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Abstract. This paper investigates the problem of dynamic path planning and speed control in dragon 
dance performances. The existing path planning for dragon dance performances largely relies on 
experience, and research on automated path planning is relatively limited, especially in complex 
environments involving path optimization and collision avoidance. To address this, the paper 
proposes a geometry-based path planning algorithm to achieve dynamic path optimization for the 
dragon dance team. First, a limit cycle model is constructed based on a spiral curve to design the 
movement trajectory of the dragon dance team. The odeint function is used to numerically solve this 
model, generating the team's dynamic path. By analyzing the path variation within 300 seconds from 
the starting point with the dragon head handle moving at a speed of 1 meter per second, the team's 
dynamic position and speed control were optimized, and the termination time and position to avoid 
collisions were determined. Subsequently, a new path-turning algorithm was designed to calculate 
the optimal path when transitioning from a planar path to a circular area with a diameter of 9 meters, 
and the minimum pitch required during the turn was optimized. This study provides theoretical 
foundations and algorithmic support for automating path planning in dragon dance performances, 
offering promising application prospects. 

Keywords: Limit cycle, Spiral curve, Dynamic path, Model optimization, Optimal solution. 

1. Introduction 

The path planning of collaborative performing arts is a critical step in achieving high-quality 

performances. However, current research still faces certain limitations that hinder its development in 

terms of adaptability to dynamic environments and the enhancement of motion aesthetics. First, 

traditional path planning methods mainly rely on the performers' experience, adjusting movements 

and paths through repeated rehearsals. While this experience-driven approach is effective, it lacks 

systematic algorithmic support, resulting in a rehearsal process that is time-consuming and labor-

intensive, and it struggles to adapt to complex or dynamic environmental changes. 

Most existing path planning algorithms originate from research in industrial and engineering fields. 

For instance, in [1], a path planning method combining the ant colony algorithm with the artificial 

potential field method was proposed for mobile robots, effectively solving obstacle avoidance 

problems in complex environments. In [2], the path planning technology for power inspection robots 

was reviewed, with a focus on improving efficiency and accuracy in power inspection applications. 

In [3], an improved genetic algorithm was developed to optimize path planning performance for 

mobile robots in dynamic environments, enhancing the algorithm's global search capability. In [4], 

an improved A algorithm was applied to coal mine rescue robots, enabling efficient path planning in 

complex coal mine environments. Although these studies have achieved significant progress in 

industrial applications, their goals are primarily oriented toward functional tasks and lack attention to 

the requirements of motion aesthetics and team collaboration in performing arts. Moreover, current 

algorithms often fail to adequately consider the characteristics of human motion and team 

coordination, frequently resulting in jerky movements or disorganized formations, which ultimately 

affect the quality of performances. 

In recent years, spiral curve-related theories have been widely applied in path planning and 

stability research. By incorporating various types of spiral curve models, it is possible to improve the 

accuracy of path planning and the reliability of stability analysis. In [5], a high-precision path 

generation method for intelligent forklifts was proposed based on polynomial spirals, with 
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experimental validation. In [6], a conical spiral flight path planning method for fixed-wing unmanned 

aerial vehicles was designed, demonstrating its applicability in complex flight environments. In [7], 

a cubic spiral model was employed to study the calculation and simulation of unmanned vehicle paths, 

and experiments analyzed the path's smoothness and its impact on driving stability. In [8], a space 

motion smoothing path planning method was proposed for CNC machining, further improving the 

smoothness and continuity of machining paths. Despite the advantages demonstrated by spiral curves 

in industrial fields, their application in performing arts remains limited. 

