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1. Introduction
The aim of this research is to design a high-speed fiber grating demodulation system with high resolution, low cost and high stability. The system can be used for optical fiber sensors with high speed requirements, realizing stable detection of physical quantity changes in the environment and provide stable support for subsequent information and data processing.
With the continuous development of sensing technology, the demand for high-precision physical quantities is increasing[1]. At the late 1960s, the rise of optical fiber aroused the interest of researchers. The changes in parameters such as temperature, pressure, refractive index of external environment and magnetic field of optical fiber will cause changes in the physical characteristics of the optical fiber itself, and then change the physical characteristics of the light beam transmitted inside the optical fiber[2]. Researchers can perceive external information through the changes in these physical characteristics. Nowadays, with its strong anti-interference ability and flexible structure, optical fiber materials gradually replace electric sensors in sensing technology, especially in extreme environments such as aerospace, large buildings, geological exploration, oil well exploitation and so on.
The principle of optical fiber sensing is to realize the perception of the external environment by modulating the external signal to the parameters such as the wavelength, phase, intensity and polarization of the transmitted light. The demodulation of the sensing signal is a very important part of the optical fiber sensing system[2]. The precision of the demodulation system and the manufacture of the optical fiber sensor directly affect the precision of the whole measurement. In the whole fiber grating demodulation system, the key part is to realize the wavelength demodulation of the sensing beam in the optical fiber. We calculate the change of the external environment by sensing the change of beam wavelength, so as to realize optical fiber sensing. 
Fiber Bragg grating wavelength demodulation is the key part of the whole fiber Bragg grating sensing system[4]. The demodulation precision of the sensing beam will directly affect the detection precision and stability of the whole system. At present, there are many demodulations based on different demodulation algorithms in the market, but the high-resolution and high-stability demodulation system are too expensive to be used in large quantities, and the accuracy of the low-cost demodulation system cannot meet the industrial requirements. Therefore, it is of great significance to design a system with full functions, low cost, high resolution and strong stability, which is suitable for high-speed fiber grating demodulation. 
2. Research background
Optical fiber sensing technology has not been developed for a long time. In 1978, Hill, a Canadian information and communication researcher, and his research team wrote the grating structure into Shi Ying fiber for the first time[5]. In 1978, Hill, a Canadian information and communication researcher, and his research team wrote the grating structure into Shi Ying fiber for the first time. Since then, the first fiber grating in the world has been developed, and the development of fiber grating sensing technology has also begun. In 1989, Gmeltz of UTC and its research team developed a more novel grating writing technology[6]. They use ultraviolet exposure to write the grating into the optical fiber. Compared with the traditional writing method, this method can flexibly control the wavelength of the writing grating, and better meet the needs of practical industry. With the birth of this writing technology, the mass production of fiber Bragg grating has increased a lot. In 1993, Lemaire of the American Institute of Optics led his research team to make a more detailed study of optical fiber materials[7]. They directly changed the material structure inside the optical fiber to enhance the photosensitivity of the optical fiber, which has opened up a new path for more scholars' follow-up research. With the researchers' more and more in-depth research on Fiber Bragg grating, people began to use fiber Bragg grating to design different fiber Bragg grating sensors for physical quantity detection experiments in various fields. Its application scope is also gradually expanded, mainly including temperature detection, strain detection, displacement detection, pressure detection, earthquake detection, velocity detection and so on. In 1999, NASA used FBG sensors to test the health status of energy and power systems in aerospace equipment. In 2001, NASA established a distributed network of traditional FBG sensors and developed a distributed fiber Bragg grating sensing system to monitor the temperature and strain of space equipment. In 2005, Moyo and his R&D team packaged the FBG strain sensor with special materials based on the traditional FBG strain sensor, which changed the original strain sensitivity of the FBG strain sensor and effectively protected the traditional FBG strain sensor. In 2010, Hualong Bao and his R&D team designed two kinds of FBG tilt sensors without temperature compensation[8], which exceeded the detection accuracy of traditional strain sensors. In 2015, Shanchao Jiang enhances the sensitivity of FBG strain sensor is improved by changing the physical structure and packaging of traditional sensors[9].
