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Abstract: With the sharp increase in the number of tourists, scenic spots are facing challenges in environmental monitoring, 
passenger flow management and intelligent services, and it is difficult for tourists and managers to obtain real-time information 
about the scenic spots. This research designs a smart scenic area system based on the cloud-edge collaborative architecture, and 
enhances the intelligent management level and tourist experience through data analysis and visual display. The system acquires 
and analyzes data from edge sensors, builds a visualization system with the help of Echarts technology, and presents the data in 
the form of charts. The APP is developed using Android technology, supporting real-time data monitoring by users and managers. 
This system achieves efficient data processing and display through a cloud-edge collaborative architecture, providing a solution 
for the intelligent management of scenic spots. 
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1. Introduction 

1.1. Research Background 
With the increase in visitor, management work in scenic 

spots has become increasingly complex. Some scenic spots 
have yet to establish public service systems such as WiFi or 
visualization platforms, limiting both visitors and staff from 
gaining a comprehensive, clear, and timely understanding of 
the area. Consequently, management personnel spend more 
time and effort addressing personalized needs of a visitor, 
which significantly reduces overall management efficiency. 

This study applies data analysis to monitor the environment, 
visitor activities, and resource usage in real time. It integrates 
information on visitor flow, environmental quality, and 
resource consumption into a unified system. Monitoring and 
management of these factors are conducted through an app 
and an Echarts-based visualization platform. 

1.2. Significance of the Study 
An integrative information service system integrating real-

time monitoring, intelligent analysis, and interactive services 
is developed based on an ECharts-powered visualization 
system and an Android mobile application. The app allows 
visitors to access real-time microenvironment data such as 
current temperature, humidity, and peak crowd levels at 
various attractions. Meanwhile, managers use the 
visualization system for comprehensive situational awareness 
across the entire site. Real-time statistics on alert types (e.g., 
temperature exceeding limits or insufficient lighting) and 
historical data reviews support the creation of data-driven 
decision-making models. This approach advances scenic area 
management from passive incident response toward proactive 
prediction of service needs. 

2. Current Research Status at Home 
and Abroad 

Supported by smart scenic area policies in China, many 
projects have applied big data collection using sensors and 

communication protocols to gather spatial-temporal data for 
analysis. Liang Yi designed an ecological monitoring module 
based on MQTT to address data accuracy and visualization 
challenges [4]. Peng Xianhua developed a LoRa-based 
environmental monitoring system for data collection and 
reporting [5]. 

Internationally, smart scenic areas developed earlier, with 
researchers integrating advanced technologies like the 
Internet of Things (IoT) and artificial intelligence into scenic 
spots construction and management. Zhao J et al. designed a 
remote air environment monitoring system using CAN bus 
technology [7], while Pu Z et al. used WiFi to collect visitor 
flow data [8]. Although existing studies propose monitoring 
approaches combining STM32 microcontrollers with sensors 
and communication protocols, they often lack real-time 
information display. However, Fan Luqiao et al.’s work using 
Python combined with Echarts for data visualization [10] 
offers valuable backend processing insights for this study. 

This study builds upon these achievements by creating an 
end-to-cloud-to-user framework that integrates multiple 
sensors with WiFi modules for real-time data acquisition and 
transmission. It leverages Alibaba Cloud services, databases, 
and Echarts technology for data visualization while enabling 
users and managers to monitor conditions and control devices 
through a mobile app in real time. 

3. System Design 
This system achieves a closed loop for data collection, 

transmission, processing, and application within the scenic 
area through coordinated multi-stage processes. Various 
sensors collect environmental information, which is initially 
processed by an STM32 microcontroller. Data is then 
transmitted via a WiFi module to the Alibaba Cloud IoT 
platform and synchronized with a database to support the 
visualization system and mobile app. 

The visualization platform displays temperature and 
humidity data, counts of pedestrian and vehicle flow, 
historical records, and alarm statistics, enabling managers to 
have a comprehensive understanding of the scenic area’s 
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status. The mobile app serves both visitors and managers by 
providing access to alarm types, collected data browsing, and 

remote device control, enhancing intelligent management of 
the site. The overall system design is illustrated in Figure 1. 

 

 
Figure 1. Overall Design Diagram 

 
The smart scenic area system adopts a three-layer 

architecture: hardware layer, cloud platform, and software 
layer, forming an intelligent management service framework 
where the software layer serves as the key value output. 

The hardware layer collects basic data using temperature 
and humidity sensors and communicates via WiFi modules 
through Alibaba Cloud services. On the software side, the app 
acts as the interaction portal—managers can remotely view 
data and adjust strategies while visitors receive real-time 
updates on site conditions. Visualization tools like Echarts 

convert data into intuitive charts such as temperature-
humidity curves and crowd heatmaps to assist managers in 
monitoring current dynamics effectively. 

