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Preface

We are delighted to introduce the proceedings of the Eighth European Alliance for Inno-
vation (EAI) International Conference on Advanced Hybrid Information Processing
(ADHIP 2024). This conference brought together researchers, developers and practi-
tioners around the world who are leveraging and developing deeper and wider use of
hybrid information processing, especially weak signal processing. The theme of ADHIP
2024 was “weak signal detection and estimation, multi-source information fusion and
hybrid intelligent computing”.

The technical program of ADHIP 2024 consisted of 115 full papers. The conference
tracks were: Track 1- Signal Processing and Enhancement; Track 2- Information Fusion
and Integration; Track 3- Intelligent Computing and Machine Learning; and Track 4-
Applications and Intelligent Systems.

Aside from the high-quality technical paper presentations, the technical program
also featured four keynote speeches.

The four keynote speakers were Xindong Wu from Hefei University of Technology,
China, Chenggang Yan from Hangzhou Dianzi University, China, Joey Tianyi Zhou from
Agency for Science, Technology and Research (A*STAR), Singapore and Guangjie Han
from Hehai University, China.

Coordination with the general and program chairs, Xianchao Zhang, Yaodong Zhu,
Wei Wang and Junjie Hu was essential for the success of the conference. We sincerely
appreciate their constant support and guidance.

It was also a great pleasure to work with such an excellent organizing committee
team for their hard work in organizing and supporting the conference. In particular,
the Technical Program Committee, led by our TPC Co-Chairs, Lei Chen, Hong Sun,
Fengli Huang, Yu Wang, Ming Yan and Zheng Ma completed the peer-review process
of technical papers and made a high-quality technical program. We are also grateful to
the Conference Managers, Ivana Bujdakova, Ly Dao and Lin Zhong, for their support
and to all the authors who submitted their papers to the ADHIP 2024 conference.

We strongly believe that ADHIP 2024 provided a good forum for all researchers,
developers and practitioners to discuss all science and technology aspects that are rel-
evant to advanced hybrid information processing. We also expect that future ADHIP
conferences will be as successful and stimulating, as indicated by the contributions
presented in this volume.

Xianchao Zhang
Joey Tianyi Zhou
Hong Sun
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A Deep Reinforcement Learning-Based
Approach for Intelligent Recommendation
of Digital Museums

Fang Liu!2®9_ Fej Dai?, Lilian Lee Shiau Gee!, Imelda Ann Achin!, and Na Zhang4

1 Academy of Arts and Creative Technology, University Malaysia Sabah, 88400 Kota Kinabalu,
Malaysia
liufang041laa@l163.com
2 School of Intelligent Engineering, Huanghe Jiaotong University, Jiaozuo 454950, China
3 Jianghan University, Wuhan 430056, China
4 Faculty of Computing and Informatics, Universiti Malaysia Sabah Jalan UMS, 88400
Kota Kinabalu, Malaysia

Abstract. As an important platform for cultural dissemination, digital museums
have intelligent recommendation systems that can more effectively disseminate
cultural knowledge. In order to improve recommendation effectiveness and user
satisfaction, a digital museum intelligent recommendation method based on deep
reinforcement learning is proposed. Acquire user preferences based on mixed
evaluation methods. Collect exhibition information of intangible cultural heritage
digital museum and design exhibition information database for query and analy-
sis. On this basis, in-depth reinforcement learning is used to represent and learn
user behavior and exhibit information, and useful features are extracted from user
behavior and exhibit information. Based on Item Collaborative Filtering (ItemCF),
an intelligent recommendation algorithm for intangible cultural heritage digital
museums is designed. Use Mahout open source data mining tool library to design
an intelligent recommendation engine module for intangible cultural heritage dig-
ital museums. The test results show that this method has better frontiers in accu-
racy, recall, and F1 score compared to traditional methods, and can more accu-
rately capture users’ interests and preferences, and generate more personalized
recommendation lists for users.

