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The dimensions between different tasks are different. To ensure the balance of training 
accuracy as well as training speed between different tasks, the normalized operation is 
applied, and the loss function is weighted according to the task characteristics just as 
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where m means the number of tasks, and wi  is the weighted value determined by loss of 

different tasks. In this way, we map the thermal field to thermal stress and deformation. 

4. Experiment results 

In this section, the experiment results are discussed. AdamDelda [17] is chosen as the 

optimization. The U-Net model is implemented by PyTorch 1.8. For training, we set the 

epoch to 500 and the batch size to 64. 

4.1. Performance of U-Net 

The predictions of the surrogate model after 500 epochs are shown in Fig.4. It shows the 

label of a randomly chosen temperature field in TS, along with the output of the trained 

neural network and the absolute error. 

The mean relative error(MRE) in the pixel-by-pixel output is only 2.13%. Average 

per-pixel error is computed relative to “ground truth”, which is determined by running 

finite difference to very high precision. Through such a deep learning surrogate model, 

the computation time is reduced from 2min to 0.23s, effectively saving cost of time. This 

demonstrates the feasibility of using the U-Net model for regression between ultra-high 

dimensional variables. It also illustrates the effectiveness of the deep learning based 

surrogate model of thermal stress and deformation. 

 

Figure 4. Comparison between ground truth and network result(TS). 
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4.2. The performance of data augmentation on the generalization of prediction results 

We compared the performance of the surrogate on different training sets after 240 epochs. 

U-Net was trained on DS and DC respectively (Fig.3), then they were both tested on the 

TS. 

The results are shown in Tab.2. It can be seen that the surrogate models trained on 

both data sets exhibit good performance. However, the MRE of DC is obviously less 

than that of DS, even though DS is as smooth as TS. It can be explained as data 

augmentation. The more complex data set (DC) increase the diversity of the data set, 

which improves the accuracy and generalization of the surrogate model. 

Table 2. Performances on the TS for different data sets 

Option 
MRE/% 

DS DC 

xu  3.32 2.61 

yu  3.47 2.37 

xx�  3.92 2.16 

xy�  3.92 2.32 

yy�  3.22 2.19 

4.3. Application: Thermal stress and deformation analysis of the satellite motherboard 

When given the heat source layout of a satellite motherboard, the temperature field of it 

is calculated by finite difference. Then the surrogate, which maps temperature to thermal 

stress and deformation, is applied. Fig.1 shows a randomly generated heat source layout 

and the corresponding temperature field of the satellite motherboard. Fig.5 shows the 

corresponding thermal stress and deformation calculated entirely by the finite 

differences(label), the output of the trained neural network and its absolute error. The 

MRE in the pixel-by-pixel output is only 1.76%. It is less than that on TS. This 

phenomenon also benefits from the data augmentation by DC. This demonstrates that the 

deep learning-based surrogate model is effective in solving complex thermodynamic 

coupling problems such as satellite thermal stress and deformation. 

 
Figure 5. Comparison between ground truth and network result(Satellite motherboard). 
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5. Conclusions 

This paper presents an end-to-end deep learning based surrogate modeling method for 

predicting the thermal stress and deformation of satellites. The neural network is used to 

construct surrogate models for fast simulating complex thermodynamic coupling 

problems, where traditional numerical methods often cost much calculation time and 

resources. 

The prediction problem is simplified as predicting the thermal stress and thermal 

deformation of a satellite motherboard where some heat sources distributed in. We build 

a surrogate model which maps the temperature field to the thermal stress and deformation, 

and then make some data augment strategies to improve the accuracy and generalization 

performance of the model. The surrogate model later is used to predict the thermal stress 

and deformation of the satellite motherboard with some heat sources. This case verifies 

the feasibility and effectiveness of our deep learning surrogate model. 

