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SUMMARY: In order to improve the analyzability of intangible cultural heritage dance in 

inheritance, creation and digital communication, this paper takes Yushuyi dance as the object 

and proposes an intelligent analysis method for dance innovation mechanism identification. 

This paper constructs a multi-source data system that integrates action skeleton, long-sleeve 

trajectory, rhythmic audio and cultural semantic tags, and designs a multi-modal fusion 

model to jointly model symbolic, prosodic and improvisational. The experiment uses 8:1:1 

data division to complete the training and testing in a unified environment. The results show 

that the action recognition accuracy of the proposed model reaches 91.52%, Macro-F1 is 

90.36%, and Top-3 coverage is 96.08%. In the impromptu-enhanced sample discrimination, 

the AUC reaches 0.918. The research shows that computer technology can provide 

quantifiable and interpretable technical support for the style identification, creation 

transformation evaluation and live inheritance of intangible cultural heritage dance. 

 

KEYWORDS: Yushu Yiwu; Non-hereditary inheritance; Dance innovation mechanism; 

Multimodal analysis 

1 Introduction 

Dance in the context of intangible cultural heritage is not a static preserved movement sample, 

but a "living text" that continues to grow in regional life, collective memory and physical 

practice. Once entering the field of contemporary communication, traditional dance faces two 

kinds of pressure at the same time. On the one hand, the original performance environment, 

inheritance chain and aesthetic experience are constantly reorganized, and many subtle 

expressions attached to rituals, festivals and daily interactions are re-encoded by the process 

of staging, curriculum and media. On the other hand, it is difficult to fully represent the 

movement hierarchy, rhythmic organization, symbolic meaning and improvisational logic 

implied in dance by simply relying on text description, video archive or experience teaching. 

Because of this, the study of intangible cultural heritage dance cannot stay at the level of 

"recording", but also needs to answer a more realistic proposition: how to form an innovation 

mechanism that can be analyzed, transformed and regenerated without losing the cultural 

roots of traditional dance. 

In recent years, related research has begun to introduce digital protection, motion capture, 

computer vision and immersive interaction technology paths, and the data base and 

observation scale of dance research have significantly expanded. However, most of the 

existing works focus on digital archiving, action recognition or teaching assistance, and the 
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discussion on "how dance innovation, how innovation is recognized, and how cultural 

semantics enter the computational model" is still insufficient. The practice of intangible 

cultural heritage dance represented by Yiwu in Yushu region shows that the real continuity of 

traditional dance is not only a number of fixed movements, but also the symbolic structure of 

history and culture, the rhythmic organization of body movement, and the improv expression 

in the generation of emotions. Together, they constitute the core mechanism that is most 

difficult to replace when dance moves from the square form to the theater form and then into 

the digital communication space. Without the computational modeling of these three kinds of 

deep features, the so-called "innovation" is often easy to slide to the surface collage, and the 

intelligent analysis will degenerate into the mechanical classification of external forms. 

Based on this, this paper combines the heritage of intangible cultural heritage with 

computer-aided analysis, and discusses the formation path, structural characteristics and 

intelligent recognition methods of dance innovation mechanism. Based on multi-source dance 

data, this study comprehensively uses motion capture, video key point extraction, multi-modal 

feature fusion, semantic label coding and database modeling methods, attempting to put body 

movements, cultural symbols and creative changes in dance into the same analysis framework, 

and then reveal the internal laws of traditional dance in contemporary transformation. This 

paper hopes to show that the value of intelligent technology in the study of intangible cultural 

heritage dance is not only to improve the recognition accuracy, but also to provide 

interpretable evidence chain, reusable knowledge structure and more forward-looking 

inheritance path for the creative transformation of dance. 

2 Related Research 

In recent years, the research of intangible cultural heritage dance has gradually shifted from 

literature sorting and experience interpretation to the development path of digitalization, 

structure and intellectualization. Related studies have shown that the protection of dance 

intangible cultural heritage is no longer limited to image retention and text records, but has 

begun to emphasize the synchronous modeling of movement process, cultural semantics and 

communication scenes. Carr pointed out that the difficulty of protecting dance intangible 

cultural heritage lies in its dependence on physical practice and community context, and 

simply preserving performance results is not enough to maintain its cultural vitality [1]. Liu 

explained from the perspective of the involvement of digital technology in the protection of 

intangible cultural heritage that database construction, digital archives and interactive display 

have become an important technical foundation for cultural continuity [2]. In this context, the 

object of dance research is no longer just the work itself, but gradually expanded to a 

composite system composed of movement, space, symbol and inheritance mechanism. 

Focusing on the digital preservation of dance, Reshma et al. reviewed the digital path of 

dance heritage, and considered that video acquisition, 3D reconstruction, parametric 

description of actions and metadata organization have constituted the main framework of 

current research [3]. Stacchio et al. further proposed an artificial intelligence framework for 

the analysis and promotion of dance heritage, integrating action recognition, knowledge 

organization and display and communication into a unified process [4]. The open digital 

platform constructed by Archiwaranguprok et al. emphasizes the dynamic attributes of 

traditional dance in the process of experiment, evolution and re-creation [5]. This kind of 

research has laid a technical foundation for the digital preservation of intangible cultural 

heritage dance, but the discussion on how dance innovation occurs and how to maintain 

cultural identity is still relatively limited. 
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In the aspect of action computation and intelligent recognition, the research focus has 

shifted from single video observation to multi-source data fusion. Pang and Niu used 

computer vision and image processing to realize action recognition in dance videos, proving 

that spatio-temporal feature modeling can effectively improve the ability of action 

discrimination [6]. Li combined motion capture sensors with machine learning methods for 

action recognition of folk dance, indicating that skeleton sequence and dynamic features have 

high stability in dance analysis [7]. Sun discussed dance motion capture technology from the 

perspective of visualization requirements, emphasizing the fundamental role of joint trajectory, 

body posture and continuous displacement in the analysis of dance structure [8]. Zhong et al. 

introduced 3D vision technology into dance scenes to further improve the accuracy of 

formation change and spatial relationship reconstruction [9]. As shown in Table 1, existing 

research has formed a relatively mature technical chain in motion acquisition, feature 

extraction and recognition modeling, but the computational description of symbolic 

expression, prosody generation and improvisation changes in traditional dance is still weak. 

