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[DESCRIPTION] 

[Invention Title] 

METHOD FOR CHECKING MOVING AVAILABLE AREA OF ROBOT 

ON MOVING SURFACE, ROBOT, AND RECORDING MEDIUM 

5 [Technical Field] 

The present invention relates to a method for checking a moving 

available area of a robot on a moving surface, a robot, and a recording medium. 

[Background Art] 

When a robot moves on a hull surface of a ship in order to inspect or 

10 clean the hull surface, there may be various problems caused by moving the 

robot without recognizing shape characteristics of a moving surface. For 

example, while the robot moves, the robot may collide with a certain portion on 

the moving surface to damage the moving surface, and the robot may be 

detached from the moving surface by being separated from a sharp curved 

15 portion. Further, in some cases, the robot may be stuck in a depression on the 

moving surface and may not be escaped from the depression. 

In order to solve the problems, in the past, an operator moves the robot 

while checking a shape of the moving surface by using a camera or checking 

obstacles by using sensor information. In such a method, the operator needs 

20 to continuously observe the movement of the robot while the robot moves. 

Furthermore, in order for the robot to intentionally move on the moving 

surface through autonomous moving, it is required to previously check an area 

where the robot can move. As the most general method, there is a method in 
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which the robot is not allowed to move at a portion of large curvature by 

analyzing curvature by using a geometric model of the moving surface. 

However, since the moving surface, for example, the geometric model of 

the hull surface includes a plurality of trimmed surfaces as illustrated in FIG. 2A, 

5 even though it is required to ensure the curvature continuity (C2 continuity) 

between curved surfaces in order to analyze the curvature, it is difficult for most 

design shapes to ensure the curvature continuity, and the C2 continuity is 

broken when loading the design shape in order to process the design shape. 

Moreover, since a value of the curvature for one point on the curved surface 

10 varies depending on a direction, the curvature is not appropriate to be used as a 

criterion for determining a moving available area. 

In addition, since only the curvature is taken account of without taking 

account of a size of the robot, when the robot actually moves, the robot may not 

move at a portion of less curvature in some cases. 

15 The above information disclosed in this Background section is only for 

enhancement of understanding of the background of the invention and therefore 

it may contain information that does not form the prior art that is already known 

in this country to a person of ordinary skill in the art. 

[DISCLOSURE] 

20 [Technical Problem] 

The present invention has been made in an effort to provide a method for 

checking a moving available area of a robot on a moving surface, a robot, and a 

recording medium. 

[Technical Solution] 
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An exemplary embodiment of the present invention provides a method 

for checking a moving available area of a robot on a moving surface in order to 

allow the robot to autonomously move on the moving surface of a curved surface. 

The method includes a) generating a geometric model of the moving surface 

5 divided into a plurality of curved surfaces, b) dividing the plurality of curved 

surfaces into a plurality of triangles by using the geometric model, c) calculating 

angles between the plurality of triangles and triangles adjacent to the plurality of 

triangles, and d) determining whether or not the angles are within a 

predetermined range. 

10 In this case, in step b), each of the plurality of triangles may be 

substantially a flat surface. 

In this case, in step b), the one curved surface may be divided into a 

plurality of triangles such that triangles adjacent to each other within the one 

curved surface share an edge and a vertex. 

15 In this case, in step c), angles between the adjacent triangles that share 

the edge or the vertex may be calculated. 

In this case, in step c), when angles between triangles, which are 

positioned at a boundary between two curved surfaces adjacent to each other 

and are respectively positioned on the two adjacent curved surfaces, are 

20 calculated, angles between triangles whose edge and edge, edge and vertex, or 

vertex and vertex meet each other may be calculated. 

In this case, after step d), the method may further include e) checking 

primary moving available areas by defining the triangles as the moving available 

areas the when the angles are within the predetermined range. 
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In this case, in step c), the angles may be calculated using angles 

between normal vectors of the adjacent triangles. 

