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Abstract. In order to improve the effect of English classroom teaching, this paper combines the digital twin technology to construct the English 

classroom situational teaching mode. The system uses advanced virtual reality technology and computer image technology, and combines with 

video and audio synchronization processing technology to provide a new set of methods for students' language learning. The graphics rendering 

server of the scene interactive teaching system renders and generates 3D virtual scenes or real images in real time. Moreover, this paper con-

structs the functional modules of the situational teaching system according to the English classroom teaching situation, and conducts an in-depth 

analysis of the system implementation methods, expresses the system core algorithm flow in the form of diagrams and tables, and obtains the 

overall system framework. Finally, this paper evaluates the effect of the English classroom situational teaching model proposed in this paper 

through experimental research. From the experimental results, it can be seen that the teaching model proposed in this paper is very effective. 
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1.  Introduction 

With the rapid development of video capture, graphics and image processing technology, network technology and other tech-

nologies, it has become a reality to simulate real life scenes on a computer by constructing virtual reality scenes. Through this 

system, students can practice language dialogue as if they are in a real scene, so that their listening and speaking ability in foreign 

languages can be effectively exercised. At the same time, the system can use cartoon characters to communicate with users. In 

addition, it improves the interest of elementary and middle school students in learning foreign languages, and enables students to 

learn languages in an atmosphere of interest. The system is to use virtual technology to simulate teaching scenes that are difficult 

to explain, and to visualize it so that users can better learn related skills under visualization and participation [1]. 

With the development of science and technology, multimedia technology has risen rapidly, and its application has spread to all 

corners of the national economy and social life, which has brought tremendous changes to human production methods, working 

methods and even lifestyles. Similarly, multimedia technology has a positive effect on teaching and can provide students with the 

most ideal teaching environment. The situational interactive teaching system is the multimedia technology used in teaching. The 

system can carry out virtual situational teaching, exercise language listening and speaking ability in actual situations, and has 

many features and functions that are particularly valuable for education and teaching processes [2]. 

In our country, English classroom is the main practice place for students. In the teaching process, how teachers can effectively 

organize classroom practice activities and provide as many opportunities for language practice as possible plays a very important 

role in improving students' English proficiency, especially listening and speaking. For this reason, the situational interactive teach-

ing system provides a good practice environment in the English classroom, simulating teaching scenes that are difficult to explain, 

so that students can practice English listening and speaking in a virtual setting to exercise their listening and speaking more effec-

tively. Human-computer interaction and immediate feedback are the salient features of multimedia technology, which are not 

available in any other media. The multimedia computer further combines the audio-visual function of the TV with the interactive 

function of the computer to produce a new and colorful human-computer interaction method with both pictures and texts. This 

interactive method is of great significance to the teaching process, and it can effectively stimulate students' interest in learning, 

make students have a strong desire to learn, and form learning motivation. Interactivity is unique to multimedia computers. It is 

precisely because of this characteristic that multimedia computers are not only a means of teaching, but also an important factor in 

changing the traditional teaching mode and even teaching ideas [3]. 

This article combines the digital twin technology to construct the English classroom situational teaching mode, and the English 

classroom is the main practice place for students. In the teaching process, this paper introduces or creates vivid and concrete 

scenes, which is conducive to the construction of meaning for students to generate communicative motivation. 

2. Related work 

The situational teaching method was born in the United Kingdom. The situational teaching method requires teachers to con-

struct purposeful situational scenes, situational cases, and situational tools for the teaching content before teaching [4]. In the situ-

ational teaching scene, the instructor needs to use simple or complex “scene props” (teaching tools) according to the course to 



induce learners to think independently, and make them enter the role in the built environment to deepen their understanding of 

teaching content [5]. 

The same is true for situational MOOC videos. Among them, the instructor can combine the content displayed in text, pictures, 

and videos with real work scenes, life scenes, and learning scenes, which is beneficial to improve the learning efficiency of learn-

ers. Emotional experience is another feature of the situational teaching method. The application of emotional experience in the 

situational teaching method is to eliminate learners' resistance and fatigue caused by long-term boring learning. The sublimation 

of emotional experience will enable learners to connect with their own reality in the learning environment, thereby gaining the 

driving force for learning [6]. 