Table 1: Main paths and characteristics of related research on intangible cultural heritage 

dance 

Research Path 
Representative 

References 
Main Content 

Implications for This 

Study 

Digital 

preservation 
[2]–[5] 

Establishing digital 

archives, 3D 

reconstruction, 

platform-based 

presentation, and 

knowledge organization 

Provides a foundation for 

the data modeling and 

material organization of 

Yushu Yi Dance 

Action 

recognition and 

computational 

analysis 

[6]–[9] 

Extracting action features 

through visual 

recognition, sensor-based 

acquisition, and 3D 

modeling 

Provides methodological 

support for 

motion-rhythm feature 

extraction and 

multimodal modeling 

Intelligent 

teaching and 

dissemination 

[10]–[12] 

Improving dissemination 

efficiency through 

immersive systems, 

automatic evaluation, and 

semantic description 

Provides application ideas 

for improvisation 

recognition, auxiliary 

analysis, and creative 

transformation 

 

In terms of communication and teaching application, Wang pointed out that immersive 

technology can improve the efficiency of movement feedback in dance skill learning [10], 

and Esaki and Nagao improved the ability of instant correction in the training process through 

automatic evaluation system [11]. Kim and Lee proposed the method of generating semantic 

description of dance videos by using large language model, which provided a new idea for the 

textual expression and knowledge index of dance movements [12]. In general, the existing 

research has provided a method basis for the digital preservation, action recognition and 

intelligent communication of intangible cultural heritage dance, but the specialized modeling 

for Yushuyi dance innovation mechanism is still weak. Based on this, this paper takes Yushuyi 

dance as the object, studies from three levels of motion feature extraction, cultural semantic 

embedding and improvisation recognition, and tries to construct an intelligent method system 

that takes into account both non-inheritance and dance innovation analysis. 
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3 Digital modeling and data system construction of Yushu 

Yiwu 

3.1 Analysis of Yushuyi Dance style characteristics and innovation 

mechanism 

The style identification of Yushuyi dance is not a static comparison of single movement shape, 

but a multi-level analysis process involving cultural semantics, body movement law and 

situation variation. If the classification is only based on the posture contour in the video frame, 

the model can identify the arm expansion, step advancement or formation change, but it is 

difficult to further distinguish which actions belong to the continuation of the stable style of 

Yibui and which changes constitute the real innovation. Based on this, this paper divides the 

style features of Yushu Yiwu into three categories: cultural symbol features, movement 

rhythm features and improvisation generation features, and establishes an analytical 

framework for digital modeling based on them. The overall structure is shown in Figure 1. 

 

Figure 1: Analytical framework of Yushu Yiwu style characteristics and innovation 

mechanism 

In terms of cultural symbolism, Yushu Yiwu's movements do not exist independently from 

regional experience. The body posture imitating the natural images such as the wings of the 

eagle and the whirling of the water, together with the circle, the arc and the group gathering 

form the basis of the cultural identification of Yiwu. In order to transform this non-explicit 

symbolic relationship into a computable representation, this paper defines the style 

representation of a dance sample at time t as: 

Ft = [St; Rt; Et] (1) 

St represents cultural semantic vector, which mainly encodes information such as nature 

worship, group identity and ritual space. Rt represents the action prosody vector. Et denotes 

the ad-hoc variation vector. The function of Equation (1) is to unify the style information 

originally scattered in action, lyrics, clothing and space into the same feature space, so that the 
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subsequent model can simultaneously deal with two types of questions: "What is an action" 

and "what does an action mean". 

At the level of movement rhythm, the most stable style of Yushuyi dance comes from the 

elastic vibration of the knee, the extension of the long sleeve trajectory, and the synergistic 

relationship between the stable support of the lower limbs and the stretching swing of the 

upper limbs. The "tremor" of Yibui is not a mechanical repetition, but a hierarchical rhythm 

with different strength and alternating speed with the advance of the beat. The long sleeve 

movement lengthened the movement trajectory by swinging, lifting, winding and throwing, so 

that the transformation of the body center of gravity and the visual tension were enhanced 

synchronously. To this end, this paper models the action prosodic strength as: 

Rt = λ1 σ(vk,t) + λ2 κ(st) + λ3 Δpt (2) 

Here, vk,t  is the knee angular velocity sequence, and σ(⋅) represents its fluctuation 

intensity. κ(st)represents the curvature of the long-sleeve end trajectory. Δpt represents the 

change in the displacement of the center of gravity caused by the step advance. λ1, λ2, λ3 are 

the weight parameters. Equation (2) is not only used for movement recognition, but also used 

to describe the internal movement organization of Yiwu, which is different from other folk 

dances, because the knee vibration and sleeve trajectory are the two power sources with the 

strongest style retention. 

At the level of innovation mechanism, the changes of Yushuyi dance are usually not the 

overall replacement of traditional vocabulary, but the limited expansion of movement 

connection, rhythm distribution, stage space and emotional expression under the premise of 

maintaining the core movement and cultural boundaries. Therefore, this paper defines 

innovation intensity as the weighted result of cultural retention, prosodic stability and 

improvisation variation: 

It = αCt + βRt + γEt, α + β + γ = 1 (3) 

Here, Ct represents the cultural consistency score, Rt represents the prosodic stability 

obtained from Equation (2), and Et represents the amplitude of impromptu variation. If Ct 
and Rt maintain at a high level, and Et increases moderately, the change can be judged as 

"innovation in inheritance". Conversely, if the range of variation is too high and leads to the 

weakening of cultural orientation and action skeleton at the same time, it is closer to style 

shift than effective transformation. It can be seen that the framework is not a simple 

separation of the surface movements of the dance, but an attempt to establish a continuous 

analysis chain from cultural semantics to body movement, and then to innovation 

discrimination. Such a processing method can provide a clear boundary for subsequent data 

collection, label construction and intelligent model training, and also make the digital research 

of Yushuyiwu no longer stop at the movement archive, but can further explain how its style is 

generated and how it changes, and what changes still belong to the creative development 

within the non-genetic lineage. 