In this case, after step e), the method may further include checking a 

secondary moving available area by setting the robot to have a predetermined 

5 size, moving the robot in the moving available areas, and then by defining an 

area where the robot does not intersect with the moving surface as a moving 

available area. 

Another exemplary embodiment of the present invention provides a robot 

that stores a program for executing the method for checking a moving available 

10 area of a robot on a moving surface or moves on a moving surface by being 

controlled by an external device that stores the program. 

Yet another exemplary embodiment of the present invention provides a 

computer-readable recording medium that stores a program for executing the 

method for checking a moving available area of a robot on a moving surface. 

15 [Advantageous Effects] 

According to an exemplary embodiment of the present invention, it is 

possible to easily check a moving available area of a robot on a moving surface. 

[Description of the Drawings] 

FIG. 1 is a flowchart of a method for checking a moving available area of 

20 a robot on a moving surface according to an exemplary embodiment of the 

present invention. 

FIG. 2A is a diagram illustrating a geometric model formed on a partial 

surface of a ship hull. 

FIG. 2B is a diagram illustrating triangle meshes generated by 
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triangulating the geometric model illustrated in FIG. 2A. 

FIG. 3A is an enlarged view illustrating an edge at a boundary between 

curved surfaces in the geometric model illustrated in FIG. 2A. 

FIG. 3B is a diagram illustrating a state where the triangle meshes are 

5 formed by triangulating the curved surface illustrated in FIG. 3A. 

FIG. 4 is a diagram for describing a method for measuring angles 

between adjacent triangle meshes when the triangle meshes are formed. 

FIG. 5 is a diagram illustrating triangles within the triangle mesh. 

FIG. 6 is a diagram illustrating triangles at the boundary between the 

10 triangle meshes. 

[Mode for Invention] 

Hereinafter, exemplary embodiments of the present invention will be 

described in detail with reference to the accompanying drawings so that the 

exemplary embodiments of the present invention can be easily realized by those 

15 skilled in the art to which the present invention pertains. As those skilled in the 

art would realize, the described embodiments may be modified in various 

different ways, all without departing from the spirit or scope of the present 

invention. The drawings and description are to be regarded as illustrative in 

nature and not restrictive. Like reference numerals designate like elements 

20 throughout the specification. 

FIG. 1 is a flowchart of a method for checking a moving available area of 

a robot on a moving surface according to an exemplary embodiment of the 

present invention. 

Referring to FIG. 1, the method for checking a moving available area of a 
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robot on a moving surface according to the exemplary embodiment of the 

present invention may include step S101 of generating a geometric model, step 

S102 of generating meshes, step S103 of calculating angles between adjacent 

triangles, step S104 of checking a primary moving available area, step S105 of 

5 inspecting whether or not a robot intersects with a moving surface, and step 

S106 of checking a secondary moving available area. 

In the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present invention, 

a geometric model for hull curved surfaces is first generated using a program 

10 such as 3D CAD. (S101) FIG. 2A illustrates a geometric model 2 for partial hull 

curved surfaces generated using the CAD program. 

In the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present invention, 

triangle meshes are generated for the hull curved surfaces by triangulating each 

15 of the hull curved surfaces by using the geometric model 2 for hull curved 

surfaces generated as described above. FIG. 2B is a diagram illustrating a 

triangle mesh 4 generated for the hull curved surface by triangulating the 

geometric model 2 illustrated in FIG. 2A. As stated above, when the triangle 

mesh is generated for each of the hull curved surfaces, the triangle mesh for 

20 each curved surface includes a plurality of triangles in which positional 

information on edges and vertices and adjacency relations therebetween are 

known. 

In this case, when the hull curved surface is triangulated, if the geometric 

model of the hull has adjacency information between curved surfaces, the entire 



7 

ship hull model may be converted into one triangle mesh. In such a case, it is 

assumed that the distinction between the curved surfaces constituting the hull 

disappears and only one triangle mesh is formed for the hull. 

Meanwhile, when the geometric model of the hull does not have the 

5 adjacency information between the adjacent curved surfaces, one triangle mesh 

is generated for each curved surface, and the adjacent triangle meshes do not 

share the vertex and the edge. 

