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 The rapid development of internet of things (IoT) is prompting many people 

to design applications, particularly for monitoring applications based on 

mobile apps. This includes research designs to monitor electrical parameters 
from PV and the development of health monitoring applications. Previous 

research required a separate application to scan each IoT device. In this 

research, a mobile app-based IoT monitoring system was built using flutter. 

With this, people no longer need to design separate mobile apps for various 
IoT devices. This application utilizes the flutter framework, while the cloud 

component uses ThingSpeak. These research results show that data from 

multiple IoT devices can be transferred to the user’s mobile app. This 

application enables the monitoring of various IoT devices through a single 
mobile app, thereby enhancing the efficiency of IoT device design and 

management. 

Keywords: 

Flutter 

Internet of things 

Mobile apps 

Monitoring systems 

ThingSpeak 
This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Tigor Hamonangan Nasution 

Department of Electrical Engineering, Faculty of Engineering, Universitas Sumatera Utara 

Medan, Indonesia 

Email: tigor.nasution@usu.ac.id 

 

 

1. INTRODUCTION 

The rapid development of the internet of things (IoT) has led to increased innovation in areas such 

as sensors, cyber-physical systems, and cloud computing [1]-[3]. One key trend is the rise of mobile-based 

IoT monitoring applications, which allow users to track device performance in real-time through smartphone 

interfaces [4]-[6]. To support this, platforms like ThingSpeak have emerged as cloud-based solutions for IoT 

data collection, storage, visualization, and analysis, offering features such as RESTful application 

programming interfaces (APIs) and real-time data streaming [7]-[10]. 

Despite these advancements, most existing mobile IoT applications are developed for specific 

domains or devices; for example, as noted by Winasis et al. [11] designed a photovoltaic system monitoring 

tool, while Jankovec et al. [12] focused on IoT-based patient monitoring. While these systems demonstrate 

the potential of mobile IoT integration, they are limited in scope and require users to operate different 

applications for each device or use case, reducing efficiency and scalability. 

This study addresses that gap by developing a general-purpose mobile IoT monitoring application 

using flutter, integrated with ThingSpeak. The proposed solution allows users to add multiple IoT devices via 

application programming interface uniform resource locators (API URLs), eliminating the need for separate 

apps. Furthermore, the cross-platform capability of flutter (Android, iOS, web, and desktop) enhances 

accessibility. By simplifying the integration process and centralizing monitoring across devices, this research 

aims to increase efficiency and usability in real-time IoT monitoring systems. 

https://creativecommons.org/licenses/by-sa/4.0/
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2. METHOD 

2.1.  System overview 

This mobile application-based IoT monitoring system is designed to make it easier for the general 

public to monitor various IoT data, such as temperature and humidity, using a smartphone. This data can be 

monitored via the smartphone application. The general description of the system is shown in Figure 1. 

 

 

 
 

Figure 1. Monitoring system overview 

 

 

So that IoT data can be monitored via a smartphone, the IoT system sends the data to the 

ThingSpeak cloud so that it can be read via the smartphone application. To read the data, the system requires 

an API URL obtained from the ThingSpeak cloud, which enables access to the data sent from the IoT device 

via smartphones. The data obtained is in JavaScript object notation (JSON) format. The JSON format is a 

text-based file format generally used in data exchange between servers and clients [13]-[15]. JSON is also 

compatible with many programming languages, especially flutter [16]-[18]. 

Flutter is a platform that creates multiplatform applications with a single code base [19], [20].  

The resulting application can be used on Android, including iOS, web, and desktop platforms. Mobile flutter 

is a platform widely used by developers to create mobile applications using attractive designs. Flutter has two 

essential components, namely: 

 SKD is essential because it contains tools for creating applications that run on various platforms. 

 Meanwhile, the UI framework is a UI component for customizing applications according to needs. 