3.2 Multi-source dance data acquisition, labeling and standardization 

processing 

In the digital modeling task of Yushu Yiwu, the data acquisition method directly determines 

the expression boundary of subsequent style recognition and innovation analysis. In order to 

ensure that action information, music rhythm and cultural semantics can be jointly modeled in 

the same framework, this paper constructs a multi-source data system composed of teaching 
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images, folk performance images, oral interviews of inherits, and clothing and props data. The 

clothing, props, and dance movements are regarded as internal observation items, and the era 

background, composition mode and symbolic meaning are regarded as external semantic 

items. The data subject selected two types of representative video samples: one was the basic 

movement teaching video of Yiwu formed in 2009, and the other was the traditional folk 

Yiwu video that was publicly broadcast in 2021. At the same time, combined with the field 

interview information, the original movement source, performance context and style 

differences were manually checked. The purpose of this processing is to avoid style bias 

caused by a single video input, so that subsequent models can not only learn normalized 

action skeletons, but also retain dynamic variants in folk expressions. 

Table 2:Multi-source dance data composition and processing content 

Data Type Main Content Processing Method Output Form 

Motion video 

stream 

Knee tremor, sleeve 

trajectory, steps, and turns 

Keypoint extraction, 

temporal segmentation, 

and trajectory smoothing 

Skeleton 

sequence tensor 

Audio rhythm 

stream 

Singing beats, bell sounds, 

and dungchen 

accompaniment 

Noise reduction, framing, 

and beat alignment 

Rhythm feature 

matrix 

Image data 

Costume colors, 

sleeve-length ratios, and prop 

shapes 

Object detection, region 

cropping, and attribute 

encoding 

Visual attribute 

vector 

Semantic 

annotation 

Symbolic themes, 

performance space, and 

contextual descriptions 

Expert review and 

multi-label encoding 

Semantic label 

vector 

 

As shown in Table 2, this paper divides the original data into four categories: action video 

streams, audio rhythm streams, clothing and prop images, and text semantic annotations. The 

motion flow focuses on the core features such as knee vibration, long-sleeve swing, step 

advancement and formation transformation. The audio stream preserves singing beat, 

instrument rhythm and stop connection. Image data were used to extract clothing color, sleeve 

length ratio and prop shape. Text annotation describes symbolic theme, performance space 

and situation attributes. Because the movement system of Yiwu has representative words such 

as "fluttering and dragging", "three steps and one flit", "eagle spreading its wings" and 

"swinging sleeve and turning body", and long sleeve, horn beard, bell and circular queue have 

high recognition in style discrimination, the above information is included in the unified tag 

set. 

In the standardization stage, the heterogeneous features from different sources are 

uniformly normalized in this paper. Let the original feature be xi, the sample mean be μ, and 

the standard deviation be σ. Then the standardized result is defined as: 

x̂i =
xi − μ

σ
(4) 

After this processing, joint displacement, cuff trajectory, beat intensity and garment 

attributes are mapped to comparable scales, which not only reduces the interference caused by 

dimensional differences between different modalities, but also facilitates the stable 

convergence of the multi-channel model in the early stage of training. Finally, action, audio, 

image and semantic features are aligned as a unified input unit, which provides a standardized 
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data interface for the subsequent design of action feature label system and database structure. 

3.3 Action feature label system and database structure design 

In order to improve the retrievability, comparability and stability of Yushu Yiwu digital 

modeling, this paper constructs a hierarchical action feature label system, and completes the 

database structure design for multimodal samples on this basis. The difficulty of this task is 

not the recording of single action name, but how to integrate knee vibration, long sleeve 

trajectory, queue organization, clothing props and cultural symbols into the same data logic. 

Yiwu not only contains observable actions such as "shaking and dragging", "three steps and 

one lifting" and "swinging sleeve and turning body", but also contains structural information 

such as circular queue, long sleeve extension, the participation of horn beard and bell, and the 

transformation from square form to theater form, which determined that the label design must 

be changed from single-layer naming to multi-layer coding. Its overall structure is shown in 

Figure 2. 

 

Figure 2: Action feature label system and database structure design framework 

In the label construction stage, the sample labels are divided into action atom layer, 

prosodic organization layer, scene semantic layer and inheritance attribute layer. The action 

atom layer recorded the hand shape, foot position, torso inclination, knee vibration frequency 

and long sleeve swing mode. The prosodic organization layer describes the dynamic and static 

conversion, step advancement, beat correspondence and sleeve trajectory continuity. The 

scene semantic layer marks the natural symbol, group structure, ritual space and performance 

use. The inheritance attribute layer distinguishes three sources of original ecological 

performance, teaching reconstruction and stage transformation. For any sample xi, its 

multi-layer label vector is defined as: 

yi = [ai; ri; si; hi] (5) 

Here, ai represents the action atom label, ri represents the prosodic organization label, 



Xue 

8 

si represents the scene semantic label, and hi represents the inheritance attribute label. This 

representation can compress the information originally scattered in action, clothing, queue 

and cultural context into a unified label space, which is convenient for subsequent sample 

indexing and category aggregation. 

