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Abstract. This study focuses on the potential collision scenarios in the motion of the Bench Dragon,
a traditional folk activity, aiming to precisely locate possible collision points. Currently, there is a
dearth of specialized research and experimental exploration on bench dragon collisions. By
leveraging the known spiral equation and triangular relationships, the study first deduces the motion
correlations among benches to accurately ascertain their positions and velocities. Then, through
simulating the motion of two benches, it clarifies the collision-triggering conditions. To boost solution
efficiency, a nearest-neighbor detection model for adjacent layers is proposed. A subsequent
simulation analysis of the bench dragon's overall motion reveals that at the 412.3rd second, the
dragon's head will collide with the 8th section of its body. The results validate the model, filling the
research gap and aiding in understanding the dragon's motion and collisions.
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1. Introduction

The excellent traditional Chinese culture is profound and extensive, among which the "Bench
Dragon™ is a unique folk activity in Zhejiang and Fujian regions, consisting of tens to hundreds of
benches connected togethert™, When forming the dragon, the head leads the body and tail to wind
around, and then unwinds from the tail. The appreciation value lies in the small area and high speed
of the dragon's winding. To reduce the time complexity of solving collision points, Gottschalk et al.
proposed the RAPID algorithm, significantly improving the efficiency of the solution. Based on the
RAPID algorithm[@, Lin Fei et al. in their optimized collision detection algorithm based on composite
hierarchical bounding boxes, further improved the solution efficiency by selecting separation axes in
different ways according to the hierarchy of the bounding box nodes, thereby reducing the number of
separation axis tests in the intersection detection process and enhancing detection efficiency!®l. Xu
Mingkai et al, in "Spatiotemporal Correlation in Multi-object Collision Detection" ], addressed the
limitation of spatiotemporal correlation algorithms in detecting only two-object collisions by
proposing an improved algorithm that combines spatial region division and temporal correlation to
solve the multi-object collision problem and ensure effectiveness at high speeds. Ye Jiaxuan, in the
multi-body separation simulation method including object collisions, proposed a numerical
simulation method for research and analysis to solve the problem that traditional multi-body
separation research methods cannot solve collision problems. Despite significant achievements in the
field of collision detection by the aforementioned scholars, their conclusions are still inadequate in
addressing the potential collisions among multiple benches due to dynamic changes in radial distance
and angle during the spiral movement of the Bench Dragon. In view of this, this paper conducts in-
depth experimental research. Contributions of this paper: Based on the known spiral equation, this
study accurately derives the motion correlations between each bench using triangular relationships,
thereby precisely determining the position and velocity of each bench. By simulating the motion states
of two benches, this study clarifies the specific conditions for collisions and propose a nearest-
neighbor detection model for adjacent layers to improve the efficiency of problem-solving. This paper
applies this model to this problem context for the first time and to the research topic of detecting
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multi-object collisions. In the relevant theoretical sections, this study elaborates on the core principles
of the Archimedean spiral, cosine theorem, and nearest-neighbor detection model for adjacent layers.
In the experimental sections, this study first obtains the position and velocity information of the
benches, then determine the collision conditions and discern the intersection situations. To enhance
detection efficiency, this study introduces the nearest-neighbor detection model for adjacent layers.
Subsequently, this study constructs a model to solve the real-time positions and velocities of the
dragon’s head and any bench, and based on this, this study judges the collision situations between two
benches and accurately locate the time point of collision. In the conclusion section, this study provides
a detailed analysis of the experimental results. In the summary section, this study summarizes the
core contributions of this study: proposing a collision detection model based on the spiral algorithm
and successfully verifying its effectiveness; clearly pointing out the specific time points of collisions;
and envisioning the potential application value of this model in deepening the understanding of [ the
motion characteristics of the Bench Dragon and extending it to other folk activities.

2. Related Theories

Archimedean spiral: The Archimedean spiral has the characteristic of a uniform spiral, which
means that as a moving point moves at a constant speed along a straight line, the line simultaneously
rotates around a point on it at a constant angular velocity. The path traced by the moving point is the
Archimedean spiral.

1)Expressed in polar coordinates, the equation is:

p =ab (1)

Where p represents the radial distance, 6 represents the polar angle a is a constant,
representing the starting radius of the spiral or the ratio of the initial speed to the angular velocity.
2)In Cartesian coordinates, the equation is expressed as:

r=a+bo )

Where rrepresents the distance from the point to the origin, @ is the angular variable, a and b
are constants.

