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1. [bookmark: _Toc56626462]Introduction
With the development of Internet technology, people's access to information through the Internet has become a part of daily life, and remote access to monitoring information through the Internet has also been realized. Therefore, in order to facilitate people's work and life, it is necessary to provide a "Internet-based remote real-time monitoring technology for the Internet of Things", so that the monitoring equipment does not need to be guarded. Remote monitoring can effectively assist some safety monitoring and maintenance personnel in their work, and when the monitored range meets the alarm condition threshold set by themselves, the staff can obtain the alarm information in time. In addition, the monitoring system has the stability and reliability that humans cannot match, the probability of error is lower, and the work effectiveness is longer. Therefore, it is of great significance to develop a low-cost optical fiber hydrogen monitoring system with remote access function.
[bookmark: _Toc56626463]1.1 Research background  
As a green energy source, hydrogen has a wide range of applications in various fields such as aerospace, fuel cells, metal smelting, and chemical synthesis. Although hydrogen plays an important role in the construction of the national economy, it is a kind of flammable and explosive gas. When the ignition energy reaches 0.017 mJ, it can produce flames above 2500℃; in addition, when the concentration of hydrogen is 4%~ Between 74.5%, it will explode if it encounters an open flame, and the colorless and tasteless characteristics make it difficult to be detected by people, so it is dangerous. Hydrogen is the element with the smallest molecular weight, this feature makes hydrogen more dangerous than other gases, and dozens of times higher than the diffusibility of volatile liquids such as gasoline. Once the hydrogen leaks, it will spread rapidly, causing a great possibility of explosion, which will pose a major threat to the safety of personnel and property. For example, in 2013, the "Sindurakshak" submarine caught fire and exploded when it was parked in southeastern India, resulting in many casualties. Investigations revealed that the cause of the explosion was that the short circuit of the battery valve ignited the hydrogen in the lead-acid battery in the submarine. Cause an accident. In addition, hydrogen can also be used as a characteristic gas to detect equipment operation and environmental changes. For example, during the operation of an oil-immersed power transformer, the internal transformer oil and organic materials will generate hydrogen and short-chain hydrocarbon gases due to partial discharge, overheating, aging, etc. So measuring the changes in the concentration of dissolved gases in the oil can help Determine whether the transformer is faulty. Among them, a large number of accidents have proved that when the transformer fails, the hydrogen concentration often changes abnormally. Therefore, the rapid measurement of the hydrogen concentration in the transformer is very important for real-time monitoring of the operating status of the oil-immersed power transformer.

