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Abstract 

In the design process of digital display system of traditional art museum, the level of 
virtual and real scene fusion technology used is low and the system availability is poor. 
Therefore, a digital display system of art museum works based on augmented reality 
technology is designed. In the hardware design, the digital display server and image 
sensor are mainly designed. In the software design, the target features in the art museum 
are extracted through multi-sensor feature information fusion. Using computer vision 
technology, 3D registration and tracking based on markers is realized. Using Unity3D 
tool and Vuforia software, the AR enhancement module of art works is established, the 
virtual and real scene superposition and fusion technology is created, and the design of 
digital display system is completed through the interaction between users and the 
system. The system test results show that the usability evaluation result of the designed 
digital display system reaches 93.6%, which shows good application performance. 
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1. Introduction 

As the organization for the collection and display of art works, art museums bear the important 
responsibility of conveying art knowledge to the public [1]. However, the contradiction arises 
in the huge demand for the display of art works and the limited spatial location of the art 
museum itself, which cannot visually display the connotations of art works in front of the 
visitors' eyes. In recent years, computer technology has penetrated every aspect of people's 
lives [2], how to integrate modern information technology into the display of works in art 
museums and build the digital display system to solve the dilemma of art museum display have 
become hot research problems. The digital display system designed in the literature [3] takes 
display servers and circuits as the main hardware, based on the main content of the work to be 
displayed, combined with Internet technology, the work information about is displayed in 
accordance with digital form. But there is the problem of poor simulation effect in practical 
application of the system. Literature [4] builds a kind of 3D animation display system by 
combining VR technology and Unity3D tools. The Vega Prime software is used for virtual design 
of the display scene, and then the VR program is used to load and construct the 3D solid model 
of the display work, after the virtual scene is rendered, the overall design of the 3D animation 
display system is realized. However, the stability of the display results is poor. Literature [5] 
designs the digital virtual dynamic display system with visual interaction technology as the core. 
The item information to be displayed is input into the digital design module and is saved in the 
form of a VM file. The browsing module is used to convert the original image into the 3D space 
image, and the font visualization is realized by combining the linearization algorithm. The 
efficient interaction of the display system is realized through the tag cloud component. 
However, the user experience is poor in practical applications of the system. In this paper, the 
AR technology is used as the design basis to build the digital display system. It is guaranteed 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 4, 2022 

ISSN: 2664-9640                

573 

that when the user holds the mobile device in front of the art works, the connotation of the 
artwork can be displayed on the device to enhance the audience's experience. 

2. Hardware Design of Digital Display System of Art Museum Works 

2.1. Design of digital display server 

The digital display server is one of the basic hardware devices of the digital display system. This 
paper isolates the art information of the art museum works from the client task, and adds a 
layer of independent structure in the original server to be responsible for the client task [6]. In 
the process of digital display, the information of the art works to be displayed is distributed to 
different structures of the server， and improve the data processing efficiency of the server. 

2.2. Design of image sensor  

The image sensor is the necessary hardware for realizing AR technology, the principle of the 
image sensor designed in this paper is shown in Fig.1. 

 
Fig.1 schematic diagram of image sensor design 

As shown in Fig.1, the main structure of the image sensor includes photosensitive element, 
control circuit, sequence circuit, horizontal shifter, a sense amplifier, vertical shifter, and output 
amplifier. Compared TO the traditional image system, the paper integrates multiple modules 
on one chip, it reduces power consumption while reducing the space occupancy. 

3. Software Design of Digital Display System of Art Museum Works 

3.1. Identification of the target features of art museums 

Multiple image sensors are arranged in the art museum to form the multi-sensor network [7]. 
The identification of the image features of the museum needs to be based on the monitoring 
information contained in the multi-sensor network, the global features of the images of the 
museum are acquired by sending target information to multiple sensor units. Image features in 
art museums include texture features, color features and various types, in the process of feature 
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identification, the feature information is extracted in accordance with the principle of feature 
stability [8]. 

