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Abstract 

A physically based simulator for a cloth or patch has often utilized a mass-spring 

model. This mass-spring model generally employs the gravity force. To make a simulation 

model of fishing-net, we have to consider the tidal-current and buoyancy in underwater 

environments. This additional factors lead to get a lower calculation speed for a real-time 

simulation. In this paper, we will propose a new mass-spring model for a fishing-net and 

also a method to simplify the equations for the real-time simulation of a fishing-net model. 

Our 3D mass-spring model will show the mesh-structure similar with the other mass-

spring model except that each intersection point can have independently a different mass. 

The motion of each mass will be calculated with adding dynamics. To reduce the 

calculation time, we will try to simplify the mathematical equations which consider the 

tidal-current and buoyancy. Through this research, we can get the real-time and realistic 

simulation for the fishing-net. 
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1. Introduction 

A simulation of 3D fishing-net has been used to check the efficient spread of a net and 

also exercise the fisherman. These simulation systems have often employed the mass-

spring model to simulate the cloth or patch because of the shape of fishing net. 

In such simulation systems, the calculation speed is one of the critical issues to get 

real-time simulation [1-2]. There have been developed many researches to increase the 

calculation speed. Ko[2] proposed the method to reduce the integration time. Lee[3] 

simplified the equations to solve the motion of fishing-net using constant term. These 

previous researches have basically considered the only gravity factor to simulate the 

motion of mass-spring model.  However, the fishing-net has to apply the factors such as 

tidal-current and buoyancy to determine its motion. And also it needs to consider the non-

uniform mass distribution of a fishing-net because a fishing-net can be formed with 

several netting twines with different weights. These additional factors make the 

simulation system difficult to get the real-time simulation because we have to create a 

model to include the factors like the density of fluid, the density of object, the volume of 

object, and the vector of tidal current. 

Therefore, we propose a practice system for the 3D fishing-net which is deduced from 

general mass-spring systems. We obtain an accurate motion of fishing-net using a two-

step approach: Input Data Control that get actual fishing-net data with different masses. 

Physics Processor that calculates the motions from tidal-current, buoyancy, and the 

gravity. 

In our system, we will generate a reality simulation in specific undersea environments. 

We first make the Input Data Control panel that gives more actual data input and easier-

to-use UI. Our Physics Process will generate the better real motion than the motion with 

only gravity force. These additional forces increase the calculation speed because the 
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mathematical equations require the more complicated computer calculations. In order to 

reduce the calculation time, we will simplify the mathematical equations considering the 

tidal-current and buoyancy. This calculation will provide the similar motion with a real 

fishing-net model. 

In Section 2, we will provide the system overview to make the real fishing-net 

simulator which expresses the various forces such as tidal-current, buoyancy, and the 

gravity. Section 3 shows the data input panel to represent the structure of the fishing net. 

The motion of the fishing-net will be calculated with a physics processor in Section 4. 

Conclusion remarks will be given in Section 5. 

 

2. System Overview 

Our system has three steps as shown in Figure 1. In first step, Input Data Control 

inputs the different mass as well as several properties into the structured fishing-net data. 

Interactive User Interface determines the external forces such as the lift force of tidal-

current, the density of object, the volume of object from keyboard. It also initializes a 

position vector of fishing-net by user’s mouse control. Second step is the Physics 

Processor which calculates a fishing-net motion by the characteristics of fishing-net 

structure such as tidal-current, and buoyancy. 

 

 

Figure 1. System Overview 

Last step, 3D Simulation Manager, shows the natural motion on the display monitor 

using computed values. 

 

3. Input Data Control 
 

3.1. Fishing-Net Data 

Fishing-net data affect the reality of the fishing net that we try to express in our 

fishing-net simulator. So we have to use actual data to implement our fishing-net model. 

As shown in Table 1, each point should take various factors that well represent the 

actual fishing-net properties. 
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Table 1. Input Data of Fishing-Net 

N
o 

Sym
bol 

Definition 
N

o 
Symb
ol 

Definition 

1 id ID of point(=object) 8 surface Projected area 

2 
x Position of  x 

9 part_ty

pe 

Type of 

point(=object) 

3 
y Position of  y 

10 link_co

unt 
Count of link 

4 
z Position of  z 

11 link_id

[ ] 
ID list of links 

5 volu

me 

Volume of 

point(=object) 

12 
l Length 

6 densit

y 

Density of 

point(=object) 

13 
k Tension 

7 mass Mass    

 

General mass spring model often use the rectangle structure that connects the 

neighboring points in a rectangular shape. 

