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Abstract. In this paper, an intelligent opening and closing system for windows and doors was 
developed, which solved the problems such as the lack of intelligence of traditional Windows, 
the high cost of rebuilding smart Windows, and the dispersing of functional devices, so as to 
improve user experience and the popularity of equipment. The system consists of three parts: 
door and window intelligent hoist, background data management center and mobile client. Door 
and window intelligent hoist is an independent device separated from traditional Windows, 
which can display indoor temperature and humidity in real time, air quality, automatically close 
Windows after rain, and adjust air quality and alarm. The background data management center 
conducts data interaction with the data server. The background can check the address, status, 
failure information and other functions of the intelligent door and window hoist. 

1.  Overall scheme design 
The design and implementation of the intelligent opening and closing system of Windows and doors is 
mainly composed of three parts [1]: the intelligent opening and closing device of Windows and doors, 
the background data management center and the mobile client. The overall block diagram of the system 
is shown in Figure 1. 
 

 

Figure 1. The overall block diagram of the intelligent opening and closing system of doors and Windows 
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By figure can see, Windows and doors intelligent opening and closing device installed in different 
families [2], through wi-fi routers connected to family connected to the data center of equipment 
management, after upload device of temperature [3], humidity, air quality and alarm information data 
to the data server, at the same time download data server control command window, open the camera 
(switch). The staff of door and window company login the web page, visit the data server, verify the key 
of different devices in each family, check the user of the device, equipment location, equipment status 
and equipment fault information of the device, so as to facilitate the door and window company to 
conduct post-service. In addition, data stored in the data center will be sent to the environmental 
protection bureau on a regular basis for analysis of temperature [4], humidity and air quality changes in 
the region. The data center collects different air quality information [5]. 

2.  Hardware system design 
The hardware design of this system is mainly composed of main controller, sensor unit, display circuit, motor 
drive circuit, ESP8266 serial port wifi module, bpi-d1 open source IP camera, and transmission connector 
design and circuit module [6]. 

2.1.  Master controller design  
ATMEGA328P chip is used as the central controller of the hardware system in this system to complete 
sensor data collection, motor control, external communication and other tasks. The circuit diagram of 
ATMEGA328P is shown in Figure 2. 
 

 
Figure 2. ATMEGA328P Circuit Diagram 

2.2.  Temperature and humidity sensors 
This paper uses DHT11 digital temperature and humidity sensor, which includes a resistive humidity 
sensor and an NTC temperature sensor, and is connected with a high-performance 8-bit single-chip 
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microcomputer [7]. This product has excellent quality, fast response, strong anti-interference ability and 
high cost performance. Each DHT11 sensor is calibrated in an extremely accurate humidity calibration 
room. The calibration coefficient is stored in the OTP memory in the form of a program, which is called 
by the internal sensor during the processing of the detection signal. 

2.3.  Raindrop sensor and air quality sensor 
In the smart skylight system, the sensor automatically closes the window once it detects rain. This paper 
adopts TGS2602, which has low power consumption [8]. Long life, small size, simple circuit and high 
sensitivity can be used for air quality test and indoor air test.  

2.4.  Infrared body sensor 
The circuit diagram [9] of hc-sr501 and hc-sr501 sensors using infrared human sensors is shown in 
Figure 3. 
 

 

Figure 3. Circuit diagram of hc-sr50 sensor 

2.5.  Display circuit design 
The display screen adopts digital tube and LED diode design. The display screen has multiple control 
commands, which can control the brightness of the display screen, switch booster circuit and other 
commands. Convenient operation and rich functions [10]. 

3.   Software system design 
According to the window function and the service requirements of the company, the software mainly 
completes the functions of equipment initialization, parameter configuration, air quality inspection, data 
upload, and window execution instruction. In order to improve the accuracy of the system, the air sensor 
uploads the data signal to the central controller, determines whether the air quality is up to standard after 
processing and analysis, gives work instructions and performs corresponding operations [11]. Data of 
each parameter is uploaded to the background server, and indoor temperature, humidity and air quality 
are displayed in real time through the mobile phone terminal [12]. Therefore, the software system mainly 
includes the design of Windows automatic opening and closing, the design of back-end data 
management center, the design of data server (aliyun server), and the design of mobile client [13]. 