The results demonstrate that this deep learning-based surrogate model method is 

effective in solving complex thermodynamic coupling problems such as thermal stress 

and deformation of satellites. 
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Construction Strategy of Informatization of 

Rural Ethnic Cultural Archives Based on 

Big Data 

Qi YANG, Shilong WANG and Jinghuan ZHU1 

Guangxi Science & Technology Normal University, Laibin, China 

Abstract. Rural ethnic cultural archives have great potential in serving rural 
revitalization. Big data technology improves the application ability of big data by 
improving “processing ability”, and constructs a “big data + archives management” 
mechanism, which can give more convenient play to the value of archives. Starting 
from the problems existing in the construction of archives informatization talents 
and archives digitization technology system, this paper puts forward the 
information construction strategies of rural ethnic culture archives, such as 
accelerating the transformation and upgrading of rural ethnic cultural archives 
management, innovating the effective path of the development and utilization of 
rural ethnic cultural archives resources and so on.  

Keywords. Informatization, rural ethnic cultural archives, big data  

1. Introduction 

Rural ethnic archives are very important national cultural resources and an integral part 

of building the common spiritual home of the Chinese nation. Most ethnic minority 

areas in the country are located in remote areas with special geographical environment. 

In the long-term historical development process, they have formed distinctive national 

culture and accumulated precious archives of national cultural heritage. As the 

historical evidence, the archives of ethnic minority areas provide a large number of 

historical materials for the inheritance of Chinese civilization, which is conducive to 

carrying forward and developing the excellent traditional culture of all ethnic groups in 

China [1]. Big data is a collection of data, including a series of professional 

technologies for data value obtain, such as collection, storage, management, analysis 

and security. Big data technology is to enhance the application ability of big data by 

improving “processing ability” [2]. The characteristics of big data technology, such as 

large capacity, fast response speed and many categories, have been widely used in all 

walks of life. Under the background of rural vitalization and big data, relying on 

information technology to mine and use rural ethnic cultural archives has become a 

trend [3]. Archivists should think about how to apply information and electronic 

technology and computer network system in the management and utilization of rural 
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ethnic cultural archives to realize the information construction of archives resources, 

and build a “big data + rural archives management” mode on the basis of saving human 

and material resources, so as to give better play to the value of rural ethnic cultural 

archives [4]. 

2. Purpose of informatization construction of rural ethnic cultural archives 

With the development of information science and technology, the object of archives 

management presents the trend of large-scale and complexity. By combining big data 

technology with archives management, we can give full play to the advantages of high 

efficiency and convenience of big data technology, as well as the functions of fast 

processing and large storage. Archives managers can complete efficient and 

high-quality management only by daily operation and maintenance of computer system. 

Integrating big data technology into archives management greatly reduces the labor and 

time cost of management. Comprehensively promoting rural vitalization is the only 

way to implement the grand goal of China's socialist modernization and the inevitable 

requirement of the development of the new era. The traditional archives management 

mode and thinking can not meet the needs of contemporary development, which limits 

the improvement of the efficiency and quality of archives management. With the rapid 

development and revitalization of various rural undertakings, the level of rural 

economic and social development has also moved to a new level, and the rural archives 

have also increased significantly, which requires the rural cultural archives 

management to keep pace with the times and comply with the development of the times 

[5]. Archives management and research work should keep up with the pace of rural 

economic and social development, integrate big data technology and fully implement 

modern and intelligent management, so as to provide convenient, fast, accurate, timely 

and effective archives utilization services for rural revitalization, create greater social 

value and integrate into the era wave of rural vitalization [6]. 

3. Problems in the informatization construction of rural ethnic cultural archives 

3.1. Problems in the construction of archives digitization technology system 

At present, the digital collection of rural ethnic cultural archives is completed by typing 

and inputting with computer system and digital scanning with electronic scanner. 