In summary, effective monitoring of hydrogen concentration is of great significance for in-depth research, development, and utilization of hydrogen energy. To meet this condition, it is particularly important to study stable and reliable hydrogen sensors. For a long time, domestic and foreign researchers have conducted a lot of research on hydrogen sensors, and based on the different detection principles, hydrogen sensors are generally divided into electrochemical and optical types. Among them, the electrochemical hydrogen sensor has been developed for many years and the technology is relatively mature, which has achieved commercial applications. The electrochemical hydrogen sensor converts the change of the chemical characteristics of the material after the reaction with hydrogen into an electrical signal for sensing to realize the detection of hydrogen concentration. Although this type of sensor can detect ultra-low hydrogen concentration, it has a wide measurement range and small errors. However, in order to ensure the sensitivity of the hydrogen sensor, a voltage is usually applied at both ends of the probe to ensure that the hydrogen-sensitive material inside the probe works at a higher temperature, and the sensor uses electrical signals as the sensing signal, so electricity is generated during operation. The possibility of sparks, the use of this sensor to detect hydrogen concentration in special places with high hydrogen concentration has a potential explosion hazard. In addition, electrochemical sensors have cross-sensitivity to other reducing gases (such as CO, NH3, C2H4, C2H2, etc.), and have poor selectivity to hydrogen. Since the electrochemical hydrogen sensor uses electrical signals for sensing, the signal is easily affected by electromagnetic interference. Some electrochemical hydrogen sensors are also interfered by the environmental humidity, leading to errors in the detection results, so this type of sensor has a certain impact on the detection environment Claim. If this kind of sensor is powered off for a long time and reacts with hydrogen again, the response time will be longer than expected and there will be an error. Therefore, the traditional electrochemical hydrogen sensor has insufficient safety, anti-interference ability and gas selectivity [2].
The optical fiber hydrogen sensor has a small volume, is easy to carry, and is less affected by electric and magnetic fields. Because it is an insulator, so it is safe to use and can work stably in an inflammable and explosive environment. It has strong corrosion resistance and high pressure resistance and high sensitivity. As the research on optical fiber hydrogen sensors matures, electrochemical hydrogen sensors will gradually withdraw from the market in the field of hydrogen applications.
[bookmark: _Toc56626464]1.2 Literature review
At present, the demodulation of optical fiber hydrogen sensors mainly adopts intensity demodulation and wavelength demodulation. Among them, the intensity demodulation is easily affected by the intensity fluctuation of the light source itself, which affects the long-term reliability of the sensor; while the wavelength demodulation is mostly combined with fiber Bragg grating (FBG) to realize the acquisition of the sensor signal, which leads to the sensor’s influence on the ambient temperature With a more sensitive response. Although there are still many challenges in the research of optical fiber hydrogen sensors, in recent years, domestic and foreign scholars have made many attempts in the preparation of hydrogen sensitive materials and demodulation of sensing signals, and achieved Notable results. It is believed that in the near future, fiber optic hydrogen sensors will appear in the military, civilian, and industrial fields.
In 2010, Wang Limin and others developed an ARM-based embedded hydrogen concentration monitoring system using a structured and modular solution based on the research foundation of embedded systems. The system is mainly composed of signal acquisition module, A/D conversion module, core control module, storage module, display and alarm module, and debug download module. The system first designed a low-noise, high-anti-interference front-end signal conditioning circuit for the weak current signal output by the sensor to effectively extract the hydrogen concentration signal, and then designed the relevant interface circuit for the ARM processor, the core component of the system; S3C2410 transplants the embedded Linux operating system and builds an embedded software development platform. The embedded hydrogen concentration detection system provides a complete set of software and hardware solutions for various embedded applications.
In 2018, Wu Shitao and others designed a cloud platform-based toxic and harmful gas monitoring system for toxic gas monitoring. The Wi-Fi communication module is used as the data transmission method, and the third-party cloud platform OneNET is used as the online monitoring platform to realize remote monitoring of the experimental site.
In 2018, Song Furong and others received configuration information and real-time data information frames from the local monitoring system through GPRS network communication technology. The data analysis module performs data analysis according to the established communication protocol, and stores the obtained data information through the data connection pool. To the Acess database. The centralized management of system information is realized.
In 2019, Chen Mengjiao and others designed and developed a remote environmental protection online monitoring system for distributed field equipment and distributed management users. Compared with the previous system, the advantage of this system is that it has designed and developed the upper and lower interfaces of the system server to realize the distributed access of the bottom equipment and the distributed supervision of the upper monitoring users. The whole system is developed with B/S architecture, and finally users can log in to the monitoring interface at any place.
In 2020, Desai and others adopted a new hardware architecture method, added a firmware lock self-check lock, strengthened the security and stability of remote transmission from the hardware, and put forward a new idea for the remote monitoring system.
In summary, the power value that enables the sensor to achieve the optimal response should be studied under different optical powers to find the optimal solution for its performance. In addition, in order to achieve real-time monitoring of the cloud platform, additional optimizations need to be made to the stability of the cloud platform and the real-time stability of data upload to ensure the effectiveness of the data.
[bookmark: _Toc56626465]1.3 The purpose and significance of the project research
Energy consumption and environmental pollution represented by coal and oil is a major problem in today’s society. In recent years, our country has been deeply affected by air pollution (severe smog) and the deterioration of the ecological environment. The development and use of new clean energy is the country’s future strategic need. Among many new energy sources, hydrogen energy is one of the future energy sources with great development potential. In the long run, its development may bring about major changes in the energy structure. Because hydrogen has the characteristics of small molecular weight, strong permeability, inflammable and explosive, colorless and odorless, when the concentration of hydrogen in the air exceeds 4%, it will explode when exposed to an open flame, and its flammability range is 4-74.4%. After leakage It is difficult to detect, so it is very likely to cause an explosion.
In defense and military applications, nuclear weapons and nuclear fuel storage facilities produce hydrogen due to the fission of radioactive materials. The hydrogen concentration in this facility is an important indicator for evaluating the life of nuclear materials. The Chinese Academy of Engineering Physics in Mianyang, my country monitors the hydrogen concentration in the closed nuclear bomb system There has always been a major technological demand. The submarine has been lurking underwater for a long time. Since the lead-acid battery will produce hydrogen in the submarine during the charging and discharging process of the lead-acid battery, it is necessary to monitor the possible hydrogen leakage and hydrogen concentration in the submarine in real time.
In view of the two core issues of the stability of sensitive materials and the anti-interference ability of the sensing system in the current research of optical fiber hydrogen sensing technology at home and abroad, this project will first study the surface modification of Pt/Pd and PTFE (polytetrafluoroethylene) The new WO3 hydrogen sensitive material obtains a hydrogen sensitive material with good catalytic activity and stability; secondly, a light path system with a self-compensation function based on a photodetector is constructed to make the sensor probe work at an ideal temperature and solve the environmental temperature and environment Humidity and light path interference affect the practical use of sensor bottlenecks, and the development of a fiber-optic hydrogen detection system that meets practical applications to achieve reliable monitoring and safety early warning of hydrogen concentration is of great significance to the safe operation of national defense security and national economic construction.
At present, the Internet of Things technology and optical fiber sensing technology have achieved certain achievements and development, but we must also see its shortcomings while seeing its advantages. For example, the traditional point sensors used in the Internet of Things can obtain limited information, while the previous distributed optical fiber sensing also uses a single-machine monitoring system, which cannot exchange information through the network, which restricts the integration of the established large-scale sensor monitoring network , And the combination of these two technologies has greatly promoted their further development, and has broad application prospects in real-time monitoring and engineering early warning.

[bookmark: OLE_LINK1]The front-end sensor network is a key component of the Internet of Things, and the current domestic research on sensors is relatively backward, which restricts the further development of the Internet of Things and cannot provide a good support for the better development of the Internet of Things. Therefore, research New types of sensors are very important. The emergence of distributed optical fiber sensing points out the direction for building large-scale sensor networks. Using distributed optical fiber sensing to build large-scale sensor networks is an effective and feasible solution in theory. At present, the optical fiber sensing monitoring system has been widely used in the fields of perimeter security, pipeline safety, and large-scale civil structure health monitoring. It has intrinsic safety, anti-electromagnetic interference and large-capacity monitoring capabilities, all of which make the optical fiber sensing technology better Broad application prospects.

