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Traffic congestion in Bogor City has led to significant fuel waste and severely impeded the 

flow of vehicles in this densely populated urban area. To solve this issue and help 

individuals plan their travels more effectively, creative solutions that offer real-time traffic 

information are needed. The goal of this research is to create an Android-based traffic 

monitoring information system that makes it easier to access data on traffic conditions. The 

waterfall approach utilizes the React Native Maps package for digital map creation and the 

React Native framework for Android application development. The Android-based 

information system technology then serves as a useful traffic monitoring tool. Digital maps 

connected with CCTV and Google Traffic enable the visualization of current traffic 

conditions, allowing individuals to readily determine the traffic situation, including 

information on public transportation routes. Test findings utilizing the black-box method 

reveal that the system works well on Android devices running 7.0 Nougat or higher. The 

system's key functions, such as real-time traffic monitoring, public transit route 

information, and the locations of traffic service facilities, were successfully deployed as 

designed. Even with basic data from CCTV connection, the Waterfall-based Android 

Traffic Information System has the advantage of being easy to use and flexible enough to 

adjust to local demands. Although 78% of respondents were satisfied with the system, 22% 

of users reported delayed system access during peak hours. Alternative routes from SIJAB 

using Google Maps or Waze led to a reduction in the average time taken to travel by 12.5%, 

and in some cases, up to 30% compared to traditional paths during peak hours. 
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1. INTRODUCTION

Transportation challenges in Indonesia are becoming more 

prevalent as urban populations grow in productivity, 

particularly in densely populated cities. Traffic systems are 

getting more advanced, and there is an increasing number of 

cars and crimes on the road. As a result, the need for traffic 

monitoring has clearly become a major issue. Crime and traffic 

congestion are two of the most pressing concerns facing the 

transportation system. Developing a trustworthy and easy-to-

use traffic monitoring system that can successfully handle 

these issues and is available to everyone is one way to solve 

the problem. Significant time loss, property damage, and 

environmental pollution have resulted from traffic jams and 

accidents in recent years. Sixty percent of Indonesians live in 

cities, which are still expanding. One of Indonesia's most 

densely populated cities is Bogor City.  

Bogor City's population is still growing, and the city's 

population density is getting denser. Between 2013 and 2021, 

the total number of cars in Bogor City went from 379,724 to 

462,030, a 21.62% growth of 82,306 units [1]. The number of 

motorbikes increased significantly, accounting for 77.86% of 

all vehicles. Despite having a population of 1,052,359, Bogor 

City is just 11,850 hectares in size. With 9,385 inhabitants per 

km2, Bogor City is rated 11th on the list of Indonesian cities 

with the highest population density. Up to 80,000 commuters 

travel the 783.412-kilometer road to Jakarta every day, which 

causes extreme traffic during rush hour. Congestion has led to 

fuel waste, tension, and exhaustion. Bogor City ranks sixth 

among Indonesia's most congested cities, per the INRIX 

Global Traffic Scorecard 2021 report [2]. The annual fuel loss 

in West Bogor District as a result of traffic congestion has an 

economic potential of IDR 152,460,925,983.00, or US$10.2 

million [3]. 

It is vital that Bogor City's traffic congestion be minimized. 

Road users demand a system that can evaluate traffic 

operations as they stand and use real-time traffic data to help 

drivers in selecting the optimal routes. In developed nations in 
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Asia and Europe, strategies for tracking traffic flow in 

crowded cities are a field of study that is increasing quickly. 

In Europe [4] and Asia [5], surveillance cameras positioned at 

crossroads are utilized to anticipate accurate traffic flow and 

detect vehicle trends. This information was then used to 

automatically manage the timing of traffic light signals. As 

long as there are enough simulated gaps or spaces, motor 

cycles can move in a tangle alongside cars, which makes it 

tougher to estimate traffic flow [6]. 

One way that technology is used to keep an eye on traffic 

conditions is through digital maps on Android applications. 

This makes it easier to convey visual information and enables 

the production of an accurate representation of the area with 

the user's position [7]. The Google Traffic tool from Google 

Maps on digital maps can be used to see the current traffic 

conditions as a color plot of the route on the map [8]. 

In the meantime, technology like Closed Circuit Television 

(CCTV), which shows and records traffic conditions in real 

time, has emerged as an efficient monitoring tool. Along with 

keeping an eye on traffic conditions, the public can also benefit 

greatly from knowing traffic service information, such as 

public transit routes and the locations of public amenities like 

bus stops and terminals. This attempts to make it easier to plan 

how to use the public transportation that is available, 

particularly in Bogor, by utilizing BisKita (medium buses) and 

Angkot (small buses). In order to give real-time information 

about road conditions and transportation in Bogor City, this 

project will create an Android-based application called SIJAB 

mobile. The high usage of smartphones running Android in 

2024 is the basis for the Android platform's decision. In May 

2024, Android will have 87.45% of the Indonesian smartphone 

market, compared to IOS's 12.43% share, according to 

Statcounter statistics [9]. The majority of Indonesian 

smartphone users, according to this statistic, use Android, thus 

creating applications for Android is more pertinent, may reach 

a larger user base, and facilitates the community's access to the 

information they require. 