The collaboration among these three layers eliminates data 
silos, fulfilling management needs for monitoring, decision-
making, and optimization. It also creates personalized 
experiences for visitors by advancing data from collection to 
in-depth application, thereby improving management 
efficiency and enhancing visitor experience. The functional 
structure is shown in Figure 2.  

 

 
Figure 2. Functional Architecture Diagram  
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This smart scenic area information architecture follows a 

layered design principle to form a complete closed loop of 
information collection, transmission, and processing.  

The information collection layer serves as the foundation 
by utilizing various sensors paired with short-range 
communication modules to accurately capture environmental 
conditions and visitor behaviors within the scenic area. 

The information transmission layer manages data flow by 
leveraging diverse networks such as the internet, mobile 
communication networks, wireless networks, and dedicated 

networks to connect collection points with processing centers 
efficiently. 

The information processing layer’s application platform 
relies on Huawei Cloud services and public middleware for 
advanced data processing. Through functional modules, it 
generates decision-making insights that transform raw data 
into smart applications, supporting improved management 
decisions and enhanced visitor services. The system hierarchy 
structure is depicted in Figure 3. 

 

 
Figure 3. System Layers Diagram 

 

4. System Databases Design 
The figure illustrates the database architecture of the smart 

scenic area monitoring system, centered around five main 
tables. The area_info table defines scenic zones and 
establishes a hierarchy through the parent_area_id field. The 
scenic_environment table stores environmental data linked to 
zones via area_id. The flow_statistics table records traffic 
data, associating both zones and environmental information. 

The warning_records table logs alerts, connecting 
environment, traffic data, and responsible users. Lastly, the 
system_users table manages users and their assigned zones. 
These tables are interconnected through foreign keys to form 
a closed loop for data collection, analysis, alerting, and user 
management, supporting intelligent operation. The relational 
structure is shown in Figure 4. 

 

 
Figure 4. The relational structure 
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5. Visualization System Design 

5.1. Overall Layout of Visualization System 
The visualization system’s interface is constructed using 

HTML, JS, and CSS. The system name “Smart Scenic Area 
Monitoring System” is displayed </span>, while elements 
such as <h2 id=“yanwuCount”></h2> and <h2 id= 
“wenduCount”> </h2> present relevant information. Line 
charts from the ECharts library (series: {type: ‘line’}) depict 

temperature and humidity trends over time, while pie charts 
(series: {type: ‘pie’}) illustrate alert type distributions. Key 
code snippets for building this layout are provided below, 
with the corresponding visual output shown in Figure 5. 

<div class=“b_left_box”> 
<img class=“t_l_line” src=“img/left_line.png” alt=““> 
<div id=“chart_2” class=“echart” style=“width: 100%; 
height: 3.6rem;”></div> 
<img class=“t_r_line” src=“img/right_line.png” 
alt=““></div> 

 

 
Figure 5. Overall Layout of Visualization System 

 

5.2. Real-Time Data Display 
Raw data containing timestamps and values is retrieved via 

backend interfaces. Timestamps are formatted into standard 
time strings and stored alongside corresponding temperature 
and humidity values. ECharts obtains this processed data 
through Ajax requests. Relevant key code excerpts are 
provided below. 

@ResponseBody 
    @RequestMapping(value = “/gettemp”) 
    public Map getCountry(){ 
        List<Map<String,Object>> list = 

envService.gettemp(); 
        List key = new ArrayList(); 
        List val = new ArrayList(); 
        Map returnMap = new HashMap<String, 

List>(); 
        for(Map<String,Object> m:list) { 
            Date date = (Date) m.get(“name”); 
            key.add(new SimpleDateFormat(“yyyy-

MM-dd HH:mm:ss”).format(date)); 
            val.add(m.get(“value”)); 
        } 
        returnMap.put(“key”, key); 
        returnMap.put(“val”, val); 
        return returnMap; 
    } 
 xhr.send(); 

5.3. Traffic Statistics 
GetshebeiNumber1 and getshebeiNumber2 are 

implemented to query the latest pedestrian and vehicle flow 
data from the LOGS table in the database. GetshebeiNumber1 
executes an SQL query selecting the ren_flow column, 
ordering results by currytime in descending order to ensure 

retrieval of the most recent pedestrian flow record. A LIMIT 
1 clause restricts the output to a single latest entry. 
getshebeiNumber2 operates similarly for vehicle flow data. 
Key code snippets for real-time traffic display are provided 
below. 