FIG. 3A illustrates a part of the edge of the curved surface formed by the 

geometric model, and FIG. 3B illustrates a state in which the triangle mesh is 

10 generated for each curved surface by triangulating the part of the edge 

illustrated in FIG. 3A. 

FIG. 3A illustrates an edge 130 of the geometric model of the hull. As 

illustrated in FIG. 3A, even through a left curved surface 110 and a right curved 

surface 120 meets each other at the edge 130, when the geometric model does 

15 not have information about the edge 130, if the triangle meshes are formed 

using the left curved surface 110 and the right curved surface 120, triangles, 

which do not share vertices at the edge 130, within the triangle meshes 

corresponding to the curved surfaces are formed as illustrated in FIG. 3B. 

For example, when the adjacency information, that is, information on the 

20 edge 130 is shared, a triangle 112 whose vertex 112a is positioned on the edge 

130 among the triangles within the triangle mesh formed to correspond to the left 

curved surface 110 and a triangle 122 whose vertex 122a is positioned on the 

edge 130 among the triangles within the triangle mesh formed to correspond to 

the right curved surface have a common vertex, but when the information on the 
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edge 130 is not shared, the triangles are formed to have different vertices as 

illustrated in FIG. 3B. 

In the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present invention, 

5 when the adjacent curved surfaces share the adjacency information of the edge, 

if the triangle mesh is formed using the geometric model, since one mesh is 

formed by different curved surfaces from each other, a moving available area of 

a robot on a moving surface is calculated using relations between triangles 

within one mesh. Further, when the adjacent curved surfaces do not share the 

10 adjacency information of the edge, since the triangle mesh is formed by each 

curved surface, the moving available area on the moving area is calculated in 

consideration of relations between the triangles within each of the plurality of 

triangle meshes and relations between the triangles between the adjacent 

triangle meshes. 

15 More specifically, according to the exemplary embodiment of the present 

invention, after the triangle mesh is formed using the geometric model, angles 

between each of the plurality of triangles positioned within the triangle mesh and 

triangles adjacent to each triangle are calculated (S103), and the moving 

available area on the moving surface is primarily checked based on the 

20 calculated resultant. (S104) 

In this case, the angle between the triangles means an angle formed by a 

surface formed by one triangle and a surface formed by a triangle adjacent to the 

one triangle by using the edge or the vertex shared by the adjacent triangles as 

a reference. 
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The angle between the triangles may be calculated using normal vectors 

of one triangle and a triangle adjacent to the one triangle. 

The calculation for an angle at which surfaces of the adjacent triangles 

meet each other at one edge by using the normal vectors of the triangles can be 

5 easily performed by a known calculating method, and since the calculating 

method is easily known to a person of an ordinary skill in the art, the detailed 

description thereof will not be presented. 

On the other hand, after the angles between the adjacent triangles are 

calculated using the normal vectors formed at centers of the triangles positioned 

10 in a three-dimensional space, when an angle between one triangle and any one 

triangle of triangles adjacent to the one triangle is out of a moving allowable 

range, the triangle may be defined as a moving unavailable area. 

For example, FIG. 4 illustrates a first triangle 10, three second to fourth 

triangle 20, 30, and 40 adjacent to the first triangle, and normal vectors 11, 21, 

15 31 and 41 of the triangles. In this case, when angles between the first triangle 

10 and the second to fourth triangle 20, 30, and 40 are 190 degrees, 185 

degrees, and 120 degrees, respectively, if a moving allowable range of a robot is 

from 135 to 225 degrees, the angle between the first triangle 10 and the fourth 

triangle 40 is out of the moving allowable range. Accordingly, the first triangle 

20 10 becomes a moving unavailable area of the robot. 

Meanwhile, when it is primarily determined whether or not the robot can 

move as mentioned above, the triangles positioned within the triangle mesh may 

be distinguished to two types of triangles, that is, a triangle positioned within the 

mesh and a triangle positioned at a boundary of the mesh. 
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In this case, there are constantly adjacency relations between the 

triangle positioned within the mesh and three triangles adjacent to the triangle. 