 

2.2.  Research procedures 

The research procedure follows a systematic development process involving the design, 

implementation, and evaluation of a mobile-based IoT monitoring system. The project began with a 

requirement analysis to identify the limitations of existing IoT applications, particularly the need for a unified 

platform capable of monitoring multiple devices without developing separate applications. Based on these 

findings, the application was designed using the flutter SDK (version 3.10), enabling cross-platform 

deployment. The UI/UX design adhered to material design principles and incorporated key features, 

including onboarding, dashboard, channel input, and data visualization screens. The backend logic was 

implemented in Dart, where a custom API service module was developed to fetch, parse, and present JSON-

formatted data from ThingSpeak based on user-provided API URLs. 

To ensure system functionality and replicability, testing was conducted on various Android 

smartphones and emulators using unit tests, integration tests, and manual testing procedures. IoT data 

simulation was carried out using ESP8266 microcontrollers [21], [22] connected to DHT11 sensors [23], 

which transmitted environmental data (e.g., temperature and humidity) to the ThingSpeak platform. The 

mobile app then retrieved and visualized the data in both numerical and graphical formats. The overall 

system architecture consists of three layers: the IoT device layer, the ThingSpeak cloud layer, and the mobile 

application layer. This layered approach provides a scalable and replicable structure, supporting real-time 

monitoring with an average memory usage of 259 MB, making the system suitable for practical deployment 

and further research extensions. 

 

2.3.  Use case diagram modeling 

In the use case diagram modeling shown in Figure 2, there are actors, and in the monitoring system, 

there are display data, add channels, and delete channels. In this case, the actor in this diagram is the user 

who displays data, adds channels, and deletes channels. A use case diagram is a diagram that describes the 

relationship between actors and the system [24]-[26]. Use case diagrams can describe an interaction between 

one or more actors and the system to be created [27], [28]. Use case diagrams can be used to identify system 
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functions and illustrate an actor’s interaction with the system. This component then explains the 

communication between actors and the existing system. In this way, use cases can be presented in a simple 

sequence and will be easily understood by consumers. The primary benefit of the use case is to facilitate 

communication between domain experts and end users, thereby ensuring an accurate understanding of the 

system’s requirements and needs. 

In the data display, there is data displayed in the form of values along with a description of the data, 

and the data is also displayed in the form of a line graph. Adding a channel is a user activity that involves 

creating a new channel with a display in the form of a search bar. In the search bar, enter the API URL or 

URL API obtained from the ThingSpeak server. This API URL enables data transfer from the ThingSpeak 

cloud to the user’s smartphone. Delete channel functions to enable users to remove stored data or any 

unwanted content. 

 

 

 
 

Figure 2. Use case diagram 

 

 

2.4.  Activity diagram 

An activity diagram is a diagram that depicts the flow of user activities when opening an application 

to monitor IoT data. An activity diagram is a design of the activity flow or workflow in a system that will be 

run [29]-[31]. Activity diagrams are also used to define or group the display flow of the system. Activity 

diagrams have components with specific shapes that are connected by arrows. The arrow points to the 

sequence of activities that occur from start to finish. The activity diagram for the added channel monitoring 

system can be shown in Figure 3. 

In the diagram, there are users, systems, and databases. In the user, the actor can open the 

application, which is the initial stage in the diagram. After the actor opens the application, the system 

processes the actor’s request and then displays the loading interface. After that, the system will display a 

dashboard. The dashboard displays IoT device data. IoT device data displays are stored in the ThingSpeak 

cloud database. Activity logs are also stored in this database, and data will be entered when the IoT device is 

turned on. In the user actor, you can add channels by creating a new one. The system will then receive 

commands from the user and display the input menu page. The input menu page contains a bar for entering 

the data API URL, allowing the data to be saved. After that, the system displays a loading interface and then 

presents the data to the user, allowing the actor to view the data in the form of values, descriptions, and 

graphs. 

The activity diagram of the channel deletion monitoring system contains users and flutter.  

Actors can also delete channels within the user; then flutter will delete the channel. After that, flutter 

redirects to the dashboard, and the diagram is displayed in Figure 4. 
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Figure 3. Add channel monitoring system activity diagram 

 

 

 
 

Figure 4. Channel delete monitoring system activity diagram 

 

 

2.5.  System design 

The application development began by designing the system’s ability to retrieve data from the 

ThingSpeak cloud using API integration. A service class was created in Dart to fetch data via a URL, where 

each API URL corresponds to an IoT device channel. The data retrieved from ThingSpeak is in JSON format 

and was initially unstructured. To handle this, custom classes (allnamachannel and allchannel) were 

developed to map and structure the data, allowing the application to correctly display each device’s name and 

corresponding values on the smartphone interface. 