[bookmark: _Toc56626466]1.4 Analysis development level and existing problems
Developed countries such as the United States, Germany, Western Europe, and Japan have always been in a leading position in the development of gas monitoring and monitoring systems. Since the 1970s, standardized online monitoring systems have been applied. In the past 20 years, countries have tried to integrate advanced technologies such as computer network technology and automatic control science into online monitoring systems. In the past 10 years, the rapid development of Internet technology and the improvement of instrumentation automation have provided better technical support for the development of online monitoring systems. So far, the monitoring system has achieved network sharing and software management, and the system is developing in a more accurate, safer and more convenient way.

Since computer technology and network information technology have been more and more widely introduced into the fields of industry, energy, environmental protection, etc. The monitoring system has gone through the following stages of development from the beginning to the present:
(1) Stand-alone monitoring system. The first-generation monitoring system is a one-to-one local system developed for fixed monitoring points. The interaction and processing of data are all located locally, without scalability.
(2) Distributed monitoring system inside the LAN. This is a system derived from distributed monitoring sites. The information exchange is carried out inside the local area network, which abandons the traditional solidification mode and promotes the networking of the monitoring system.
(3) Internet-based remote real-time online monitoring system. In the late 1990s, on the basis of the mature distributed monitoring system within the local area network, the latest network integration technology, data communication technology, database technology, etc. were used to make the communication platform built on the Internet to realize network sharing.

By the 21st century, online monitoring systems at home and abroad have been designed and developed in a way that combines cloud computing and cloud storage. With the continuous maturity of cloud technology products and solutions and the rapid promotion of cloud computing concepts, cloud technology has shown a stronger momentum of development in various important fields. The cloud can be regarded as a resource pool with storage and computing capabilities. People can access the services and resources in the resource pool anytime and anywhere through the network to meet their needs. Its scalability, fault tolerance, and a series of improvements in access speed and performance brought about by distributed clusters have greatly improved the accuracy, real-time, and openness required in the process of developing online monitoring systems. On the other hand, the services provided by the cloud platform allow us to achieve rapid processing and storage of big data, while avoiding the need to maintain the software and hardware systems of the underlying cluster of the cloud platform. Therefore, it is an inevitable trend to combine online monitoring systems with cloud platforms to design the architecture of real-time monitoring systems.

At present, the relatively mature hydrogen sensors at home and abroad are mainly electrochemical sensors. This type of sensor uses electrical signals as sensing signals. There is the possibility of electric sparks during operation, so there is still a potential danger of explosion; Based on the electrical parameter sensing of resistance change caused by electron migration, the sensor has the possibility of cross-sensitivity to other reducing gases CO, CH4 and NH3. Therefore, traditional electrochemical sensors still have some insurmountable safety and selective sensitivity aspects. problem. The optical fiber hydrogen sensor has only weak light signals in the sensing and transmission process. It has the advantages of intrinsic safety, anti-electromagnetic interference, remote transmission and small size. It is an ideal solution to realize the safety monitoring of hydrogen concentration.

At present, the key factor restricting the practical application of optical fiber hydrogen sensors is the insufficient stability of hydrogen-sensitive materials. Changes in ambient temperature and humidity will affect the performance of hydrogen-sensitive materials; another key factor is the poor anti-interference ability of the optical system and the poor performance of multimode optical fibers. The optical system is easily affected by the bending and vibration of the optical path, and the single-mode optical fiber system using dual optical paths has better stability. At present, the cost of fiber-optic hydrogen sensors is still much higher than that of traditional electrochemical hydrogen sensors. The main reason is that the cost of the demodulator in the sensor is high, which leads to the high cost of fiber-optic hydrogen sensor systems, which is also an important limitation of its practicality. the reason.