Typing is not only slow, but also time-consuming and labor-consuming. Scanning by 

electronic scanner is easily affected by resolution and device memory. The digital 

technology of rural ethnic cultural archives focuses on the development of text input 

system, and ignores the research and development of multimedia information 

technology such as image and sound. The digitization of rural ethnic cultural archives 

presents the characteristics of “surface”, which still stays in the input of catalogue, 

digital scanning of archives and so on. This way is not conducive to the retrieval and 

reading of archival researchers, nor to the development and utilization of the cultural 

value of rural archives [7]. Only relying on text input system and scanning technology 

can not fully show the rich connotation and precious value of rural ethnic cultural 

archives. In order to make archives work better serve the revitalization and 
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development of rural areas, the country needs rich, efficient and convenient digital 

technology as support, so as to realize the digitization of rural ethnic cultural archives 

[8]. The digitization of rural ethnic cultural archives includes the correct selection of 

parameters such as scanning technology, graphic editing, image format and storage, as 

well as the adoption of information technology, including scanning processing, 

decontamination treatment, quality inspection, and the association of digitized images, 

documents and literature indexing information [9]. The digitalization of archives is not 

yet mature, and the theoretical research on the digitalization of archives is still in its 

infancy. At present, the research focus is not obvious, and stays in the conceptual 

exploration and research stage, mainly focusing on the digital construction of some 

special archives and the establishment of digital archives, and there is a lack of 

theoretical research with guiding significance for practical work. 

3.2. Problems in the construction of archives informatization talents 

The informatization consciousness and ability of rural national culture archives staff 

can not meet the needs of archives digital development. Most of the human resources 

for the digital construction of rural ethnic cultural archives come from the archives 

administration department. They have received professional training in the digital 

construction of archives. However, due to the lack of standardized and systematic skill 

training and professional education, they lack professional knowledge in computer, big 

data technology and other aspects [6]. At present, some of the personnel engaged in the 

digitization of rural cultural archives are technical talents who have received 

professional education in information technology and master professional knowledge 

of archives at the same time; There are also college graduates majoring in archives, and 

archives professionals who master big data technology by themselves. The limitation of 

the current talent structure is that talents with professional knowledge and skills of rural 

cultural archives can not master the knowledge of information technology and carry out 

the in-depth digital construction of rural cultural archives. Talents with information 

technology professional background do not master the professional knowledge of 

archives, so it is difficult to really understand archives work and integrate with their 

own information technology. There is a lack of personnel with information technology 

professional background in rural cultural archives management. Under the background 

of big data, archives personnel should not only have the ability and knowledge of 

archives information collection, sorting, transmission and identification, but also 

master big data processing, multimedia, network communication technology and other 

technologies. In the digital construction planning, function design, system analysis and 

technical realization of rural ethnic cultural archives, there are few talents with dual 

abilities of information technology and archives who play a leading and 

communication role. Especially in the archives institutions in ethnic areas, even if 

ethnic cultural archives are collected here, due to its remote location and 

underdeveloped economy, there is a greater lack of high-quality information 

technology and archives professionals. Due to the limitations of geographical and 

economic conditions in rural areas, archives institutions have no talent competitiveness, 

so it is difficult to introduce and retain high-level talents, and even the original talents 

flow to large cities with high treatment, flexible management and large development 

space. Only by formulating attractive talent incentive mechanism and management 

policies can we solve the problem of lack of national archives management talents [10]. 
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4. Accelerate the transformation and upgrading of rural ethnic cultural archives 

management in combination with Rural Revitalization 

Popularizing the awareness of rural archives is the ideological basis and premise for 

comprehensively improving the level of rural ethnic cultural archives management. 

Therefore, we should not only take effective forms and means to widely publicize the 

archives work, such as actively publicizing and implementing the archives law, but also 

seize various opportunities, especially in combination with rural reality, strengthen the 

specialization, standardization, digitization, networking and Comprehensively 

popularize the knowledge of informatization and other construction, implement the 

goal of archives management in the new era, and build the rural culture with archives 

resources as the carrier into the concept of archives work that is interlinked and 

integrated with the rural development in the new era [11]. First, actively promote the 

investigation and general survey of rural archival resources, establish a more scientific 

collection and management system of rural archival cultural resources in combination 

with the actual construction of various industries such as rural vitalization and rural 

environmental improvement, and fully integrate rural culture. As shown in Figure 1, 