Cosine Theorem: The Cosine Theorem is a mathematical theorem that describes the relationship
between the square of one side of a triangle and the sum of the squares of the other two sides minus
twice the product of these two sides and the cosine of the angle between them[!,

The specific statement of the Cosine Theorem is: For any triangle A ABC, if a,b and c
represent the lengths of the three sides of the triangle, and 24 , «B and «C are the corresponding
angles, then the following relationship holds:

c? = a? + b? — 2abcossc (3)
The specific triangle is shown in Figure 1.
c

A " B

Figure 1. iagram of Triangle abc

Nearest Neighbor Detection Model for Adjacent Layers: To address the time complexity arising
from collision detection in the bench dragon, this study proposes starting from the lead bench and
drawing lines connecting the front and rear handles to the center of the spiral. this study then extend
these lines to intersect their adjacent layers at two points, calculate the polar angles of these two points,
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and identify three benches with polar angles close to those of these two points for collision detection.
The specific process is shown in Figure 2 below:

Y

sy

Figure 2. Diagram of Collision Detection for Adjacent Layers

3. Experiment

Firstly, this study obtains the position and velocity of the benches at any given time through
geometric relationships. Next, this study confirms the collision conditions by establishing a univariate
linear equation for the two benches. Through geometric relationships, this study derives the edge
function of the benches and determine whether there are intersection points between the edges of the
two benches by limiting the range of the independent variable for the bench edges. If there are
intersection points, a collision occurs; otherwise, there is no collision. Finally, to improve the
efficiency of the judgment, this study starts from the lead bench, draw lines connecting the front and
rear handles to the center of the spiral, and extend these lines to intersect their adjacent layers at two
points. this study then calculates the polar angles of these two points and identify three benches with
polar angles close to those of these two points for collision detection.The specific flowchart is shown
in Figure 3.

Confirm initial data

wnd collision conditio

Calculate the bench

Iposition and velocity

{

Calculate the bench

edge function

Collision or not ?

Yes

Advance time
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Figure 3. Flowchart of the Bench Dragon Collision Experiment
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3.1. Solution for the position and velocity of the front handle of the leading bench

Taking the front handle of the leading bench as the reference point, it performs a spiraling motion.
Assuming that after a period of time, the arc length traveled by the front handle of the leading bench
is:

S=vt 4)

Where S is the arc length and v is the velocity of the front handle of the leading bench. Based on
the integral of the arc:

S = Jy p(©)d0 ~ p(6) -6 (5)

Through formulas (4) and (5), the relationship between the angle of the front handle of the leading
bench and time is obtained as:

_ p()6
t=50 (©)
Given in p(0) , substituting it into formula (5) and simplifying, this study gets:
%92+p09—vt=0 (7)

This is a quadratic equation about 6 Solving for it, this study gets:

o(t) = P (8)

p
T

Where p is the pitch. Since the angle is positive, so let the answer (9) omit:

e |—p 42D
Po potvt

o(t) = S E— )

In this study, by substituting the function in which the angle varies with time into the helical

equation, the relationship between the polar radius of the front handle of the faucet and time can be
obtained as follows:

'

_ p-6(t)
p(t) =po+=_— (10)
Convert the polar coordinates of the front handle into two-dimensional Cartesian coordinates:
{x = p(t) - cosO(t)
y = p(t) - sinb(t)

During the winding process, the velocity of the faucet's front handle is decomposed along the
tangential and radial directions, where the tangential velocity components along the xy-axis are:

Vg =V - c0s(90° —0)
{Ugy =v-sin(90° - 0)

(11)

(12)

The components of the radial velocity along the xy-axis are:

Vpy = d;—(tt) - cosO(t)

ar(t) .
Vpy = ;—t - sinf(t)

(13)

According to the principle of superposition, the velocity of the faucet's front handle along the xy
direction is:
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dr(t)

v, =v-c0s(90° — 0) + ——=- cosO(t)

. dr (t) . (14)
vy, =v-sin(90° - 0) + = sinf(t)

3.2. The position and velocity calculation for the rear handle of the faucet

Y

Figure 4. Schematic Diagram of the Positions of the Front and Rear Handles of the Faucet

As shown in the figure 4 above, during the winding process, there are the angle
difference 46 between the front and rear handles of the faucet, the distance p, from the center of the
helix to the front handle, the distance p, from the center of the helix to the rear handle, and the
distance [; between the front and rear handles of the faucet.