3.1.  Automatic window opening and closing design 
Automatic opening and closing of Windows is an important part of the whole control system design. 
Automatic opening and closing of Windows mainly includes two functions: automatic closing of 
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Windows by rain water and automatic opening of Windows by air quality difference, shown in Figure 
4. Since these two functions are similar, the process of automatic opening of Windows by air quality 
difference is mainly outlined [14]. 
 

 

Figure 4. Automatic opening and closing of Windows design flow chart 
 

After first to electric system initialization, initialization, including initialization, serial interface clock 
configuration and time delay function program initialization and wifi initialization, timer is initialized, 
then reads the last window state, buzzer sirens, digital tube and LED lights flashing, Windows 
automatically shut the window place, air quality sensor to collect data, sent to the control center to 
analysis, and make a reply, at the same time will determine the control instruction, through wifi to upload 
data to the server[15]. Among them, the data upload and switch window operations such as process, 
adopts double chip control design, a chip is mainly used to receive wifi sensor data and read data, another 
drive motor drive and display circuit and a buzzer limit switch, we prescribed as follows: the first kind 
of main chips, the second false from the chip[16]. 

The workflow and system initialization of the main chip are shown in Figure 5. After the system is 
powered on, the information set last time is read first, and then the buzzer is sounded, which is for the 
prompt that the circuit runs normally; Then the digital tube flashes several times, indicating that the 
system is being initialized, and the window door is automatically reset, in order to avoid the position of 
the window caused by the last fault or abnormal power failure. The sensor unit runs the test program to 
check whether the sensor is working normally. The wifi runs the test program, connects to the server, 
and tests the connection status and whether there is data interaction [17]. 
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Figure 5. Main chip working flow chart 

3.2.  Design of background data management center 
The background data management center is designed for door and window companies to meet the 
company's needs. The menu bar of the background data management center mainly includes five parts: 
equipment list, equipment data statistics, video center, equipment management center and system setting. 

3.2.1.  Equipment registration design. The equipment registration is the first time for the user to use the 
intelligent door and window hoist after leaving the factory. The equipment is connected to the backstage 
of backup management for verification. Meanwhile, the equipment is verified for use. The use of the 
intelligent door - and - window hoist is also maintained. 

3.2.2.  Background data interaction design. Data exchange, doors and Windows intelligent hoist key is 
to upload data and download commands. Therefore, it is particularly important to ensure the operation 
of background data exchange. The premise of data exchange is that this device must be a verified device. 
When the device sends a request, the background can determine whether the device is registered and 
whether the user's situation is normal before data exchange. 

3.3.  Mobile client design 
The mobile client interface is designed for users, featuring simple human-computer interaction interface, 
simple operation and strong client software compatibility. Users can check indoor temperature, humidity, 
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air quality, alarm information in real time through the mobile client, as well as conduct remote control 
of switch Windows and switch camera operation. 

4.  Experiment Results 
The work completed in the thesis mainly includes the following aspects: 

 The control hardware circuit based on the central controller ATMEGA328P is designed on the 
basis of fully considering the characteristics of the intelligent opening and closing system of doors and 
Windows. The functional modules mainly include sensor unit, display circuit, motor drive circuit, 
ESP8266 serial port wifi module, bpi-d1 open source IP camera, and transmission connector design and 
circuit module composition. 

 Design the back-end data management center and mobile client with full consideration of the 
needs of users and Windows & doors companies. Employees of the door and window company login 
the web page, visit the data server, verify the key of different devices in each family, check the user of 
the device, equipment location, equipment status, and equipment fault information of the device, so as 
to facilitate the door and window companies to conduct post-service; The data center sends the data of 
related equipment to the mobile client synchronously, making it convenient for the user to check the 
indoor temperature, humidity, air quality and warning information in real time. At the same time, the 
remote control instruction of the user is saved and sent to the corresponding device. 

 Modularized design of most functions for later maintenance and upgrade. 
Successfully logged in and entered the management main interface, where functions mainly include 

device management center, device information, device list, device data statistics, and video center. The 
manager can manage the corresponding equipment in the background, and check the equipment list, 
equipment users, equipment fault information, equipment address, etc., as well as watch the indoor 
temperature, humidity and air real-time curve of the user's home, and monitor the working condition of each 
equipment in real time. 

