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Abstract. Tenants often face frustration when landlords are unresponsive to housing issues, while 
landlords struggle to manage multiple properties and tenant relationships. To address these challenges, 
we propose a mobile system that leverages IoT and Raspberry Pi technology to streamline property 
management and problem resolution. This smart solution aims to help tenants quickly report and resolve 
issues like electrical or network faults, while providing landlords with an efficient tool to manage their 
properties. Ultimately, the system enhances convenience, improves the rental experience, and fosters 
more stable and harmonious landlord-tenant relationships. 
 
1. Introduction 

The Internet of Things (IoT) is defined as a network-based system that combines sensors, mobile 
devices, and cloud platforms for multiple applications, demonstrating its comprehensive development 
from a “point” to a ‘plane’, meaning that each end point of the IoT is connected to the Internet and then 
uploads real-time data to a web database or cloud platform to share data or transfer information with 
mobile devices [1]. The Internet of Things is a “endpoint” facility that is connected to the Internet and 
then uploads real-time data to web databases or cloud platforms to share data or transfer information 
with mobile devices [1]. With the popularization of wireless sensor transmission technology, the data 
obtained from sensors can be uploaded to the network platform in real time, allowing objects to be 
connected to the data to generate higher added value, and more efficient and effective applications can 
be developed through planned integration. If this technology is utilized properly, it can realize 
person-to-person, person-to-object, and object-to-object information integration, and therefore can be 
used as the infrastructure for data collection, communication, and decision-making for the future 
development of advanced technologies. Wireless information transmission has the advantages of low 
production cost, low power consumption, and a single network with tens of thousands of expandable 
nodes, which also plays a key role in the realization of the Internet of Things [2]. 

The three main components of the Internet of Things are: sensors, data storage devices, and 
related connectivity technologies. With the development of technology, factory automation and mass 
production have made it easy to obtain sensors, and the cost is relatively low; the same is true for data 
storage devices, and compared with the past, the storage device capacity is getting bigger and smaller, 
and can be embedded regardless of the size of the items. [3] 

The cost of the associated connectivity technology, with the Radio-frequency Identification (RFID) 
and 2D barcode technology innovations, as well as the promotion of the 5G technology will soon be 
spread throughout the world, so that there is a substantial breakthrough in the transmission of 
information technology. [3] 

With the arrival of the graduation season, coupled with the short supply in school dormitories, 
students in the off-campus rental housing situation is becoming more and more common, renting an 
apartment encountered countless problems, which makes everyone the most annoying is only the house 
due to fire damage, and living in a safe formation of the property damage problem. There are many 
cases of fire caused by electrical fault wiring, stove not being turned off, and loss of property or 
jeopardizing one's own safety due to burglary, etc. Half of the above problems will result in disputes 
between the landlord and the student over property and safety. 

This project is handled in three main stages: In the first stage, we discuss with the professor and 
pick a topic, get a preliminary understanding of the applied technology, discuss the possibilities and 
applicability of the technology, rule out unsuitable technologies, conduct preliminary tests on sensors 
and cameras, and re-purchase the defective equipment. In the second stage, the front-end team 
researched MQTT and LineBot implementation methods, adjusted the program language, and 
implemented the functions of replying to messages, photos, and connecting MQTT and smart sockets; 
the back-end team tested the sensors and cameras to gain a deeper understanding of how they are used 
and how MQTT receives data. In the third stage, the front-end and back-end programs were combined 
to test the sensor data transfer to LineBot, solve the smart socket control problem, adjust the face 



recognition to increase the accuracy, and finally test all the functions and adjust the program to ensure 
the stability and reliability of the system. 

Technologies used: Raspberry Pi, temperature and humidity sensor, MQ-2 smoke sensor, camera, 
LineBot, smart socket, MQTT, etc. 

 

2. Method 
First, we studied the functions and features of Raspberry Pi in detail to learn how to set up and use 

it. At the same time, we explored different models of temperature and humidity sensors and MQ-2 
smoke sensors to evaluate their performance and compare them to select the one we needed. Next, we 
researched camera technology and image processing by querying internet data, and learned how to 
control the camera through Raspberry Pi for real-time image acquisition and comparison, and then do 
face recognition. 

In addition, we learned the development and deployment process of LineBot, and integrated 
LineBot with other technologies, such as receiving data from sensors and replying to user messages, 
and controlling smart socket switches through commands. Finally, we used MQTT to link the 
technologies together, and through these research methods, we created our system to solve the 
problems of rental housing and enhance convenience and intelligence. 

 
Figure 1. Structure diagram 

 
Function description is as follows: 

 LineBot:Automatically responds to daily problems encountered by tenants, gives commands 
to the smart sockets via LineBot, and transmits data and alerts to the user. 

 Temperature and humidity sensor: Measure the temperature and humidity of the room and 
transmit the data to MQTT. 