Diaz et al. [10] conducted research on related subjects, 

specifically Mobile Application for Traffic Monitoring in Bali 

Province, which deals with the use of CCTV to enable real-

time traffic monitoring via Android mobile devices. In order 

to make it easier for the general public to find information 

about public transportation routes, Widyaningsih et al. [11] 

have also carried out additional research on the Web-Based 

Public Transportation Route Information System. There will 

be some variances between this study and earlier research. 

React Native, a JavaScript framework for cross-platform 

development as a programming language, and the React 

Native Maps module are used to incorporate interactive maps 

into React Native applications, which is how the SIJAB 

mobile application was developed. Applications can use maps 

from different map service providers, such as Google Maps, as 

a foundation for displaying map layers by using React Native 

Maps. 

The advancement of mobile technology, data collecting and 

analysis, and their integration into many important 

applications, such as transportation systems, has the potential 

to provide a more efficient, intelligent, and secure 

infrastructure for traffic monitoring and control [9]. Using the 

state-of-the-art you-only-look-once (YOLO) algorithm and 

advanced deep learning techniques, a new real-time traffic 

surveillance system has been created that offers vehicle 

recognition, classification, and segmentation [10]. A Traffic 

Detection System employing an Android application to 

determine traffic behavior in a specific place was built in an 

Indian city [11]. The rapid growth of information and 

communication system technology, particularly in Android-

based smartphone applications, has a significant impact on 

obtaining information, including traffic on Indonesian roads. 

One example of using technology to monitor traffic conditions 

is the use of digital maps on Android applications, which make 

it easier to convey visual information and build an accurate 

picture of the area based on the user's location [12]. 

In the last decade, there have been some iterations to 

develop basic traffic monitoring systems, and we have seen 

initiatives to include crowdsourcing and location data 

extraction. A look at existing systems is essential for gaining 

a greater understanding of the problem and analyzing potential 

solutions. Waze is a geographical GPS-based navigation 

program designed for Android devices with GPS compatibility 

that offers clients with turn-by-turn data and journey times 

supplied by users, as well as route information. Waze is a 

community-driven application. Users are gathering 

complementing map and traffic data [13]. One element of 

Google Maps is Google Traffic, which shows traffic on major 

roads and highways and can be viewed on a smartphone using 

the Google Maps app. The GPS location data that users 

generate and send to Google is analyzed. A color plot of the 

road on the map can be used to visualize the current traffic 

conditions by using the Google Traffic feature from Google 

Maps on digital maps. "Beat the Traffic" offers live traffic 

cameras, a color-coded map showing regions of traffic 

congestion, and real-time traffic statistics [14]. 

Users can manually submit reports by transmitting 

information about accidents, hazards, construction zones, etc. 

It gathers data from smartphones and automobile navigation 

systems on roads and highways [15]. Technology like CCTV 

has become an effective solution for monitoring by displaying 

and recording traffic conditions in real time [16]. Along with 

keeping an eye on traffic conditions, the public can also benefit 

greatly from knowing traffic service information, such as 

public transit routes and the locations of public amenities like 

bus stops and terminals [17].  

2. LITERATURE REVIEW

2.1 Traffic flow 

Most of the existing traffic flow theories are established 

considering the traffic stream with strict lane discipline. 

Several studies from South Asian countries have revealed 

substantial variability in the traffic stream with minimal or no 

lane discipline [18]. Figure 1 depicts the relationship between 

traffic flow (q) and vehicle density (k), known as the 

fundamental diagram of traffic flow. The red curve shows the 

non-linear relationship between flow and density [19]. The 

link between vehicle speed (u) and traffic flow (q) is seen in 

Figure 2. The parabolic curve shape of this graph is typical of 

macroscopic traffic flow models [19]. 

However, a straightforward concept of the link between 

flow, speed, and density was constructed in order to idealize 

the form of the relationship between flow and speed in a 

densely populated city like Bogor City. The identified lanes on 

the roadway will be useful in estimating the volume of traffic. 

Total traffic volume is the sum of the volume values of each 

type of vehicle multiplied by its equivalent value (pcu factor). 
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𝑄 = ∑ 𝑄𝑖 × 𝑝𝑐𝑢𝑖
𝑛
𝑖=1   (1) 

 

where, Q is hourly volume (vehicle/h), and 𝑄𝑖  is volume each 

vehicle including motor cycle, car, bus and truck 

(vehicle/hour) and 𝑝𝑐𝑢𝑖  is passenger equivalent unit fro each 

vehicle. The average travel speed of the vehicles in a distance 

L (km) is then determined by: 
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where, u is the average speed (km/h), 𝐿 is the length of the 

highway segment (km), 𝑡𝑖  is the ith vehicle's travel time to 

traverse the section (h), 𝑛  is the number of travel times 

observed, and 𝑡𝑎 = average travel time over 𝐿 (h).  