However, the real fishing-net shows many diamond shapes and vertical lines. We also 

construct the mass-spring model of the fishing-net such as following Figure 2. Our 

fishing-net model uses the mixture of diamond structures and triangle structures. 

 

 

Figure 2. Mass-Spring Model of Fishing-Net 

The fishing-net model consists of finite number of mass points and each intersection 

point is connected with its neighboring points through the spring. As shown in Figure 2, 

each point can have the different density, and it is classified into three types. First type is 

the buoys located at top-line and make the fishing-net lift. Second type is the sinker 

located at bottom-line that fall down the fishing-net. Normal points located at middle 

region are the third type. Each point has different density values depending on its position 

in a fishing-net. Each spring can own different spring coefficient because it plays a 

different role in the fishing-net. 

 

4. Physics Processor 
 

4.1. Fishing-Net Initialization 

In a Physics Processor, the initial fishing-net model can be formed using the actual net 

information from Input Data Control, and a position of fishing-net through Interactive 

User Interface. First, a structured data for mass-spring model consists of NetData, 
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NeighoborData, and SpringData as shown in Figure 3. In addition, RenderData uses 

finally to display fishing-net. 

 
 
struct  NetData { 
struct  NetVertex{ 
int       id; 
float    posX, posY, posZ; 
float    volume; 
float    density; 
float    mass; 
float    area; 
float    surface; 
}; 
int               vertexID;  
NetVertex  *netVertex; 
}; 

 
struct    SpringData { 
struct    SpringVertex { 
 int      selfIndex; 
 int      linkCount; 
 int      *linkingNums;  
 float   *lengths; 
 float   *tensions; 
}; 
int    srpingNum; 
SpringVertex  *springVertex; 
}; 

 
struct NeighborData { 
struct  NeighborVertex{ 
 int    id; 
 int    counts; 
 int    *polygonIndex; 
}; 
Int     vertexID; 
Int     accumulateID; 
NeighborVertex  *neighborVertex; 
}; 

 
struct   RenderData { 
struct   RenderVertex{   
 float    posX, posY, posZ; 
 float    normalX, normalY, normalZ; 
 float    velocityX, velocityY, velocityZ; 
 float    colorX, colorY, colorZ; 
}; 
RenderVertex    *renderVertex; 
}; 

Figure 3. Structured Data for Mass-Spring 

NetData includes net’s properties such as id (=vertex id), position, and mass at each 

points, and NeighborData has related information on connecting points such as id(=vertex 

id), counts(=total count of link), and accumulate id. Then, SpringData generates mass-

spring model connecting two adjacent net-vertices, and it includes link count (=total count 

of linking spring), length (=length of spring), and tension (=tension of spring). The 

characteristics of the fishing-net motion depend greatly on the position vector of points. 

Therefore, in Interactive User Interface, we can handle to move each point after picking a 

vertex. This changing value can be the other input value into Fishing-Net Initialization. 

 

4.2. Motion Equation in a Fishing-Net 

The mesh in an actual fishing-net should be approximated with a small number of mass 

points to get a rapid calculation. So, we first have to reduce the mass points of a fishing-

net model in allowable range. At each mass point on the fishing-net, the motion equation 

is: 

)F(F)FF(FFF
bdbclcdcg(t)

                                                    (1) 

Where Fg is a gravity force, (Fc+Fcd+Fcl) is a tidal-current force, and (Fb+Fbd) is 

a buoyancy force.  

 

4.3. Adopting Tidal-Current Force  

Tidal-current force is defined as Fc, Fcd, Fcl  in above motion equation. Fc is the 

vector of the tidal-current, and Fcd is the drag force that the tidal-current affects on 

the object. Fcd is calculated as follows: 

))
2

^^

cd
C(N(1* C*SF                        (2) 
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Where S is the projected area of the object, 
^

C  is normalized result of Fc minus 

the velocity of the object, and N is the normal vector of the object.  










c

c

^

F

F
C                             (3) 

Fcl is the lift force that the tidal-current makes the object afloat. Fcl can be 

defined as follows as: 

LLcl
K*V*SF                                                           (4) 

Where S is the projected area of the object, VL is the vector of the lift force, and 

KL is the coefficient of the lift force. VL and KL are given as follows: 

)C(N* CNV

^^

L
                                                         (5) 

Where N is the normal vector of the object,   is the velocity of the object, and Fc 

is the vector of the tidal-current. From above equation, we obtain the vector of the 

lift force as VL. 