In recent years, the research on the demodulation technology of fiber Bragg grating sensor has gradually become a hot spot of fiber Bragg grating sensor technology. The purpose of this method is to demodulate the wavelength of the sensing beam in the fiber Bragg grating sensor, so as to obtain the environmental information captured by the sensor[10]. At present, there are unbalanced M-Z interferometer method, edge filtering method, matched grating filtering method and so forth. The demodulation method of unbalanced M-Z interferometer was put forward by A.D. Kersey in 1992 in his research group. This demodulation method has high resolution, but its repeatability is poor, and the demodulation accuracy is easily affected by environmental factors, so it has not been widely used. In 1994, M.A. Davis and his research team put forward a wavelength demodulation method of fiber Bragg grating based on the principle of edge filtering. The system structure of this demodulation method is relatively simple, but its resolution is relatively low, and the measured wavelength range is relatively narrow. It can only be used in some low-precision measurements, and the overall flexibility of the system is poor. In 1997, Ferrira and his research team proposed a demodulation method based on matched grating filtering method. This demodulation method has a very simple structure and high resolution, but its system construction cost is very high, and it is not suitable for dynamic detection. In recent years, researchers of optical fiber sensing technology all over the world have gradually shifted their attention from the research of optical fiber sensor structure and materials to the research of demodulation of optical fiber sensors. In 2014, Shanghai Zishan photoelectric Co. Ltd. developed two types of fiber grating demodulation equipment, shock-absorbing grating demodulator and photoelectric dynamic demodulator[11]. In 2016, Zhang Jun and others developed a quasi-distributed optical fiber sensor demodulation system to realize high-precision wavelength demodulation based on the principle of weak reflection of laser. In 2018, Cui Wei and others. A multi-channel fiber grating demodulation system based on tunable laser is developed. At present, there are many kinds of fiber grating systems, each of which has its advantages and disadvantages. Among them, the tunable semiconductor laser demodulation system has a wider demodulation wavelength range, higher demodulation accuracy, resolution and stability than other methods, and its structure is uncomplicated and its use cost is low. Therefore, the application range of tunable semiconductor laser demodulation systems is also wider and wider.
With the deepening of the basic research of optical fiber sensing, more and more academic teams are applying optical fiber sensing technology to industry[12]. The application of optical fiber sensing technology has appeared in many industrial fields worldwide. In some special areas, optical fiber sensing technology has become the first choice. In the research of oil pipeline, fiber grating sensor can be used to monitor the temperature of pipeline and whether there are cracks and deformations in the pipeline. Compared with electric sensors, the fiber Bragg grating sensor can provide safer detection, because it relies entirely on light to transmit information. In bridge health detection, a fiber grating sensing system is constructed, which can be used to detect the health of bridge structure. It can not only realize the real-time evaluation of bridge risk system, but also provide sensing data for the real-time detection of the bridge[13]. The research team of Wuhan University of Technology installed the fiber grating sensing system on Wuhan Yangtze River Bridge for structural health detection, and uploaded the sensor detection data in real time with the Internet of Things cloud platform; In the perimeter security system, fiber grating strain sensor can be used for security detection, real-time response to external intrusion, and upload real-time data to the cloud platform to realize dynamic identification of intrusion types; In the biomedical field, researchers deploy fiber Bragg grating sensing systems in wearable devices or bedding to dynamically detect human health, evaluate sleep quality and prevent disease risk. In the space field, major countries in the world attach great importance to it. Because the environment in which aircraft travel in space is very harsh, these equipments will encounter various forms of damage. Therefore, it is very difficult to dynamically monitor the airborne equipment. In order to ensure the reliability and safety of aircraft, the fiber grating sensing system provides important help for the health monitoring of the aircraft structure, and its applicability and stability in complex and harsh environment cannot be provided by ordinary electrical sensors.
With the continuous improvement of fiber grating sensing technology, fiber grating sensing system in various fields are developing in the direction of high speed, large capacity point distribution[14], high precision and high stability. However, the defect of the current fiber grating sensing system is that the demodulation technology is still not perfect. The change of physical quantity is measured by wavelength demodulation, and the improvement of wavelength demodulation technology of fiber grating can provide a leap in the performance of fiber grating sensing system. Therefore, the research of high performance fiber Bragg grating demodulation system is of great significance for the development of the fiber Bragg grating sensing system. A large number of researchers are still needed to conduct more in-depth research and improvement on fiber Bragg grating demodulation technology.
3. Research objectives and significance
The purpose of this research is to design a fiber grating demodulation system suitable for high-speed fiber grating sensing system, improve the traditional fiber grating demodulation system by using tunable laser, and study the high-resolution modulation algorithm, so as to demodulate the wavelength of light waves of high-speed fiber grating sensor in real time, stably and efficiently. In order to realize the design of the system, it is necessary to accomplish several goals. Firstly, the fast response of the tunable laser in the fiber grating sensor to the sensing beam is achieved. The second objective is to obtain the output current signal of the tunable laser. After responding to the change of light wavelength, it needs to be converted into an electrical signal for subsequent acquisition; The third goal is to preprocess the data collected. The collected electrical signal will be interfered by various factors such as the environment[15]. The collected electrical signal will be interfered by various factors such as the environment. Therefore, it is necessary to smooth the collected data to reduce the interference