Based on the known conditions mentioned above!®, according to the cosine theorem, this study
has:

I§ = p? + p3 — 2p;p,cosAb (15)
Where p; = p, +pz—6:r1 ., P2 = Po +pz—iz . Substituting p; , p, into the above equation, this
study gets:
6
2 = (po + B2 + (po +22)% = 2(po +22) (po + Z2)cosA0 (16)

Since A6 =6, -6, , thls study replaces 6, with 6, — A6 . Solvmg the equation, this study
obtains A8 =6, — 6, , 6, =6, — A8 . Then the position at the next moment is:

{xz = p2(t) - cosb,(t) (17)
Y2 = p2(t) - sinb,(t)

After solving for the polar radius, the components of the velocity of the rear handle of the faucet
along the xy-axis can be determined using the following formulas:

_ dxz _ d(pz-cosfz(t))

Ve =7 = dt (18)
dy; _ d(pz-sinfz (1))

Vyy = =2 = =22
dt dt

Therefore, this study can recursively deduce the position and velocity of the i bench at any time
t as:
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(xz = p2(t) - cost,(t)
Y2 = p2(t) - sinb,(t)

{U _ dxz _ d(pacosf,(t)) (19)
X2 7 gt dt
kv _ dy2 _ d(pasindy(t))

Y27 oat dt

3.3. The definition of collision

(-’131'1 , yu)

(1'117?/]'1)

(931'2,%‘2)

(%‘2’ ?J;‘z)

Figure 5. Diagram of Two Benches Colliding

The collision schematic is shown in Figure 5. Based on equation set (19), this study can obtain the
position of the i handle of any bench. To determine whether a collision occurs between two
benches!], this study needs to establish a unary function using the coordinates of the front and rear
handles of the inner bench:

_ Yia7Yiz2 o
y =202 (x = xy) (20)

Based on the parallel relationship between the line connecting the front and rear handles and the
long edge of the bench®, this study can obtain a unary linear function for the long edge of the inner
bench that is closest to the outer circle:

i1=Yi d
y =i (r—xn) +3 1)
Where d is the width of the bench.
The unary function for the inner long edge of the outer bench j is:

Yj1—Yj2 d
YTV (3 — xip) — 2 22
Xj1—Xjo ( 11) 2 (22)

y:

By solving the linear functions of the long edges of the inner bench i and the outer bench j
simultaneously, this study obtains the following:

=i d
y=YL1 YLZ_(x_xi1)+_
Xi1—Xi2 2 23
= YAV ey ) =2 23)
Y= Xj1—Xj2 J1 2

If there are no intersection points, then the benches do not collide; if there are intersection points,
then the coordinates of the intersection points are (x,,y,) , and the benches may collide. The
following is a discussion on whether the intersection point (x,,y,) is a collision point.
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(1,11
7

/ﬂ (22,92)

y=k(z—D>) +e¢

> T+ Ty
y=k(z+b) +c ka +b, = - ka + b

y=kzr+c

Figure 6. Neighborhood of the outer long edge of the inner bench
From the above figure 6, this study can derive the x-neighborhood of the inner bench i as:

(B2 — kb + ¢, 2222 4 kb + a) (24)

Where:
b? + (kb)? = (5)?

(25)

a? + (ka)? = (5)?

[ is the length of the bench, d is the width of the bench, and k is the slope of the unary linear
function.

From the above solution process, it can be seen that if the coordinate (x,,y,) of the intersection

point is within the x-neighborhood of the outer long edge of the inner bench, then the benches collide.

3.4. Check for collision

Having clarified the conditions for collision, in order to investigate the potential collisions between
the dragon's head, body, and tail after 300 seconds, this study continues the movement with a step
size of At = 0.01s. After each movement, this study starts from the inner layer of benches, which
represent the dragon's head, and check whether it collides with any other benches. If no collision
occurs, the movement continues until the first point in time when a collision occurs is found.