))C2(N(1LK
2

^

funcL
                                                    (6) 

Where KL is a very important factor because it determines scale of lift force. In 

order to generate KL, we should define a lift function Lfunc( ). The function needs the 

parameters such as N, Fc, and . The N is the normal vector of the object, Fc is the 

vector of the tidal-current, and  is the velocity of the object. In order to get real 

motion of fishing net model, it is necessary to get good function Lfunc( ). We will 

simplify this lift function through the adequate mathematical formulation to 

approximate discrete experiment results given in Table 2. 

Table 1. Coefficients of Lift Force Depending on Angle 

No Angle 
Coefficient of  

Lift force 
N

o 
Angl
e 

Coefficient 
of  

Lift force 

1 0.00 0.020675 13 51.00 0.504986 

2 5.00 0.029830 14 55.00 0.517126 

3 6.00 0.028353 15 56.00 0.521239 

4 10.00 0.052438 16 60.00 0.496089 

5 11.00 0.049820 17 61.00 0.500870 

6 20.00 0.138550 18 65.00 0.427470 

7 21.00 0.136940 19 66.00 0.435763 

8 30.00 0.265190 20 72.00 0.238003 

9 31.00 0.265750 21 73.00 0.235445 

10 43.00 0.438975 22 85.00 0.088935 

11 44.00 0.441512 23 86.00 0.092204 

12 50.00 0.501985 24 90.00 0.057054 

 

Using above data, lift function Lfunc( ) can show the curvature graph as shown in 

Figure 4. The lift function has the peak value around 55.00 degree and also the 

lower value at 0.0 degree and 90.0 degree. Through this graphical property, we can 

know that the shape of lift function resembles the typical cosine function.  
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Figure 4. Graph of Lift Function, Lfunc( ) 

 

Figure 5. Comparison of Lfunc( ) and Cos () 

Figure 5 shows the difference of the lift function and the typical cosine function. 

The difference represents a maximum value around 30.0 degree. The value is about 

70% greater than an experimental data. From these characteristics, we assume that 

the lift function can be replaced with the cosine function. Lfunc( )  cos( ) can be 

approximated as follows: 

))C2(Ncos(1K
2

^

L
                                                              (7) 

The typical cosine function is a very time consuming job. So, we propose the 

work to determine the cosine result of a given value using Taylor series.  

Thus, the coefficient of lift force, KL, can be compensated using Taylor 

approximations as follows: 

))C2(NTaylor(1K
2

^

L
                                               (8) 
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Figure 6. Compensation using Taylor Approximations 

In our system, as shown in Figure 6, we obtain the value KL using the second 

order Taylor series for the calculation speed of fishing net model.  

 

4.4. Adopting Buoyancy Force 

Buoyancy force is expressed as Fb, Fbd in the motion equation. If Fb is the 

buoyancy force, Do is the density of the object, Df is the density of the fluid, V is the 

volume of the object, and W is the weight of the object, 

W*V*)D(DF
fob

                                                    (9) 

The density Df affects the great effects on the motion of fishing-net. In specific 

undersea environments, Df has different value according to depth of water as shown 

in Figure 7. 
 

 

Figure 7. Density of Fluid in Undersea 
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However, above depth density makes great expense in computing because it is a 

nonlinear. So, we simplify the depth density through linear approximation as shown 

in Figure 8: 
 

 

Figure 8. Simplification of Linear Approximations 

Therefore, the Df  is determined through above linear simplification. 

In our system, the drag force of buoyancy is defined as follows: 

bfbd
K*S*DF                                                   (10) 

Where Df is the density of the fluid, S is the projected area of the object, and Kb is 

coefficient of the drag force. 

 

5. Experimental Results 
 

 

Figure 9. Result of Simulation 

We implemented the 3D fishing-net simulator using described techniques. Figure 9(a) 

is a result that did not consider the tidal-current and buoyancy force. The middle points 
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are drooped because the gravity is adopted on the mass points. Figure 9(b) shows the 

effects of the buoyancy. The buoys at top lines make the fishing-net lift and the sinks at 

the opposite side falls down the fishing-net. Figure 9(d) is the result image that the tidal-

current force is added to the Figure 9(c). In Figure 9(d), we can observe that fishing-nets 

are moved to the right-bottom direction. The amount of shift depends on the value of 

tidal-current force. 

 

6. Conclusion 

In this paper, we have developed a 3D fishing-net simulation system considering tidal-

current and buoyancy. The physics process is implemented to integrate the physics model 

as well as to calculate math model. The mathematical equations are simplified to get a 

real-time simulation. The experimental results show that our simplification of 

mathematical equation to compute the motion of fishing-net is very efficient and the UI 

panel to input the characteristic data of fishing-net is convenient and simple. Through this 

research, we can make a base technique to get the real-time and realistic simulation for 

the 3D fishing-net. 
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