 

 
 

Figure 1. Flow-density curve 

 

 
 

Figure 2. Speed-flow curve 

 

2.2 Android 
 

Android is a free (open source) Linux-based operating 

system platform designed for a variety of devices and form 

factors. Android is equipped with a number of core 

applications for email, SMS messaging, calendar, internet 

browsing, contacts, and more [20]. Android software can be 

developed using the Waterfall model, a software development 

methodology. The Waterfall model is a method for developing 

software that follows an organized and sequential procedure. 

Needs analysis, system design and design, implementation, 

and testing are some of the steps in this process. Each step in 

this paradigm must be finished before moving on to the next, 

and it is implemented in a sequential manner. Because the 

process is methodical and disciplined, the waterfall model is 

frequently utilized in software development [20]. 

Alternatively, it can also be developed using the Agile 

methodology, which highlights iterative development, 

frequent stakeholder collaboration, and flexibility to adapt to 

changing requirements [21, 22]. 
 

2.3 React Native 
 

A package called React Native Maps is used for developing 

mobile applications with the React Native framework [23]. 

This library offers an interactive map component system with 

platform-native code that must be compiled with React Native. 

It will be used to demonstrate how to incorporate Google Maps 

into a React Native mobile application. Furthermore, as shown 

in Figure 3, React Native makes it simple to build concurrently 

for iOS and Android because the majority of the code is cross-

platform. 

 

 
 

Figure 3. How the React Native framework works 

 

Chen et al. [24] presented a vehicle tracking algorithm-

based approach for assessing urban traffic conditions. React 

Native can be used to create a cross-platform application that 

processes and shows real-time traffic data on iOS and Android 

smartphones. 

 

2.4 Transport monitoring system 

 

Urban transportation is a critical driver of mobility but faces 

persistent challenges in dense cities, where congestion and 

pollution undermine safety, efficiency, and reliability. 

Tailored reforms, supported by Android-based real-time 

monitoring, can enhance congestion detection, improve public 

transport performance, and promote sustainable mobility [25]. 

Rising mobility demand further intensifies these challenges, 

making advanced traffic management essential. Methods such 

as the Speed Transition Matrix, integrated into Android-based 

platforms, enable accurate traffic state detection, optimize 

transit operations, and support environmentally sustainable 

urban transport [26]. 

Smart mobility approaches combine eco-friendly transport 

systems with intelligent technologies to improve accessibility, 

safety, and environmental performance. Embedding real-time 

monitoring capabilities into Android platforms can enhance 

traffic control, reduce delays, and strengthen public transport 

efficiency in congested urban areas [27]. In order to identify 

congestion and improve transportation management, Sarrab et 

al. [28] suggested an Internet of Things (IoT)-based urban 

traffic monitoring system that can gather data in real-time. 

Rapid traffic situation analysis and the delivery of pertinent 
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information to drivers and transportation authorities are made 

possible by the incorporation of IoT technology into the urban 

traffic monitoring system. 

Sustainable Urban Mobility Plans (SUMPs) provide a 

strategic framework for integrated planning, targeted 

infrastructure investment, policy coordination, and ongoing 

performance evaluation. When combined with Android-based 

monitoring, SUMPs can further improve congestion 

management, optimize public transport services, and promote 

sustainable mobility in dense cities [29]. In Europe, SUMPs 

aim to boost efficiency, reduce congestion and pollution, and 

expand travel options. Continuous monitoring using structured 

models and decision-support tools such as the Analytic 

Hierarchy Process (AHP) ensures progress evaluation, 

prioritizes interventions, and maximizes public benefit [30]. 

Islam et al. [31] demonstrated that the effectiveness of 

adaptive traffic signal control systems is highly dependent on 

the level of vehicle connectivity and traffic observability. With 

higher connected vehicle penetration and improved data 

observability, the system can significantly reduce delays and 

queue lengths, thus supporting congestion management in 

urban areas. 

2.5 Research objectives 

The research objectives are (i) to build an Android-based 

platform for monitoring information systems, and (ii) to 

develop an information system for monitoring public transport 

and traffic. 

3. METHODS OF RESEARCH

3.1 Traffic data 

According to Upadhyay et al. [32], traffic data collecting is 

the process of compiling traffic data from multiple sources, 

including mobile devices, GPS, CCTV cameras, and car 

sensors. Road conditions, travel patterns, vehicle density, 

average speed, and traffic volume are among the data gathered. 

Information about Bogor City traffic, including CCTV 

footage and public transit routes acquired from the Bogor City 

Transportation Agency, served as the study's primary source 

of data. The Geospatial Information Agency's official 

Indonesian Topographic Map (RBI) is the source of the JSON 

data that describes Bogor City's borders. Google Maps 

provides information about the locations of Bogor City's 

public facilities and traffic infrastructure [33]. 