FIG. 5 illustrates a plurality of triangles 501, 502, 503, and 504 positioned within 

the mesh. 

5 In this case, dotted lines 511, 521, and 531 within the triangles are virtual 

lines which connect centers 501c, 502c, 503c, and 504c of the triangles. 

In this case, when the centers of the triangles within the triangle mesh 

and centers of triangles adjacent to each triangle are connected while sharing 

edges, the centers of the triangles within the triangle mesh become vertices at 

10 which three segments meet. 

That is, in FIG. 5, the center 501c of the triangle 501 becomes a vertex at 

which segments 511, 521 and 531 connecting the center 501c of the triangle 

501 and the centers 502c, 503c and 504c of the three triangles 502, 503 and 

504 meet each other. 

15 As described above, the adjacency relations between the triangles within 

the mesh and the triangles adjacent thereto are calculated in the triangulation 

procedure for generating the meshes, and adjacency relation information 

represented in FIG. 5 is stored in the triangle mesh after the triangulation 

procedure. 

20 Accordingly, when the angles of the triangles are calculated, the adjacent 

triangles can be immediately found using the adjacency relation information, and 

the angles between the adjacent triangles can be easily calculated. 

In contrast, referring to FIG. 6, there are adjacency relations between a 

triangle 601 at the boundary of the triangle mesh and two triangles 602 and 603 
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within the same triangle mesh. That is, when a center 601 c of the triangle 601 

positioned at a boundary 800 of the triangle mesh in FIG. 6 and centers of the 

triangles 602 and 603 within the same triangle mesh are connected to each 

other, only two segments 621 and 631 exist. 

5 In this case, there may be adjacency relations between the triangle 601 

at the boundary 800 of the triangle mesh and several triangles 701 and 702 

positioned at a mesh adjacent to the triangle mesh. 

However, one mesh does not store adjacency relation information with 

triangles within a mesh adjacent to the one mesh. 

10 In such a case, a distance between the triangle positioned at the 

boundary of the triangle mesh and a triangle at a boundary of a triangle mesh 

adjacent thereto is calculated, and it is determined whether or not two triangles 

are adjacent to each other on the basis of the calculated resultant. 

More specifically, a distance between two triangles may be calculated 

15 using positional information of a triangle within one mesh, for example, positional 

information on vertices and three sides and information on another triangle 

within a triangle mesh adjacent thereto, for example, positional information on 

vertices and three sides. 

In this case, when a distance between two triangles at any edge is zero 

20 (0), it may be calculated that two triangles come in contact with each other at the 

edge. 

As described above, after it is determined whether or not triangles at the 

boundary of the triangle mesh are triangles adjacent to each other by calculating 

a distance between the triangles, when the angles between the triangles are out 
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of the moving allowable range of the robot, the triangles are defined as the 

moving unavailable area. 

In this manner, by determining whether or not triangles within all triangle 

meshes are the moving available area or the moving unavailable area, the 

5 moving available areas of the robot are primarily calculated. 

After the moving available areas of the robot are primarily calculated, an 

inspection whether or not the robot intersects with the moving surface is 

performed in order to find a moving available area in consideration of a size of 

the robot. (S105) 

10 More specifically, after the robot capable of moving on the moving 

surface is simplified in, for example, a box shape having a width, length and 

height of 1 m x 1 m x 1 m, it is inspected whether or not there is a position where 

the box-shaped robot intersects with the moving surface while moving the 

box-shaped robot on the triangle that is primarily calculated as the moving 

15 available area of the robot on the hull curved surfaces represented as the 

triangle mesh. 

In this case, when the robot intersects with the moving surface, it may be 

determined that the robot collides with the ship hull surface when the robot 

moves on the moving surface. Accordingly, as a result of inspecting whether 

20 the robot intersects with the moving surface, when it is determined that the robot 

intersects with the moving surface, a triangle at which the robot is positioned is 

excluded from the moving available area. 