Table 1. Database Display 

ID Equipment ID Temp Humid Air Warning 
1 Window1 26 66 95 0 
2 Window2 26 66 95 0 
3 Window3 26 62 96 0 
4 Window4 26 65 94 0 
5 Window5 26 66 95 0 
6 Window6 27 63 95 0 
 
The main function of the database is to receive and send data and complete data docking. It mainly 

consists of equipment control record, equipment control task table, equipment list, equipment data 
upload table, equipment registry, alarm information table, user table and camera list. Equipment control 
record table: record the information controlled by the user, including record ID, owner, device ID, Door 
and window switch position, recording time. 

5.  Summary 
With the development of economy and the continuous improvement of social informatization, the 
concept of smart home has gradually entered people's life and changed people's lifestyle. Intelligent 
window is the core part of residential intelligence, close to people's life, with a broad market, will be in 
improving people's quality of life play an increasingly important role. This paper designs a door and 
window intelligent opening and closing system. 

References 
[1] Takanobu H, Soyama R, Takanishi A, et al. Remote therapy with mouth opening and closing 

training robot between Tokyo and Yamanashi 120 km [C]// Ieee/rsj International Conference 



ESMA 2018

IOP Conf. Series: Earth and Environmental Science 252 (2019) 022010

IOP Publishing

doi:10.1088/1755-1315/252/2/022010

7

 
 
 
 
 
 

on Intelligent Robots and Systems, 2001. Proceedings. IEEE, 2001: 1584 - 1589 vol.3. 
[2] Zou Y H, Han-Yu L U, Yang Y. Design and Implementation of Intelligent Timing Control System 

for Household Appliances [J]. Computer Knowledge & Technology, 2018.Dae-Man Han, Jae-
Hyun Lim. Smart home energy management system using IEEE 802.15.4 and zigbee[J] . IEEE 
Transactions on Consumer Electronics.201056 (3): 1403 - 1410. 

[3] Jiang B. Design of intelligent curtain control system for laboratory [J]. Electronic Test, 2018. 
[4] Zhang H, Chen Q, Zhang X, et al. An Intelligent and Tumor-Responsive Fe2+ Donor and Fe2+-

Dependent Drugs Cotransport System. [J]. Acs Applied Materials & Interfaces, 2016, 8 (49): 
33484. 

[5] Li X, Polytechnic X X. Research on the design of intelligent window control system [J]. Wireless 
Internet Technology, 2016. 

[6] Sun L. Design and Implementation for Intelligent Dustbin based on 51 Single-Chip 
Microcomputer [J]. China Computer & Communication, 2017. 

[7] Roundy K A. Systems and methods for detecting information leakage by an organizational insider 
[J]. 2017. 

[8] Farcal L, Torres F A, Di L C, et al. Comprehensive In Vitro Toxicity Testing of a Panel of 
Representative Oxide Nanomaterials: First Steps towards an Intelligent Testing Strategy [J]. 
Plos One, 2015, 10 (5): e0127174. 

[9] Lee T S, Lin Y J. A Door/Window Structure with the AI Open/Closed [J]. International Journal 
of Kansei Information, 2012, 3 (3): 141 - 144. 

[10] Xia G S. GSM Intelligent Home Security System Based on MCU [J]. Applied Mechanics & 
Materials, 2013, 336-338:2443-2446. 

[11] Cao Q. Intelligent management system for household internet of things [J]. 2014, 29 (16): 300 - 
304. 

[12] Luo S P, Amp D E, University L V. Design of embedded intelligent remote monitoring system 
for classroom [J]. Journal of Baoji University of Arts & Sciences, 2013. 

[13] Liu Z, Lv L, Wu Y. Development of face recognition system based on PCA and LBP for 
intelligent anti-theft doors [C]// IEEE International Conference on Computer and 
Communications. IEEE, 2017: 341 - 346. 

[14] Li Caimao. Research and Implementation of Distance Education Virtual Classroom Based on 
CSCW [D]. Southeast University, 2004. 

[15] Han H, Wang L P. Research and Design of Intelligent Diagnosis System for Rail Transit Door 
[J]. Instrument Technique & Sensor, 2018. 

[16] Wu L H, Yao J Y, Zhang H Y, et al. Design of an Intelligent Granary Monitoring System [C]// 
International Conference on Future Generation Communication and NETWORKING. IEEE, 
2015: 92 - 95. 

[17] Song F, Wu X, Yang Y. Analysis and research on intelligent lock system of car door [J]. 
Automobile Applied Technology, 2017. 