Keywords: Deep reinforcement learning - Intangible Cultural Heritage Digital
museum - ItemCF - Intelligent recommendation

1 Introduction

As an important birthplace of Chinese history and culture, Henan has rich and diverse
intangible cultural heritage resources, such as Henan Opera, Taijiquan, Paper Cuttings,
etc. These intangible cultural heritage cultures are not only the precious wealth of Henan
people, but also the common cultural heritage of all mankind. As a technology for
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generating content through artificial intelligence, AIGC has powerful content genera-
tion capabilities and can automatically generate various types of content such as text,
images, audio, video, etc. according to needs. Through AIGC technology, intangible cul-
tural heritage can be digitized and presented to the public in a more vivid and intuitive
way, enhancing the awareness and influence of intangible cultural heritage. However, in
the massive digital resources, how to help users find interesting content efficiently and
accurately is a major challenge for intangible cultural heritage digital museums. The
intelligent recommendation system has made remarkable achievements in e-commerce,
social media and other fields by virtue of its personalized and accurate service charac-
teristics [1]. Therefore, applying intelligent recommendation technology to intangible
cultural heritage digital museums is of great significance.

The recommendation method for traditional intangible cultural heritage digital muse-
ums is a comprehensive process that involves multiple aspects such as user preference
acquisition, exhibit information database construction, intelligent recommendation algo-
rithm application, interactive experience design, and continuous optimization and iter-
ation. These methods can effectively promote the dissemination of intangible cultural
heritage. At this stage, the traditional recommendation methods for intangible cultural
heritage digital museums still have certain deficiencies in the process of practical appli-
cation, which are mainly reflected in: (1) Insufficient utilization of data: the traditional
recommendation methods often rely only on the basic information and browsing his-
tory of the user, while ignoring the user’s other behavioral data, such as search records,
comments, likes, etc. [2]. These data are crucial for understanding users’ interests and
preferences, therefore, the recommendation effect of traditional methods is often unsat-
isfactory. (2) Lack of personalization: traditional recommendation methods often use
a unified recommendation strategy, without fully taking into account the personalized
needs of users. Each user has its own unique interests and preferences, and traditional
methods are often unable to provide personalized recommendation services [3]. (3) Lack
of real-time: traditional recommendation methods are often based on historical data for
recommendation, but not real-time response to changes in user interests and needs. (4)
Lack of interactivity: traditional recommendation methods tend to recommend content
to users in a one-way direction, but lack of interaction and feedback with users. User
feedback on the recommendation results can help serve as valuable input to refine the
recommendation algorithm, thereby enhancing its effectiveness and improving the over-
all recommendation experience, which is often ignored by traditional recommendation
methods [4]. (5) Lack of cross-platform: the traditional digital museum recommendation
method is often optimized for a single platform or device, and cannot meet the needs
of users on different platforms or devices. To summarize, there are many shortcomings
in the traditional digital museum recommendation methods, and it is necessary to adopt
more advanced and intelligent recommendation methods to improve the recommendation
effect and user satisfaction.

As an emerging technology, deep reinforcement learning technology is rapidly devel-
oping. This technology combines representation learning ability with decision making
ability of reinforcement learning, and combines it with deep reinforcement learning
to achieve the goal of intelligent decision-making and adaptive learning in complex
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environments [5]. By applying deep reinforcement learning technology to the intelli-
gent recommendation of digital museums, we can make full use of the user’s historical
behavioral data, preference information, etc., to build a more accurate and personal-
ized recommendation model. This can not only improve the accuracy and satisfaction
of recommendation, but also help intangible cultural heritage digital museums better
understand user needs and optimize the content layout and service strategy. Deep rein-
forcement learning, as an emerging recommendation technology, has a strong represen-
tation learning ability and decision-making ability, based on this, this paper proposes
an intelligent recommendation method for intangible cultural heritage digital museums
based on deep reinforcement learning. By combining explicit and implicit feedback to
comprehensively evaluate users’ preferences for exhibits, utilizing deep neural networks
and reinforcement learning techniques, advanced feature representations are automati-
cally extracted from users’ historical behavior data and exhibit information, capturing
complex user behavior patterns and associations between exhibit features, and improv-
ing the intelligence and accuracy of recommendations. By utilizing the machine learning
algorithms and data processing tools provided by Mahout, the rapid development and
deployment of recommendation engine modules have been achieved, improving devel-
opment efficiency. At the same time, by utilizing the resources and experience of the
open source community, the scalability and maintainability of the system have been
enhanced.