This paper proposes a dynamic path planning algorithm based on geometric models to optimize 

motion aesthetics and team collaboration in performing arts. The algorithm leverages the smooth 

characteristics of spiral curves to generate natural motion trajectories, ensuring motion fluency and 

aesthetic appeal while conforming to the natural movement patterns of the human body. This 

approach avoids issues such as path discontinuities or stiff movements. Additionally, the algorithm 

ensures synchronization and coordination of team movements through path design. By utilizing 

numerical solvers (e.g., the `odeint` function), the algorithm achieves real-time path generation, 

allowing for rapid responses to environmental changes or unexpected situations during performances, 

thereby adapting to complex dynamic environments. 

2.  Study on the modeling and optimization control method of screw dynamic 

coil entry system 

2.1. Model building 

The Archimedes isometric screw model is first determined from the case assumed in this paper, 

Then convert the polar equation into straight coordinates[9].  

2.1.1 Isometric screw-line model 

The isometric spiral is the Archimedes spiral is a common spiral line in the form of: 

                                  (1) 

 is the pole diameter, which represents the distance from the origin to a point on the screw; a 

is the pole angle of the point from the pole axis (usually X axis); b is the starting radius; p is the pitch 

coefficient that determines the distance between each circle .  

First, the parameters b, a are determined according to this model. In this paper, the pitch p is the 

distance between the adjacent two circles of the screw, so the relationship between the pitch 

coefficient b is as follows: . 

Since starting from the origin, the model is： a=0. 

                                  (2) 

2.1.2 Polar Angle Model Reference 

As the spout moves inward along the spiral, both the radial distance and the polar angle decrease 

over time. The arc length formula for the spout's motion can be derived using the velocity formula. 

                                  (3) 

Since the faucet is moved from outside to inside, the decreasing polar angle over time satisfies 

the following implicit equation:  

                                  (4) 
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Since it cannot be solved directly, the Levenberg-Marquardt algorithm is used first to solve the 

polar angle[10].  

Build the objective function 

                                  (5) 

Then, if the derivative of the objective function (the Jacobian matrix) is:  

                                  (6) 

We solve each section through the LM algorithm.  

2.2. Model Solution 

2.2.1 Determine the pitch coefficient, b 

In this paper, assuming that the pitch p is known to be 55cm, the pitch coefficient can be calculated 

by substituting p=55cm:  

                            (7)
 

2.2.2 Determine the polar Angle and polar diameter 

According to the hypothesis, the faucet is initially located on the X-axis of the screw, where the 

initial pole angle and pole diameter can be determined.  

Pole angle: initial pole angle,  the 16th turn of the screw corresponds is: 

 

Polar diameter:  it can be calculated from the screw equation
 
 

At this point, the initial polar coordinate of the faucet  is ,  

2.2.3 The position and arc length of the number of dragon body segments 

The arc length of the tail is calculated by subtracting the arc length of the dragon head

 from the total length  of the whole bench dragon. Therefore, the arc length of the tail in 

the t-second is:  

                                  (8)
 

Arc length of a certain section of the dragon body:  

For each section of the dragon body, we can calculate its arc length in the t second by its distance 

relative to the head. If the distance between the dragon and the dragon head is , the arc length of 

the dragon in the t second is:  

                                  (9) 

Among them,  is the distance from the dragon head to the dragon body of section n,  

                                  (10)
 

2.3. Position and Speed Calculation 

To calculate the position of the head at each moment[11]. We need to determine the relationship 

between the polar angle  and polar diameter over time. Once the polar angle and polar 
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diameter  at each time t, we can calculate the specific position of the dragon head, dragon body 

and dragon tail in the plane right Angle coordinate system .  

2.3.1 Calculation of the dragon body and the dragon tail position 

The calculation method is similar for the dragon body and the dragon tail, but because of their 

different positions relative to the faucet, the polar angle and polar diameter calculation need to 

consider different arc lengths[12]. 

In section i, the arc length between the bench and the faucet  is:  

                                  (11) 

Then, the polar angle and the polar diameter 
 
, respectively, are expressed 

as:  

                                  (12) 

                                  (13) 

The specific location can be obtained by using and converting the coordinates. 