Table 1. Software 

Software Description 

Windows 11 The operating system used to design systems 

Visual 

Studio Code 

The text editor used for coding application 

programs 

Draw.io An application for creating UML diagrams 

Android 

Studio 

An application with a built-in Android emulator 

for efficiently testing Android applications 

React 

Native 

JavaScript framework for creating and 

developing Android applications 

React 

Native Map 

The React Native library provides map system 

components for features such as interactive maps 

and location marker creation 

Figma 
Design a platform for creating custom assets, 

such as markers on a map 

3.2 Computer 

The resources utilized to assist in the completion of this 

study fall into two categories: 

1. Hardware: The following pieces of equipment were used

in this study: 

a. Laptop Asus Vivo Book M490DA (Processor AMD

Ryzen 5 3500U, RAM DDR4 8 GB, SSD 512 GB,

Monitor 14.0”).

b. Mouse Wireless USB.

c. Smartphone Android Realme 3 Pro.

2. Software: The software used in this study can be seen in

Table 1. 

3.3 Methodology 

The research technique is the methodology that a researcher 

employs in order to carry out the study. This methodology is 

carried out in stages in order to succeed and in accordance with 

the objectives of the study. Figure 4 displays the research 

methodology flowchart. This research method uses the 

waterfall method, including data collection, analysis, design, 

coding, and testing. The waterfall method was chosen because 

it provides a structured and systematic approach, allowing 

each phase of the project to be fully completed before the next 

phase begins, thus ensuring that each stage of application 

development is well prepared and documented in detail. In 

addition, by using the waterfall method, the risk of error can 

be minimized because each phase is reviewed and validated 

before proceeding to the next phase. 

Figure 4. Flowchart of the research methods 

The design is implemented in program code using the 
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JavaScript programming language and the React Native 

framework. This process is a transformation of the design into 

a format that can be understood by the computer. After the 

coding process is complete, testing is carried out on the system 

that has been developed. The system testing process is carried 

out using the black-box testing method to test the function of 

each menu that has been created in the Bogor City traffic 

monitoring information system application based on Android. 

The black-box testing method was chosen because it focuses 

on testing the functionality of the application without requiring 

an in-depth understanding of the internal code or structure of 

the application.  

However, the waterfall method's drawbacks include [34]: 

(a) Less Flexible: The waterfall model prioritizes the first 

phases of thorough planning and design. Since each step must 

be finished before the next one starts, changing to a later stage 

is extremely challenging, if not impossible; (b) Long Time: 

Projects using the waterfall approach typically take longer 

than those using alternative, more flexible development 

methods because of this sequential and linear procedure; (c) 

Unsuitable for Uncertain Needs Projects: Projects with well-

defined requirements from the outset are best suited for the 

waterfall paradigm. It will be extremely challenging to apply 

this paradigm if needs or requirements change while the 

project is being developed. Waterfall was chosen for this study 

due to its short research period and as a preliminary study 

choice, so that a better model may be used for subsequent 

development. 

 

3.4 Analysis 

 

An analysis process is carried out, which aims to formulate 

system requirements and analyze the processing of collected 

data. This process includes user requirements analysis, 

functional system requirements analysis, identification of non-

functional requirements, and determination of system 

architecture. Kong et al. [35, 36] used floating automobile 

trajectory data—location and speed information periodically 

sent by GPS-equipped vehicles—to estimate and forecast 

urban traffic congestion. Traffic conditions on different road 

segments are determined by analyzing this data, which 

includes travel routes, journey times, and average speeds. 

 

3.4.1 Traffic conditions 

Based on traffic survey data [1], road network performance 

analysis was carried out by calculating the volume capacity 

ratio (VCR) and level of service (LoS) indicators. In addition, 

following the approach of Mitchell and Seaman [34], efficient 

traffic state estimation methods can be applied to large-scale 

urban road networks by integrating real-time traffic data from 

multiple sources, enhancing the precision assessment of 

congestion patterns and network performance. Based on Table 

2, the level of road service in Bogor City in 2024 has reached 

the LoS D with a VCR above 0.75, which is indicated by traffic 

jams and low vehicle speeds. 