Before image feature identification, information is collected through external sensors, multi-
sensor image feature information is fused, and feature extraction algorithm is used to identify 
the feature information required by the digital display system. In this paper, the serial feature 
information fusion method is adopted, assuming that a sample space contains two sub-feature 
spaces, a sample is randomly selected in the sample space, the sample feature quantities is 
merged with serial feature fusion, the result is expressed as: 






 
  
 

                                                                        (1) 

In the formula,   represents the total amount of features,   represents the feature quantity of 
the random sample in the sub-feature space,   represents the feature quantity of the random 
sample in the sub-feature space B , and has: 
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According to the above calculation, the dimension of the total amount of features is the sum of 
the dimensions of the two sub-features. Considering other influencing factors, the specific 
formula of feature information fusion is expressed as: 

                                                                           (3) 

In the formula,   represents the imaginary number unit. When there is a big difference in the 
dimension of the two sub-features in the process of feature fusion, the low-dimensional feature 
amount is improved by adding 0, and promote the effective fusion of the two feature amounts. 
The target features are extracted from the fused feature data by means of wavelet matrix. In 
allusion to a certain image function in the art museum, the standard matrix of the coordinates 
is derived by the wavelet matrix algorithm, and the rectangular coordinate system is expressed 
as: 

, ( , )p p

p qM x y f x y dxdy                                                        (4) 

In the formula, M represents the rectangular coordinate system, ,x y  represents the image 

coordinates, f  represents the image function, ,p q  represents the matrix of p q  order, and 

d  represents the standard matrix. The above expressions are converted to the polar coordinate 
expression: 

, ( , ) ( ) , 0,1,2,q

p q pF f g e p q n                                            (5) 

In the formula, F represents the image function,  represents the kernel radial, g represents 
the kernel radial component function, e  represents the angular component in the correlative 

transformation kernel,   represents the coordinate transformation angle, and n  represents 
the total order of the image function. The wavelet basis function is used to replace the kernel 
radial component to obtain the wavelet moment formula: 

, , ,( ) ( )m m nF S                                                                     (6) 

In the formula, m represents the scale factor,   represents the translation factor,  represents 

the radial wavelet basis function,   represents the frequency component feature, and S  

represents the phase space. Through the above calculation, the target extraction area is 
determined, and the identification of target feature score is completed. 
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3.2. Design of 3D tracking registration algorithm 

The digital display of art museum works requires combining real scenes with virtual technology, 
and presents the contents of works with virtuality and reality combination to the audience. The 
identification results of target feature of art museums as basis, the 3D tracking registration 
algorithm is designed to realize the fusion of real scenes and virtual information [9]. 3D 
registration technology designed in this paper is based on markers and computer vision 
technology. Accurate 3D registration is achieved through the selection of markers and the 
calibration of camera parameters. This paper uses the square marker, the coordinates of the 
four apexes of the marker in the camera space is obtained, and the rotation information of the 
markers is made clear [10]. Assuming that different virtual contents and different marker 
patterns present the corresponding relationship, the correct identification of markers can 
represent a good fusion of virtual objects and real environments. 

The calibration of camera parameters has a direct impact on the accuracy of 3D registration, in 
the process of virtual registration, the internal and external parameters are estimated, and the 
correlation between the world coordinate system and the camera coordinate system is 
obtained. The system includes four main coordinate systems: world coordinate system 

 , ,w w wW x y z , camera coordinate system  , ,w w wC c c c , inertial coordinate system  , ,i i iI c c c , 

and image plane coordinate system  ,u uU x y , as shown in Fig.3. 
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Fig.2 main coordinate system 

The pinhole model is used to determine the imaging point on the image plane, and the world 
coordinate system is transformed into the matrix of the image coordinate system: 
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In the formula, R represents the rotation matrix, it shows the rotation component of the camera 

in the real space coordinate system. T represents the translation matrix, it represents the basic 

component of the camera's translation relative to the real space coordinate system. K

represents the internal parameters of the camera, and the calculation formula is: 
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In the formula, f represents the focal length of the camera, x  represents the varying size of 

the image pixel on the x-axis, y represents the varying size of the image pixel on the y-axis, 

and 0 0( , )u v  represents the origin of the image plane coordinate system. The calculation formula 

of rotation matrix is: 
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In the formula, sin  represents the sine function, cos  represents the cosine function, and 
x y z、 、 represents the coordinate axis. The calculation formula of translation matrix is: 
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In the formula,   represents the randomly selected coordinate points. Based on the above 
calculation results and combining the idea of template matching, the identification projection 
map of the art museum works is obtained to achieve the purpose of template matching. 

