS)

DS is a digital-based information service to convey information visually and attractively [5], [6]. The content
displayed can be more than one content. Content that usually contains about this advertisement will be displayed in
sequence in the order specified. The DS system consists of clients, servers, and networks. Figure 1 is a DS architecture
that describes the relationship between components and parts of each component [13].
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Figure 1. Digital Signage Architecture [13]

The system has three components, namely server, client, and network. Each element has its function. The server
functions to manage and store content consisting of application servers, database servers, and file storage. The client
serves to display the content provided by the server. The network function is distributing content from the server to
clients. Table 1 explains in more detail the DS components.

Table 1. Components of the Digital Signage System

Components Description
Application Server Manage content
DS server Database Server Save content information
File Storage Save content data
DS Client Web Client Display content
Network HTTRP/HTTPS Distribute the content pcrlci)(\e/:ged by the server to the

Various applications that have been developed to support DS technology. XIBO is one of them [9], [14]. Besides,
using web applications can also support DS technology. The tools needed to develop web-based DS are node.js,
JavaScript, HTML5, CSS, MySQL and PHP [15], [16]. Web-based applications are suitable because they can easily
manage content and support marketing activities [17]. Most applications that support DS technology consist of clients
and servers and are connected via the internet [18].

2.2 Congestion Identification

Find out a full location, a particular function or function is needed. The congestion of vehicles is showing a busy
place at a massive crossroads. Google Maps API is a map service that allows users to receive various information
provided such as traffic situation, the distance between two locations and travel time between a site and another location
[1], [19], [20]. This condition makes it easier for developers because they do not need to create maps and information.

Application Programming Interface (API) is a set of service functions that can be executed and received by
external program entities [21]. The traffic information contained in the Google Maps API is very much; for example,
travel time information between two different locations. There are two functions to find out information about travel time
or two different places. First is the function "duration” this function will return the travel time to travel the route and
expressed in units of seconds. The second is the function "duration_in_traffic", this function will return the travel time
between two different locations in units of seconds, taking into account the current and historical traffic conditions [19].

If the current travel time exceeds the regular travel time, then the traffic conditions are dense, and the color on
the track is red, as shown in Figure 2. If the current travel time is less than the regular travel time, the traffic conditions
are low, and the color in the path is blue. If the travel time is the same or not too large the difference in time with regular
time, then the traffic conditions are not quiet and not congested (medium) and the color on the track is orange.
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F'igure 2. Examples of Traffic Congestion Conditions

3. Results and Discussion
3.1 System Overview

Content uploaded to the server via the internet. Every monitor display contents. The monitor is placed next to a
large road junction and will connect to a server via the internet. The server sends the Content presented to the web.

The web receives congestion information from the Google Maps APl and schedules the content displayed on the monitor
as shown in Figure 3.

Web
Content Google Maps API

W

Congestion Information

o)

&
Figure 3. System Overview

3.2 System Flow

Traffic congestion information obtained from Google Maps by utilizing the Google Maps API using two functions,
namely the function "duration" and the function "duration_in_traffic". The output obtained from the function "duration" is
the travel time between two different locations while the function "duration_in traffic" spends travel time taking into
account the current traffic congestion. After that, the data is analyzed whether the traffic is congested or not, by
comparing the output of the "duration” function with the function "duration_in_traffic. Furthermore, the content will be
scheduled and arranged according to the traffic congestion conditions. The content contained in the system distributed
and displayed on the monitor. The flow of the DS system as shown in Figure 4.
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Figure 4. Flow of the Digital Signage System

3.3 Content Scheduling

In this research, Content was designed to be three classes to be scheduled based on traffic congestion. If traffic
that monitored is congested, the Content that will be displayed is the class A content. If the traffic monitored (not
congested and not quiet), then the Content that will be displayed is class B Content. If the traffic that monitored is quiet,
the Content that displayed is class C Content.

To determine the traffic congestion class (congested, medium, quiet) uses color on the path around the monitor
(displaying Content) found on Google Maps. If the color of the track is red, then the traffic conditions are congested. If
the color of the path is blue, the traffic conditions are quiet. If the color of the track is orange, the traffic conditions are
moderate. Under certain conditions, the colors on the path around the monitor can consist of three colors, namely red,
orange, and blue. These require analysis to determine traffic congestion. In this research, experiments were carried out
in three places, namely around the traffic light Buah Batu (Buah Batu Street, Bandung City), around Transmart Buah
Batu (Terusan Buah Batu Street, Bandung District) and the traffic lights on Soekarno-Hatta. These three places, jams
often occur at specific times periodically.