of environmental noise. The fourth goal is to realize network port communication (TCP/IP protocol, UDP protocol) and USB port communication technology, so that the collected data can be transmitted to monitoring software or data cloud platform; The fifth goal is to realize an efficient demodulation algorithm, which can demodulate the data sent back from the front end quickly, and has high resolution and stability. The sixth goal is to display the collected data graphically, and display the wavelength data and spectrum data intuitively to the monitoring personnel through software; The seventh goal is to realize the function of fast storage of a great deal of information. The information generation speed of high-speed fiber grating demodulation system is very fast, and the ordinary data storage engine is not suitable[16]. Therefore, it is necessary to develop a data storage engine based on advanced data structure, which can store the data after high-speed demodulation locally in real time. This system can be applied to fiber grating sensing systems to ensure the accuracy of data demodulation.
4. Research Methods
4.1 Strategy
The purpose of this research is to design a demodulation system suitable for high-speed fiber grating sensing systems. The following describes the design strategy. First, the first step is to design the control algorithm of tunable laser. The output wavelength of the laser is related to the input left and right control currents. Therefore, it is necessary to constantly adjust the current relationship of the laser to quickly match the optical wavelength of the sensing beam in the fiber grating sensor. Secondly, the second step is to design the filter circuit to smooth the sensing information obtained by the front end to reduce the interference of environmental noise on the data. Then, the third step is to design the network communication and USB communication module. The stability of port and serial communication directly affects the stability of data transmission of the whole system. Formulate appropriate communication protocols to ensure the complete transmission of data packets to follow-up system; Finally, the fourth step is to design the graphical interface of the monitoring software, which can process and store the sensing information from the demodulator in real time. Due to the requirements of high demodulation rate, a large amount of data will flow into the front end, which has high performance requirements for the query, insert and delete operations of the storage engine. Therefore, it is necessary to optimize the common storage engine with advanced data structure, and finally form a multi-functional and highly stable demodulation system. In the verification stage of the system, the fiber grating sensor with high sensitivity is connected into the system, and the rapidly demodulated optical wavelength data and spectral data are displayed in real time in the software interface of PC, and the fast data storage and front-end data processing are realized in the software.
4.2 Approaches
4.2.1 Hardware circuit
The hardware circuit of the high-speed fiber Bragg grating demodulation system is the fiber Bragg grating demodulator. Its main function is to simultaneously read, calculate and output the signals of the fiber grating sensors connected to optical fiber, which represents the changing process of physical quantities (such as stress, temperature, pressure, etc.) in the environment. Each optical fiber can be connected with several temperature or stress sensors at the same time, which can convert the optical signal into electrical signal and output digital and analog signals at the same time. The fiber Bragg grating demodulator is an independent module. In the process of use, the fiber Bragg grating sensor is connected with the demodulator through the fiber jumper, and the data is received, stored and processed through the host computer. Hardware circuits commonly used in demodulators include tunable laser control circuit, temperature control circuit, wavelength calibration circuit, control circuit and so on.
4.2.2 Network communication protocol
TCP/IP protocol and UDP protocol are the two basic communication protocols that are most commonly used in network data transmission. In the process of network communication, the host that sends data is the source host, and the host that receives data is the destination. When the source host sends data, the data flow is gradually transmitted from the top to the bottom. The data transmission process in the host transfers the data to the application layer, adds control information to the application layer, encapsulates the data into messages and continues to pass down to the transport layer. After adding the control information of this layer in the transport layer, it continues to pass down to the Internet layer, then to the network interface layer and finally to the physical layer. The data is encapsulated layer by layer, and transmitted to the destination host in the form of a data stream. After arriving at the destination host, the data stream is unpacked step by step and transmitted upward layer by layer, and finally complete data is obtained in the destination host process.
UDP protocol defines the port number for each process, so each application on the same host needs a unique port number, and the data packet transmitted in the network must contain port information, so that after the data packet arrive at the destination host, the corresponding port number can be found and the data can be transmitted. Because UDP protocol does not consider the problem of reliable transmission, its implementation principle is relatively simple, but data loss and data packet loss are easy to occur in mass data transmission. Its reliability can not be guaranteed, and it is only suitable for use in some cases where the requirements of network reliability are not high.