 

Table 2. Road traffic performance in Bogor (2024) 

 

Road Class. 
Capacity 

(PCU/hr) 

Volume 

(PCU/hr) 
VCR LoS 

Tol 

Jagorawi 
Highway 7,339 5,085 0.70 C 

Pajajaran 1 National 6,807 4,967 0.73 C 

Pajajaran 2 National 6,807 4,828 0.71 C 

Pajajaran 3 National 7,413 3,984 0.54 C 

Pajajaran 4 National 5,741 2,645 0.47 C 

Gintung Local 3,912 2,382 0.61 C 

Pahlawan 1 Province 3,912 3,108 0.80 D 

Pahlawan 2 Province 3,912 3,018 0.78 D 

Empang Local 5,678 3,237 0.58 C 

H. Juanda 

1 
Province 5,560 4,240 0.77 D 

H. Juanda 

2 
Province 7,413 4,161 0.57 C 

Kapten 

Muslihat 
Province 5,810 4,424 0.77 D 

Sudirman Province 5,928 3,993 0.68 C 

Jalak 

Harupat 
Province 3,744 3,322 0.89 E 

Otista Province 4,406 4,155 0.95 E 

Batu Tulis 

1 
Province 3,669 2,889 0.79 D 

Batu Tulis 

2 
Province 3,669 2,890 0.79 D 

 

3.4.2 Additional fuel consumption due to traffic jams 

Additional fuel expenditure is taken into consideration 

when calculating congestion charges. Furthermore, following 

the approach of Chen et al. [37], integrating map-matching 

algorithms for large-scale low-frequency floating car data can 

improve the accuracy of traffic congestion assessment. 

According to the findings of a survey conducted over the 

course of eighteen hours in the Bogor Botanical Gardens, 

46,199 motorcyclists, 18,308 passenger cars and public 

transportation, and 1,090 buses and trucks passed by 

Prayudyanto et al. [1]. Table 3 explains the estimated 

additional fuel costs from the escalation of calculations during 

the closure of bridge construction in Bogor City for a period 

of one year. Additional congestion costs in the city center of 

Bogor are estimated to reach Rp. 94 billion per year. 

 

3.4.3 User need analysis 

The purpose of user needs analysis is to comprehend the 

users who interact with the system directly. Users of the 

Android-based Bogor City (West Java Province) traffic 

monitoring information system are members of the general 

public who visit the website and use the main page to obtain 

information. Mobile devices, like cell phones, can be used as 

active data sources for detecting and predicting traffic 

congestion in addition to being information points, as shown 

by Hansapalangkul et al. [38]. By allowing crowdsourced 

traffic data gathering and information distribution, comparable 

features could improve user engagement in the system design. 

Table 3. Additional Fuel Cost (AFC) in IDR (Mio) 

 

Vehicle Type Add. Fuel Cost /Veh. (IDR) Number of Vehicles AFC (During Cosntr., IDR) 
AFC  

(per Year, IDR) 

Motor cycle 1,275 46,199 15,904 23,856 

Car 9,588 18,308 47,395 71,092 

Bus/Truck 7,081 1,090 2,083 3,125 

  Total 65,382  98,074 
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Table 4. Function needs analysis 

 
Function Description 

Home view function To view information about the application and the total services available. 

Digital maps 
To visually view traffic information in Bogor City through maps that can be accessed through Android-based 

smartphones. 

Changing Layer Type To customize the type of digital map layer according to the user's preference. 

Traffic View To view real-time traffic conditions on a digital map integrated with the Google Traffic layer. 

Road Path View To view the routes of toll roads, national roads, and provincial roads. 

Public Transportation 

Routes 
To view public transportation routes operating in the city of Bogor. 

Location of Public 

Facilities, 
To view detailed information selected from a public facility, CCTV, and traffic police location in Bogor City. 

Emergency Contacts To display information on emergency numbers from the police or other emergency services. 

User Location To display the location points of the application user. 

Size of Digital Maps To enlarge or reduce the size of the map to make it easier for users to view locations. 

View News To view traffic news so that users can easily get the latest information. 

View CCTV To view the current traffic conditions through available CCTV cameras. 

 

 
 

Figure 5. System architecture 

 

3.4.4 Functional need analysis 

This study's functional needs analysis phase outlines the 

procedure or feature application must have in order to meet 

user needs. Table 4 lists the primary tasks that the application 

must complete in accordance with the requirements. 

 

3.4.5 Non-functional need analysis 

Non-functional application requirements include the 

following: 

1. Accuracy. The Android-based Bogor City Traffic 

Monitoring Information System displays precise data 

that is in line with current traffic conditions, including 

the locations of traffic service stations, routes for public 

transit, and relevant news. Similar to the approach of 

integrating real-time public transport information in 

mobile applications, the system ensures that users 

obtain timely and reliable updates to support daily 

mobility [37, 38]. 

2. Honesty. Users of the Android-based Bogor City 

Traffic Monitoring Information System can view real-

time traffic conditions on digital maps. This capability 

is in line with IoT-based approaches to real-time urban 

traffic monitoring, which emphasize accurate sensing 

and timely data delivery for improving traffic flow and 

commuter decision-making [28]. 

3. The ability to test. The use of digital maps can be 

simulated for testing purposes. 