DS system calculates the travel time using the function "duration™ and "duration_in_traffic" from the Google Maps
API. The distance used is 500 meters from the monitor placed and chosen because human visibility is limited, and with
a range of 500 meters can still see the monitor screen on the DS system (Videotron). Experiments were conducted
based on data from the google fire map to find out the congestion of traffic. Data were analyzed and produced traffic
density categories in Table 2.

Table 2. Congestion Analysis

duration(s) duration_in_traffic(s) Color Congestion
115 110 70% blue Quiet
115 128 50% orange Medium
115 146 50% red Congested

Table 2 explains that if the duration is higher than duration_in_traffic, the traffic congestion condition is quiet. If
the duration + 30 is smaller than duration_in_taffic, then the congestion of traffic conditions is congested and if the
duration is shorter than duration_in_traffic and duration + 30 is higher than duration_in_traffic then medium traffic
congestion.

The DS client for implementing DS system uses 3 (three) monitors in different regions. The duration of each
content displayed is 30 seconds. The amount of content presented is three content per class. The monitor will display
all content in a class based on the latest traffic congestion data. Content queues are sorted using the FIFO (First In
First Out) queue. That is the content that first enters the system will be displayed first. After all the content in one class
has been presented, the system will retrieve the latest traffic congestion data and display all content in a class based
on its congestion.

3.4 Testing

This test to ensure that the content displayed is following with the congestion of traffic. Testing is done using two
computer monitors to display content. The content displayed is compared to content according to congestion conditions
around the monitor by using a monitor to show content and compare it with traffic conditions at that time. Testing is
carried out for two days, 5 hours on the first day (11:00 - 16:00) and 1 hour on the second day (20:00 - 21:00).

In two days, testing was carried out in three regions, namely the first day of traffic congestion conditions in three
common and reliable monitored areas (Google Maps). The content displayed is class A and class B, according to the
traffic congestion conditions. On the second day, the traffic congestion conditions are quiet (Google Maps), and the
content displayed is class C content. Table 3 shows the results of testing in three different regions, nine results of testing
data obtained.

Table 3. Results

Regions Google Maps DS Client

Blue C Content

Around Traffic Light Buah Batu Orange B Content
Red A Content

© 2019 The Authors. Published by Universitas Muhammadiyah Malang
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Blue C Content

Around Transmart Buah Batu Orange B Content
Red A Content

Blue C Content

Around Traffic Light Soekarno Hatta Orange B Content
Red A Content

Around the traffic light Buah Batu, when traffic condition is quiet and marked with blue track, the content displayed
is class C content. When the traffic condition is medium marked with orange track, the content displayed is class B
content. When traffic conditions are congested and marked with red track, the content displayed is class A content. This
shows that the content displayed is in accordance with the congestion conditions of the traffic around the monitor that
displays the content. Around the Transmart Buah Batu and around the traffic light Soekarno Hatta also displays content
that matches the congestion of traffic.

These nine-test data (Table 3) get results that match the congestion of traffic with the ad content displayed. When
traffic conditions are quiet, the content displayed is class C content. During moderate traffic conditions, the content
displayed is class B content. During heavy traffic conditions, the content displayed is class A content. When content
changes occur, there was a delay but still within reasonable limits. The accuracy obtained in this case is 100%. This
result proves that DS systems that display content adaptively based on traffic congestion, help content owners or traders
who have limited funds by adjusting costs based on traffic congestion.

4. Conclusion

This system is running well, and it can be seen from the results of the test in chapter 3 that the results match
between the congestion of traffic with the ad content displayed. Nine data were obtained (Table 3) and all data showed
a match between the congestion of traffic and ad content displayed so as to produce 100% accuracy. Based on these
results, it can be concluded that the construction of a DS system that pays attention to traffic conditions and advertising
content divided into three classes (A, B, and C) is expected to help content owners who have limited funds. Funds can
be adjusted to traffic congestion conditions around the digital billboard (DS Client). The Google Maps API can also be
used to retrieve traffic density conditions in real-time.

If this system is to be built, use high-speed internet because the content displayed is video. The amount of ad
content will be displayed is adjusted to the density around where the ad content is displayed. This recommendation can
be further investigated in the future research.
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