In practical calculations, starting from the inner layer of benches to determine whether they collide
with all the outer benches and their would result in significant computational complexity and
meaningless results. To simplify the computation, this study proposes a model. By extending the polar
radii of the front and rear handles of the inner layer benches, which are determined by their polar
angles, until they intersect with the helix of the outer layer adjacent to the inner layer benches, this
study obtains the intersection points with polar angles 8;; — 2w , 6;, — 2m , respectively. After
finding these intersection points, this study searches for the three benches closest to these two points.
Then, using the conditions for collision 1, this study solves the functions of the long edges of the
inner layer bench and the three outer layer benches simultaneously to determine if a collision
occurs!t®, This approach ensures that no potentially colliding benches are missed while avoiding
excessive computational complexity, thus improving the efficiency of the model solution.

4. Results

Through the experimental derivation mentioned above, this study has obtained the positions and
velocities of the benches at any moment when the dragon's head maintains a constant speed of 1m/s.
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Due to space limitations, this study only lists the positions and velocities of the dragon's head, the 1st
section of the dragon's body, the 51st section of the dragon's body, the 101st section of the dragon's
body, the 151st section of the dragon's body, the 201st section of the dragon's body, and the dragon's
tail at Os, 60s, 120s, 180s, 240s, and 300s. The details are shown in Table 1, Table 2 below:

Table.1. Positions of the Bench Dragon at Special Moments

0s 60 s 120 s 180 s 240 s 300s
The x of the dragon's head (m) 88 | 579727 | 4.0900 | 2.9544 | 25808 | 4.4302
1 59
58 08
: , ) ' 2.3008
The y of the dragon's head (m) 0 577314 | 6.3011 | 6.0992 | 5.3632
53
9 79 65
The x of the 1st section of the 8.37986 | 7.41746 ) ) 4.7624 | 2.5561
1.5412 | 5.1679
dragon body (m) 1 2 62 56 95 46
They gghsnlsbtosd“t('r‘:)‘ of the 2'777699 3.52206 | 7.3853 4"&93 3.6377 | 4.3448
g y 8 81 88
The x OJr;Zeoﬁlgé jf/c(trﬁ)” ofthe | g 77562 | 7.35100 | 2.8029 P20 | 352001 49158
7 3 37 33
The y of the 51st section of the 3.86411 | 5.22743 | 7.9368 | 5.4940 5 1'177 3.8862
dragon body (m) 6 5 18 22 .78 44
The x Ogﬁgeolr?ézt dse‘(’::]‘)’” ofthe | 5 13280 4570 | 02329 | 39811 | 7.9583 | 0.2585
g y 4 41 59 26 4
The y of the 101st section of the ) - ) ) . 7.2860
10.0924 9.2073 | 7.6461 | 0.6104
dragon body (m) 14 9.75548 4 11 1 19
The x of the 151st section of the | 9.49134 | 10.4026 | 8.9468 | 8.3051 | 8.7239 | 6.4200
dragon body (m) 5 46 19 11 96 19
The y of the 151st section of the . 1.08521 | 4.3298 | 4.3869 | 1.2451 )
dragon body (m) 5'43898 8 01 03 8 5'%?73
The x Ogﬁggozr?ézt di/e?rt:f)’” of the 11'(?; 88 3'01152 4.0060 | 7.5426 | 7.9924 | 6.0426
95 14 63 69
The y of the 201st section of the 3.35526 | 10.6800 | 9.8368 6.7339 5.2708 | 6.6723
dragon body (m) 6 85 87 ' 04 82
. § ) 6.6532 | 10.018 | 9.9003 | 9.3444
The x of the dragon’s tail (m) 11.22049 2.6%523 26 273 28 07
s X - i . 0.0534 )
The y of the dragon’s tail (m) 3.86904 | 11.0879 | 8.6589 | 2.8851 86 0.2474
9 81 65 89 54