The literature [7] carried out an educational project that spread the concept of wave energy to high school students based on 

physics, and developed a virtual reality system combining software and hardware to simulate the interaction between buoys and 

waves for students to experience. The literature [8] used experiential learning to explain the differences in subject interest. The 

research results show that male students are more interested in experiential learning in physics, while female students are more 

interested in experiential learning in biology and chemistry. Therefore, future teaching can be considered to match the students' 

interests and deepen the connection with students' lives. The literature [9] conducted research on experiential learning in English 

subject based on digital software. The research results prove that experiential learning can increase students' interest in English 

learning through rich language experiments, and students will use a pleasant way to practice language and grammar, thereby im-

proving learning efficiency. 

The literature [10] conducted a research on the influence of experiential learning on teachers' classroom practice. The results 

show that, through personal experience, teachers have a deeper understanding of things and a more thorough understanding of 

themselves. When they explain to students, they often bring different learning effects and create an extraordinary experience ef-

fect for themselves and others. The literature [11] designed experiential learning courses for students and witnessed the changes of 

students in the whole process. Specifically, students are able to apply knowledge from other courses to the real world, while im-

proving their writing and communication skills, as well as the ability to analyze and synthesize information. These skills are es-

sential for success in a variety of studies. The literature [12] introduced a method for pre-service teachers to participate in experi-

ential learning activities to enrich their knowledge and skills of teaching content. The proposed framework can be applied to the 

teaching of a wide range of subjects in different contexts. The literature [13] conducted project research on experiential learning in 

games, where students participate in games to experience and learn. The research results show that the experiential learning model 

can make the process of teaching and learning games more effective and full of enjoyment. The literature [14] analyzed the cur-

rent situation and reasons for the application of experiential learning in the classroom. Moreover, it believed that teachers do not 

have enough ability to take care of everything in the classroom, teachers do not have enough skills to use learning aids, teachers 

cannot fully understand the spirit of the new curriculum, and teachers always abuse various experience methods. 

3. Mapping rules from image to sound 

 The conversion from image to sound is mainly reflected in the mapping of image features to sound parameters. Image features 

usually refer to the significant basic features or characteristics in the image. Feature extraction is to extract the physical character-

istics, geometric characteristics and other information of the target from the image, such as color, brightness, shape, area, curva-

ture, distance and so on. The sound parameters usually include frequency, amplitude, tone, duration and stereo position. Usually, 

one dimension of image information is mapped to a certain dimension parameter of sound, or several dimensions of image param-

eters are mapped to sound output at the same time. When the users with visual impairment are in the mobile state, they often need 

to quickly understand the surrounding environment, especially the situation in the direction of advance, in order to make the 

choice of avoiding or advancing. In this case, the demand for specific target recognition is not high, and the speed requirement is 

put in the first place, that is to quickly reflect the information collected by the camera to the user with some simple prompt ef-

fect[15]. 

(1) Mapping from image to sound  

In order to obtain high resolution, the image is expressed as sound in the form of time division multiplexing. Whenever the first 

 1k 
 images are processed, the new k-th image is sampled, digitized and cached as an M N  pixel matrix 

k
P . This process 

takes   seconds. In this process, a recognizable logo is placed at the beginning of a new image or at the end of the previous image. 

The value 

 k

ijP
 of each element in the pixel matrix is a value of an image gray tone G, such as[16]: 

        1, , , , 1, , , 1, ,
k k k

ij ij GP P P g g i M j N   L L L
    (1) 

Therefore, when the image starts to be converted to sound, it starts from one of the N columns at the same time, and starts from 

the first column
1j 

 on the far left. Figure 1 describes the conversion principle of a simple example[17]. The image in the exam-

ple is a 8 8  picture with 3 kinds of gray tones
 8, 3M N G  

.  