According to the exemplary embodiment of the present invention, by 

inspecting an area where the robot intersects with the moving surface as 
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mentioned above, the moving available area of the robot is secondarily checked 

(S106). 

When the moving available area of the robot is secondarily calculated as 

stated above, the moving available area of the robot on the moving surface is 

5 finally checked. 

In the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present invention, 

after the triangle mesh is formed using the geometric model of the moving 

surface, the moving available areas of the robot are primarily checked by 

10 calculating angle relations between the triangles within the triangle mesh. 

Thereafter, among the calculated moving available areas of the robot, an area 

where the robot does not intersect with the moving surface by inspecting 

whether or not the robot inspects with the moving surface is finally determined 

as a moving available area. In this way, it is possible to accurately check the 

15 moving available area of the robot on the moving surface. 

In the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present invention, 

although it has been described that the robot moves on the hull surface of the 

ship, the moving surface on which the robot moves is not limited thereto. A 

20 moving available area can be checked for all surfaces on which the robot can 

move by using the method for checking a moving available area of a robot on a 

moving surface according to the exemplary embodiment of the present 

invention. 

While this invention has been described in connection with what is 
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presently considered to be practical exemplary embodiments, it is to be 

understood that the invention is not limited to the disclosed embodiments, but, 

on the contrary, is intended to cover various modifications and equivalent 

arrangements included within the spirit and scope of the appended claims. 

5 [Industrial Applicability] 

According to an exemplary embodiment of the present invention, it is 

possible to easily check a moving available area of a robot on a moving surface. 
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[CLAIMS] 

[Claim 1] 

A method for checking a moving available area of a robot on a moving 

surface in order to allow the robot to autonomously move on the moving surface 

5 of a curved surface, the method comprising: 

a) generating a geometric model of the moving surface divided into a 

plurality of curved surfaces; 

b) dividing the plurality of curved surfaces into a plurality of triangles by 

using the geometric model; 

10 c) calculating angles between the plurality of triangles and triangles 

adjacent to the plurality of triangles; and 

d) determining whether or not the angles are within a predetermined 

range. 

15 [Claim 2] 

The method of claim 1, wherein: 

in step b), each of the plurality of triangles is substantially a flat surface. 

[Claim 3] 

20 The method of claim 1, wherein: 

in step b), the one curved surface is divided into a plurality of triangles 

such that triangles adjacent to each other within the one curved surface share an 

edge and a vertex. 
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[Claim 4] 

The method of claim 3, wherein: 

in step c), angles between the adjacent triangles that share the edge or 

5 the vertex are calculated. 

[Claim 5] 

The method of claim 4, wherein: 

in step c), when angles between triangles, which are positioned at a 

10 boundary between two curved surfaces adjacent to each other and are 

respectively positioned on the two adjacent curved surfaces, are calculated, 

angles between triangles whose edge and edge, edge and vertex, or vertex and 

vertex meet each other are calculated. 

15 [Claim 6] 

The method of claim 1, further comprising: 

after step d), 

e) checking primary moving available areas by defining the triangles as 

the moving available areas the when the angles are within the predetermined 

20 range. 

[Claim 7] 

The method of claim 1, wherein: 
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in step c), the angles are caicuiated using angles between normal 

vectors of the adjacent triangles. 

[Claim 8] 

5 The method of claim 6, further comprising: 

after step e), 

checking a secondary moving available area by setting the robot to have 

a predetermined size, moving the robot in the moving available areas, and then 

by defining an area where the robot does not intersect with the moving surface 

10 as a moving available area. 

[Claim 9] 

A robot that stores a program for executing the method for checking a 

moving available area of a robot on a moving surface of any one of claims 1 to 8 

15 or moves on a moving surface by being controlled by an external device that 

stores the program. 

[Claim 10] 

A computer-readable recording medium that stores a program for 

20 executing the method for checking a moving available area of a robot on a 

moving surface of any one of claims 1 to 8. 