3.3. Building of the AR enhanced module of art works 

The digital display system designed in this paper is based on AR technology, and AR enhanced 
rendering is carried out for virtual scenes, thereby enhancing the authenticity of virtual 
contents. The AR enhanced structure is shown in Fig.3. 

 
Fig.3 typical AR enhanced implementation structure 

This paper uses the Unity3D tool build the AR enhanced module of art works. Through the Game 
Object component in Unity3D, the storage section is built during the construction of the digital 
display scene of the art museum works, and various virtual scenes are added in accordance 
with the actual display needs. 
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In allusion to the building of 3D models of art museum works, this paper combines Unity and 
Vuforia software, and enhances the fusion level of virtual and real scenes. First, the Vuforia 
software development tool and the art museum target feature identification results are used to 
make identification map, and the constructed 3D models are import into Unity. Through the 
Import Package function, 3D model can be directly placed in the identification map directory. 
After the model file is imported, the Unity3D platform is used to deploy the next scene. 

The generation project of digital display system includes a default camera, the name is Main 
Camera, normally, the camera will not be applied to the system, it can be deleted directly, one 
Camera will be randomly selected from the AR folder and act as the main camera of display 
system. The key generated when applying for Vuforia is used, in the AR Camera click process, 
the key is entered into the APP License Key to call the Vuforia plug-in, and then the Vuforia 
toolkit is used to connect the 3D model and the identification map of the art works. Finally, the 
FBX file of the 3D model of the museum work is sent to the Image Target and adjust the size and 
position of the model. By scanning the feature points of the identification map and comparing 
with the feature point data packets in the digital server, the corresponding 3D model is 
displayed after the connection degree exceeds the threshold, and AR virtual and real fusion of 
art works is completed. 

3.4. Realization of the digital display of art works 

The digital display of art museum works needs to meet the interaction between the user and 
the system, and the realization of the interaction mainly includes two aspects, namely the 
interaction with the exhibits and the user interface interaction. Among them, the interaction 
between the user and the exhibits is to carry out zooming, rotation and other different actions 
on a certain work during the application process of the digital display system, and click to view 
the detailed information of the works. This interaction process can be done through gesture 
operations and keyboard and mouse operations. Rotate function in Unity3D is used to realize 
the rotation of the 3D model of the art works around themselves. For each type of artwork, the 
product interaction implementation steps are exactly the same. The implementation steps of 
product interaction of each type of art works are exactly the same. An empty object Castor is 
created in the Unity3D scene, the caster model is placed under the Castor, and a camera is  newly 
built at suitable position, and ensure that the caster is in the center of the camera's field of view. 
In allusion to the users' gesture operation processing problem, the Finger Gestures plug-in in 
the Unity3D engine is used in this paper to encapsulate the conventional gesture identification 
algorithm in the engine, it is convenient for calling the script directly in subsequent interactive 
operations. Finally, the Gesture Recognizer component is added to the digital display model of 
art works to realize real-time monitoring of time, and the interaction between users and works 
can be realized in accordance with the real-time monitoring contents. 

In the design process of the digital display system, in addition to realizing the interaction 
between the users and 3D exhibits, it is also necessary to realize the interaction of the graphical 
user interface. Through different buttons in the system page navigation, switch the product 
display scene and obtain the relevant information of the art works. The realization of the 
preliminary steps of the system interactive interface needs to base on the interface elements 
and layout design, combine the interactive event response codes of various elements, and make 
page elements of digital display system. In addition, GUI components are added in Unity3D to 
make system interface, and complete the development of other interfaces. Considering that 
making graphical user interface requires a lot of resources, in the process of system 
development, the paper uses Daikon Forge GUI as the auxiliary plug-in to realize the making of 
the graphical user interface. 
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4. System Test 

Considering that the work display system of art museum is a creative product for the public, it 
is necessary to test the system before it is officially put into application to make the system 
availability clear. And based on the system test results, the details of the design of the digital 
display system will be improved and enhance the user satisfaction of subsequent applications. 