TCP transmission control protocol is a reliable communication protocol for connection. Compared with UDP, TCP has its own unique acknowledgement mechanism, which can ensure the complete and reliable transmission of data packets to the destination host. In order to realize reliable transmission, TCP protocol realizes the confirmation mechanism of three sessions, establishes a reliable transmission link with the destination host before sending data, and confirms with the destination host after each data packet transmission to ensure that the destination host receives data. However, the price for reliable transmission is the loss of time and space. TCP datagram has more control information than UDP protocol, and the efficiency of data transmission will be lower, but it can ensure the reliability of transmission.
[bookmark: _Hlk99293678]4.2.3 Peak searching algorithm
When the fiber Bragg grating demodulator demodulates the central wavelength of the fiber Bragg grating sensor, the ambient noise will interfere with the collected signal and form burrs or deformation in the signal, which will affect the composition of the spectrum. In the process of finding the maximum peak value, it is easy to directly find the point where the waveform is distorted as the maximum peak value point, which leads to the decrease of demodulation accuracy. Therefore, in addition to adding a filter circuit to the basic circuit, we also need to find a suitable Fung Cham fitting algorithm to find the peak value of the spectrum, so as to efficiently extract the sensing information of fiber grating sensor.
When the fiber Bragg grating demodulator demodulates the central wavelength of the fiber Bragg grating sensor, the ambient noise will interfere with the collected signal and form burrs or deformation in the signal, which will affect the composition of the spectrum. In the process of finding the maximum peak value, it is easy to directly find the point where the waveform is distorted as the maximum peak value point, which leads to the decrease of demodulation accuracy. Therefore, in addition to adding a filter circuit to the basic circuit, we also need to find a suitable Fung Cham fitting algorithm to find the peak value of the spectrum, so as to efficiently extract the sensing information of fiber grating sensor.
The direct peak seeking algorithm is to directly take the maximum value of the collected fiber Bragg grating reflection signal as the peak value of the fiber Bragg grating reflection spectrum, which is used as the central wavelength and the power value of the central wavelength point of the fiber Bragg grating. The algorithm principle of the direct peak searching algorithm is relatively simple. Because the signal cannot be completely in the ideal state without noise in the acquisition process, if the maximum value of the spectrum is searched directly, there will be a big error between the peak value obtained and the actual peak value in many cases. Therefore, the direct peak search algorithm has great defects. The polynomial fitting Fung Cham algorithm uses the obtained data to construct curves to approach the actual peak points. By fitting the reflection spectrum of fiber grating, the least square method is used to minimize the sum of squares of the distance between the collected signal points and the constructed fitting function curve, so as to achieve the best approximation effect between the sampling points and the function curve. The calculation amount of polynomial fitting algorithm is too large. Moreover, if the shape of the reflection spectrum does not conform to the polynomial fitting function, the peak searching algorithm cannot obtain the correct peak of the fiber Bragg grating reflection spectrum.
The centroid search algorithm is also called the power weighted peak search algorithm. It can obtain the location of the centroid from the spectral data output by the photodetector. The wavelength is equal to the position of each particle in the nonuniform mass system, and the optical power is equal to the mass of each particle. According to the signal strength, an appropriate threshold can be set to intercept, and the intercepted data can be weighted and averaged to get the position of the centroid, thus deducing the position of the peak value. From the power weighting point of view, the reflected energy of fiber Bragg grating is basically concentrated in its reflection passband, and the amplitude of waveform signal is the weighting coefficient. The weighted average of the calculated wavelength can reflect the distribution of power in the whole reflection spectrum.
5. Planning
The difficulty of completing the study can be divided into four parts. First of all, in the hardware part, we need circuit board drawing technology, electronic component soldering technology and C programming technology. We need to design a multi-functional circuit board to realize the conversion from optical signal to electrical signal in fiber Bragg grating sensor. After the hardware circuit is completed, we need to design the circuit driver and write it into the storage space. Secondly, in the software part, we need to realize network port communication (TCP/IP protocol, UDP protocol) and serial port communication, so as to realize data transmission in the system. In addition, we also need to realize the graphical interface through c++ programming to display the data results. In terms of information resources, it is necessary to search for relevant references and develop information systematically through the Internet. Finally, it takes 2 or 3 people to cooperate to complete the overall design of the system, from hardware circuit to software development.
The Gantt chart of high-speed fiber Bragg grating demodulation system is shown below. Its development cycle is about three months, including a total of seven tasks.
[image: ]
5.1 Gannt Chart for MSc Project
6. Conclusion
In a word, the development of high-speed fiber grating demodulation system is a hot technology of fiber grating sensing technology in recent years, and more and more researchers are involved in it, providing many demodulation methods. This not only makes the fiber grating demodulation technology continuously improve, but also promotes the application of fiber grating sensing technology in various environments. The design method of fiber grating demodulation system proposed in this paper is characterized by high stability, high speed and high flexibility, and its effectiveness has been verified by preliminary experiments.