The onboarding page was designed as the first user interface shown when the application is opened. 

It features a background using a green container, accompanied by text and image widgets. The title text, 

styled in Roboto font with white color and size 40, displays “FINAL PROJECT,” while the image logo uses a 

100x100 mm PNG asset. A “Start” button built with a TextButton widget is placed below, styled with 

rounded corners and a green background. When pressed, it navigates the user to the dashboard screen. 

The dashboard contains an AppBar titled “Channel” in a green background and Roboto font. Below 

it, a list of IoT channels is displayed using boxes styled as pressable TextButton widgets. Each box contains 

the device name aligned to the left and a trash icon that allows users to delete a channel. The list adapts 

dynamically based on stored data. Additionally, a floating action button (+) is positioned at the bottom right, 

enabling users to add new channels. 

Upon pressing the add button, users are directed to the “Add New Channel” page. This page has an 

AppBar labeled “Add New Channel” with a light green background. Below it is a TextField where users 

input the ThingSpeak API URL. The text field includes input borders and a label (“URL”) styled in Roboto 
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font. When the user enters a valid API and presses the “Save” button (an ElevatedButton), the system 

retrieves and parses the JSON data, classifies it, and updates the dashboard by displaying the new channel. 

Once added, users can press a channel from the dashboard to view IoT data. This leads to the value 

display page, which shows sensor readings such as temperature or humidity in a styled layout using 

TextButton widgets. Each value item displays the sensor name and current reading in Roboto font, 

accompanied by an arrow icon indicating that the data can be viewed further as a graph. The AppBar at the 

top of this page displays the channel name and is styled with a green background. 

The graphical view page is accessible by pressing a value item. It contains an AppBar labeled 

“Graphics” and displays a line chart built using sfCartesianChart. The x-axis represents timestamps from the 

ThingSpeak data, and the y-axis shows the corresponding sensor values. This visual representation enhances 

user understanding by providing real-time trends of IoT data directly on their mobile device. 

 

 

3. RESULTS AND DISCUSSION 

This section presents the test results of designing an IoT monitoring system using flutter, beginning 

with the onboarding page and dashboard test results. Next, test the “Add New Channel” page to add new 

channels. Next, verify the IoT data page’s results to confirm whether the data is stored on the dashboard 

page. The IoT data page is divided into two sections: the value IoT data page and the graph IoT data page. 

The IoT data page, which contains IoT data from ThingSpeak in JSON format, displays data in the form of 

values. In contrast, the graph IoT data page presents data in a line graph. After showing the IoT data page test 

results, proceed to display the smartphone specification test results to determine if the smartphone being 

tested can run this application. Next, test the application’s size and memory usage to determine its size and 

the memory it consumes. 
 

3.1.  Onboarding page and dashboard test results 

In testing, opening the application begins with installing the application on the user’s smartphone. 

After the installation is complete, open the application on your smartphone. After that, the initial interface 

page will appear. If the user presses the “Start” button, they will be taken to the dashboard page,  

as shown in Figure 5. 
 

3.2.  Add new channel 

From the dashboard page, the user selects “Add New Channel” by pressing the plus icon (+) button 

located in the bottom corner of the dashboard. After that, the user will be directed to the Add New Channel 

page. Users must fill in the Channel ID from the ThingSpeak cloud API. After that, the user can press the 

“save” button. The “Add New Channel” page is shown in Figure 6. 
 

3.3.  IoT data page 

After adding a new channel, when the user enters the channel ID on the Add New Channel page, the 

channel name obtained from ThingSpeak will appear on the smartphone. The IoT data display, presented in 

the form of channel names, is shown in Figure 7. 