Figure 1 Mapping from image to sound 



During mapping conversion, for each pixel, the vertical axis position corresponds to the frequency, the horizontal position cor-

responds to the time axis, and the brightness corresponds to the oscillation amplitude. It takes T seconds to convert the entire N-

column pixel matrix to sound. For a given column j, each pixel in the column excites a corresponding sinusoidal oscillation in the 

frequency range of the sound. On the basis of different forms of quadrature sinusoidal oscillators, we assume that their frequencies 

are all integer multiples of some fundamental frequencies. This will ensure that the information of these sinusoidal oscillation 

waves is well preserved in the conversion from geometric space to Hilbert space. A pixel i at a higher longitudinal position corre-

sponds to a higher frequency oscillating wave if . The greater the brightness of the pixel expressed in the form of 

 k

ijP
, the higher 

the amplitude of the corresponding oscillating wave. When M oscillating signals in the same column are superimposed together, 

the mapped sound is defined in 
T N

 seconds. Then, the 
 1j 

-th column is converted into sound, and this process is repeated 

until the Nth column of the rightmost column is converted into sound. From the beginning of the conversion, the total time is T 

seconds[18]. Subsequently, it still takes   seconds to obtain a new pixel matrix 
 1k

P


. At the same time, the image separation 

system continues to work to prepare material for the next mapping. Make sure that the time   to acquire the image is much less 

than the conversion time T, that is, T = . Once a new pixel matrix is buffered, the image-to-sound mapping conversion imme-

diately starts from the leftmost column. Therefore, every T   seconds, this conversion returns to a specific column[19].  

2i if      (2) 

The conversion formula can be expressed as: 

      
1

sin
M

k k

ij i i

i

s t P t 


      (3) 

Within t unit time that satisfies the condition, the j column of the pixel matrix 
 k

P  is converted, such as[20]: 

 1

1, , , 1,2,

k k

T T
t j t t j

N N

j N k

      

 L L

    (4) 

In the formula, kt  is the moment when the first column in the pixel matrix 
 k

P  starts to transform. Therefore, if the time when 

the first image 
 1k 

 is captured is recorded as 0t  , then[21]: 

  1
k

t k T         (5) 

In addition, it needs to meet the monotonicity and separability requirements: 

1, 1,2, ,i i i M    O     (6) 

As mentioned earlier, a synchronized identifiable identification confirmation is completed at the same time.
 k

i  n is a random 

constant in the image-to-sound conversion process, but it may change when the synchronization confirmation is generated. 

For a simple image environment, the corresponding sound conversion is easy to complete. For example, a bright line in a dark 

background, extending from the lower left corner to the upper right corner, will easily be mapped as a single sound with gradually 

increasing pitch until the confirmation mark for the image is marked. Similarly, a bright rectangle will be mapped to a certain 

bandwidth of sound, with duration corresponding to its width and bandwidth corresponding to its height. The convenience of 

mapping to simple shapes is very important, because the good expression of simple shapes means that there will be no insur-

mountable obstacles for more complex image processing. In reality, images are often more complex and difficult to express with 

simple voice, but after long-term training and adaptation, the visually impaired can still reflect the rough information of the envi-

ronment image naturally and quickly. 

One of the major defects of the above image to sound conversion is that it can't make good use of the difference in sound acqui-

sition time between the left ear and the right ear. In fact, this slight difference in auditory time is an important basis for human 

beings to judge the origin of students. Although the CCD camera still provides many application functions, the delay function has 

not been well applied, because the current timing method can meet the basic requirements without more hardware investment
[22]

. 

The M N  brightness value is transmitted in T seconds, and each brightness value is selected from the possible set of G. The 

transmission speed per second reaches Ibits, which is expressed by the formula: 

 2 logMN G
I

T


     (7) 

In order to prevent the loss of information during the conversion process, we need to strictly limit the values of M, N, G, and T, 

and even we need to take the human ear into consideration. 