7. References
[1] Jiang J ,  Liu T ,  Liu K , et al. Development of optical fiber sensing instrument for aviation and aerospace application[J]. Proceedings of SPIE - The International Society for Optical Engineering, 2013, 9044.
[2] Trutzel M N ,  Wauer K ,  Betz D , et al. Smart sensing of aviation structures with fiber optic Bragg grating sensors[J]. Proceedings of SPIE - The International Society for Optical Engineering, 2000, 3986.
[3] Lian S Y ,  Yi A ,  Wei P , et al. A Simple Demodulation Method for FBG Temperature Sensors Using a Narrow Band Wavelength Tunable DFB Laser[J]. IEEE Photonics Technology Letters, 2010, 22(18):1391-1393.
[4] Li C ,  Tang J ,  Cheng C , et al. FBG Arrays for Quasi-Distributed Sensing: A Review[J]. Photonic Sensors, 2021, 11(1):91-108.
[5] Yong Z ,  Liao Y . Discrimination methods and demodulation techniques for fiber Bragg grating sensors[J]. Optics & Lasers in Engineering, 2004, 41(1):1-18.
[6] Ogisu T ,  Shimanuki M ,  Kiyoshima S , et al. Development of damage monitoring system for aircraft structure using a PZT actuator/FBG sensor hybrid system[J]. Proceedings of SPIE - The International Society for Optical Engineering, 2004, 5388.
[7] Richards L ,  Parker A R ,  Ko W L , et al. Fiber Optic Wing Shape Sensing on NASA's Ikhana UAV. [C]// NAVAIR 2008 p.1-17.
[8] Hualong Bao and Xinyong Dong and Chunliu Zhao and Li-Yang Shao and Chi Chiu Chan and P. Shum. Temperature-insensitive FBG tilt sensor with a large measurement range[J]. Optics Communications. Mar2010, Vol. 283 Issue 6, p968-970. 3p.
[9] Jiang, Shan-chao, Wang, Study of Three-Component FBG Vibration Sensor for Simultaneous Measurement of Vibration, Temperature, and Verticality[J]. Journal of Sensors, Vol.2015.
[10] Hegyi A ,  Kiesel P ,  Raghavan A . Time- and Wavelength-Multiplexed Wavelength Shift Detection for High-Resolution, Low-Cost Distributed Fiber-Optic Sensing[J]. Journal of Lightwave Technology, 2017:1-1.
[11] Triana A ,  Pastor D , M Varón. Overlap-proof Fiber Bragg Grating Sensing System using Spectral Encoding[J]. IEEE Photonics Technology Letters, 2016, 28(7):744-747.
[12] Valente L ,  Braga A ,  Ribeiro A S , et al. Time and wavelength multiplexing of fiber Bragg grating sensors using a commercial OTDR[C]// Optical Fiber Sensors Conference Technical Digest Ofs. IEEE Xplore, 2002. pp. 151-154 vol.1.
[13] Liu Q ,  Wang Y M ,  Liu S Q , et al. A high-speed FBG interrogation system based on DFB laser[J]. Guangdianzi Jiguang/Journal of Optoelectronics Laser, 2015, 26(8):1473-1478.
[14] Tanaka S , Wada A ,  Ikuma K, et al. Intensity-based LPG vibration sensor array using FBG and broadband optical source[C]// Ofs International Conference on Optical Fiber Sensors. International Society for Optics and Photonics, 2012,Vol.8421.
[15] Feng Z ,  Zhang L ,  Yanzhang H E , et al. Research of the Demodulation System Based on Diffraction Grating for the FBG Sensors. Metrology & Measurement Technology, 2011,Vol.4. P16-18，51.
[16] Kim H ,  Song M . A Fiber Laser Spectrometer Demodulation of Fiber Bragg Grating Sensors for Measurement Linearity Enhancement[J]. Journal of the Optical Society of Korea, 2013, 17(4):312-316.