In the database design phase, this paper adopts the two-layer structure of "relational table 

+ feature index table". The base table is used to store the sample number, collection time, 

performance type, audio and video path and text description. The action table records the key 

point sequence, the cuff trajectory, the step segment and the queue state. The semantic table 

saves symbolic themes, spatial attributes, clothing and props categories and expert annotation 

opinions. The index table saves the fused feature vector to support fast retrieval and similar 

sample matching. Considering that dance style discrimination depends on the synergistic 

relationship between movement and culture, this paper further constructs a unified index 

coding: 

zi = Waai +Wrri +Wssi +Whhi (6) 

Here, zi is the database index vector of sample i, and Wa,Wr,Ws, Wh are the mapping 

matrices of different label layers. This encoding method enables the database to store not only 

"what the action is", but also "what kind of prosodic relationship the action is in, what cultural 

function it assumes, and what kind of inheritance form it corresponds to". 

In the concrete implementation, the initial candidates of action labels are automatically 

generated from the keypoint detection results, and then manually revised by dance researchers. 

The mechanism of "two-person labeling + expert review" was used to reduce the subjective 

bias of symbolic judgment. The database established in this way can not only provide highly 

consistent supervision signals for subsequent action recognition models, but also provide 

traceable and extensible data support for the analysis of Yushu Yi dance innovation 

mechanism, so that the research on intangible cultural heritage dance can further shift from 

static archive to structured expression and intelligent analysis. 

4 Intelligent analysis method of Yushu Yiwu innovation 

mechanism 

4.1 Motion law feature extraction and multi-modal analysis model 

construction 

In the intelligent analysis task of Yushu Yiwu innovation mechanism, the action recognition 

under a single modality can only give external form judgment, but it is difficult to reveal the 

internal relationship between style maintenance, rhythm organization and creative variation. 

Yushuyi dance is not a simple concatenation of several discrete movements. The core of its 

style is reflected in the regular vibration of the knee, the extension of the long-sleeve 

trajectory, the advance rhythm of the pace, the circular queue organization and the synergy of 

cultural semantic orientation. If the model only relies on the posture contour of the video 

frame, although it can identify the action categories such as "sleeve swing", "body turn" or 

"step", it cannot further determine the prosody conditions under which these actions constitute 

the dance style, nor can it distinguish the boundary between traditional continuation and 

contemporary reconstruction. Therefore, following the main line of "action coding - prosody 

modeling - multi-modal fusion - innovation discrimination", this paper constructs the motion 

law feature extraction and multi-modal analysis model of Yushuyi dance movements, and its 

overall structure is shown in Figure 3. 
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Figure 3: Motion law feature extraction and multi-modal analysis model framework 

In the action encoding stage, the system first detects the key points of the human body in 

the dance video, and synchronously extracts the cuff trajectory, torso inclination Angle and 

queue position change to form a unified action representation. Let the skeleton keypoint 

vector at time t be kt, the cuff trajectory feature be ut, and the spatial position encoding be 

pt, then the action input vector can be written as: 

xt = [kt; ut; pt] (7) 

Equation (7) is used to uniformly describe the body configuration, clothing movement and 

spatial relationship in the dance movements. The cuff trajectory and queue position are 

included in the basic input because the long cuff swing and group dance structure of the dance 

are not additional attribute information, but an indispensable part of style recognition. 

In the modeling phase of sequential motion law, the model focuses on describing the 

continuous changes among knee flutter, step advance and beat correspondence. The 

"trembling" rhyme of Yushu Yiwu comes from the elastic fluctuation of the knee joint, which 

does not exist in isolation, but forms a rhythm chain together with the singing beat, the bell 

sound and the shift of the body's center of gravity. To this end, the dynamic law response at 

time t is defined as in this paper: 

rt = λ1Δθt + λ2Δgt + λ3bt (8) 
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Here, Δθt represents the knee Angle change rate, Δgt represents the center of gravity 

displacement increment, bt  represents the audio beat intensity, and λ1, λ2, λ3  are the 

learnable weights. Equation (8) reflects that the rhythm of the dance is not a simple change in 

speed, but a result of the joint coupling of the elasticity of the lower limbs, the advance of the 

center of gravity and the musical boundary. 

In the multi-modal fusion stage, this paper further maps the action stream, audio stream 

and cultural semantic labels into a unified feature space. Let the action encoding feature be 

h(m), the audio rhythm feature be h(a), and the semantic label embedding be h(s), then the 

fusion representation is written as: 

z = Wmh
(m) +Wah

(a) +Wsh
(s) (9) 

Here, Wm,Wa, Ws are the mapping matrices of different modalities, respectively. The 

function of Equation (9) is to compress "action practice", "rhythmic organization" and 

"cultural meaning" into the same semantic space, so that the model can not only recognize the 

appearance of actions, but also understand the association between actions and ritual space, 

group identity and natural symbols. 

In the innovation discrimination stage, the innovation of Yushu Yiwu is regarded as the 

dynamic balance result between the traditional style core and the context variation term. If the 

change is only manifested by the expansion of action amplitude, the change of spatial 

scheduling or the reorganization of stage structure, while the knee rhythm, long-sleeve logic 

and cultural orientation are still stable, it can be regarded as an effective innovation within the 

inheritance lineage. Based on this, the innovation score function is defined as: 

I = αC + βR + γV (10) 

Here, C represents the cultural consistency score, R represents the prosodic stability, V 

represents the variation intensity, and α+β+γ=1. When C and R maintain a high level and V 

increases moderately, the model is more inclined to judge the sample as "creative 

transformation". If V is too large and accompanied by a significant decrease in C and R, it 

indicates that the change is closer to style shift than effective innovation. It can be seen that 

the model in this section is not a general classification of Yushuyi dance movements, but an 

attempt to establish a continuous computational chain from body movement to rhythmic 

structure, to cultural semantics and innovation discrimination. This design not only responds 

to the research requirements of the "live inheritance" of intangible cultural heritage dance, but 

also provides a stable feature basis for subsequent cultural semantic embedding and 

impromptu expression recognition. 