2 Design of Intelligent Recommendation Methods for Digital
Museums

2.1 User Data Collection

User data needs to be obtained through a combination of implicit and explicit evaluations
‘When a user actively gives a positive review (such as 5-star rating, like, etc.) to a cultural
relic through the museum’s recommendation system or user interface (such as rating
system, like button, etc.), and stays in front of a cultural relic for more than the preset
threshold, it can be considered that the user is interested in the cultural relic. Negative
reviews given by users through recommendation systems or user interfaces (such as 1-star
reviews, button presses, etc.), or extremely short stays in front of a cultural relic, directly
indicate that the user is not interested in the relic. Explicit evaluation is more direct, but
requires frequent manual refreshing to obtain accurate recommendation results. On the
contrary, implicit evaluation does not require frequent feedback from users, but cannot
accurately capture their true interests. Therefore, it is necessary to combine explicit
and implicit methods to obtain user preferences, and convert them into cultural relic
preference scores through user access behavior. The preference score for cultural relics
can be obtained by the following formula.

M _A ) _22 N3 M3
w(di,cj) =61 (1’11 +pioe 'k ) +0 Y (le +pne 'k > +63) <P31 +pae 'k ) (1
f=1 k=1 k=1

In Eq. (1), (di, ¢j) A represents different types of cultural relics. N1 denotes the
number of artifacts evaluated as of interest of species of the kind (di, cj). N> indicates
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the number of artifacts not evaluated. N3 indicates the number of artifacts evaluated
as not of interest. #; indicates how long the user stays before the artifact k. 61, 6>, 63
are distinguishing the contribution of different evaluations to preference ratings. A1,
A2, A3 are used to distinguish the contribution of residence time in different evaluation
scenarios. p11, p12, P21, P22, P31, P32 are used to regulate the effect of the total number
of artifacts viewed in the same category and the length of stay on the preference scores.
From the preference scores of the various categories of artifacts, a vector of interest in
the user’s tour history can be obtained:

Vector (preference) = {((d1, c1), w1), ((d1, €2), w2), ..., ((d}, cp) wm)}  (2)

In Eq. (2), wy,, denotes preference ratings for species of the kind (d;, ¢,;). m indicates
the number of artifacts visited by the user. Through the above process, user preferences
are obtained.

2.2 Collection of Information on Museum Exhibits

The core of the deep reinforcement learning-based intelligent recommendation method
for intangible cultural heritage digital museums is to use deep reinforcement learning
technology to provide personalized exhibit recommendations based on users’ interests
and behaviors. In order to realize this goal, it is necessary to collect museum exhibit
information first. Determine the type of exhibit information to be collected, such as name,
age, material, size, source, historical background, cultural value and so on. According to
the actual situation of the museum, determine the scope of exhibits that need to collect
information, including permanent exhibits, temporary exhibits, special exhibits, etc. [6].
According to the collection requirements, design a detailed exhibit information collection
form to ensure the completeness and accuracy of the information. Assign the collection
tasks to professional information collectors or volunteers, and clarify their respective
responsibilities and division of labor. The information collectors go to the museum site
and conduct field surveys of the exhibits to understand the actual situation of the exhibits
and the display environment. According to the information collection form, record the
basic information of the exhibits one by one, such as name, age, material, etc. [7]. To
capture photos and videos, utilize either professional cameras or cell phones for high-
quality results of the exhibits for subsequent digital processing and analysis. On this
basis, obtain detailed information on the historical background and cultural value of the
exhibits by consulting relevant books, journals, theses and other literature. Invite museum
experts or staff to conduct interviews to obtain their evaluation and interpretation of the
exhibits. Organize the collected information about the exhibits to ensure the accuracy
and consistency of the data. Check the organized information to ensure that it is correct
and then enter it into the database or system. According to the type and characteristics
of exhibit information, design a reasonable database structure for subsequent query and
analysis, as shown in Table 1.