 MQ-2 Smoke sensor: Detect the presence of smoke in the room to determine whether there 
is any danger and transmit alert messages to MQTT. 

 Camera: Capture real-time images, compare the images with the tenant's image to 
distinguish whether there is an outsider, access the questionable photos to the cloud, and 
send alert messages to MQTT. 

 Smart socket: Connects to MQTT to receive commands to turn on and off appliances. 
 MQTT: Connects to all related technologies to allow all devices to transmit messages. 

 
3. Research Process 
Stage 1: Discussion and Research 

We first discussed with our professors the areas of interest and selected the topics we wanted to 
work on. After deciding on a topic, we did a preliminary understanding of the technologies that might 
be used, thought about how to apply these technologies to improve the convenience of living in a 
rented apartment, and discussed them with each other in our weekly meetings to clarify the possibilities 
and applicability of the technologies. For example, we initially looked into Beacon, but because of the 
damage to the equipment and the high cost of re-purchasing it, we excluded this technology from our 
system. For the Raspberry Pi, we also discussed what detection features we would like to include in our 



system design, and researched and adopted them. 

Stage 2: Front-end and back-end testing and implementation 
We divide into two groups to study and implement the front-end and back-end respectively. In 

the front-end, we first studied the simple implementation of MQTT and LineBot, made several changes 
to the programming language used to write LineBot, and tried various functions such as replying to 
messages and photos, and connecting MQTT and smart sockets. In the back-end part, we first 
conducted preliminary tests on each Raspberry Pi sensor and camera to check whether the devices are 
damaged and to purchase new ones to replace the unusable ones, and then we focused on the use of 
sensors, face detection of camera and MQTT to receive data for in-depth understanding and utilization.  

Stage 3: Integration and Correction 
We combined the front-end and back-end programs to first try whether the sensor data and 

messages can be transmitted to LineBot users, then solve the problem of message and voice control of 
the smart socket, and make adjustments and debugging for face recognition to increase its accuracy, 
and then finally, we made a final test of all the functions and adjusted the program to make sure that all 
the devices can be operated normally to improve the stability and reliability of the system.  

 
Figure 2. Face recognition flowchart 

 
First of all, we use external camera to do face detection, when we detect the face, we will judge 

whether it is a tenant or not, if it is judged to be a tenant, then we will send the photo to the 
corresponding folder of the tenant in the cloud, and the file name will be taken as the name of the 
tenant and the time of taking the photo, so as to record the time of the tenant's entry and exit. 

If the result is not a tenant, the photo will be stored in the cloud in a folder called stranger, and 
the file name will be new_face_1 and so on, and a warning message and a cloud link will be sent 
through LineBot immediately to alert the tenant that there may be a stranger staying outside the door. 

 
Figure 3. System context diagram 

 
The system associations are described as follows : 

(1) Smart Sockets controls the switching of lights by subscribing to MQTT messages 
(2) Tenants can use LineBot`s auto-reply to solve common problems, ,and they can also give 

commands to LintBot to turn on and off the lights, and the commands will be published to 



MQTT to control the smart sockets to turn on and off the lights. 
(3) The Raspberry Pi sends the detected temperature and humidity data and smoke alarms to 

MQTT.  
(4) Sends the warning message to mobile devices when detecting strangers. Sends the entry/exit 

records to the cloud when detecting tenants.  
 

3. Result 
 

 
Figure 4. LineBot auto-reply 

 

 

 
Figure 5. Remote control of smart socket switch lights 



 

 

   
Figure 6. Raspberry Pi smoke sensing 

 

 
Figure 7. Raspberry Pi Temperature and humidity sensing 

 
  



 

 

 
Figure 8.Webcam 

4. Conclusion and Future work 
Through this project, we have created the “Intelligent Rental Management Elf”, which aims to 

solve the leasing problems between landlords and tenants, and to make the renting experience smarter 
and more convenient for tenants. We have integrated Raspberry Pi, temperature and humidity sensors, 
smoke sensors, cameras, LineBot, smart sockets and MQTT to make our system more functional and 
developed. Although we encountered some challenges during the research process, we overcame the 
problems and achieved satisfactory results through teamwork and hard work. In the future, we also 
hope to contribute to the related academic fields and make a positive impact on society through 
continuous improvement and refinement. 

Looking ahead, we aim to make the system smarter and more convenient. For instance, integrating 
facial recognition could enable automatic door unlocking for tenants and alert landlords via LineBot 
when strangers are detected, enhancing security. Facial recognition could also control elevators, 
automatically taking residents to their floors. Additionally, automatic dehumidification could activate 
when humidity levels rise, ensuring a comfortable indoor environment. These enhancements will make 
the system more intelligent, user-friendly, and effective in improving the living experience for tenants 
and property management for landlords. 
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