4.2 Cultural semantic embedding and symbolic expression modeling 

In order to further transform the action recognition results of Yushuyiwu into computable and 

interpretable cultural information, the system also needs to construct a semantic modeling 

mechanism for symbolic expression. The style identification of Yiwu is not only about the 

movement labels such as "knee-shaking", "sleeve swinging" or "body turning", but also about 

how these movements correspond to nature worship, group identity, ritual space and cultural 

significance in the process of transformation from square to theater. Based on this, this paper 

takes "action segment-cultural tag-semantic vector" as the main line, and establishes the 

cultural semantic embedding and symbolic expression model of Yushu Yiwu, so that the 

action layer features can be stably mapped to the cultural layer semantics. The overall process 

is shown in Figure 4. The core cultural connotation of Yiwu is mainly embodied in natural 
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symbol, community consciousness and living inheritance logic, and circular queue, 

long-sleeve extension, group dance coordination and improvisation are the explicit forms of 

these connotations in dance. 

 

Figure 4: Modeling process of cultural semantic embedding and symbolic expression 

In the label construction stage, the system divided the cultural information of Yushu Yiwu 

into three layers. The first layer was the morphological labels, such as the explicit elements of 

long sleeves, circular queues, horns and bells. The second layer is semantic labels, such as 

nature worship, sun perfection, collective equality, ritual space and other cultural orientation. 

The third layer is functional labels, such as celebration, group interaction, stage 

transformation and creative reconstruction. For any action sample xi, its cultural semantic 

representation is defined as: 

ei = Wffi +Wcci +Wtti (11) 

where fi is the morphological feature vector of action and queue, ci is the attribute vector of 

clothing and props, ti is the semantic label vector of text, Wf,Wc, Wt are mapping matrices. 

The function of Equation (11) is to compress the cultural information originally scattered in 

vision, space and text into a unified semantic space, so that the model can not only perceive 

the appearance of actions, but also retain their symbolic relations. 

In the symbolic expression modeling phase, the system further computes the consistency 

between the action representation and the cultural semantics. Since the circle queue in Yimu 

often corresponds to cosmic harmony and group equality, and the long-sleeve expansion is 

often related to natural imagery and emotional expansion, it is difficult to identify this deep 

connection simply by relying on category judgment. Therefore, this paper defines the 

symbolic matching score as: 

si =
hi
⊤ei

‖hi‖ ‖ei‖
(12) 

where hi  is the high-dimensional representation of the action model output, ei  is the 

cultural semantic embedding vector, and si represents the semantic consistency between the 

two. When si is high, it indicates that the action segment maintains a strong correspondence 
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between form and cultural orientation. When si is significantly lower, it means that the 

action may still be recognized as an eigen vocabulary, but its symbolic meaning has been 

weakened or shifted. 

In order to enhance the adaptability of the model to modern creation samples, this paper 

further introduces the symbolic expression strength function to jointly constrain the traditional 

cultural core and the stage variation: 

Pi = μsi + νqi +ωgi, μ + ν + ω = 1 (13) 

where si is the semantic consistency score, qi is the stability of the queue structure, gi is 

the symbol retention of clothing and props, μ,ν,ω are the weight coefficients. Equation (13) 

shows that symbolic expression does not depend on an isolated variable, but results from the 

joint action of action, space and material symbols. Through this modeling method, the system 

can identify which creative changes belong to the contemporary expansion of the core of 

Yiwu culture, and which changes have gone beyond its original symbolic boundaries. 

Therefore, cultural semantic embedding is no longer just an auxiliary explanation module, but 

an important intermediary layer connecting action recognition, innovation analysis and 

non-genetic inheritance interpretation. 

4.3 Design of improvisation expression recognition and intelligent 

auxiliary analysis system 

In order to identify the dynamic variants of Yushu Yiwu in real performances, and convert the 

recognition results into auxiliary information that can be used for creative analysis and 

teaching feedback, this paper further constructs an intelligent analysis system for 

improvisational expression. In this system, improvisation is not understood as random play, 

but as the dynamic adjustment of the dancer according to the emotional state, the musical 

progress and the scene changes, while the core movement vocabulary, the basic prosodic 

framework and the cultural boundary remain relatively stable. Amplitude expansion, fast and 

slow rhythm switching, long-sleeve trajectory change, and movement reorganization that 

echoes the audience or stage environment are common in Yiyi dance, which all belong to this 

recognition scope. Existing research shows that the improvisation of Yiwu is mainly reflected 

in three aspects: movement fine-tuning, instant emotional translation and scene adaptation 

changes. Therefore, the system design is carried out along the main line of "state perception - 

mutation detection - improv discrimination - auxiliary feedback", as shown in Figure 5. 
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Figure 5: Framework of the system for improvisational expression recognition and intelligent 

aided analysis 

The system input consists of four types of information: the first is the action flow formed 

by the key points of the skeleton and the long-sleeve trajectory, the second is the audio flow 

formed by the beat boundary, the strong and weak beat distribution and the speed change, the 

third is the performance space state such as the square and the theater, and the fourth is the 

semantic labels such as "lyric-arousal-ritualization". The functions of each module are shown 

in Table 3. In order to describe the deviation degree of dancers in continuous performance, 

this paper defines the variation response value at time t as: 

δt = ρ1‖pt − p̄‖2 + ρ2|bt − b̄| + ρ3(1 − cos( gt, ḡ)) (14) 

where pt is the current action trajectory vector, p̄ is the standard action template of the 

corresponding paragraph, bt is the instant beat density, bt is the benchmark beat intensity, 

gt  and ḡ  represent the current scene semantic vector and template semantic vector 

respectively, ρ1, ρ2, ρ3 are the weight coefficients. Equation (14) is used to measure the 

deviation from the conventional template in the three aspects of movement, rhythm and scene. 