This database table covers the basic information of exhibits, description, display
status, location, and the path to multimedia materials (pictures and videos). At the same
time, it also records the entry and update time of exhibits, which is convenient for subse-
quent data management and maintenance. In practical application, fields can be added,
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Table 1. Database table of museum exhibits

Field name Data type Field description
Id INT PRIMARY KEY Exhibit unique identification ID
AUTO_INCREMENT (primary key, automatic growth)
Name VARCHAR(255) Exhibit name
Era VARCHAR(255) The exhibits belong to an era or
period
Material VARCHAR(255) Material of exhibits
Dimensions VARCHAR(255) Exhibit size
Origin VARCHAR(255) The source of the exhibit or the site
of the excavation
Description TEXT Exhibit description
Cultural_value TEXT The cultural value or significance
of the exhibits
Exhibition_status ENUM(‘permanent’, ‘temporary’, | Display status
‘special’)
Location VARCHAR(255) The location or room number of the
exhibit in the museum
Image_path VARCHAR(255) The path or URL of the exhibit
picture
video_path VARCHAR(255) The path or URL of the exhibit
video
created_at TIMESTAMP DEFAULT Exhibit information entry time
CURRENT_TIMESTAMP
updated_at TIMESTAMP DEFAULT Exhibit information update time
CURRENT_TIMESTAMP ON
UPDATE

CURRENT_TIMESTAMP

deleted or adjusted according to the specific needs of the museum and the characteristics
of the exhibits. In addition, the database table can be indexed and optimized as needed
to improve query efficiency.

2.3 Deep Reinforcement Learning-Based Learning of User Behavior and Exhibit
Information Representation

Deep reinforcement learning-based characterization learning of user behavior and
exhibit information is a complex process that combines deep learning and reinforcement
learning techniques, aiming to extract useful features from user behavior and exhibit
information for better exhibit recommendation. First, user behavior data is cleaned to
remove duplicated. The collected exhibit information is integrated, including basic infor-
mation, descriptions, pictures, videos, etc., to form a complete exhibit information dataset
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[8]. Convert the cleaned and integrated data into a format suitable for deep learning and
reinforcement learning models. Extract key features from user behavior data, such as
user’s browsing history, click records, dwell time, etc., which reflect user’s interests and
preferences. Extract features from exhibit information using natural language process-
ing, image recognition and other technologies, such as text descriptions of exhibits, key
elements in pictures, and so on. Using the deep learning model [9], the user behavior
and exhibit information are characterized and learned, and the raw data are converted
into low-dimensional vector representations for subsequent reinforcement learning.

According to the characterization of user behavior and exhibit information, construct
the state space, which should have a good effect on reflecting user usage and exhibition
features.. Define the action space, i.e., the set of recommended actions that the model can
choose, such as recommending specific exhibits or combinations of exhibits. Design an
appropriate reward function to evaluate the effect of the model’s recommended actions.
The reward function should reflect the user’s satisfaction and interest in the recommended
exhibits. On this basis, set the initial parameters for the deep reinforcement learning
model, including the weights and biases of the neural network. The model parameters are
updated by learning from user behavior in an iterative manner. In each iteration step, the
model selects the recommended action according to the current state, observes the user
feedback and calculates the reward, and then updates the model parameters according to
the reward [10, 11]. During the training process, the model is evaluated periodically to
check its recommendation effect. According to the evaluation results, the parameters and
structure of the model have been fine-tuned to enhance its overall performance. As user
behavior data accumulates, the model undergoes periodic retraining to accommodate
shifts in user interests and the incorporation of fresh exhibition information, ensuring its
continued relevance and accuracy.