especially all kinds of archival cultural information resources related to rural 

vitalization (including material, non-material and characteristic archives) into the scope 

of scientific management, so that the archival cultural resources generated and 

accumulated in the process of rural development can be scientifically and effectively 

managed and protected [12]. Second, in the construction of rural archives resources, we 

should pay attention to optimizing the content structure of rural national culture 

archives resources, and take corresponding scientific methods to manage and utilize 

archives of different categories, forms and carriers. From the perspective of serving 

rural revitalization, the competent department of rural archives should give full play to 

the advantages of administrative means and professional foundation, coordinate and 

jointly tackle key problems, implement the main body of responsibility for the 

management of rural ethnic cultural archives, and create a social atmosphere for the 

standardized construction of rural archives. Third, talent modernization is the premise 

of the modernization of rural ethnic cultural archives, and the talent team is the main 

body of rural archives to serve rural revitalization. It is necessary to strengthen the 

selection, employment and training of archives information management talents 

represented by big data technology, build a rural archives work team proficient in 

archives specialty, mastering modern information technology and making progress in 

harmony with rural revitalization, and provide talent guarantee and intellectual support 

for the “living” of rural ethnic cultural archives [13]. Fourth, with the help of the 

national strategy of rural revitalization, we should speed up the investment of modern 

archives management equipment and facilities, introduce modern archives management 

technology, promote the renewal and application of modern archives management 

equipment and technology, promote the transformation of rural archives management 

to modernization and informatization, promote the digitization, networking and 

informatization of rural archives as a whole, and enrich rural ethnic cultural archives 

resources, Make rural ethnic cultural archives “fire up” and contribute to rural 

vitalization and rural social development [14]. 
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Figure 1 Process model of integrated management of rural ethnic cultural archives resources 

5. Conclusions 

The development of archival information resources is to sort out the disordered 

archival information according to the law of information development and scientific 

methods, so as to make it orderly and systematic. Through the excavation of the 

external characteristics and cultural connotation of archives, a variety of retrieval 

methods are provided for the full development and utilization of archives information 

resources. The way of information organization has developed from manual 

classification, indexing and sorting to the development of network information 

resources (text, hypertext and multimedia information). We can choose the organization 

mode according to the characteristics of organization information. Full text retrieval is 

not only a processing method of text information, but also the simplest organization 

method. It only needs to input the full-text file information into the system as the basis 

of retrieval, and the application range of database mode is very wide. The database 

standardizes a large number of documents and archives data and saves them in the 

database in a fixed format for quick search. Hypertext organization is actually an 

extension of database organization and an innovation of database organization. The 

main reason is that its storage mode is not linear, but network storage according to 

internal relations. Because it conforms to people's thinking habits, it is also used more. 

There are also many, such as the organization of theme trees and search engines. 

Because the diversity of carriers of rural ethnic cultural archives resources (shell leaves, 

metals, stones, silk, etc.) and the diversity of information forms (audio, video, images, 

etc.),so these form the multimedia organization mode of rural ethnic cultural archives 

resources. 

The object-oriented data model objectively describes the problems between file 

entities. Each object corresponds to a file entity, and each object has a specific 

identifier and value. This object is not limited to data, but can also be text, chart, 

picture, audio, video, etc. In object-oriented organization, objects and their constraints 

are regarded as a class. Under a large category, it can be divided into many subclasses. 

The constraint of a subclass can be to integrate the original class or reset its operation 

mode. Generally, relational database considers the overall structure, how to extract the 

information of keywords, topics, titles and other fields, how to store them in the 

database, how to establish an index to provide retrieval, and object-oriented database 

considers the establishment of data model. The establishment of object-oriented data 

Q. Yang et al. / Construction Strategy of Informatization of Rural Ethnic Cultural Archives470



model is only the production of the collection, compilation, research and retrieval of 

ethnic archives information. In the face of a large number of rural ethnic cultural 

archives resources, we should also use the way of data mining to organize the archives 

information under the condition of simple digital operation, so as to make the archives 

compilation and research materials more rich, detailed and closely linked. 
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