 

3.4.6 System architecture analysis 

The client-server model, in which the server offers services 

to clients who actively submit and request services, is referred 

to in the system architecture analysis [29]. Figure 5 displays 

the study of the system design. Users are people who access 

Android-based traffic monitoring information systems 

through mobile applications. As a client, the program makes 

queries to the server and shows the information it receives. By 

linking mobile applications to servers or other Internet-

connected equipment, the Internet acts as a worldwide 

communications infrastructure. Mobile applications and 

linked system services communicate and exchange data 

through an intermediary called the Application Programming 

Interface (API). One of the key elements of a system design 

that is in charge of managing, storing, and granting access to 

data is a database. 

Use case diagrams, activity diagrams, class diagrams, 

component diagrams, deployment diagrams, and Android 
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application interfaces are the six categories of system design. 

Interactive work activities between actors and visitors are 

diagrammatically explained in Figure 6. The purpose of use 

case diagrams in system design is to explain how actors or 

visitors interact with the system that will be developed. This 

research will develop an Android-based application named 

SIJAB Mobile, which stands for "Sistem Informasi Jalan Kota 

Bogor," or "road traffic information system for Bogor city," to 

provide real-time information about road conditions and 

transit in the city. 

 

 
 

Figure 6. Activity diagram 

 

 
 

Figure 7. The guide page  

 

 

4. RESULTS AND DISCUSSIONS 

 

4.1 Results 

 

The stage of applying the developed and implemented 

interface design in the application is known as system 

implementation. The first thing users see when they launch is 

the home page. On the home page, users can view information 

about the application, the number of services in Bogor City, 

including CCTV, bus stops, routes, and police posts, as well 

as details on public transit routes, specifically Angkot and 

BisKita. They can also view emergency contacts. 

Additionally, the home page's navigation is by default located 

at the bottom of the screen, thus other sites like news, guides, 
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and CCTV will follow suit. In Figure 7, the home page is 

displayed. The guide page is a display of an instruction manual 

for utilizing the application's digital maps. It covers 

fundamental usage, how to examine routes, how to use 

features, emergency contacts, and definitions of each legend 

icon's function. The primary function of the application that 

displays traffic data is the Digital Map page. 

SIJAB described the BusKita and Angkot routes in Bogor 

City, including the starting and ending terminal sites, vehicle 

routes, and bus stop locations, as shown in Figure 8. 

The navigation menu display and the digital map's home 

page are situated on the left side of the screen. Selecting the 

type of map layer, map traffic information, public 

transportation routes, SIJAB Points, emergency contacts, the 

Global Positioning System (GPS) button for viewing the user's 

current location, and buttons to zoom in and out of the digital 

map display are among the features on the digital map page. 

SIJAB Points is a feature on a digital map that shows a 

location's distribution points together with comprehensive 

details, such as the locations of CCTV (Figure 9) and traffic 

police, as well as public facilities, including bus stops, 

terminals, stations, and rest spaces (Figure 10). Moreover, 

CCTV is shown on a digital map, allowing users to view traffic 

conditions in real time according to the CCTV's location. 

Figure 8. Public transport routes Figure 9. CCTV page 

Figure 10. Public facilities map 
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Table 5. Outcomes of the model test 

 

Function Scenario Output 

Result-

Android 7 or 

More 

Result- 

Android 7 or 

Less 

View Home 
Test accessing the 

home page 

Displays the application's home page, which includes 

details on the program and all of its services. 

Testing 

successful 

Testing 

successful 

View Digital Map 
Trial accessing digital 

maps 

Displays digital maps and loads necessary data from 

the API. 

Testing 

successful 
Test failed 

Changing Map Layer 

Type 

Test by selecting the 

terrain map layer type 

and satellite type 

Standard layers were first shown on the digital map, 

followed by topography layers, satellite layers, and 

finally standard layer types once more. 

Testing 

successful 
Test failed 

View Traffic Map 

Details 

Test enabling map of 

road traffic condition 

Displays current traffic conditions according to 

Google Traffic. 

Testing 

successful 
Test failed 

View Road Lane 
Test of Road 

Classifications 

Displaying provincial highways in thin light orange, 

national roads in thin medium red, and toll roads in 

thick dark red. 

Testing 

successful 
Test failed 

View Public 

Transportation 

Routes 

Trial to activate public 

transportation routes 

on the map 

Displays public transportation and BisKita routes in 

Bogor City on the map. 

Testing 

successful 
Test failed 

Viewing the Location 

of Public Facilities 

Trial to activate bus 

stop and police station 

icons 

When the icon button becomes blue (active), the 

number of bus stops and police stations in the city of 

Bogor is displayed. 

Testing 

successful 
Test failed 

 

4.2 Testing of the model 

 

4.2.1 Blackbox test 

The purpose of the system testing is to confirm that the 

created Android-based Bogor City traffic monitoring 

information system operates as intended. Every system 

function is tested in this study using the black-box testing 

technique. This approach was selected because it concentrates 

on evaluating the functionality of the application without 

necessitating an understanding of the internal workings or 

computer code. The outcomes of system testing with the 

black-box approach are shown in Table 5. Numerous system 

elements, including access to the home page and particular 

capabilities like reading digital maps, altering the types of map 

layers, seeing traffic information, and other features, were 

tested. 