2.4 Design of Intelligent Recommendation Algorithm for Digital Museum Based
on ItemCF

After the above in-depth reinforcement learning based user behavior and exhibition
information representation learning is completed, on this basis, use ItemCF to design an
intelligent recommendation algorithm for intangible cultural heritage digital museums.
The ItemmCF algorithm mainly has three steps: first, the system obtains user behavior
data and constructs a user project evaluation matrix. Then calculate the similarity between
items and other items in the matrix to obtain a set of similar items. Then, the project is
scored and predicted by the weighted sum of the project scores and similarity. After all
the project scores are obtained, TOP-N items are selected to recommend users according
to the order of the predicted scores from high to low. The flow of ItemnCF algorithm is
shown in Fig. 1.

User behavior data mainly includes user history browsing data, user ratings on items,
purchase records, like records, forwarding records, etc. The system usually uses implicit
or explicit methods to obtain user behavior data. The system usually uses implicit or
explicit way to obtain user behavior data, explicit way refers to the user’s active and
clear preference for the project, which is usually obtained through the scoring of the
project. Implicit feedback behavior refers to those behaviors that do not clearly reflect
user preferences. For example, page visits, clicks, purchases, likes, shares and so on.
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Fig. 1. ItemnCF algorithm flow

The second step is to calculate the similarity of the scores of the two items, and
record the score matrix of each item as a vector. Calculate the score similarity of two
items, that is, calculate the similarity between two vectors. The scoring matrix of the
two items a and b is represented as i and j, respectively. Their similarity can be defined
as follows.

(1) Cosine similarity is determined by computing the cosine of the angle between
two vectors. The precise calculation process involves the following steps:

Z Fu,i X Fy,j

. . uCU;NU;
sim(i, j) = > > (3)
Z ru,i Z ru,j
ucU; ucU;

In Eq. (3), 7y,i» 7u,j indicate the ratings of item u for items i and j, respectively.

(2) Modified cosine similarity: cosine similarity calculates the magnitude of the
cosine value of the angle formed between two vectors, emphasizing the directional
difference between the two vectors, without considering the user’s specific rating of the
item. For example, two users X and Y with the ratings of the two items are (1,2) and (4,5)
respectively, and the similarity calculated by using the cosine similarity is 0.98, which
indicates that the two items exhibit a high degree of similarity, and the two rating vectors
are basically consistent in terms of direction. However, from the actual scores, it can be
seen that X rated both programs are very low, considered as disliking both programs,
but Y seems to like it very much, this will get the opposite result. Therefore, not only the
direction of the vector should be considered, but also the specific ratings should be taken
into account. The modified cosine similarity algorithm takes this problem into account
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and adds the average of the user ratings of all items to adjust the bias. The following
formula shows the modified cosine similarity algorithm.

> (rued =7i) (ruy = 73)

T uCUiNUj
sim(i,j) = “4)
—\2 —\2
Y (rwi—=7)" | X (ruj—T7)
uCU; uCU;j

In Eq. (4), 7;, 7; represent the mean of all user ratings of user u for items i and j,
respectively.

Due to the increase in the amount of data in the digital museum, the traditional
algorithm time complexity and space complexity is extremely high, while the model-
based collaborative filtering algorithm utilizes the technology of artificial intelligence
and data mining, using an offline approach, first train a predictive model, and then
use the predictive model to recommend the project. There are three main steps in this
process: first use sampling, dimensionality reduction computation for data preprocessing,
and then through prediction or clustering algorithms to derive a predictive model, and
ultimately can be recommended for the user’s project.

2.5 The Design of the Intelligent Recommendation Engine Module for Digital
Museums

The recommendation engine module serves as the central component of the intelligent
recommendation system of the entire intangible cultural heritage digital museum. Using
Mahout open source data mining tool library, the user-based collaborative filtering par-
allel algorithm is utilized to generate top-N recommendations, for the target audience
against the audience exhibit matrix; K-means clustering algorithm is used to cluster the
audience, and the target audience’s class is obtained. The intelligent recommendation
engine module of digital museum is shown in Fig. 2.

In order to increase the diversity of digital museum intelligent recommendation
and better serve the users, the following four recommendation functions are designed:
hot collection recommendation, recommendation by category, similar collection recom-
mendation, and guess your favorite. The intelligent recommendation function of digital
museum is shown in Fig. 3.