The brightness value of G is allowed to be superimposed in the process of corresponding to the amplitude of the signal. The 

amplitude conveys the information of the image, and these periodic signals themselves and their superposition together reflect the 

given amplitude, even if their number is large or even unlimited. When monitoring the information of the Fourier parameters, the 

brightness range of G can be reproduced within the range that the human ear can recognize. For the convenience of analysis, we 

will consider a very simple image sequence: all images are black, and only a bright pixel 
 ', 'i j

 exists in the k-th image, such as:  
   0 , \ ', ', '
k

ij
P i j i i j j k k    ，     (8) 

By lowering the pitch: 

 
       1 2

sin

0

k

ij iP t t t t
s t

otherwise

   


    (9) 

Among them, 



   2 1 T
t t

N
      (10) 

When ignoring the influence of horizontal synchronization confirmation, the Fourier transform can significantly eliminate the 

crosstalk between multiple sinusoidal signals that occurs within 
T N

 seconds, and the isolation frequency step 
f

 between the 

signals can be set to 
 2 T N

Hz. In this way, the oscillation values of two adjacent pixels in the vertical position can be well 

represented. For the equidistant frequency stepwise setting  1f B M  
, the bandwidth is B Hz. At this time, the crosstalk limit 

becomes:  

 1
2

B T
M N


      (11) 

5 , 1B kHZ T s  , , 50M N M  . 

The images used in this experiment are assumed to be "frozen" state, which can be converted at least in the t time range without 

losing the current image content due to the new scene transformation. However, the human brain also has limitations in the time 

domain of receiving and understanding information. A good method is to get a good understanding of the previous information, 

And when the subsequent image comes, it is only sensitive to the changed part of the image. For normal people, although most of 

the time for visual response time is only a few percent of a second, but enough to let him remember important details. For exam-

ple, when a door is opened or a coffee cup is picked up, the bystander will immediately know. If there is a longer time, people will 

consider more environmental information. Of course, the brain still tends to learn the corresponding information in a few seconds, 

such as speaking or moving. Therefore, our conversion time unit t is about 1 second, and the corresponding time is much less than 

1 second, which can not only avoid the generation of blurred images, but also have enough time to transfer image information to 

the sound channel. The human auditory bandwidth is about 20kHz, but the available bandwidth is usually no more than 5-6khz. 

In addition, it should be noted that the quality of the conversion also depends on the situation of the image. The situation corre-

sponding to the above formula is the situation where there are some bright pigments in each column assuming a completely black 

background. The greatest crosstalk must occur between the closest points, but it is actually found that crosstalk will also occur 

between two bright spots with a large distance. Therefore, it is easier to find small bright spots on a dark background than dark 

spots on a bright background. 

In order to meet the higher-level needs of users, another part of the experiment is to add part of the content of pattern recogni-

tion in a static state to help users understand the shape characteristics of the target object. For different situations in a changeable 

environment, for convenient and reliable recognition, image features must be invariant to their translation, rotation, and scale 

transformation. That is, no matter what kind of translation, rotation, and zooming in or zooming out of the recognized image, it 

can still be correctly recognized. 

For the continuous gray function 
 ,f x y

, the 
 p q

-order two-dimensional origin moment pq
M

is defined as: 

 = , , , 0,1, 2p q

pqM x y f x y dxdy p q

 

 

      (12) 

 ,f x y
 is a piecewise continuous bounded function, and has a non-zero value in a finite area on the x and y planes. Accord-

ing to the uniqueness theorem, each moment is uniquely determined by 
 ,f x y

. Correspondingly, 
 ,f x y

 is uniquely deter-

mined by its moments. In addition, the 
 p q

-th order central moment pq


 of 
 ,f x y

 can be defined. 

     = , , , 0,1, 2
p q

pq x x y y f x y dxdy p q
 

 

   
    (13) 

For a M N discrete digital image 
 ,f i j

, its pq-order geometric moment and central moment are respectively: 

 
1 1

= ,
M N

p q

pq

i j

m i j f i j
 
     (14) 

     
1 1

= , , , 0,1,2
M N

p q

pq

i j

i x j y f i j p q
 

       (15) 

In the formula, 

10 00 01 00= , =x m m y m m     (16) 

is the center of gravity of the image, and 00 00m 
 can be obtained. For grayscale images, 00

 is equivalent to the quality of 

the image. However, for a binary image, 00
 is equivalent to the area of the image. 