When the value increases but the cultural consistency still does not decrease significantly, the 

system is more inclined to identify it as effective improvisation rather than style instability. 

Table 3: Main modules and outputs of the improvisational expression recognition system 

Module Name Input Content Main Function Output Result 

Temporal State 
Encoding Module 

Skeleton sequences, 
sleeve-end trajectories, 

and beat streams 

Establishes continuous 
action state 

representations 

Temporal hidden 
states 

Variation 
Detection Module 

Action templates, 
rhythm templates, and 

scene labels 

Computes the degree of 
deviation between 

actions and semantics 

Variation response 
values 

Improvisation 
Discrimination 

Module 

Hidden states, 
variation values, and 
cultural constraints 

Determines whether 
improvisation is present 

Improvisation 
probability and type 

labels 

Auxiliary Analysis 
Module 

Discrimination results, 
historical samples, and 

expert rules 

Generates feedback for 
creation and teaching 

Adjustment 
suggestions and 

visualization reports 
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In the time series modeling phase, the system uses the gated recurrent unit to encode the 

continuous state, and the current multimodal input is denoted as xt, and the hidden state 

update is denoted as: 

ht = GRU(xt, ht−1) (15) 

The goal is to put the local movement changes back into the full paragraph to explain, so 

as to avoid misinterpreting a short sleeve swing or beat misalignment as an impromptu climax. 

Based on the hidden state and mutation response, the system further outputs the probability of 

improvisation: 

Pimp = σ(w⊤[ht; δt; κt] + b) (16) 

where κt represents the cultural consistency constraint term of the current segment, and σ(⋅) 
is the Sigmoid function. When Pimp is high and κt remains in a reasonable interval, it 

indicates that the segment is more likely to belong to the creative expression within the 

edance lineage. Otherwise, it indicates that it is close to a style shift. Based on this result, the 

auxiliary analysis module can automatically give suggestions such as "retain the current 

variant", "shrink the movement amplitude", "restore the core tremor knee rhythm" or 

"enhance the response relationship with the scene", so as to serve the creative rehearsal, 

classroom training and digital display of intangible cultural heritage. 

5 Experimental design and result analysis 

5.1 Data set composition and experimental setup 

In order to verify the intelligent analysis method of Yushu Yiwu constructed in the previous 

section, this paper adopts the data scheme of "original ecological samples-teaching samples- 

stage transformation samples" in the experimental stage, and completes action recognition, 

semantic mapping and improvisation discrimination under the same computing framework. 

The data sources were based on two types of representative images: one was the teaching 

video of Yiwu in 2009 for basic movement analysis, and the other was the traditional folk 

Yiwu video that was publicly broadcast in 2021. At the same time, the style description, 

clothing and props information and performance space description collected by field 

interviews are supplemented to supplement the cultural semantics behind the action clips. The 

reason for this setting is that Yiwu not only has the freedom of original square performance, 

but also has standardized expression after entering the classroom and stage. If the sample only 

comes from a single source, the model is easy to misjudge the "teaching standard" as the only 

style standard. 

In terms of sample organization, this paper takes continuous dance segment segmentation 

as the basic unit, and synchronously aligns video, audio, and queue spatial information with 

text labels to form segment-level multimodal samples. Finally, a total of 126 original videos 

were obtained, and 2480 segment-level samples were formed after segmentation, including 

640 traditional maintenance videos, 612 prosodic expansion videos, 598 spatial rearrangement 

videos, and 630 improv enhancement videos. The action labels were established around the 

core words such as knee vibration, long sleeve swing, step advance, rotation change and circle 

queue. Semantic tags correspond to cultural meanings such as natural symbol, group identity, 

ritual space, and square-theater transformation. According to the dance materials, its style 

characteristics mainly focus on three levels: symbolic, rhythmic and improvisational, and long 
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sleeves, knee elasticity and circular queue have strong recognition. Therefore, this paper 

retains the synchronous structure of action layer, rhythm layer and semantic layer when 

dividing the data. The dataset is divided into training set, validation set and test set according 

to 8:1:1, and the class distribution is balanced during the training phase to reduce the bias of 

excessive concentration of a certain type of dance segment. 

The experimental platform is deployed in Linux environment, and the model is 

implemented with Python 3.11 and PyTorch. The audio stream completes noise reduction, 

framing and beat boundary detection. The text labels are manually verified and converted into 

multi-label vectors. The AdamW optimizer was used for training, the initial learning rate was 

set to 2×10−4, the batch size was 32, the maximum training round was 40, and the number of 

early stopping rounds was set to 5. The evaluation index consists of three parts: Accuracy and 

Macro-F1 are used for action recognition, semantic matching accuracy is used for cultural 

semantic mapping, and F1 and AUC are used for improvisation discrimination. Table 4 shows 

the data organization and main Settings adopted for the experiments in this section. The above 

arrangement not only ensures the trainability of the previous multimodal model, but also 

provides a repeatable experimental basis for the subsequent analysis of the innovation 

mechanism. 

Table 4: Data set composition and experimental setup 

Item Content Setting 

Sample source 

Yi Dance teaching videos, traditional folk 

performance videos, interviews, and textual 

descriptions 

Multi-source synchronized 

collection 

Sample unit 
Segment-level samples obtained by splitting 

continuous dance sequences 

Video–audio–semantic 

alignment 

Label type 
Action labels, rhythm labels, cultural 

semantic labels, and improvisation labels 
Multi-label annotation 

Data split Training set / validation set / test set 8:1:1 

Training 

environment 
Python 3.11, PyTorch, Linux GPU acceleration 

Training 

parameters 

AdamW, learning rate 2×10⁻⁴, batch size 32, 

maximum 40 epochs 

Early stopping patience of 5 

epochs 

Evaluation 

metrics 

Accuracy, Macro-F1, semantic matching 

accuracy, and AUC 

Joint evaluation of 

classification and 

discrimination 

5.2 Analysis results of action recognition and innovation mechanism 

In order to test the effectiveness of the constructed multimodal model in Yushu Yiwu analysis 