The following Table 2 shows the velocities at special positions.
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Table.2. Velocities of the "Bench Dragon" at Special Moments
0s 60s 120's 180s 240s 300s
dragon head (m/s) 1 1 1 1 1 1
The 1st section of the dragon body | 0.9999 | 0.9999 | 0.9999 | 0.9998 | 0.9998 | 0.9998
(m/s) 36 28 14 95 63 05
The 51st section of the dragon body | 0.9982 | 0.9980 | 0.9977 | 0.9972 | 0.9965 | 0.9954
(m/s) 85 49 28 73 96 63
The 101st section of the dragon 0.9968 | 0.9964 | 0.9959 0.9952 0.9941 | 0.9924
body (m/s) 67 64 32 ' 48 54
The 151st section of the dragon 0.9956 0.9951 0.9944 | 0.9934 | 0.9921 | 0.9901
body (m/s) 3 ' 16 94 82 44
The 201st section of the dragon 0.9945 | 0.9938 | 0.9930 | 0.9920 | 0.9905 | 0.9882
body (m/s) 32 94 97 3 38 78
The dragon's tail (m/s) 0.9940 | 0.9934 | 0.9925 | 0.9914 | 0.9898 | 0.9875
59 01 47 23 74 33

Figure 7 is a schematic diagram of the bench dragon's movement at 60s and 240s.

Partial Spiral Trajectory

Partial Spiral Trajectory

Spiral Path

— Points
7.5 7.51

Spiral Path
— Points

5.0 5.01

25 251

0.0 0.01

Y (m)
Y (m)

25 0.0 25 5.0 75
X (m)

-5.0

-75

2% 00 25 50 75
X (m)

-7.5 -5.0

Figure 7. Movement position diagram at 60s and 240s

Based on the above results, this study can draw the following conclusions:

The speed of each handle is basically consistent with the fixed speed of the dragon head. Analyzing
the speeds of the 1st and 51st sections of the dragon body at 120s, the difference is only 0.0022m/s.
Analyzing the speeds of different sections of the dragon body at different times, there is basically no
difference. The reason for this may be that the bench is a rigid body and does not deform by itself. If
there were a significant speed difference, it could potentially lead to the bench breaking.

Due to the decreasing polar radius of the spiral, collisions may occur between the boards. After
continuously simulating the movement of the "bench dragon™ beyond 300 seconds, it was found that
the dragon head might collide with other parts of the dragon body when approaching the center of the
spiral.

Through experimental derivation to detect the occurrence of collisions, this study obtained the
positions and velocities of each bench one second before the collision. Similarly, to reduce the length
of the text, this study still selects the positions and velocities of specific benches at specific times.
The results obtained are as Table 3 follows:
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Table.3. Position and Velocity Table of the "Bench Dragon™ at the Moment of Collision

x (m) y (m) v (m/s)
dragon head 1.020734 | 2.058396 1

The 1st section of the dragon body 1.726441 | 1.677928 | 0.999066
The 51st section of the dragon body 4.13592 1.593249 | 0.986945
The 101st section of the dragon body | -5.737726 | -0.748613 | 0.981697

The 151st section of the dragon body | 6.862909 | -0.504428 0.9783
The 201st section of the dragon body | 0.876468 | 7.778454 | 0.975782
The dragon’s tail 7.869913 | -2.387917 | 0.974818

The schematic diagram of the collision moment is shown in Figure 8.

Partial Spiral Trajectory

Spiral Path
— Foints

Y (m)

0.0

=75 -5.0 =25 0.0 25 5.0 75
X (m)

Figure 8. Position Diagram at the Moment of Collision

Based on the above research, the analysis of the results is as follows:

Due to the decrease in polar radius and the significant change in polar angle per unit time near the
center of the spiral, collisions are likely to occur. Since the dragon head is longer than the dragon
body and initiates the spiral movement first, when a collision occurs at 412.3 seconds, only the dragon
head collides with other parts of the dragon body.

5. Conclusions

In this paper,this study conducted an in-depth study on the potential collision problems during the
movement of the "Bench Dragon" based on the spiral algorithm. Using the known spiral equation,
this study accurately derived the motion correlations between each bench through trigonometric
relationships, thereby precisely determining the position and velocity of each bench. Next, this study
simulated the movement states of two benches, clarified the specific conditions for collisions to occur,
and proposed a nearest neighbor detection model for adjacent layers to improve the efficiency of the
solution.

Through simulation and analysis, this study found that at the 412.3rd second, the dragon head will
collide with the 8th section of the dragon body, although the specific coordinates of the collision point
were not detailed in the paper. This result verifies the correctness and effectiveness of the collision
model this study proposed, filling a gap in current research.
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The model this study proposed not only provides important support for a deeper understanding of
the movement characteristics and collision situations of the "Bench Dragon™, but also holds promise
for future extension to collision detection in other similar folk activities, offering new ideas and
methods for solving related problems.
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