The geometric moment and central moment of the image can describe the shape of the image, and the central moment has noth-

ing to do with the translation of the image. The zero-order central moment 00
 is used to normalize the other central moments, 

and the normalized central moment of the image can be obtained[23]:  

 
00

= , 2 2
pq

pq p q


 


       (17) 



4. Construction of English classroom situational teaching mode based on digital twin technology 

This paper uses digital twin technology to construct the English classroom scene teaching mode. Defocus 3D measurement di-

rectly uses the relationship between object depth, camera parameters and image ambiguity to measure object depth. Figure 2 be-

low shows the principle of 3D measurement. 

Figure 2 Schematic diagram of defocus 3D measurement 

Because of the optical defocus, the imaging system becomes the result of the scene and the imaging system. Fuzzy edges in the 

image may be the result of the sharp edge of the scene being defocused and blurred by the imaging system, or the result of the soft 

edge of the scene being sharply focused and imaged by the imaging system. Therefore, it is necessary to capture at least two im-

ages with different defocus degrees of the scene at the same time, and then solve the defocus value u to eliminate the influence of 

the unknown light intensity distribution of the scene on the defocus value. By changing the distance s from the image detector to 

the lens, two images with different degrees of triangulation are obtained. Figure 3 shows the imaging principle of a telecentric lens. 

Figure 3 Imaging principle of telecentric lens 

The English scene interactive teaching system needs to load three-dimensional virtual scenes or real-life images. The system 

host performs digital real-time synthesis of the performance image and the three-dimensional virtual scene or real image after the 

matting process to achieve the integration of the two. Finally, it outputs the synthesized video images to a streaming media pub-

lishing system or to a large screen for on-site teaching. At the same time, the learning content in the classroom can also use the 

local collection unit of the situational interactive teaching system, and it can be stored in the system in real time for later use. The 

system structure diagram is shown in Figure 4. 



Figure 4 System structure diagram 

The main function of the video capture module is to use the camera to collect real-time video, real-time sound collection, or se-

lect the recorded video to add to the selected scene to perform video synthesis. This module has some controls to control the play-

back, pause, and stop of the loaded video. When we click the keying button, we can click the background color that needs to be 

keyed out in the capture video frame. At the same time, we can drag the slider or manually enter the parameters to adjust the 

threshold of the keying, and crop the input video. This module is mainly used to collect and process video and audio. The design 

of the video acquisition module is shown in Figure 5. 

Figure 5 Design of video capture module 

The function of the camera animation is to set the camera animation in the virtual scene, push and pull the lens, manually set 

the key frame, and create the camera animation to make the synthesized video more colorful. The design of the control module is 

shown in Figure 6. 



Figure 6 Design of control module 

The English scene interactive teaching system calls the standard virtual scene model sequence file established by the digital 

twin technology in the background, and performs real-time three-dimensional filling and rendering on the Open-GL graphics plat-

form according to the camera's parameter changes. The design of the scene management module is shown in Figure 7. 

Figure 7 Design of the scene management module 

5. System test 

This paper constructs an English classroom situational teaching model based on digital twin technology, and constructs a corre-

sponding system. On this basis, the performance of the system is verified. Therefore, this paper verifies the digital transformation 

effect of the system constructed in this paper, and evaluates the quality of English classroom situational teaching on this basis. 

First of all, this paper carries out the evaluation of the digital processing effect of the English teaching resources of the system 

constructed in this paper, as shown in Table 1 and Figure 8. 
Table 1 Statistical table of the digital effect of the English classroom situational teaching model based on the digital twin technology 

NO

. 

Situational 

evaluation 

NO

. 

Situational 

evaluation 

NO

. 