In view of the current status of hydrogen field monitoring, my country still faces some unsolved problems in the hydrogen monitoring system. It is mainly concentrated in three aspects: First, the real-time and uniformity of on-site inspection work and data processing is not high enough, because the system's automation in the inspection process is low, and the collection of relevant data parameters and information is not timely and comprehensive. The recording work still requires manual collection of statistics, resulting in high time and labor costs, low efficiency, and poor real-time performance; on the other hand, the structure of the hydrogen online monitoring system is not yet mature, resulting in historical data and different experiments at the same experimental site It is difficult to aggregate the field data of the point in a unified manner, and there is no reasonable storage and distributed data processing for the collected hydrogen concentration data: Another problem is the poor scalability of the system, whether it is for the device access interface of the underlying field , Or the interface developed for the display of the upper-level monitoring end Web site, lack of reasonable design and development, resulting in every time a new user is connected or a new monitoring interface needs to be re-interacted with the backend. The system code is redundant, inefficient, wastes manpower and affects system performance.
[bookmark: _Toc56626467]1.5 Research objectives and aims 
(1) Research objectives
Aiming at the key factors restricting the optical fiber hydrogen sensor-hydrogen sensitive materials and the insufficient performance of the optical path system, this project proposes WO3-Pd/Pt-Pt-PTFE nano-film as the hydrogen sensitive material, using the dual optical path system as the test platform to prepare sensors with excellent performance material. The microstructure of WO3-Pd/Pt-Pt-PTFE nano-film is of great significance to the preparation of hydrogen-sensitive films with excellent responsiveness, and therefore is an important factor in improving the performance of hydrogen sensors. Based on the above, which algorithm is used is an important factor to improve the signal-to-noise ratio of the sensing system.
In view of the current high cost of optical fiber sensing equipment, this system aims to ensure measurement accuracy while reducing the hardware cost of the equipment as much as possible, so that the circuit part of the system has the power to design and produce independently. Promotion is of great significance.
In response to hydrogen safety monitoring issues, data analysis and processing are performed on the hydrogen concentration signal collected by the optical fiber sensor collection device, and then the data is converted into a wireless signal and transmitted to the cloud server. External users can do so at any time through the developed Web page and WeChat applet for monitoring and warning anywhere, internal administrators can log in to the console to retrieve historical data and expand other functions.
(1) Build an optical path system based on WO3-Pd/Pt-Pt-PTFE nano-film and dual photodetectors, design hardware circuits, integrate and encapsulate the required signal processing components; under the condition that the hardware equipment remains unchanged, the research is different The sensing probe with membrane structure can achieve the highest signal-to-noise ratio at the same concentration.
(2) Adopt the principle of agile software development, conduct demand analysis on the remote monitoring platform, use two methods of local data upload and online data acquisition to realize data communication, and adopt the method of separating the front and back ends to present the display data required by the front end Hide the back-end to realize the separation of different users and management.
(2) Research content
This project is based on the cloud server-based optical fiber hydrogen monitoring system and the research ideas of the Internet of Things.
The main research contents are as follows:
① According to the three major components of the system, analyze their respective application requirements, and put forward specific technical requirements for hardware devices such as sensors and demodulators, independently design and develop hardware circuits, and give the overall design of the system based on this .
② Build the hardware platform of the local monitoring system, write the upper computer software platform of the local monitoring system, use LabVIEW language to model the architecture of each functional module of the system, and complete the software function design. Realize the functions of data collection, data processing, interface display, historical query, etc., and realize real-time monitoring of hydrogen concentration.
③ Design and implement the host computer software of the remote monitoring system, upload the data to the cloud after collection, the local Web page accepts the remote data from the cloud, and analyzes, displays, and stores the received data. Design the database table structure to realize the storage and management of monitoring personnel login access and monitoring data.
(3) Key issues to be solved.
① In view of the high cost of the current optical fiber sensor hydrogen measurement and low monitoring indicators, a low-cost, high-precision optical fiber sensor hydrogen monitoring system was designed.
② In response to the current remote monitoring and early warning needs, develop a JavaWeb-based IoT cloud monitoring platform to realize hydrogen remote real-time monitoring and early warning.
③ Aiming at the problem of insufficient stability of the current sensing probe, PID temperature control equipment is used to lightly heat the sensing probe to ensure the measurement stability of the sensing probe.
(4) Research aims
(1) Build a fiber-optic hydrogen sensing system based on WO3-Pd/Pt-Pt-PTFE nano-film and photodetector, and establish a theoretical model of a fiber-optic hydrogen sensing system based on WO3-Pd/Pt-Pt-PTFE nano-film. Realize reliable response of low concentration hydrogen.
(2) Obtain the performance index of the optical fiber hydrogen sensor, so that the performance of the optical fiber hydrogen sensor, especially the stability, is greatly improved, and the system cost is reduced, so as to meet the requirements of practical applications.
(3) Build a cloud monitoring platform with real-time color screen display, real-time data automatic storage, remote data access monitoring and early warning.
(5) Summary and reflection on research methods
According to previous experience, there are many ways to realize this project. As mentioned in the literature review in the previous article, I mainly summarized three implementation methods:
(1) Someone develops based on the ARM-core single-chip microcomputer, carries out data transmission by carrying Wi-Fi module, and then carries out signal relay transmission through the router, and finally realizes the remote transmission of the signal;
(2) Some people use third-party cloud platforms as the relay layer, such as the data visualization page provided by OneNET, to store and display data;
(3) Someone started to transform the hardware circuit, through the call and multiplexing of the serial port, all the functions are integrated in the equipment, so that the equipment completed the integrated design.

However, the above scheme still has inevitable defects. For example, the signal transmitted via Wi-Fi may be restricted by the strength of the signal and affect the distance of the signal transmission. In practical applications, the signal fading may be relatively large due to obstacles, resulting in poor transmission effect; The three-party cloud platform seems to simplify the difficulty of the project and shorten the development time of the cloud platform. In actual applications, because the platform is protected by a third party, only some basic data visualization can be displayed, and secondary development cannot be performed. It is difficult to apply and promote in the actual environment, and because the data will be transmitted to a third party, the resulting data security risks are also worthy of attention; for the third solution, the development is difficult, and every time you add or modify a function, you need to renew it. PCB circuit board, and because of the high level of functional integration, it is difficult to troubleshoot system problems, so it is not a suitable solution.
Based on previous plans, I explored the advantages and disadvantages of different plans, and finally determined my own plan through a lot of literature reading and accumulation of relevant knowledge.
In summary, in the project, I separated the device and the host computer, and monitored the working status of the device and measured values ​​through the NI LabVIEW virtual host computer; on the other hand, I applied for a cloud server and a personal domain name. Configure the MySQL environment in the MySQL environment, transfer the data monitored by the local host computer to the cloud server through LabVIEW, then use Nginx to build a Java Web page in the personal domain name, and call the monitoring data in the cloud server to complete the data visualization process.
After completing all the construction work, I used a step-by-step experiment method to conduct a long-term test experiment. According to the test results, I analyzed the abnormal points to continuously improve the system. The details will be shown in the following chapters.