 

4.2.2 System performance test 

In the testing of the system, functional analysis and 

simulations based on dense traffic scenarios in urban areas 

were carried out. Several system performance metrics were 

evaluated as follows: 

1) Real-Time Update Latency. The average latency to 

display CCTV images from the Dishub server to the user 

application is around 2.3 seconds in a stable connection 

(4G). On an unstable network (3G), the delay time 

increases to 4.8 seconds. This is still within the tolerance 

limit for passive visual traffic monitoring. 

2) Precision of Traffic Congestion Assessment. The 

evaluation of traffic density gathered from the app, when 

integrated with platforms like Google Maps or Waze, 

alongside on-site assessments, reveals an accuracy rate of 

86.7%. This figure stems from analyzing the mean 

velocity of cars through CCTV footage and the duration 

of vehicle halts at junctions. 

3) Effectiveness of Route Suggestions. In user tests (n = 30) 

conducted during busy times across three major pathways, 

taking alternative paths from SIJAB alongside Google 

Maps or Waze resulted in a decrease in average travel 

duration by 12.5% relative to conventional routes. The 

greatest time savings occurred when users followed 

recommendations to avoid busy intersections and waited 

for the latest information on conditions from CCTV.  

4) System Response Time. The average response time of 

the application in loading maps, CCTV data, and public 

transportation route information was 1.9 seconds, 

indicating that the system is quite light. On mid-range 

devices (3GB RAM, Android 10), performance remained 

stable.  

5) Stability and Server Load. In stress testing (30 

simultaneous users), the application was able to process 

requests for route information and streaming video 

without drastic performance degradation, with an average 

server CPU load of 68%. 

 

4.2.3 Route choice test 

SIJAB presently lacks its own route selection system and is 

limited to operating as a traffic monitoring information 

platform rather than serving as a navigation application. Sijab 

can exhibit current traffic situations using the Google Traffic 

layer, visualize traffic congestion using color coding 

(green/yellow/red), indicate CCTV locations for visual 

observation, and offer details on public transportation routes 

(Angkot, BisKita). In order to choose a route through 

routing/navigation, the user needs to utilize a different 

application like Google Maps or Waze. SIJAB can serve as an 

additional tool to view traffic conditions prior to route 

selection (Figure 11). 

SIJAB, when paired with Google Maps or Waze, proves 

useful in offering immediate alternative paths, even utilizing 

basic information from Dishub CCTV integration alongside 

route data. It can save up to 30% of travel time, especially 

during peak hours (Table 6). This approach, which suggests a 

combination of public transportation and walking, is also 

innovative. 

Private Car Route Choice. CCTV visual data is used at Tugu 

Kujang (the Kujang Monument, the iconic location of the city) 

and Ekalokasari (a culinary center in the east of Bogor city) to 

identify traffic jams and provide suggestions for alternate, less 

congested routes. The suggested route when using SIJAB 

along with Waze or Google Maps is as follows: Baranangsiang 

Terminal to Jl. Siliwangi to Jl. Juanda to Bogor Station. 

Distance is ±4.5 kilometers and travel time estimate is ±21 

minutes. Savings in time of about 9 minutes (30%). 

547



 

 
 

Figure 11. Bogor CBD area 

 

Table 6. Estimated travel time reduction advantage with 

SIJAB paired with Google Maps or Waze 

 

Route 
Distance 

(km) 

Travel 

Time 

Traffic 

Jam 
Benefit 

Without 

SIJAB 

(Pajajaran - 

Otista) 

4.2 30 min 
Heavy 

traffic jam 
- 

With SIJAB 

(Siliwangi - 

Juanda) 

4.5 21 min 
Moderate- 

Smooth 

Time 

saving 

±30% 

Public 

Transport: 

Angkot “03” 

(existing route) 

4.2 
38–45 

min 

Heavy 

traffic jam 
- 

Public 

Transport with 

SIJAB 

(Angkot “08” 

+ walking) 

3.8 23 min 
Light 

traffic jam 

Time 

saving & 

energy 

 

Route Selection for Public Transportation. To get to the 

railway station via traditional public transport, take Angkot 

Route 03, which runs from Baranangsiang Terminal to Jl. 

Pajajaran to Jl. Otista. At the intersection of Tugu Kujang and 

BTM, there is a traffic jam. SIJAB integrates with Google 

Maps and Waze to recommend different travel paths (using 

Angkot and walking). Travelers can board Angkot line 08 at 

Baranangsiang Terminal, disembark at PMI Hospital, and 

proceed on foot along Jl. Juanda to reach the Station. The 

duration of the trip is approximately 23 minutes, which 

prevents two significant traffic congestions from happening. 

 

4.2.4 Satisfaction 

Based on feedback from 78% of participants who found the 

system management satisfactory, the integration of SIJAB 

with platforms like Google Maps or Waze was advantageous. 