2.3.2 Speed calculation 

The velocity of the head consists of two components: radial velocity and tangential velocity. 

Radial velocity: Radial velocity is the rate of change of the faucet along the radius: 

                                  (14) 

tangential velocity: The tangential velocity is the velocity component of the head along the tangent 

direction, varying with the angular velocity: 

                                  (15) 

Total speed: The total speed of the faucet is the combined speed of radial speed and tangential 

speed. Similarly, the speed of the bench in section i is also synthesized from radial speed and 

tangential speed. The formula is similar to the speed of the faucet, only by replacing the radius and 

Angle with the corresponding polar diameter and polar. 

The results are shown in Table Ⅰ and Table Ⅱ: 

Table 1 Location information 

 0 s 120 s 240 s 300 s 

head (m/s) 1 1 1 1 

1.Body(m/s) 1.00 1.13 1.26 1.33 

101Body (m/s) 0.93 1.08 1.23 1.31 

201Body (m/s) 0.74 0.96 1.14 1.23 

tail (m/s) 0.69 0.92 1.12 1.21 
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Table 2 Speed information 

 0 s 120 s 240 s 300 s 

head x(m) 8.8 4.802 -6.026 -10.521 

head y(m) 0.003 8.763 9.423 5.310 

101Body x (m) 6.550 -5.451 4.048 -9.020 

101Body y (m) -0.769 -5.919 8.540 4.610 

201 Body x (m) 4.394 4.245 7.350 -8.140 

201 Body y (m) 0.069 4.409 2.372 2.446 

tail x(m) 1.068 -5.153 -6.558 5.182 

tail y(m) 3.816 2.530 3.410 -6.323 

3. Research on collision-free path planning and strategy of dynamic disk 

system 

3.1.  Multi-case analysis 

In this premise, the bench dragon can not continue to enter the premise of the collision and the 

calculation of the front handle and the position and speed of the rear handle at this time. 

First: because the pitch in the isometric screw is too small, with the head on the screw, the dragon 

will offset, offset Angle is too large when two distance close to the dragon will collide, assuming the 

width of the bench is 30cm, the bench dragon of the connection hole after movement line trajectory 

approximation to the isometric screw, the maximum distance between the two bench connection hole 

is 30cm, but the pitch in the screw is 55cm, the situation will not happen. The specific collision 

situation is shown in Fig 1: 

 

Fig 1 Simulation of the first case 

The second: is the combination of pitch, screw radius and other reasons lead to the dragon body 

can not move, below we focus on the analysis of the second situation. The schematic diagram is 

shown in Fig 2: 

 

Fig 2 The second case of the simulation 
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3.2. Model Establishment 

For the termination time without collision, we can reduce the minimum time, and the constraint is 

the minimum distance of the bench, which is an optimization problem. 

objective function:  

Among them,  is the minimum allowable distance between the benches, that is, 220cm at the 

end moment , the position and speed of each segment of the dragon dance team is sought. 

Constraint condition: 

                        (16) 

Where represents the distance between adjacent benches where  represents the polar 

diameter difference in n block and n+1 block, and  represents the polar angle difference in n 

block and n+1 block. 

The integrated optimization model is: 

                   (17) 

3.3. Model solution 

3.3.1 The distance between the adjacent benches 

During each time-step update process, calculating the distance between adjacent benches is the 

basic step[13]. According to the polar coordinate formula, given the polar angles sum of the two 

benches and their polar diameter sum, the distance between them can be calculated using the 

following formula: 

                     (18) 

Use an adaptive time-step strategy during the calculation process: 

Initially select a moderate time step , such as 1 second. After each update of the bench position, 

the distance between the adjacent benches was detected. If the distance between some benches is 

close , reduce the time step.  

Time step adjustment rule: If the distance between any of the adjacent benches is less than 2 times

, you can reduce the time step by half. If all adjacent benches are much farther apart than , 

the time step can be increased.  