8. [bookmark: ☒][bookmark: ☐]Ethic form
APPLICATION FOR ETHICAL APPROVAL
In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.
The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.

Delete the Guidance Notes at the end of the form BEFORE submitting your application SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Ao Liu
	

	2
	Tick all boxes which apply:
	Member of staff:
	☐
	Honorary research
fellow:
	☐

	3
	Undergraduate Student
	☒
	Taught Postgraduate
Student
	☒
	Postgraduate
Research Student
	☐



	4
	Institute/Academic Discipline/Centre:
	University of Wales Trinity Saint David

	5
	Campus:
	Swansea

	6
	E-mail address:
	2106322@student.uwtsd.ac.uk

	7
	Contact Telephone Number:
	15623421539

	
	For students:

	8
	Student Number:
	2106322

	9
	Programme of Study:
	System Design of High-speed Fiber Bragg Grating Demodulator Based on MEMS Scanning Laser

	10
	Director of Studies/Supervisor:
	Tim Bashford


SECTION B: Approval for Research Activity

	1
	Has the research activity received approval in principle? (please check the Guidance Notes as to the appropriate approval process for different levels of research by different
categories of individual)
	
YES
	
☒
	
NO
	
☐

	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☒
	

	3
	
	Institute Research Committee
	☒
	

	4
	
	Other (write in)
	☐
	



SECTION C: Internal and External Ethical Guidance Materials

	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology). Please tick to confirm that your research proposal
adheres to these codes and guidelines.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒

	2
	
UWTSD Research Data Management Policy
	☒

	3
	
	☐




SECTION D: External Collaborative Research Activity

	1
	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	2
	If Yes, please provide the name of the external organisation and name and contact details for the
main contact person and confirmation this person has consented to their personal data being shared.as part of this collaboration.

	3
	Institution
	

	4
	Contact person name
	

	5
	Contact person e-mail address
	

	6
	Has this individual consented to sharing their details on this form?
	YES
	☐
	NO
	☐

	7
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	8
	Is your research externally funded
	YES
	☐
	NO
	☐

	9
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	10
	
	Employed
	YES
	☐
	NO
	☐

	11
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership
(APLP)
	If YES then the permission question below does not need
to be answered.
	
YES
	
☐
	
NO
	
☐

	12
	Permission to undertake the
research has been provided by the partner organisation
	(If YES attach copy)
If NO the application cannot continue
	
YES
	
☐
	
NO
	
☐


Where research activity is carried out in collaboration with an external organisation

	13
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	14
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity

	1
	Indicative title:
	System Design of High-speed Fiber Bragg Grating Demodulator Based on MEMS Scanning Laser

	2
	Proposed start date:
	4/10/2022
	Proposed end date:
	7/9/2022

	3
	Introduction to the Research (maximum 300 words)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge
· How it addresses an area of importance.

	4
	Purpose of Research Activity
Design a high-speed fiber Bragg grating demodulator system


(this box should expand as you type)

	5
	Research Question
High-speed fiber Bragg grating demodulator system


(this box should expand as you type)

	6
	Aims of Research Activity
The aim of this research is to design a high-speed fiber grating demodulation system with high resolution, low cost and high stability. The system can be used for optical fiber sensors with high speed requirements, realizing stable detection of physical quantity changes in the environment and provide stable support for subsequent information and data processing

(this box should expand as you type)

	7
	Objectives of Research Activity
The purpose of this research is to design a fiber grating demodulation system suitable for high-speed fiber grating sensing system, improve the traditional fiber grating demodulation system by using tunable laser, and study the high-resolution modulation algorithm, so as to demodulate the wavelength of light waves of high- speed fiber grating sensor in real time, stably and efficiently.

(this box should expand as you type)

	8
	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed.