4.1. Test preparation 

This paper aims to test system usability and designs the reasonable evaluation plan. There are 
many ways to evaluate the system usability, considering the application population of the 
digital display system of art museum works, this paper adopts the user-centered test method. 
According to the theory proposed by Nielsen, the accuracy of the test results can be improved 
to more than 90% by obtaining the feedback information of 6 users. Therefore, this paper 
recruits 10 mass users aged 16-65, and the ratio of males to females is the same. 

In order to ensure the authenticity of the experiment, professional staff accompany users 
participating in the test, used the digital display system based on AR technology, and intuitively 
display the user experience through the scores of multiple evaluation indexes. In the process of 
system testing, in order to achieve the authenticity of the test, a certain art museum is selected 
as the test site, and users can experience the works of art in a quiet environment. 

Before the system test, the staff introduce the system operation instructions and relevant 
precautions to each user participating in the test. After the introduction, the users 
independently operate system and enjoy the art works, and try to experience all the functions 
in the system during the use. After completing the use, the users fill in the statistics table of 
evaluation indexes shown in Table 1 based on their own real feelings. 

Table.1 statistics table of evaluation indexes 

first-level index second-level index Index score 

interface usability 

visual style 5 4 3 2 1 

interactive operation 5 4 3 2 1 

emotional experience 5 4 3 2 1 

AR experience 
functionality 5 4 3 2 1 

usability 5 4 3 2 1 

According to Table.1, the usability of the digital display system is evaluated, two first-level 
evaluation indexes, interface usability and AR experience are selected. After the first-level 
indexes are subdivided, five second-level indicators are formed: visual style, interactive 
operation, emotional experience, functionality and usability. The evaluation of each index is set 
to five levels: very bad, bad, average, good, and excellent, they correspond to 1 point, 2 points, 
3 points, 4 points, and 5 points respectively. According to the system experience evaluation 
results of all users, the usability of the digital display system is made clear. 

4.2. Analysis of test results 

According to the understanding, we can know that the digital display effect of art museum 
works obtained when users using mobile devices is shown in Fig.4. 
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Fig.4 digital display effect of art museum works 

As can be seen from Figure 4, the digital display system designed based on AR enhanced 
technology can present the stories contained in the works in the museum to the users in a more 
intuitive form, mobilize the emotions of the visitors and enhance the user experience. In the 
process of analyzing the test results, the users' as psychological model, all user feedback 
information is summarized to form the average score of each index of user experience shown 
in Fig,5. 

 
Fig.5 average scores of various indexes of user experience 

As can be seen from Figure 5, users are highly satisfied with the digital display system, and the 
average score of each user experience evaluation index is above 4 points. Among them, the 
index with the highest average score is the interactive operation, it shows that the user is highly 
satisfied with the various gesture designs in the system. The lowest score was the visual style 
index, which also achieved 4.25. The low score of this index is due to the limitation of AR 
technology level, as a result, the display contents of application interface are relatively simple, 
and the work identification accuracy of system can be optimized. 

The multi-level fuzzy evaluation algorithm is used, the evaluation results of user experience of 
10 users participating in test are further calculated. The evaluation score of each index is 
substituted into the membership matrix to integrate the test data, obtain the accumulated data 
value of each index, and then obtain the calculation result of system usability based on the 
transformation processing formula. The transformation is shown below. 

100%L
L

Q


                                                                             (11) 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 4, 2022 

ISSN: 2664-9640                

580 

In the formula, L  represents the system usability, L  represents the cumulative score of each 

evaluation index,  L represents the number of evaluation indexes, and Q  represents the total 
score of the evaluation indexes. Based on formula (9), the usability evaluation result of the 
designed system in this paper is 93.6%, which has reached a good application level. To sum up, 
this paper takes AR technology as the core and designs the digital display system, which greatly 
improves the users' application experience and meets the requirements for digital display of 
art museum works. 

5. Conclusion 

AR enhanced technology has developed rapidly in recent years, it follows the advancement of 
computer technology and widely used in museums, cultural sites and other viewing areas. This 
paper studies the AR technology, and proposes the digital exhibition system of art museum 
works centered on user experience. Detailed and interesting display is carried out on art works, 
visitors have an immersive experience. Although the system designed in this paper has high 
usability, it is not excellent in developing work information management, and it is difficult to 
identify the work information that is not included in the system, in the future, the dynamic 
management and design of art museum work information can be regarded as an important part 
of the research of digital display system.  
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