@Select(“SELECT ren_flow as count FROM LOGS 
ORDER BY  currytime DESC LIMIT 1  “) 
    List<WarnVo> getshebeiNumber1(); 
    @Select(“SELECT car_flow as count FROM LOGS 
ORDER BY  currytime DESC LIMIT 1  “) 
    List<WarnVo> getshebeiNumber2(); 

5.4. Alert Type Statistics 
The database is queried to count occurrences of different 

alert types using an SQL CASE statement based on the 
warning_flag column values: 0 indicates “normal,” 1 
indicates “temperature exceeds limit,” and 2 indicates 
“insufficient lighting.” The COUNT(*) function aggregates 
the number of occurrences per alert type, while GROUP BY 
warning_flag organizes results accordingly. Key code 
excerpts for real-time alert type display are included below. 

@ResponseBody 
  @RequestMapping(value = “/getdatas”) 
  public  List<Map<String,Object>> getCategorys(){ 
List<Map<String,Object>> list = envService.getdatas(); 
        return list; 
} 

6. Mobile App Design 

6.1. Overall Layout of App 
The mobile application was developed on the Android 

platform, featuring display components for temperature and 
humidity, light intensity, pedestrian and vehicle flow, alert 
types, user input data, and control functions. A LinearLayout 
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with horizontal centering arranges the interface: the left side 
uses TextView to show labels (e.g., temperature and humidity) 
with specified font styles, while the right side displays data 
collected by the STM32 device. Spacing is managed via 
android: layout_marginand, android:id provides interaction 
interfaces. Key code snippets are presented below, with the 
corresponding interface shown in Figure 6. 

<LinearLayout 
  android:layout_width=“match_parent” 
    android:layout_height=“wrap_content” 
   android:gravity=“center” 

   android:orientation=“horizontal”> 
   <TextView 
   android:id=“@+id/LightStatus2” 
   android:layout_width=“wrap_content” 
   android:layout_height=“wrap_content” 
   android:layout_marginStart=“16dp” 
   android:layout_marginEnd=“3dp” 
   android:text=“humidity: ” 
   android:textSize=“20sp” 
   android:textStyle=“bold” /> 

 

 
Figure 6. Overall Layout of App 

 

6.2. Real-Time Data Display 
When the message type msg.what equals 3, MQTT data is 

processed by converting the message content into JSON 
format to extract temperature, humidity, light intensity, and 
pedestrian and vehicle flow data. Key code excerpts are 
provided below. 

handler = new Handler() { 
        public void handleMessage(Message msg) { 
              super.handleMessage(msg); 
              switch (msg.what) { 
                   case 1:  break; 
                   case 2:  break; 
                   case 3:  UTF8Buffer msg=new 

UTF8Buffer(object.toString()); 
String message = msg.obj.toString(); 
Log.d(“nicecode”, “handleMessage: “ + message); 
  try { 
JSONObject jsonObject = new JSONObject(message); 
String temp = jsonObject.optString(“temp”); 
String humi = jsonObject.optString(“humi”); 
String light = jsonObject.optString(“light”); 
String ren= jsonObject.optString(“ren_flow”); 
String car= jsonObject.optString(“car_flow”); 
int warning = jsonObject.optInt(“warning_flag”); 

6.3. App Control of STM32 Devices 
The FanToggle.setOnCheckedChangeListener() method 

adds status change listeners to fan and lighting controls. Both 
users and administrators can toggle fans and lights on or off 

through the isChecked property. Relevant key code is shown 
below. 

FanToggle.setOnCheckedChangeListener(new 
CompoundButton.OnCheckedChangeListener() { 

    @Override 
    public void onCheckedChanged(CompoundButton 

buttonView, boolean isChecked) { 
                if (isChecked) { 
                    fanstatusCode = 1; 
                } else { 
                    // The button is closed. 
                    fanstatusCode = 0; 
                } 
            } 
        }); 

7. Conclusion 
The system collects environmental data from multiple 

sensors including temperature, humidity, and light intensity. 
This data is preprocessed by an STM32 microcontroller and 
transmitted via an ESP8266 wireless module using the MQTT 
protocol to Alibaba Cloud for storage and intelligent analysis. 
Integrating ECharts visualization with a mobile app enables 
both visitors and managers to dynamically monitor real-time 
scenic area data.  

Future work will focus on in-depth analysis of visitor flow 
by developing heatmaps of crowd density and optimizing 
movement paths to provide data-driven support. Additionally, 
further enhancement of ECharts applications will integrate 
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geographic information with scatter plot visualizations to help 
visitors accurately understand real-time conditions across 
different zones, facilitating scientifically guided tour planning. 
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