	9
	The purpose of this research is to design a demodulation system suitable for high-speed fiber grating sensing systems. The following describes the design strategy. First, the first step is to design the control algorithm of tunable laser. The output wavelength of the laser is related to the input left and right control currents. Therefore, it is necessary to constantly adjust the current relationship of the laser to quickly match the optical wavelength of the sensing beam in the fiber grating sensor.
Secondly, the second step is to design the filter circuit to smooth the sensing information obtained by the front end to reduce the interference of environmental noise on the data. Then, the third step is to design the network communication and USB communication module. The stability of port and serial communication directly affects the stability of data transmission of the whole system. Formulate appropriate communication protocols to ensure the complete transmission of data packets to follow- up system; Finally, the fourth step is to design the graphical interface of the monitoring software, which can process and store the sensing information from the demodulator in real time. Due to the requirements of high demodulation rate, a large amount of data will flow into the front end, which has high performance requirements for the query, insert and delete operations of the storage engine.
Therefore, it is necessary to optimize the common storage engine with advanced data structure, and finally form a multi-functional and highly stable demodulation system. In the verification stage of the system, the fiber grating sensor with high sensitivity is connected into the system, and the rapidly demodulated optical wavelength data and spectral data are displayed in real time in the software interface of PC, and the fast data storage and front-end data processing are realized in the software. (this box should expand as you type)


	10
	Location of research activity
Identify all locations where research activity will take place.

	11
	Wuhan University of Technology in Wuhan Hubei province in China

(this box should expand as you type)

	12
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants.

	13
	All activities performed are licensed


(this box should expand as you type)



	14
	Use of documentation not in the public domain: Are any documents NOT
publicly available?
	NO
	☒

	
	
	YES
	☐

	15
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with prevailing data protection law of the country in question and England and Wales.


(this box should expand as you type)




SECTION F: Scope of Research Activity
	1
	Will the research activity include:
	
YES
	
NO

	2
	Use of a questionnaire or similar research instrument?
	☐
	☒

	3
	Use of interviews?
	☐
	☒

	4
	Use of diaries?
	☐
	☒

	5
	Participant observation with their knowledge?
	☐
	☒

	6
	Participant observation without their knowledge?
	☐
	☒

	7
	Use of video or audio recording?
	☐
	☒

	8
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	9
	Administration of any questions, test stimuli, presentation that may be
experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	10
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	11
	Investigation of participants involved in illegal activities?
	☐
	☒

	12
	Use of procedures that involve deception?
	☐
	☒

	13
	Administration of any substance, agent or placebo?
	☐
	☒

	14
	Working with live vertebrate animals?
	☐
	☒


	15
	Other primary data collection methods, please explain in this box
For example, ‘focus groups’. Please indicate the type of data collection method(s) in this box and tick the accompany box.
	


☐
	


☒

	16
	Details of any other primary data collection method:


(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from
some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained.

SECTION G: Intended Participants

	1
	Who are the intended participants:
	
YES
	
NO

	2
	Students or staff at the University?
	☒
	☐

	3
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	4
	Vulnerable adults?
	☒
	☐

	5
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	6
	Prisoners?
	☐
	☒

	7
	Young offenders?
	☐
	☒

	8
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	9
	People engaged in illegal activities?
	☐
	☒

	10
	Others (please identify specifically any group who may be unable to give consent) please indicate here and tick the appropriate box.
	
	

	11
	Other – please indicate here:


(this box should expand as you type)
	☐
	☒



	12
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited?

	13
	How many participants are expected?
	3


(this box should expand as you type)

	14
	
Who will the participants be?
	Postgraduate in Wuhan University of Technology


(this box should expand as you type)

	15
	
How will you identify the participants?
	Choose my classmate


(this box should expand as you type)


	16
	Information for participants:
	YES
	NO
	N/A

	17
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	18
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	19
	Will you obtain written consent for participation?
	☒
	☐
	☐

	20
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	21
	If the research is observational, will you ask participants for their
consent to being observed?
	☒
	☐
	☐

	22
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	23
	With questionnaires, will you give participants the option of omitting
questions they do not want to answer?
	☒
	☐
	☐

	24
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	25
	Will you debrief participants at the end of their participation, in a way
appropriate to the type of research undertaken?
	☒
	☐
	☐

	26
	If NO to any of above questions, please give an explanation

	27
	


(this box should expand as you type)



	28
	Information for participants:
	YES
	NO
	N/A

	29
	Will participants be paid?
	☐
	☒
	☐

	30
	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	31
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	32
	Will the research activity involve deliberately misleading participants in
any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	33
	If YES to any question, please provide full details

	34
	


(this box should expand as you type)



[bookmark: 1][bookmark: Outline_any_anticipated_risks_that_may_a]SECTION H: Anticipated Risks
	1
	Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them.

