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Introduction
Human beings continue to expand the field of nature exploration, especially the current radar detection technology for space targets is becoming more and more mature, and many remarkable results have been achieved, which makes people's desire to explore unknown underground areas more and more intense. After World War II, there are still unremoved mines and other dangerous objects in the underground of many developing countries. In today's peaceful age, many terrorists often choose to bury explosives underground in crowded public places, which undoubtedly pose a great threat to the safety of people's lives and properties, so the detection of underground targets becomes more and more important.

Ground Penetrating Radar (GPR) is a non-destructive detection instrument developed rapidly in recent decades. Compared with other detection equipment, GPR has a wide detection range, non-destructive, high resolution, early warning Because of its advantages of flexibility, convenience and practicality, it has received extensive attention and application at home and abroad, and has always been one of the research hotspots at home and abroad. With the development of modern data processing technology and electronic technology, the application scope of ground penetrating radar is expanding, such as mineral resource exploration, rock exploration, engineering structure detection, etc., and gradually covers national defense, water conservancy, urban construction, highway, railway , airports, transportation, mines, tunnels, archaeology and many other fields, so the research on various technologies of ground penetrating radar is of great significance to the development of the national economy.

Of course, as GPR becomes more widely used, the analysis and interpretation of GPR data becomes more and more important. Due to the composition of the GPR target underground medium, its own physical characteristics and the complexity of the electromagnetic wave propagation mechanism, it is difficult to extract the target area of ​​the GPR and to detect the abnormality of the automatic target. However, only relying on professionals for manual interpretation is far from meeting the timeliness of GPR applications, and the efficiency is relatively low. At the same time, the artificial interpretation method used often relies on the professional knowledge and experience of the discriminator, which is prone to misjudgment and unnecessary errors. Therefore, the need of GPR automatic detection technology has become more urgent, so the detection and positioning of targets has always been an important aspect in the research of ground penetrating radar.Based on these issues, the main goal of this study is to develop an algorithm to automatically locate and detect steel bar peaks from GPR data.
Literature Review
The GPR target detection algorithm based on the image processing method refers to considering different methods according to the characteristics of the image when processing the B-scan echo image of the ground penetrating radar. Class target hyperbola and other processes.

Dou et al. (2017) uses the Column-Connection Clustering (C3) algorithm to extract hyperbola from the B-scan echo image after threshold segmentation. It scans each data in the B-scan echo by column and divides And extract the intersecting hyperbola, the paper also cited the neural network to further identify the hyperbola feature in the output of the C3 algorithm, the C3 algorithm used in this paper is a clustering algorithm based on column connection, the hyperbola of the target is vertical Downward opening features are not considered. In addition, Zhou. et al. (2018) created a new idea of pixel-by-pixel scanning when extracting hyperbolic clusters. Unlike the C3 algorithm, which scans in columns, it scans in rows to remove point sets that do not have lower opening features. Finally, the parabola method is used to fit the hyperbola, which reduces the computational complexity and improves the efficiency compared with the method of introducing neural network judgment. The GPR target detection method based on image processing can be flexibly adjusted according to the characteristics of ground penetrating radar images in different scenarios, and is not rigid in specific steps, but it requires ground penetrating radar signal processing personnel to have certain prior knowledge to flexibly choose the appropriate one. method.

With the rise of machine learning, GPR signal processors have also applied it to the processing of GPR B-scan images, and achieved more effective results than traditional methods. The processing idea of early machine learning is divided into two steps, first feature extraction, and then use recognition or classification methods to identify or classify the extracted features. The two stages are mutually cooperative, interdependent, and mutually influencing.

[bookmark: _Hlk99550414]Pasolli, E. et al. (2008) extracted histogram of directional gradients (HOG for short) features from the ground penetrating radar B-scan image, and then sent the extracted features to a support vector machine for classification to distinguish the linear features of the interference and the hyperbolic features of the target. This method avoids a large number of calculation processes such as template matching in traditional methods, and performs well in the classification of bridge embedded steel bars. Jin, Y. et al. (2020) utilizes a wavelet scattering network, the effect equivalent to a convolutional neural network, followed by a support vector machine to determine the presence of pipes on vertical and horizontal trajectories, respectively. Maas, C. et al. (2013) uses the Viola-Jones algorithm to reduce the position of the reflection hyperbola to certain areas in the GPR data. The algorithm extracts the Harr wavelet features of the ground penetrating radar B-scan image, and sends the extracted Haar wavelet features to the Adaboost stage. The classification is carried out in the combined classifier, and the detection system can be implemented on a common field computer.

Traditional machine learning needs to extract features first and then perform classification or identification. The two parts need to cooperate with each other. The amount of features of the original data is generally relatively large. How to extract better features is of great significance for the next processing. Therefore, reducing the original data is of great significance. Having some feature dimensions and extracting more effective features will make subsequent identification or classification processing more effective. The extracted features are mostly identified by experts, but this process is time-consuming and labor-intensive, while the convolutional neural network can directly extract features from the input data, which has good universality.

In recent years, neural networks have been used more and more in the classification of ground penetrating radar echo images. According to Besaw, et al. (2015) showed that convolutional neural networks can extract features useful for classification and analyze them locally. The features contained in the extracted GPR B-scans are classified, thereby complementing existing GPR feature extraction and classification techniques. 

Introduce the target detection network in deep learning into the positioning of ground penetrating radar B-scan images. Pham, et al. (2015) proposes that using the weights pre-trained on the Cifar-10 grayscale database for initialization, so that the network has the ability to extract shallow features, saves the training time of GPR grayscale images, and its performance exceeds that of traditional machine learning methods.

All of the above methods have successfully completed the detection of underground targets, and their performance in complex environments has also been greatly improved compared with traditional image processing methods.