[bookmark: _Toc56626468]2. System principle
This project belongs to the cross-fields of optical fiber sensing technology, material science, communication technology and optoelectronic technology, and it specifically relates to optical fiber hydrogen networking alarm device based on STM32 and photoresistor.
[bookmark: _Toc56626469]2.1 System principle introduction
This project provides a low-cost, small-scale networked optical fiber hydrogen alarm device based on STM32 and photoresistors. While ensuring accurate alarms when the hydrogen concentration exceeds a certain threshold, the STM32 single-chip microcomputer are used to facilitate networking for multi-point monitoring and alarming. At the same time, the photoelectric conversion module adopts a photoresistor, and the light source part adopts a visible laser light source to greatly save costs.

The technical solution adopted in this project to solve the above technical problems is a small optical fiber hydrogen alarm device based on STM32 and photoresistor, which is characterized in that it consists of visible light source, optical fiber splitter, sensor probe, photoresistor and microcomputer processing module composition.

Among them, the optical signal output by the visible light source is input through one of the two ends of the optical fiber splitter, and is transmitted from the single end of the optical fiber splitter to the sensing probe, and the returned light is transmitted from the other end of the two ends of the optical fiber splitter. When the photoelectric photoresistor is converted into a voltage signal, the voltage signal is displayed in the processing and display system, and the alarm is started when the set threshold is exceeded, and the status is transmitted to the Internet in real time. 

According to the light source described in the above scheme, this project uses a red light source with a center wavelength of 670nm, the power range of the light source between 0 and 15 mW, the power input ratio at both ends of the fiber splitter is between 0.1 and 1, and the input end which is with higher energy end is connected to the wavelength tunable laser light source, and the lower end of the input end is connected to the photoresistor. The sensing probe is a 10cm hollow steel tube with a single-mode optical fiber and a hydrogen sensitive film deposited on the end of the steel tube; the hydrogen sensitive film uses MgTiNi-PdAuPt composite film. The hydrogen sensitive film includes three layers, the thickness of the first film is 10~50nm, the thickness of the second film is 20~40nm, the Mg atom content in the sensitive layer MgTiNi is 50~80%, the Ti atom content is 5~25%, the Ti atom content 5~25%; Pd atom content in the catalyst layer PdAuPt is 60~80%, Pt atom content is 5~20%, Ti atom content is 5~20%; The response range of the photoresistor is in the visible light range, and when the light intensity increases, the resistance value of the photoresistor decreases.

According to the above scheme, the communication module uses RS232, which is used to connect to the upper computer and upload data. The said microcomputer processing module is the smallest single-chip computer system based on STM32F103ZET6. I added an LCD screen to the smallest single-chip system to display the instant voltage value and the converted hydrogen concentration, and also added a buzzer and LED lights, when the hydrogen concentration exceeds the threshold, the LED lights up and the buzzer sounds to achieve audible and visual alarms, and at the same time the alarm information is uploaded to the Internet for easy recording and viewing.

According to the above scheme, the principle of the data processing and display system is that different hydrogen concentrations will change the reflectivity of the hydrogen sensitive film, thereby changing the light intensity reaching the photoresistor. After the light intensity changes, the voltage across the photoresistor will also follow When the change occurs, there is a direct mapping relationship between the voltage intensity and the hydrogen concentration. After calibration, we can obtain the hydrogen concentration according to the intensity of the voltage value. After setting the voltage threshold, the alarm function can be realized.
[image: ]
Figure 2.1 System simulation diagram
[bookmark: _Toc56626470]2.2 System overall function introduction
The STM32 control module is a control and display module based on STM32F103ZET6 and LCD screen. The STM32F103ZET6 chip integrates the ADC module and the USART serial port module. When the light intensity changes, the voltage across the photoresistor changes. We use the ADC module， the voltage across the photoresistor is quantified into a digital voltage, and the average output is taken every 3 times and output to the LCD screen for instant display, which improves the stability and accuracy of our system. At the same time, a capacitor is added to the hardware design to filter out impurities. Wave; We use the USART module to send the status of the single-chip microcomputer to the host computer through the serial port in real time, and achieve the purpose through the host computer networking; after calibration, we can convert the current voltage value to the corresponding hydrogen concentration value, when the hydrogen concentration value exceeds certain threshold , the alarm program will be triggered, the microcomputer enables the buzzer and LED lights to trigger the sound and light alarm, and sends the alarm status to the Internet.
















[bookmark: _Toc56626471]3. LabVIEW——Local virtual host
In this project, I used LabVIEW to build a local host computer. LabVIEW is a graphical programming language that uses icons instead of text lines to create applications. It is widely accepted by industry, academia, and research laboratories as a Standard data acquisition and instrument control software.
[bookmark: _Toc56626472]3.1 Advantages of LabVIEW
Compared with other development languages, LabVIEW has the following advantages:
1. Accelerate development with the aid of graphical methods
In the graphical development environment of NI LabVIEW, users do not need to write lines of text code, but develop data acquisition systems through drag-and-drop icons. Using NI LabVIEW, even if users do not have programming experience, they can complete programs in traditional languages ​​that require weeks of writing within hours. The code displayed in the intuitive flow chart is convenient for users to develop, maintain and understand. Only two mouse clicks are needed to transfer data between function code blocks.

2. Use any sensor to measure on any bus
Users can choose from a variety of mainstream buses (including: USB, PCI, PCIExpress, PXI, PXIExpress, wireless and Ethernet). NI LabVIEW provides the same programming interface for all such devices, thus realizing the seamless integration of software and hardware. Therefore, no matter the user develops with a USB device or a PCI board, the code is the same.