3.3.2 Update of the bench position 

Polar corner Update: For each bench, update its polar corner . The amount of updates and the 

speed and time step of the bench: 

                         (19) 

 is the extreme diameter of where the bench is located at that moment 

Update of polar diameter: According to the new polar angle , calculate the updated pole 

diameter r using formula (7). 

Multiple updates: At each time step, all bench positions are updated synchronously. 

3.3.3 Iterative calculation: 

From the initial moment , the position and speed of each board and board under each time 

step, and the distance between adjacent benches at each time step[14]. 

The results are shown in Table Ⅲ: 
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Table 3 Speed And Location Imformation 

 x(m) y(m) v (m/s) 

head -10.529 5.306 1 

1body -9.345 7.151 0.023 

101Body -9.021 4.618 0.101 

201Body -8.139 2.450 0.186 

tail 5.176 -6.319 0.189 

4. Research on dynamic optimization modeling and real-time path planning 

4.1. Specific operation and process 

In Belong, the front handle of the faucet moves into the U-turn space along the screw trajectory, 

and the U-turn operation is completed at the boundary of the U-turn space. In order to ensure that the 

head can smooth the space boundary, this paper from the basic form of isometric screw. 

The polar coordinate equation of the screw line is: 

                                  (20) 

 The pitch b has a direct effect on the expansion speed of the screw: the smaller pitch b: the screw 

needs to circle more circles into the boundary of the turn space; the larger pitch b: the screw expansion 

rapid head may directly skip the turn space boundary, unable to smooth the site into the turn space. 

A minimum pitch needs to be determined so that the screw trajectory forms a limit loop upon 

reaching the turn space boundary. The function of the limit loop is to allow the screw to smoothly 

reach the boundary r of the turn space, and to form a stable closed trajectory here to facilitate the head 

to complete the direction switch. 

4.2. Model building 

4.2.1 Introduce a control item: form a limit ring. 

In order to extend the screw closer to a certain radius (such as the reversal space boundary), but 

tends to a stable limit cycle, this paper needs to introduce a control term on the basis of the isometric 

screw. The role of this control term is that when the radius of the screw approaches the target value

, the growth rate of the screw radius gradually decreases and eventually stabilizes[15].  

4.2.2 The form of the control items 

The form of the control item introduced in this paper is a hyperbolic tangent function ( ), which 

has the following properties: when it is far less than , the control term is basically zero and 

does not affect the expansion of the screw.  

When close , the control item begins to work, slowing down the expansion of the screw line.  

When  reached , the control term stabilizes the radius of the screw line to form a limit cycle.  

The expression of the control item is: 

                       (21) 

4.3. Complete screw equation 

Add the control item to the basic equation of the isometric screw and get the complete screw 

equation 

               (22) 
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4.3.1 Expansion rate of the screw thread 

The rate of screw expansion is determined by the pitch b. In order to ensure that the faucet can 

smoothly drive into the turn space, the pitch b should not be too small, otherwise the expansion speed 

of the screw will be too slow, resulting in the screw is too compact, unable to meet the actual sports 

needs of the dragon dance team[16].  

4.3.2 The size of the turn-around space 

The radius of the turn space , so that the screw must form a smooth limit cycle upon 

reaching this radius. If the pitch b is too large, the screw may skip the boundary of the turn space to 

form a stable limit ring.  

4.3.3 Requirements for switching direction 

At the turn space boundary, the head needs to switch from clockwise to anti-clockwise. This means 

that the expansion rate of snails at arrival should be close to zero to complete the direction switch . 

The expansion rate of the screw line is determined by the control term( ).
 
 

4.4. Model establishment 

This problem can also be defined as a nonlinear program, and the overall optimization model is: 

Min                                   (23) 

                                  (24)
 

4.5. Model solution 

In this paper, odeint is used to solve the differential equation numerically, and the dichotomy 

method is used to iteratively adjust the pitch b to calculate the radius  of the screw at different 

angles , and determine whether the pitch is appropriate by comparing the behavior of the screw in 

the turn space to gradually determine the minimum pitch.  