Methodology

3.1 A Radar Image Sub-region Extraction Method Based on FK migration
The echo signal of the single target is defined as the "effective signal", and the reflected signal and noise of the medium other than the single target is defined as the "clutter signal".

The single-target automatic identification process can be summarized as the process of searching for multiple valid signals in the complete radar image. However, the amount of radar detection data in tunnel engineering is usually large. For example, the detection data of the secondary lining of the tunnel often contains a large number of valid signals and clutter signals. If you directly search for multiple valid signals in the complete radar image, on the one hand, due to the amount of data On the other hand, there are many clutter signals in the radar data, which will cause serious interference to the search process; in addition, how to avoid repeated searches for valid signals, and the search termination conditions It is also a difficult point in the design of direct search algorithm.

In view of the many problems and difficulties faced by the direct search method, this section sets the extraction rules, first automatically extracts multiple sub-regions from the radar image, and controls the size of each sub-region so that it contains only one valid signal at most, so that the The direct search process of multiple valid signals is transformed into a process of searching for a single valid signal in the sub-regions multiple times and counting them. Compared with the direct search process, the indirect search method based on sub-region has the following advantages: (1) the amount of data is small, and the search efficiency is higher; (2) the clutter signal content is low, the search process is less disturbed by the clutter signal, and the search accuracy is higher; (3) a single sub-region contains only one valid signal, and there is no need to consider the problem of repeated search and the setting of termination conditions when designing the search algorithm. How to effectively extract sub-regions and describe all the effective signals in the radar image with the fewest sub-regions is the key to the design of the indirect search algorithm.

Firstly, the radar data is inversely calculated based on the FK migration method, so that the energy of the single target echo signal is focused to its real position in space; then, the detection target in the radar image is determined through the calculation of the vertical gray gradient of the radar image and the threshold filtering. Finally, with each potential target point as the center, a series of rectangular sub-regions are automatically extracted from the radar image, and finally the effective extraction of the radar image sub-region is realized.

3.2 Automatic Identification Method of Single Target Based on GA Algorithm

For the realization of image line processing, at present, edge detection (such as Canny operator, Sobel operator, etc.) or binarization processing (such as Kapur binarization method, etc.) is performed on the image from the perspective of imagery. The radar image is mainly composed of the reflected signal of a single target, and also contains a small amount of clutter signal. The edge detection process can better suppress the clutter signal in the radar image. The Canny operator and the Kapur binarization method are used to process the radar image line. However, an effective signal corresponds to multiple target curves, which are often difficult to distinguish during target curve detection.


Starting from the radar data itself, the line processing of the radar image is realized by extracting the maximum point of the single-channel radar data. No threshold variables are introduced in the processing process, and the resulting reflection curve is unique. The reflection curve consists of a target curve and a small amount of clutter curves. An effective signal corresponds to only one target curve, and the difference between the target curve and the clutter curve is significant. Compared with the edge detection results and the binarization processing results, the radar image line processing results based on the maximum point extraction best retain the radar image features, the description of the radar image is the most concise and accurate, and the processing results are unique. , to meet the requirements of target curve detection.

It can be seen from the above analysis that among all the extracted sub-regions, only some of the sub-regions are composed of relatively complete valid signals, and the remaining sub-regions do not contain or only contain small amount of valid signals. In this section, firstly, the target curve model in the sub-region is established based on the time-distance curve equation of the single target echo signal; then, the single-target search for each sub-region is carried out by genetic algorithm, and the echo that most matches the sub-region in the curve model is extracted. Finally, by establishing an effective signal matching criterion to determine whether the extracted echo signal components are effective signals, all the effective signals can be extracted from each sub-region to realize the automatic identification of the single target.

Since the sub-region is a two-dimensional grayscale image, the search process of valid signal can be abstracted as the automatic detection process of valid signal image in the sub-region image. For the detection of different single targets or different batches of the same single target, there are differences in the effective signal images. If the image detection algorithm is used to automatically detect the effective signal images, it is difficult to obtain an ideal detection accuracy.

Results
The dataset is provided by the UCI repository. Selecting GPR antennas with four frequencies, and different single targets in the tunnel lining are measured by ground penetrating radar respectively. Based on this automatic identification method, the single targets in the radar image are searched. By comparing with the manual identification results, to evaluate the scope of application and identification accuracy of this automatic identification method. In addition, The processing of radar data is done in MATLAB software.

Evaluation
Ground penetrating radar technology is currently widely used in many fields such as underground engineering, geotechnical engineering investigation, mineral resource exploration, historical archaeology, etc. In the follow-up, we can conduct in-depth research on automatic identification methods for more types of detection targets, and improve the automatic interpretation of ground penetrating radar data. The technical system of translation. 

Besides, On the basis of automatic interpretation of data, it is possible to further analyze and extract features of ground penetrating radar signals to achieve higher-dimensional automatic interpretation and evaluation of detection targets, such as automatic calibration of the size of individual targets, and the degree of inconsistency of diseased areas. automatic evaluation, etc. 

Finally, On the basis of automatic interpretation of data, it is possible to further analyze and extract features of ground penetrating radar signals to achieve higher-dimensional automatic interpretation and evaluation of detection targets, such as automatic calibration of the size of individual targets, and the degree of inconsistency of diseased areas. automatic evaluation, etc.
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(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:

	
	
(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:

	
	


(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:

	
	


(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.  

	
	


(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) 

	
	


(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:
30/03/2021



For STUDENT Submissions:
	32
	Director of Studies/Supervisor:
	Terry Walcott
	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.



This form is available electronically from the Academic Office web pages: https://www.uwtsd.ac.uk/academic-office/appendices-and-forms/ 


Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Research Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Institute procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Institutes.  Institutes will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Institute will refer these to the University Research Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.   
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