3. Quick start can be executed immediately
The user does not need to create the entire data acquisition system from scratch. LabVIEW includes a full set of examples, suitable for various routine measurement tasks. These programs that can be executed immediately cover a variety of applications, from simple single-channel measurements to multiple devices using advanced timing, triggering and synchronization technologies to achieve high-performance multi-channel systems. Just select the hardware from the drop-down menu for automatic updates and click Run.

4. Realize fast measurement with the help of Express function
NI LabVIEW users only need a few mouse clicks to perform the first measurement. The Express function provides interactive windows and simple drop-down menus for programming. The configuration of voltage, current, temperature, pressure and sound measurement has always been difficult. NI LabVIEW Express functions guide users step by step through configuration and help users complete custom conversions and engineering unit conversions. The Express function can also automatically detect the hardware and generate various necessary codes for users, thus saving 80% of the development time. With the increasing familiarity with the programming environment, users can achieve quick startup and operation, and flexibly modify the natural code.

5. Quickly call advanced analysis function library
NI LabVIEW includes thousands of advanced analysis functions specially created for engineers and scientists, and all functions are equipped with specific help files and documents. These powerful tools can implement advanced signal processing, frequency analysis, probability and statistics, curve fitting, interpolation, digital signal processing and other functions. You can also extend NI LabVIEW to specific application processing, such as: sound and vibration measurement, machine vision, RF/communication, transient/short-term signal analysis, etc. Users who need more flexibility can integrate NI LabVIEW with algorithms developed by third-party software.

6. Quickly create user interface
NI LabVIEW can quickly create graphical user interfaces through hundreds of drag-and-drop input controls, graphics, and 3D visualization tools. Users can customize the position, size, alignment, scale and color of these built-in controls in just a few seconds with the help of the right-click menu. NI LabVIEW can also help you create your own input controls, or incorporate custom images and logos. Programmatic access can also change the appearance of the user interface while the program is running.

7. Quickly generate digital tables
With NI LabVIEW, writing data to disk or creating custom reports is as simple as calling a function. The local file format is very suitable for high-speed data streaming; LabVIEW also easily integrates spreadsheet applications such as Microsoft Excel. LabVIEW can also describe information for measurement notes for offline reference.

[bookmark: _Toc56626473]3.2 Communication method with device
In this project, the device provides two communication methods, namely serial port communication and network port communication. Network port communication needs to set the IP address of the upper computer and the lower computer in the same band, such as 192.168.0.119 and 192.168.0.120. I used serial port communication in the project to connect the LabVIEW virtual instrument of the host computer and the device of the lower computer. The serial cable model used is RS232. The instrument page of the host computer is shown in the figure:
[image: ]
Figure 3.1 LabVIEW client interface
Brief figure of background program
[image: ]
Figure 3.2 LabVIEW program part
[bookmark: _Toc56626474]3.3 detail explanation of LabVIEW program
The background program of this project includes serial communication module, optical power calculation module, hydrogen concentration calculation module, data storage module, data display module. Among them, the data display module adopts the subVI packaging method, which makes the entire background panel more concise, so that the overall readability of the system was improved.



[bookmark: _Toc56626475]4. Cloud Sever
[bookmark: _Toc56626476]4.1 What is cloud sever
The cloud server itself is a computer, and it is still a real physical machine (no matter how the operator divides the system and subsystems, he has to rely on real computers to form equipment).
Servers are divided into local servers and cloud servers. Local servers are generally deployed in the computer room; cloud servers are managed uniformly by cloud service providers (the platform on which we purchase cloud servers, Alibaba Cloud, aws, etc.).
The cloud server includes two things. One is the cloud and the other is the server.
Server: It can be simply understood as a computer that provides services. This service may be your company's web service, app service, etc. Cloud servers exist on the earth. They are physical machines and are maintained by cloud service providers. We are only renting them. The local server is maintained by the company itself, and is generally attributed to the construction of the computer room. In order to save manpower and management costs, companies now place services on cloud servers. The company's computer room is mainly used for building company networks and building test environments for developers.
[bookmark: _Toc56626477]4.2 How to build a cloud sever 
In this project, I used the cloud server as the carrier, deployed CentOS 7, MySQL database, Java JDK and Tomcat on this platform, and used the baota panel (a Linux user interaction interface) to manage the cloud server.

In order to complete this project, I firstly applied for a Tencent Cloud Server. As the result, the public network address is 81.68.240.23. The CPU of this cloud server is 1 core, the memory is 2GB, and the system disk has 40GB, which is suitable for some lightweight application development and data. storage.
[image: ]
Figure 4.1 Brief information of cloud server
I deployed CentOS 7.6 64bit operating system on the cloud server, used XShell for SSH connection, entered the ip address, user name and password, login was successful, then I changed to the root directory, as shown in the figure:
[image: ]
Figure 4.2 Cloud server file list

Since this project needs to store and display cloud data, I then installed MySQL database. In addition, because the project needs to build a web page based on the B/S architecture, I deployed the Nginx application to develop web static resources. Tomcat is also deployed to load dynamic resources such as .Jsp files.