As shown in Fig. 3, (1) Recommended hot collections. Read the collections ranked
according to the number of hits from the database, select the top 10 collections to recom-
mend to users, and use the content based recommendation method. (2) Recommended by
category. Read the collections that the user has browsed from the user’s cookie to obtain
the user’s preferences, select four categories from the user’s recent browsing, and then
select the hot collections of this category from the database by category to recommend to
the user, using the demographic based recommendation method. (3) Recommended for
similar collections. First, get the first five collections recently browsed, and then recom-
mend similar collections based on these five collections. Read and select the collections
similar to the collections from the similarity table, and then select the top four collections
as similar collections for recommendation according to the similarity ranking, using the
content based recommendation method. (4) Guess you like it. When a user clicks on a
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Fig. 2. Intelligent recommendation engine module for intangible cultural heritage digital muse-
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Fig. 3. Intelligent recommendation function of the digital museum

collection, the keywords of the collection will be recorded in the database. If a collection
also contains this keyword, the number of visits to this keyword in the database will be
increased by 1, and the keywords with the highest number of visits will be selected.
These keywords can represent the user’s interests. Then select all collections containing
these keywords from the inverted file, sort the number of keywords contained in these
collections, select collections containing keywords to recommend to users, and use the
collaborative filtering method based on items.

3 Test Analysis

3.1 Test Preparation

From the registered users of the digital museum, users were selected who had visited the
museum at least three times in the last six months and had viewed at least five exhibits
on each visit. This selection ensured that there was an active user base with some interest
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in the museum content. A total of 1200 users were selected as sample subjects for the
experiment. These users are the group of users who are active in the digital museum and
have continuous interest in the museum content. The user characteristics are shown in
Table 2.

Table 2. User characteristics

User characteristics Specify

Age distribution Users range in age from 18 to 65, with 2545 year olds making up
the largest proportion at around 65%. Users aged 18-24 accounted
for 15%, 46-55 users accounted for 12%, and 56 and older users
accounted for 8%

Sex ratio 52% of users are male and 48% are female

Occupational distribution | This includes students (22%), educators (18%), corporate
employees (25%), freelancers (15%), retirees (10%) and others
(10%)

Educational level The education level of users is mainly undergraduate and master’s
degree, accounting for 40% and 30% respectively. High school
degree or less accounted for 15%, doctoral degree or above 10%,
and college degree 5%

Geographical position Users come from different cities and regions, covering the main
visitor groups of the digital museum. Among them, users from big
cities accounted for 45%, small and medium-sized cities accounted
for 35%, and towns and rural areas accounted for 20%

Digital museum activity | In the past six months, the average number of visits was 8, and the
average number of exhibits viewed per visit was 12

Interactive behavior Users interact with the digital museum by browsing, searching,
liking and commenting. Among them, 90% of users have searched,
and 75% of users have liked or commented on at least one exhibit

With the above number of users and characterization, a representative and diverse
dataset was provided to ensure the accuracy and reliability of the experiment. 1200 active
users were selected from the registered users of the digital museum as experimental
samples. These users have visited the museum at least three times in the past six months
and have viewed at least five exhibits per visit, demonstrating a high level of interest
and sustained engagement with the museum’s content. The age range of users is from
18 to 65 years old, with the highest proportion of users in the 25-45 age group, reaching
65%, indicating a special interest in digital museum content among this age group. 15%
of users are aged 18-24, 12% are aged 46-55, and 8% are aged 56 and above. The
proportion of male and female users is similar, with male users accounting for 52%
and female users accounting for 48%. 150 exhibits covering different historical periods,
cultural backgrounds and genres were selected from the museum’s exhibit library. These
exhibits include paintings, sculptures, artifacts, photographs, and other forms. In order
to ensure the impartiality of the recommendations, exhibits with a medium level of
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popularity, i.e., neither the most popular nor the least visited exhibits, were selected. Each
exhibit received between 500 and 2,000 visits. Each exhibit was tagged with multiple
labels, such as artistic style, historical period, cultural background, etc., so that the model
could understand and categorize the characteristics of the exhibits. The collected user
and exhibit data were cleaned to remove duplicates, errors or incomplete data.