task, this paper sets up four sets of comparative experiments of CNN, BiLSTM, Transformer 

and fusion model under unified data division, the same input dimension and consistent 

training environment, and comprehensively evaluate the performance of action recognition 

and the discrimination ability of innovation mechanism. The reason for this experimental 

design is that the key features of Yushuyi dance do not focus on a single visual shape, but are 

simultaneously reflected in the regular vibration of the knee, the swing trajectory of the long 

sleeve, the spatial organization of the queue, and the improvisatory expression. Among them, 

representative actions such as "fluttering and dragging", "three steps and one lift", "eagle 

spreading its wings" and "swinging sleeve and turning body" have high recognition, and long 

sleeves and circular queues further strengthen the boundary of style distinction. 
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The action recognition test results are shown in Figure 6. Among the single models, 

Transformer has the best overall performance, with an Accuracy of 88.14% and Macro-F1 of 

86.92%, indicating that it has strong modeling ability for long-term dependencies and queue 

structure changes. BiLSTM followed, with an Accuracy of 86.37%, and Macro-F1 was 

85.11%, which was relatively stable in the recognition of the rhythm and gait continuity of the 

flutter knee. CNN has a strong perception of local posture and sleeve texture, but it has 

shortcomings in cross-paragraph action cohesion judgment, with an Accuracy of 84.63% and 

Macro-F1 of 83.48%. In contrast, the fusion model achieves the best results in terms of 

comprehensive indicators, with the Accuracy increased to 91.52%, Macro-F1 reached 90.36%, 

and Top-3 coverage was 96.08%. This result shows that the joint modeling of local action 

texture, temporal motion law information and global semantic structure can more accurately 

identify the core action units in the dance style, and reduce the risk of overfitting to local 

morphology or short-term rhythm of a single model. 

 

Figure 6: Performance comparison of different models in Yushu Yimu action recognition task 

In terms of innovation mechanism analysis, this paper further divides the test samples into 

four categories: "traditional maintenance type", "prosodic expansion type", "spatial 

reorganization type" and "impromptu enhancement type", and makes statistics on the 

innovation discrimination results of the model, and the results are shown in Figure 7. The 

experimental results show that the fusion model has the highest recognition accuracy of 93.21% 

for the "tradition-preserving type", which indicates that the model can stably capture the 

dance style kernel. The recognition accuracy of "prosodic expansion type" and "spatial 

rearrangement type" is 89.47% and 88.65%, respectively, which indicates that it has strong 

adaptability to the change of rhythm level and the transformation of stage scheduling. The 

recognition accuracy of "impromptu enhanced type" is relatively low, which is 85.84%, but 

the AUC still reaches 0.918, indicating that although impromptu has higher uncertainty, the 

model can still give a reliable judgment by using the joint information of action offset, beat 

disturbance and semantic consistency. Combined with the sample output, it can be seen that 

the amplitude expansion and paragraph reorganization that occur under the premise of 
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keeping the knee vibration, long-sleeve logic and cultural orientation unchanged are easier to 

be classified as "innovation in inheritance" by the model. When the variation weakens the 

style core excessively, the system will significantly reduce its innovation effectiveness score. 

 

Figure 7: Comparison of classification results of Yushu Yiwu innovation mechanism 

In general, Figures 6 and 7 jointly show that the multi-modal analysis framework 

proposed in the previous section can not only improve the accuracy of Yushuyi dance action 

recognition, but also distinguish different types of creative transformation methods to a 

certain extent. This means that the model no longer stays at the surface classification of 

"movement like or not", but begins to have the ability to discriminate whether the change still 

belongs to the internal innovation of the dance lineage ", which provides a more stable 

technical support for the subsequent intelligent evaluation, creation assistance and digital 

communication of intangible cultural heritage dance. 

5.3 Discussion on creation transformation effect and non-inherited value 

In order to further evaluate the practical role of this method in the creation transformation of 

Yushu Yiwu, this paper organized 12 dance researchers, 18 performers and 36 ordinary 

audiences to carry out comprehensive evaluation around the three indicators of traditional 

style retention, innovative expression acceptance and cultural semantic identification after 

completing the action recognition and innovation mechanism discrimination. Each group 

scored the retention of traditional style, the acceptance of innovative expression and the 

identification of cultural semantics based on a 5-point scale. This design does not simply 

examine whether the work is "beautiful", but focuses on analyzing whether digital modeling 

and intelligent assisted analysis can maintain the cultural roots, movement logic and 

contemporary expression ability of Yiwu in the creation process. The evaluation process is 

completed based on the action alignment results, semantic label matching results and the 

playback interface of the creation segment output by the system, all indicators are scored by 

the unified scoring standard, and the results are shown in Table 5. 
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Table 5: Evaluation results of creation transformation effect and non-genetic inheritance 

value 

Evaluation Group 
Traditional Style 

Retention (/5) 

Acceptance of Innovative 

Expression (/5) 

Cultural Semantic 

Recognizability (%) 

Expert Group 4.71 4.36 91.2 

Performer Group 4.48 4.58 88.7 

General Audience 

Group 
4.22 4.41 86.4 

 

From the overall results, the expert group scored the highest on the retention of traditional 

style, reaching 4.71, indicating that the method proposed in this paper is more stable in the 

extraction of knee vibration, long-sleeve logic, circular queue and symbolic spatial 

relationship, and can better maintain the style core of the dance. The score of the performer 

group on the acceptance of innovative expression reached 4.58, indicating that the auxiliary 

mechanism of "normative framework + variation space" had a positive effect on the 

reorganization of dance segments, rhythm expansion and stage scheduling, which did not 

weaken the movement recognition, but also enhanced the operability of creation. The 

recognition rate of cultural semantic for the ordinary audience group reached 86.4%, 

indicating that after semantic embedding and visual interpretation, the audience's 

understanding of the deep connotation of nature worship, collective identity and 

square-theater transformation was significantly enhanced. 