4.5.1 Differential equation form 

In this paper, we can be transformed into differential equation[17].In the form of solving for: 

           (25) 

Where  is the hyperbolic cut function, defined as:  

                        (26) 

This differential equation describes the rate of change of the radius of the screw with the angle :  

When far smaller , the control is small and the screw expands almost 

in isometric form.  

When close , the control item begins to work, gradually reducing the expansion speed of the 

screw.  

4.5.2 Implementation of the numerical solution 

Initial conditions and parameters: 

The initial radius , the screw begins from a radius of 10 meters.  

The screw coil entry angle ranges from 0 to (representing the screw coil into multiple circles).  

Control items  and the behavior of the screw in the turn space.  
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Radius of the turn space  

Using odeint, calculate the screw trajectory 

In this paper, we can solve the screw line trajectory with odeint. Assuming that the pitch b is some 

initial value, this paper can.  

The trajectory of the screws  was obtained by odeint. The following function solve spiral 

receives the pitch b and other parameters, returning the radius of the screw end point and the entire 

trajectory.  

Dichotomy iteratively adjusts the pitch 

To find the appropriate pitch , this dichotomy works to adjust the pitch b iteratively until the 

trajectory of the screw forms a limit loop near the turn space [18].  

This paper adopts a simple and effective iterative method, which approaches the target value by 

gradually narrowing the search range. The specific steps are described as follows: 

Initialize the upper and lower limits of the pitch  and the
.
 

Calculate the median value  

The trajectory of the screw was calculated using odeint and the behavior of the spiral at the turn 

space boundary .  

If the final radius of the screw is  less than , the pitch is too small and the screw expansion 

speed is insufficient. At this time, the pitch needs to be increased, that is, set
.
 

If the final radius of the screw is greater than , the pitch is too large and the screw 

expands too fast, so the pitch needs to be reduced, that is set.  

Continue iterate continues until the appropriate pitch  is found so that the screw  forms a 

smooth limit ring at.  

4.5.3 Judgment conditions 

This paper can determine whether the pitch is appropriate by comparing the behavior of the 

screw near the turn space. Specifically, the pitch is considered appropriate if the final radius  

of the screw  is close and the error is less than some tolerance.  

4.5.4 Dichotomy realization 

In this paper, the above step can be implemented as a function find min_b, by iteratively adjusting 

the final helix spacing minimum as .  

5. Conclusion 

This paper addresses the issue of speed and position inconsistency in team movements during 

inward spiral motion by constructing a geometric model and a path planning algorithm. The model, 

based on the characteristics of spiral motion, accurately simulates the velocity distribution at different 

positions within the team, highlighting the significant differences between the front and rear sections. 

The proposed algorithm optimizes the team's dynamic movements, ensuring that the front section 

smoothly enters the turning area at a constant speed of 1 m/s. By optimizing the minimum pitch 

parameter (determined to be 6.242571), the algorithm ensures that the team completes the spiral 

motion within a 9-meter diameter range, avoiding collisions and maintaining coordination.  

The odeint function was used for numerical simulation to verify the model's validity and to analyze 

path changes over a 300-second period. Results showed that the optimized pitch allowed the front 

section to transition smoothly into the turning area while ensuring the overall fluidity and safety of 
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the team's motion. This method successfully resolves the inconsistency between speed and position, 

guaranteeing smooth and collision-free team movements.  

The geometric model and path planning algorithm proposed in this paper provide theoretical 

support and technical guidance for team path planning. By analyzing the characteristics of spiral 

motion and optimizing the minimum heading, the model successfully achieves team path scheduling, 

ensuring fluidity and safety in complex performances. In future work, this model and algorithm can 

be further extended to other dynamic path planning scenarios, such as robotic formations or drone 

swarms in complex systems.  
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