[bookmark: Full_risk_assessment_completed_and_appen][bookmark: 2]If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.

	2
	Full risk assessment completed and appended?
	[bookmark: Yes_]Yes
	☐

	
	
	[bookmark: No]No
	☒

	3
	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	4
	Risk to Participant:
No

(this box should expand as you type)
	How will you mitigate the Risk to Participant



(this box should expand as you type)


	5
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should
make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	No


(this box should expand as you type)

	6
	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to Investigator:
No


(this box should expand as you type)
	How will you mitigate the Risk to Investigator:



(this box should expand as you type)

	7
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to University:
No


(this box should expand as you type)
	How will you mitigate the Risk to University:



(this box should expand as you type)



	8
	Disclosure and Barring Service

	9
	If the research activity involves children or vulnerable adults, a Disclosure
and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	
YES
	
NO
	
N/A

	10
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐




SECTION I: Feedback, Consent and Confidentiality
	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when?

	
	Publish the research contents in the form of group meetings.


(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be
obtained and recorded in accordance with prevailing data protection legislation.

	
	With the assistance of schools and teachers, negotiate with participants and seek their consent.


(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case.

	
	Data does not involve personal privacy issues.


(this box should expand as you type)



SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).

	1
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018
“DPA”)?
	
YES
	
NO

	
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or
more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.
	


☐
	

☒

	2
	If YES, provide a description of the data and explain why this data needs to be collected:

	
	


(this box should expand as you type)

	3
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	




☐
	




☒

	4
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	
	


(this box should expand as you type)



	5
	Will the research activity involve storing personal data and/or special category data on one of the following:
	YES
	NO

	6
	Manual files (i.e. in paper form)?
	☐
	☒

	7
	University computers?
	☐
	☒

	8
	Private company computers?
	☒
	☐

	9
	Home or other personal computers?
	☒
	☐

	10
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	11
	“Cloud” storage or websites?
	☐
	☒

	12
	Other – specify:
	☐
	☒

	13
	For all stored data, explain the measures in place to ensure the security of the data collected, data
confidentiality, including details of password protection, encryption, anonymisation and pseudonymisation:

	
	The data is stored in a protected cloud platform to ensure that the data will not be leaked.

(this box should expand as you type)


	14
	All Data Storage

	15
	Will the research activity involve any of the following activities:
	YES
	NO

	16
	Electronic transfer of data in any form?
	☐
	☒

	17
	Sharing of data with others at the University?
	☐
	☒

	18
	Sharing of data with other organisations?
	☐
	☒

	19
	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	20
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	21
	Publication of data that might allow identification of individuals?
	☐
	☒

	22
	Use of data management system?
	☐
	☒

	23
	Data archiving?
	☐
	☒

	24
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and DPA (and/or any international equivalent):

	
	

(this box should expand as you type)

	25
	List all who will have access to the data generated by the research activity:

	
	The classmate in Wuhan University of Technology and University of Wales Trinity Saint David.


(this box should expand as you type)

	26
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	Ao Liu


(this box should expand as you type)

	27
	Give details of data storage arrangements, including security measures in place to protect the data,
where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.

	
	The data will be saved in txt format in a secure network cloud platform.


(this box should expand as you type)

	28
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ). If so please explain. (Most relevant to academic staff)

	
	No


(this box should expand as you type)

	29
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	YES
	☒

	
	
	NO
	☐

	30
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒

	
	
	NO
	☐


SECTION K: Declaration

	31
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/

	
	
Signature of applicant:
	
	Date:3/27/2022



[image: ]For STUDENT Submissions:
	32
	Director of Studies/Supervisor:
	
	Date:

	33
	Signature:
	
	



For STAFF Submissions:
	34
	Academic Director/ Assistant Dean:
	
	Date:

	35
	Signature:
	
	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:

	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	
☐
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate) ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	
☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	
☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.

	☒
	I have deleted the guidance notes before submitting the PG2 for consideration



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form
(and receive the outcome) via systems explained to you by the supervisor/module leader.
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