 
 

   
 

Figure 5. Dashboard page 

 

Figure 6. Add a new channel page 

 

Figure 7. IoT data page 
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3.4.  Values page 

After the user presses the channel name bar on the IoT data page, they will be directed to a page 

containing values from the IoT device, such as temperature and humidity. After that, the data on ThingSpeak 

is adjusted to match the data on the smartphone application. The IoT value data page on ThingSpeak is 

shown in Figure 8, and the IoT value data page on the smartphone is shown in Figure 9. If the value display 

bar is pressed, it will be directed to the data display as a graph. 
 
 

 
 

Figure 8. Value IoT data page on ThingSpeak 
 

 

 
 

Figure 9. IoT value data page on Smartphone 
 

 

3.5.  Pages in the form of graphics 

Apart from pages in the form of values, IoT data pages are displayed in graphical form; these pages 

are obtained when the user presses the value bar contained in the IoT data display. The graph on this page is a 

line graph. After that, the data on ThingSpeak is adjusted to match the data on the smartphone application. 

The graphical IoT data page on ThingSpeak is shown in Figure 10. and the graphical IoT data page on the 

smartphone is shown in Figure 11. 
 

 

 
 

Figure 10. IoT graph data page on ThingSpeak 
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Figure 11. IoT graph data page on a smartphone 
 
 

3.6.  Testing smartphone specifications 

To test this application, several smartphones with different specifications are needed to demonstrate 

its success. The list of smartphones used, along with their specifications, is shown in Table 1. 
 

 

Table 1. Smartphones are tested, and their specifications are evaluated 
Brand OS Specification Result 

Samsung Galaxy 

A52 
Android 13 

Screen: Super AMOLED 6.5-inch (1080 x 2400 piksel),  

Dimension: 159.9 x 75.1 x 8.4 mm, Chipset: Qualcomm Snapdragon 720G,  

GPU: Adreno 618 

CPU: Octa-core (2 x 2.3 GHz Kryo 465 Gold & 6 x 1.8 GHz Kryo 465 Silver) 

Succeed 

Xiaomi Redmi 9T Android 12 
Screen: IPS 6.53 inch (1080 x 2340 pixels), Dimension: 162.3 x 77.3 x 9.6 mm,  

Chipset: Qualcomm Snapdragon 662, GPU: Adreno 610 

CPU: Octa-core (4 x 2.0 GHz Kryo 260 Gold & 4 x 1.8 GHz Kryo 260 Silver) 
Succeed 

Xiaomi Poco M3 Android 12 
Screen: IPS 6.53 inch (1080 x 2340 pixels), Dimension: 162.3 x 77.3 x 9.6 mm, 

Chipset: Qualcomm Snapdragon 662, GPU: Adreno 610 

CPU: Octa-core (4 x 2.0 GHz Kryo 260 Gold & 4 x 1.8 GHzKryo 260 Silver) 
Succeed 

Oppo Reno 4 Android 12 

Screen: OLED 6.4 inch (1080 x 2400 pixels), Dimension:160.3 x 73.9 x 7.7 mm,  

Chipset: Qualcomm Snapdragon 720G, GPU: Adreno 618 

CPU: Octa-core (2 x 2.3 GHz Kryo 465 Gold & 6 x 1.8 GHz Kryo 465 Silver) 

Succeed 

 
 

3.7.  Testing size and memory usage 

In this test, the application size and memory usage were evaluated to determine system efficiency 

and resource consumption. One of the Android devices was used as the benchmark for this evaluation.  

The application size is presented in Figure 12, while memory consumption was measured using SauceLabs 

under various usage scenarios. The test results are summarized in Table 2. 
 

 

 
 

Figure 12. Display of mobile memory usage 
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Table 2 shows the memory usage under different conditions, based on the number of IoT channels 

being monitored and the volume of data within each channel. When the application runs without any 

channels, it uses 236 MB of memory. As channels are added and populated with data, memory usage 

increases accordingly, peaking at 278 MB when two channels are present with two data points each. 

Interestingly, even as the number of channels increases up to eight, memory usage stabilizes in the range of 

252–256 MB, indicating efficient memory management and scalability. The average memory consumption 

across all tested scenarios is 259 MB, which falls within an acceptable range for flutter-based mobile 

applications, supporting the system’s practicality for everyday use. 