This experiment uses the deep learning framework TensorFlow and the reinforce-
ment learning library RLIib, and runs on a server equipped with Intel Core i9 processor,
32GB memory and NVIDIA GeForce RTX 3090 graphics card. The operating system of
the server is Ubuntu 20.04, and Python 3.8 is used as the programming language. First,
we preprocess the user’s browsing history, search records, reviews and comments, and
extract the user’s interest preferences and behavior characteristics. Then, these data were
divided into training and testing sets in an 8:2 ratio, seamlessly integrating convolutional
neural networks (CNN) and recurrent neural networks (RNN). During the training pro-
cess, the learning rate of the Adam optimizer was 0.001, the batch size was 32, and an
early stopping strategy was adopted. When the loss function on the validation set does
not decrease for five consecutive periods, the training will terminate prematurely. After
the model training is completed, evaluate the model using the test set. For each user, a
recommendation list is generated according to their interest characteristics and exhibits
content characteristics. The length of the recommended list is adjusted according to the
user’s activeness. The recommended list of users with high activeness is longer, and vice
versa.

3.2 Analysis of Results

In order to evaluate the effectiveness of an intelligent recommendation method for
intangible cultural heritage digital museums based on deep reinforcement learning, the
following comparison metrics were chosen.

(1) Accuracy P: Measures the proportion of exhibits in the recommended list that
are of genuine interest to the user, using the following formula:

My
P=— x100% (5)
M
In Eq. (5), M, indicates the number of exhibits that are of real interest to the user.
M indicates the number of exhibits in the recommended list.
(2) Recall R: Measures the proportion of all exhibits of interest to users that are
recommended, using the following formula:

Mq
R = — x 100% (6)
M;
In Eq. (6), M indicates the number of all exhibits of interest to the user.
(3) F1 Score: the overall performance of the recommended method is comprehen-
sively evaluated by taking into account the harmonic average of accuracy and recall rate.
The formula is as follows:

P xR
P+R

Fl1=2x

)
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Data is extracted from the user and exhibit database of the digital museum, and
preprocessed and standardized. Choose to compare the proposed intelligent recommen-
dation method for digital museums, which is based on deep reinforcement learning in this
paper with two conventional digital museum recommendation methods. Three methods
are used to generate recommendation lists for users. According to the experimental com-
parison index, calculate the accuracy, recall and F1 scores of the two methods. Compare

the performance of the three methods on various indicators, and the results are shown
in Fig. 4.
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Fig. 4. Comparative results of recommendation accuracy of intangible cultural heritage digital
museums

By analyzing Figs. 4, 5, and 6, it can be seen that the P-value, R-value, and F1
Score values of Convention method 1 and Convention method 2 are 92.8% and 93.2%,
92.5% and 92.1%, and 92.7% and 93.6%, respectively. The P-value, R-value, and F1
Score values of the Textual method are as high as 98.3%, 98.2%, and 98.5%. From
the above comparison results, it can be seen that the digital museum intelligent rec-
ommendation method, which is grounded in deep reinforcement learning, surpasses
traditional approaches in terms of accuracy, recall rate, F1 score, and other evaluation
metrics. Which indicates that this method can more accurately capture users’ interest
preferences, generate more personalized recommendation lists for users, and improve
users’ overall experience and satisfaction with intangible cultural heritage digital muse-
ums. In conclusion, this intelligent recommendation method is of great significance for

improving the user experience and service quality of intangible cultural heritage digital
museums.
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Fig. 5. Comparative results of recommended recall rates for intangible cultural heritage digital
museums
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Fig. 6. Comparison results of F1 scores recommended by intangible cultural heritage digital
museums