5.4 Comparative experiment and visual result analysis 

In order to further verify the comprehensive advantages of the fusion model constructed in 

this paper in Yushu Yiwu analysis tasks, this paper sets up four sets of comparative 

experiments between the traditional machine learning model SVM, random forest, and deep 

learning model Transformer and the fusion model of this paper in a unified sample set, the 

same input structure and consistent training environment. The comprehensive evaluation is 

carried out from three dimensions of recognition accuracy, training efficiency and 

interpretability. The interpretability index is introduced because the discrimination of Yushuyi 

dance does not only rely on the external motion contour, but also involves the deep correlation 

between knee vibration, long sleeve trajectory, circular queue and cultural semantics. If the 

model can only provide results without explaining the basis, its value in non-genetic 

inheritance and creative assistance scenarios will be significantly limited. 

The experimental results show that the traditional SVM and random forest can 

preliminarily distinguish some significant actions in the basic classification task, but the 

overall performance is relatively limited due to the lack of awareness of the rhythm structure 

of "dynamic and static combination" and long-term queue changes in Yiwu. Transformer has 

been significantly improved in action sequence modeling, and can better capture the knee 

tremor rhythm and paragraph connection relationship. In contrast, the fusion model in this 

paper has the best performance in terms of comprehensive indicators, and its recognition 

accuracy reaches 91.52%, which is higher than the Transformer's 88.14%. Although the time 

consumption of a single round of training increases slightly, it is still in the acceptable interval. 

More importantly, the interpretability score of the fusion model reaches 4.46, indicating that 

its output is not only more accurate, but also easier to be understood by researchers and 

creators. The detailed comparison results are shown in Table 6. 
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Table 6: Comparison of performance and interpretability of different algorithm models 

Algorithm Model Accuracy (%) Training Time (s/epoch) Interpretability Score (/5) 

SVM 79.43 11.8 2.74 

Random Forest 83.26 17.6 3.29 

Transformer 88.14 24.9 4.03 

Fusion Model 91.52 37.4 4.46 

 

In terms of visual analysis, the system embeds an explanation module based on temporal 

attention and key point heat mapping, which can map the focus of the model in the 

discrimination process into the heat map of the action trajectory and the time series weight 

curve. As shown in Figure 8, when the fusion model identifies the traditional holding-type 

samples, the focus areas mainly focus on the elastic fluctuation of the knee, the swing arc of 

the cuff end and the change of the queue radius. When identifying imprompt-enhanced 

samples, the model responded more significantly to local beat misalignment, action amplitude 

expansion, and spatially reorganized segments. This shows that the model is no longer limited 

to the mechanical matching of single frame pose, but can jointly track the relationship 

between the prosodic kernel and the variation term in a long time range. The visualization 

results also show that although the movement range of a certain dance segment is expanded, 

the system will judge it as "innovation in inheritance" when the knee flutter logic, long sleeve 

movement direction and group structure still maintain high consistency. Conversely, when 

these core features are weakened at the same time, the innovation effectiveness score of the 

model will decrease significantly. 

 

Figure 8: Visual interpretation results of the fusion model on Yushu Yiwu samples 
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6 Conclusion and Prospect 

Focusing on the innovation mechanism and intelligent analysis of Yushu Yiwu under the 

background of intangible cultural heritage, this paper constructs a research framework 

composed of digital modeling, multi-source data organization, motion law extraction, cultural 

semantic embedding and improvisation recognition. The research shows that the core of 

Yushu Yiwu's style is not only the visible movement form, but also supported by the 

symbolism of history and culture, the rhythm of body movement and the improvisation of 

emotional generation. After incorporating skeleton key points, cuff trajectory, rhythm audio, 

queue structure and semantic labels into the unified computing space, the model can stably 

identify the core movement vocabulary in Yidance, and give clear discrimination results for 

creative changes such as tradition maintenance, rhythm expansion, spatial reorganization and 

improvisation enhancement. This shows that the computer method can not only serve the 

digital archive of intangible cultural heritage dance, but also enter the level of style analysis, 

creation evaluation and inheritance interpretation, providing a reachable technical basis for 

the creative transformation of traditional dance. 

At the same time, there are still some limitations in this paper. First, the existing samples 

are still dominated by representative teaching videos, folk performance videos and interview 

materials, and the coverage of regional branches and long-term continuous samples is still 

limited, so there is still room for improvement in the depiction of fine-grained differences in 

Yiwu. Second, cultural semantic labels and improvisational discrimination still partially rely 

on manual verification, and the model's ability to automatically extract deep symbolic 

relationships needs to be strengthened. Thirdly, although Yiwu's transformation from square 

form to theater form provides a new path for contemporary inheritance, it may also bring the 

tension between the enhancement of performance and the weakening of life, which means that 

the intelligent analysis system still needs to maintain a careful identification of the boundaries 

of the original style when providing auxiliary judgment. 

Future research can be further carried out in three directions: first, combining motion 

capture, 3D reconstruction and immersive interaction technology to improve the ability of 

fine-grained modeling of the relationship between motion, space and rhythm; The second is to 

expand the cross-regional Yiwu branch samples and establish a multi-layer knowledge base 

with more generalization ability and a comparative analysis mechanism. The third is to 

promote the closed-loop between the intelligent analysis results and the teaching, creation and 

display scenes, so that the system can not only recognize and interpret the dance, but also 

provide continuous feedback for the choreography adjustment, classroom training and public 

communication. Only when digital technology is truly embedded in the live inheritance chain 

of intangible cultural heritage dance, the cultural memory, aesthetic experience and 

community spirit carried by Yushu Yi dance can obtain a more extensible way of expression 

and communication space in the new era. 
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