Situational 

evaluation 

1 78.47  28 93.92  55 79.16  

2 90.65  29 90.11  56 84.87  

3 87.34  30 77.95  57 88.73  

4 86.82  31 87.44  58 84.68  

5 89.52  32 77.76  59 84.58  

6 85.58  33 77.63  60 81.84  

7 86.32  34 83.17  61 92.03  



8 86.45  35 87.37  62 82.95  

9 92.88  36 78.50  63 82.76  

10 92.09  37 92.58  64 85.64  

11 87.56  38 76.61  65 82.42  

12 77.28  39 87.55  66 86.86  

13 92.80  40 91.08  67 80.34  

14 87.11  41 78.20  68 88.42  

15 85.69  42 80.88  69 81.59  

16 90.33  43 85.75  70 84.01  

17 88.64  44 89.77  71 77.39  

18 86.00  45 79.77  72 91.54  

19 92.87  46 84.85  73 89.53  

20 81.98  47 77.96  74 93.95  

21 92.09  48 79.84  75 90.42  

22 80.67  49 92.19  76 78.11  

23 93.95  50 90.92  77 77.06  

24 80.77  51 93.18  78 86.98  

25 82.99  52 77.62  79 77.42  

26 79.74  53 84.30  80 80.28  

27 79.16  54 81.08  81 91.92  

Figure 8 Statistical diagram of the digital effect of the English classroom situational teaching model based on the digital twin technology 

Through the above analysis, it can be seen that the English classroom situational teaching model based on digital twin technol-

ogy constructed in this paper can effectively transform the traditional teaching model into a digital three-dimensional teaching 

model to create a spatial teaching experience for students and make students have a certain sense of immersion. On this basis, this 

paper evaluates the teaching effect of the English classroom situational teaching model of this paper by means of scoring. The 

results are shown in Table 2 and Figure 9. 
Table 2 Statistical table of the teaching effect of the English classroom situational teaching model based on the digital twin technology 

NO

. 

Teaching Evalua-

tion 

NO

. 

Teaching Evalua-

tion 

NO

. 

Teaching Evalua-

tion 

1 91.73  28 89.82  55 86.72  

2 81.85  29 90.07  56 85.86  

3 85.40  30 76.95  57 91.36  

4 91.07  31 91.01  58 91.23  

5 81.68  32 89.40  59 85.67  

6 81.63  33 93.72  60 76.00  

7 81.62  34 82.32  61 91.33  

8 89.98  35 90.53  62 77.68  

9 88.78  36 87.32  63 81.11  

10 86.36  37 76.91  64 89.60  

11 87.43  38 77.39  65 84.07  

12 87.41  39 83.70  66 88.55  
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13 86.22  40 87.48  67 78.75  

14 91.01  41 85.37  68 80.25  

15 87.83  42 83.12  69 79.20  

16 77.54  43 77.52  70 78.89  

17 89.72  44 84.80  71 78.13  

18 78.86  45 88.94  72 80.45  

19 86.81  46 80.30  73 82.24  

20 80.53  47 92.15  74 81.48  

21 91.53  48 89.10  75 79.87  

22 80.91  49 76.44  76 83.87  

23 87.65  50 76.06  77 86.51  

24 90.91  51 86.13  78 76.08  

25 77.55  52 92.95  79 77.10  

26 89.11  53 92.16  80 92.15  

27 92.30  54 91.92  81 89.56  

Figure 9 Statistical diagram of the teaching effect of the English classroom situational teaching model based on the digital twin technology 

From the above analysis results, the English classroom situational teaching model based on digital twin technology constructed 

in this paper has certain effects and can effectively improve the quality of English teaching. 

6. Conclusion 

This article combines the digital twin technology to construct the English classroom situational teaching mode, and the English 

classroom is the main practice place for students. Introducing or creating vivid and concrete scenes in the teaching process is con-

ducive to the construction of meaning for students to generate communicative motivation. Moreover, the virtual scene provided by 

the situational interactive teaching system can provide an intuitive and vivid image, and the performance in the virtual scene re-

produced by a large screen or projection can allow students to feel the scene and produce imagination and association through 

vision and hearing, and it can stimulate students' interest in learning. At the same time, the situational interactive teaching system 

uses advanced virtual reality technology and computer image technology, and it combines video and audio synchronization pro-

cessing technology to provide a set of new methods for students' language learning. In addition, the graphics rendering server of 

the scene interactive teaching system renders and generates three-dimensional virtual scenes or real-life images in real time. Final-

ly, this paper combined with experimental analysis to further prove the effectiveness of the method proposed in this paper. 
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