After completing the cloud server construction work, I found a convenient cloud server management platform called Baota Panel (URL: bt.cn), which provides a client interface to manage the cloud server and can replace the XShell command line tool.
To use the baota panel to access the cloud server, I need to set a release port in the cloud server (the default is 8888), and then access through the ip address of 81.68.240.23: 8888.
[image: ]
Figure 4.3 Baota files interface
In addition, because the data display page needs a public IP address, I registered a domain name, the domain name address is http://eyohooo.design/, after I bind the domain name to the cloud server, I can start building the website.
After the page is created successfully, there is only an empty frame. After I added a little content, a demo is as follows.
[image: ]
Figure 4.4 A brief screenshot of the code
[bookmark: _Toc56626478][image: ]
Figure 4.5 Public webpage I created











5. MySQL database
[bookmark: _Toc56626479]5.1 How to deploy mySQL database in cloud server
Step 1，use rpm command ` ‘rpm -ivh mysql57-community-release-el7-11.noarch.rpm’to download MySQL 5.7，After downloading, two new files in the installation directory will be found, namely ‘mysql-community.repo’ and ‘mysql-community-source.repo’.
Step 2，install MySQL Server，using command line ‘yum install mysql-community-server’;
Step 3，start MySQL Server：‘systemctl start mysqld’;
Step 4，check MySQL status and port usage：‘systemctl status mysqld’，‘netstat -apn|grep 3306’;
Step 5，view MySQL default password，‘grep “password” /var/log/mysqld.log’;
Step 6，login and change password，‘mysql -u root -p’，‘set password for ‘root’@’localhost’=password(‘`1`1’)’;
Step 7，refresh permissions，‘FLUSH PRIVILEGES’;
Step 8，create users and grant remote access permissions，‘CREATE USER ‘test’@’%’ IDENTIFIED BY ‘123456’’, ‘GRANT ALL PRIVILEGES ON 8.8 TO ‘test’@’%’ IDENTIFIED BY ‘123456’ WITH GRANT OPTION’;
[bookmark: _Toc56626480]Step 9，refresh permissions，‘FLUSH PRIVILEGES’
Step 10，modify the remote access permissions of the specified root user，
mysql>use mysql;
mysql>update user set host = ‘%’ where user = ‘root’;
mysql>flush privileges;
Finally, restart MySQL, systemctl restart mysqld’;

5.2 Build a database in the cloud 
After deploying MySQL on the cloud server, I started to create my database. I created a database named myDB. After entering the cloud server address, database name, password and port, I tested the connection and showed that the connection was successful.
 [image: ]
Figure 5.1 Database connection is successful
In addition, you need to download MySQL 8.0 version locally as a development tool, and then configure "MySQL connect ODBC" as the medium for connecting with LabVIEW. After completing the configuration of the data source, I can use LabVIEW to operate the database.
Next, creating a new table in the database, and I created a ‘HydrogenRemoteData’ table as a place for data storage. And added several attributes to this table, as shown in the figure:

[image: ]
Figure 5.2 database table details
Part of the data is shown in the figure
[image: ]
Figure 5.3 cloud data details
·· From the figure, we can see that the measurement data was uploaded to the database in the cloud server in real time, but due to unexpected fluctuations and congestion on the network, some data loss needs to be taken into account. 
[bookmark: _Toc56626481]5.3 Create a database locally
Therefore, this project uses the database plug-in (LabSQL) in LabVIEW to create a local database, and converts the detected data into a .txt format file for storage. I created a local database called ’MyDB’, then the data that generated by LabVIEW will be stored.
The part of LabVi
Part of the data is shown in the figure.
[image: ]
Figure 5.4 local data details
In summary, through cloud storage and local storage, it can be realized that the system can still store data correctly in case of network abnormalities to prevent data loss.
Through a month of long-term monitoring, no data missing in the cloud database has been found, and the local database can continue to operate normally. 
[bookmark: _Toc56626482]6. data visualization
[bookmark: _Toc56626483]6.1 client page display
In order to display online monitoring more intuitively, the project uses Tecent View, which is a B/S architecture development platform based on GUI programming, which provides a good development platform for data visualization.
The following picture is the web page I finally built:
[image: ]
Figure 6.1 Data visualization page overview
	This page includes the current system time (subject to Beijing time), the hydrogen concentration of the current monitoring system, displayed using dynamic numbers, and historical hydrogen concentration data, which is converted into graph display. In addition, I did some data analysis about the optical power changes during the hydrogen concentration monitoring process, which are the real-time changes of the optical power of the sensing grating and the change of the optical power of the reference grating, so as to better monitor the abnormalities in the data. 
The following shortcut is a section of my front-end code. This page uses the Tecent cloud architecture for development. I have uploaded the detailed code to GitHub.
[image: ]
Figure 6.2 Screenshot of part of the page code
[bookmark: _Toc56626484]6.2 How to connect with the database
首先，需要配置数据源。在MySQL 官网下载MySQL ODBC 5.3，安装之后，会在系统路径‘C:\Windows\System32’下生成一个‘ODBCad.exe’文件，打开这个执行文件，就可以配置MySQL的数据源，如下图所示。
[image: ]
Figure 6.3 Configure data source window
As shown in the figure, I added a database named'myDB' to it, and paired this database with the host ip, database name, user name and password, and successfully completed with the database named'myDB' on the cloud server connection.For the web page shown in the figure above, this project uses MySQL statements to query and display data.