4 Conclusion

As a platform integrating massive historical and cultural heritage and modern scientific
and technological achievements, the diversity and complexity of information in intangi-
ble cultural heritage digital museums put forward high requirements for recommendation
systems. Traditional recommendation algorithms are often difficult to cope with such
complex scenarios, while deep reinforcement learning provides a new way of solving the
problem with its powerful representation learning ability and adaptive decision-making
ability. A deep reinforcement learning-based intelligent recommendation method for dig-
ital museums is proposed, which brings unprecedented innovation to the contemporary
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digital cultural experience. In the exploration and practice of this research, the complex
information architecture and user needs of intangible cultural heritage digital museums
are deeply analyzed, and an efficient and accurate intelligent recommendation method is
designed by combining the advantages of deep reinforcement learning technology. By
constructing a deep neural network to extract the potential connection between users and
exhibits, and combining with the decision-making process of reinforcement learning, it
realizes the accurate capture of user interests and personalized recommendation. This
not only enhances the browsing experience of users, but also fosters innovation within
the platform of digital museum service mode. To provide reference for the protection and
inheritance of intangible cultural heritage by local governments and cultural institutions
in Henan, actively promote the digital protection and dissemination of intangible cultural
heritage, strengthen cooperation with universities, scientific research institutions, etc.,
jointly carry out research and development of intangible cultural heritage, and provide
strong policy support and cooperation opportunities for AIGC to empower local digital
intangible cultural heritage museums in Henan.

Acknowledgement. 2024 Henan Province Key R&D and Promotion Special Project (Science and
Technology Research): “digital intelligence 4+, AIGC empowers Henan local digital intangible
cultural heritage museum to research innovative technologies (242102320297).
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Strategic Exploration of Utilizing Red Resources for Rural Revitalization

X/ FRE TEEIAFERSTARITZRE B#H Mt (BRES)
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WE: BELERENEDLAR, LEXUFYAINERRETHESNNEEFZE, BEINEEDTEENEOEHEDN, SINLEXEEN S
TRNBEXEKR, RMthFEEXERITE. XIS 5H L EERR LM, EFit, $NLeRBEEZ NS, AREMAAER, GNEFSE
W, WERALTCEFLYZEE T, #AINRS5EE, IRATEFNFREXHEESRE, NPEHLEX LIRS NHNEEIRY,

Abstract: \With the rapid growth of red tourism, the red cultural industry has become a significant source of both spiritual motivation and economic
support for rural development. Field investigations conducted in traditional villages in Jiaozuo reveal that the integration of red cultural resources plays
a crucial role in advancing rural revitalization. However, challenges remain, including the disruption of cultural continuity and the neglect of historical
memory and identity. In response, this study proposes strategies for villages lacking red resources, guided by people—oriented principles and organic
renewal. It advocates for enhancing the spatial diversity of red industries, encouraging villagers' participation in governance, strengthening talent

cultivation, and promoting cross—regional cooperation, with the goal of achieving holistic rural revitalization through the empowerment of red culture.
XKEEE: AR, AR, XUkl AXRE
Keywords: red resources; rural revitalization; cultural tourism; public space
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Exploring Renewal Strategies for Xiafutou Village from the Perspective of Rural Tourism
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Abstract: This paper takes Xiafutou Village, located in Xuliang Town, Bo'ai County, Jiaozuo, as its research subject and analyzes renewal strategies
from the perspective of rural tourism. Once a popular tourist destination, Xiafutou Village now faces multiple challenges, such as population outflow,
ecological degradation, and unregulated tourism development. Based on field investigations, the paper examines the current spatial conditions and
identifies problems including underdeveloped tourism resources, cultural conflicts and distortion, environmental deterioration, economic instability,
and a lack of diversity in tourism offerings. In response, the paper proposes renewal strategies focused on safeguarding the rural cultural and
ecological environment, preserving historic and cultural heritage, protecting the ecosystem, renovating existing buildings, optimizing rural design, and
restructuring the physical space. The aim is to promote the sustainable development of Xiafutou Village through rural design and provide a reference

SRESPAIE

for the conservation and renewal of similar traditional villages.
XEE: R TREN, EERE, URSAR
Keywords: rural design; Xiafutou Village; renewal strategies; sustainable development
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