 

 

Table 2. Memory usage in applications 
Testing condition Memory used (MB) 

When the channel is empty. 236 
When there is one channel, it contains 8 data points. 271 
When there are two channels, each channel contains two pieces of data. 278 
When there are three channels, each channel contains 8 data points. 273 
When there are four channels, each channel contains 3 data points. 255 
When there are five channels, each channel contains 3 data points. 254 
When there are six channels, each channel contains 3 data points. 256 
When there are seven channels, each channel contains 6 data points. 252 
When there are eight channels, each channel contains 8 data points. 252 

 

 

3.8.  Functional testing results 

The system testing carried out is validation testing to test whether the specifications for the 

functional requirements of the smartphone application can be met. The system testing results are shown in 

Table 3. Based on the test results in Table 3, the system built has met testing standards. Thus, functionally,  

the designed system produces test results as expected. 

 

 

Table 3. Functional testing results 
Test cases Test procedure Expected results Test results 

OnBoarding 
Press the application button on the 

smartphone menu. 
The system can display an application launch 

screen and a Start button. 
Succeed 

Dashboard 
Press the Start button on the 

onboarding page. 
The system can display the main page of the 

channel list that will be saved. 
Succeed 

Add new Channel 
Press the + icon button on the 

dashboard page. 
The system adds new channels by inputting 

the API. 
Succeed 

IoT data is in the form of 

values 
Open one of the channel lists stored 

on the dashboard. 
The system can display IoT data in the form 

of a value. 
Succeed 

IoT data is typically 

presented in graphical form 
Open one of the values contained in 

the data as a value. 
The system can display IoT data in graphical 

or line chart formats. 
Succeed 

 

 

3.9.  Discussion 

Previous studies in IoT monitoring typically focus on single-purpose applications limited to specific 

devices or domains, such as photovoltaic systems [11] or health monitoring [12], often requiring separate 

apps for each device type. This study addresses that gap by developing a flexible, cross-platform mobile 

application using flutter, which enables users to monitor multiple IoT devices through a single interface by 

dynamically integrating ThingSpeak API channels. Experimental results show that the application performs 

reliably on various Android smartphones, retrieving real-time data accurately and displaying it in numerical 

and graphical formats that align with ThingSpeak. Functional and performance testing confirmed stable 

operation with an average memory usage of 259 MB, indicating its efficiency and compatibility across devices. 

Compared to previous research, this system offers broader functionality, cross-platform support, and 

dynamic multi-device management within a single application. However, current limitations include its 

exclusive reliance on the ThingSpeak platform, lack of multi-user features, and absence of real-time alert 

notifications. Future research could expand the system’s interoperability by integrating additional IoT cloud 

platforms (e.g., AWS IoT, Google Cloud), implementing push notifications, and incorporating AI for 

predictive analytics. In conclusion, the proposed system represents a significant step toward general-purpose, 

real-time IoT monitoring, offering a replicable and scalable solution that addresses key limitations in existing 

works while laying the groundwork for more intelligent and responsive IoT applications. 
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4. CONCLUSION 

This research successfully developed and tested an IoT monitoring system using flutter and 

ThingSpeak, enabling users to monitor multiple IoT devices within a single mobile application. The system 

demonstrated accurate real-time data retrieval and visualization in both numeric and graphical formats, and 

functioned reliably across various Android devices with efficient memory usage averaging 259 MB.  

Key features, including onboarding, dashboard access, channel management, and data display, worked as 

intended, confirming the system’s overall effectiveness. 

Compared to prior research focused on single-device or domain-specific monitoring, this study 

presents a more flexible and scalable solution. With flutter’s cross-platform capabilities and ThingSpeak 

integration, the application offers wide accessibility and adaptability. Future improvements may include 

support for other IoT cloud platforms (e.g., AWS, Google Cloud), AI-driven analytics, real-time alerts, and 

enhanced user interfaces. These enhancements would allow the system to evolve into a more intelligent, 

responsive, and user-friendly tool for broader IoT monitoring applications. 
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