For the "Hydrogen historical data" diagram”, use ‘SELECT time AS x, concentration AS y FROM HydrogenRemoteData ORDER BY time DESC’;
[image: ]
Figure 6.4 The hydrogen concentration value returned from the database
For "current concentration", use ‘SELECT concentration AS VALUE FROM HydrogenRemoteData ORDER BY time DESC LIMIT 1’;
[image: ]
Figure 6.5 The value returned from the database
For “Data Analysis”, use ‘SELECT time as x, ch2_power AS y FROM HydrogenRemoteData ORDER BY time DESC’ and ‘SELECT time as x, ch1_power AS y FROM HydrogenRemoteData ORDER BY time DESC’
[image: ]
Figure 6.6 Channel 1 value returned from the database
[image: ]
Figure 6.7 Channel 2 value returned from the database
[bookmark: _Toc56626485]7. Results and Conclusion
The system I built requires long-term experimental measurements to get the results of system stability and sensitivity. Therefore, I conducted long-term experiments in order to obtain some convincing data.
[bookmark: _Toc56626486]7.1 Test results
The figure shows the self-noise of the system. From the figure, we can see that the amplitude of the noise fluctuates between 2 and 6, which means that the noise index of the system is ±2. In this case, measuring the output value will produce random deviation, which will affect the final measured hydrogen concentration value.
[image: ]
Figure 7.1 System noise before noise reduction
As shown in the figure below, it is the sliding window median filtering algorithm I designed. Through this algorithm, without sacrificing monitoring sensitivity, noise fluctuations are successfully suppressed to ±0.6.
[image: ]

Figure 7.2 Schematic diagram of system noise reduction algorithm
The system noise fluctuation after noise reduction is shown in the figure:[image: ]
Figure 7.3 System noise before noise reduction

After completing the noise reduction process, I recorded the self-noise of the system for up to 9 hours, and the results are shown in the figure below.[image: ] 
Figure 7.4 System long-term noise test results
As is shown in the figure, the abscissa is time (in seconds), and the ordinate is the characteristic value used to calculate the hydrogen concentration.

From the figure, we can see that values are distributed around 0.4415, and the magnitude of 1*10^-4 will not cause deviations in the calculation of hydrogen concentration, so the accuracy of the system can be effectively improved after noise reduction processing.

In order to further verify that my noise reduction processing is effective, I did another experiment. During the monitoring at the same time, I recorded the probe noise fluctuations of the two channels at the same time. The results are shown in the figure below.

[image: ]
Figure 7.5 Two-channel noise distribution
The Y axis in the figure represents the fluctuation value of the optical power, and the fluctuation of the optical power is related to the parameter index of the light source. The red line in the figure represents the fluctuation of the optical power of channel 1, and the gray line represents the fluctuation of the optical power of channel 2.

It can be seen from the figure that the optical power fluctuation distribution of the two channels is relatively consistent, so it can be explained that the noise reduction processing I did before is effective.

Next, in order to verify the performance of the system, I proportioned different concentrations of hydrogen from the gas distribution system in the laboratory, and completed the hydrogen concentration gradient experiment shown in the figure below.
[image: ]
Figure 7.6 System gradient experiment
It can be seen from the figure that the whole process lasted 6000 seconds. During this period, I injected different concentrations of hydrogen in stages, namely 100ppm, 200ppm, 300ppm, 400ppm, 500ppm and 600ppm, and each time I injected hydrogen, I will maintain the entire airtight environment for 1000 seconds to stabilize the hydrogen concentration in the experimental field.

Next, in order to explore the stability of the system in multiple repeated experiments, I conducted four repeated experiments under a hydrogen concentration of 100ppm, as shown in the figure below.
[image: ]
Figure 7.7 System repeatability experiment
From the figure, we can see that in the 4000-second experiment, I divided the experiment into five operations. Each time, 100 ppm hydrogen was injected into the experimental field, and the characteristic value reached the same peak value each time. This shows that the system has very good repeatability for hydrogen detection.

Since only some low-concentration hydrogen experiments (up to 500 ppm) have been performed before, it is not enough to indicate that the system has an excellent response to high-concentration hydrogen, and it is not sure whether the response curve of the system's hydrogen concentration changes in a wide range is linear. Therefore, I continued to sort out some data about the relationship between the characteristic value of the system and the change of hydrogen concentration in a wide range. The result proved to be linear, as shown in the figure below.
[image: ]
Figure 7.8 Verify that the eigenvalues are linear
From the figure, we can see that the characteristic value of the system basically changes linearly when the hydrogen concentration changes from 0 to 1000 ppm. From this, it can be inferred that the system is more accurate for hydrogen measurement under different environmental concentrations.

Finally, I did hydrogen concentration gradient experiments to observe whether the response of the system to different concentrations of hydrogen is consistent in four different times.
[image: ]
Figure 7.9 Repetitive experiments of the system in different environments 
From the figure, we can see that in the four repetitive experiments, the response of the system to hydrogen is very consistent. (From the figure you can see that the response curves of the system basically overlap, just for the convenience of display, so the data is in the time domain divided on

[bookmark: _Toc56626487]7.2 Conclusion
The project designed a small-scale optical fiber hydrogen network alarm based on STM32. Using a photoresistor as a photosensitive element and using an STM32 chip as a voltage acquisition and data transmission module can avoid the use of high-cost fiber grating demodulation modules and reduce equipment costs.

At the same time, the device is small in size, and uses a cloud server to build an online monitoring platform, uses a MySQL database for data storage and analysis, and then uses a web page to realize data visualization. Therefore, it also overcomes the traditional problem that the micromirror fiber sensor is difficult to connect to multiple Point monitoring. Provides new solutions for the Internet of Things technology.

In addition, the experimental results also show that the device can accurately implement the alarm function in a wide range of hydrogen concentration. Therefore, the STM32-based small hydrogen network alarm device has broad application prospects in hydrogen storage facilities, hydrogen vehicles, hydrogen power generation facilities and other hydrogen storage and transportation scenarios.
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