However, 17% of those surveyed indicated that while the 

system was quite useful, there were aspects that required 

enhancement. Only 5% expressed dissatisfaction owing to 

different tech-related issues. Additionally, 15% of users 

considered the user interface to be less user-friendly, 22% 

reported slow access to the system during busy times, and 8% 

encountered issues with the camera system's ability to detect 

license plates. 

 

Table 7. SIJAB comparison with Waze and Google Maps 

 
Features SIJAB Waze Google Maps 

CCTV Traffic 

Integration 

Yes (only 

selected 

cities) 

Not 

available 

Not available 

directly 

Public Transport 

Route 

Information 

Yes (local 

public 

transport) 

Not 

available 

Yes (major 

public 

transport) 

Real-Time 

Navigation 

Limited 

(manual 

update) 

Yes 

(community 

based) 

Yes 

Crowdsourcing 

(user report) 

Not 

available 
Yes 

Limited 

(automation) 

Travel Time 

Estimation 
Yes (local) Yes Yes 

Offline Map 

Integration 

Not 

available 

Not 

available 
Yes 

Accident/ 

Congestion 

Detection 

Limited 
Yes (user 

report) 

Yes 

(automation 

via GPS data) 

Map Display 

Simple 

(traffic 

focus) 

Engaging 

and 

interactive 

Detailed & 

profesional 

Transportation 

Mode 

Focus on 

public 

transport 

and private 

vehicles 

Private 

vehicles 

All (car, 

public 

transport, 

pedestrian, 

bicycle) 

Stable Internet 

Requirement 

Yes, for 

CCTV 
Yes 

Can be offline 

with maps 

Navigation 

Personalization 

and Voice 

Not 

available 
Yes Yes 

 

4.3 Discussion 

 

The test results from compatibility, core functionality, 

technological integration, and restriction demonstrate several 

important features of system performance. 

1) Android version compatibility: Android devices running 

Nougat or later can utilize all system features. This 

demonstrates that the system works with the majority of 

Android smartphones on the market today. 

2) Core functionality: Essential functionality like reading 

digital maps, adjusting the sorts of map layers, checking 

traffic information, and viewing the routes of public 

transit all work as they should. This demonstrates that the 

system's primary goal of providing information about 

traffic and public transit has been accomplished. 

3) Technology integration: Experiments demonstrate the 

effectiveness of technology integration, including CCTV 

and Google Traffic, which enables customers to view 

traffic conditions in real time. 

4) Restrictions on older Android versions: Android 

smartphones running versions lower than Nougat 7 are 

unable to use certain functions. This suggests that future 

program versions that are compatible with older devices 

should be taken into account. 

Map of Bogor Central Area,
West Java, Indonesia

Railway Station

Tugu Kujang

Sukasari Culinary

N
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5) Aspects of usability: The Sijab interface is

straightforward and concentrates on local traffic data.

benefits for users who are familiar with local conditions

in terms of simplicity of usage. The absence of

customizing features and reduced interaction are

drawbacks.

6) Performance-related factor: The responsiveness of Sijab

is excellent for applications at the local level. On devices

with medium specifications, it has the advantage of being

quick and lightweight. If it is not linked to an active data

source, it has the drawback of not having real-time data

updates.

7) The Waterfall-based Android Traffic Information System

has advantages in adapting to local needs and simplicity

of use. However, compared to applications such as Waze

and Google Maps, this system has limitations in terms of

features, interactivity, and real-time data updates (Table

7). To increase competitiveness, further development with

a more flexible approach and integration of modern

features is recommended.

5. CONCLUSION

The public can avoid traffic jams by monitoring traffic 

conditions in real-time through the combination of CCTV and 

Google Traffic on a digital map. People can more easily plan 

their journey in their everyday activities when this technology 

is used to assure accurate visualization of traffic conditions. 

The Waterfall-based Android Traffic Information System has 

advantages in adapting to local needs and simplicity of use. 

The model is quite effective in providing real-time alternative 

routes, even with simple data such as Dishub CCTV 

integration and route data. The average latency to display 

CCTV images from the Dishub server to the user application 

is around 2.3 seconds in a stable connection (4G). On an 

unstable network (3G), the delay time increases to 4.8 seconds. 

This is still within the tolerance limit for passive visual traffic 

monitoring. Different routes from SIJAB using Google Maps 

or Waze led to a reduction in the average time taken to travel 

by 12.5%, and in some cases, up to 30% compared to 

traditional paths. However, compared to applications such as 

Waze and Google Maps, this system has limitations in terms 

of features, interactivity, and real-time data updates. By using 

alternative software development paradigms like Agile, 

Scrum, Rapid Application Development (RAD), and Object 

Oriented Technology (OOT), the drawbacks of the Waterfall 

process can be lessened. Since these models are more 

adaptable, they could be modified as the project progresses. 
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