1 [DESCRIPTION] [Invention Title] METHOD FOR CHECKI NG MoVI NG
AVAI LABLE AREA OF ROBOT ON MOVI NG SURFACE, ROBOT, AND RECORDI NG

MEDI UM 5[ Techni cal Fi el d] The present invention relates to a
nmet hod for checking a noving avail able area of a robot on a noving
surface, a robot, and a recording nedium [Background Art] Wen a
robot noves on a hull surface of a ship in order to inspect or 10
clean the hull surface, there mﬂDEﬁCRE?Tl@N;l probl ens caused by
novi ng the robot w thout recogni zi ng shape characteristics of a

novi ng su lﬂfe‘?r wexanpl e, while the robot noves, the robot may
col lide WH at{:{ﬂg@é portion on the noving surface to damage the

nmovi ng surface, and the robot nay be detached fromthe noving surface
by bei ng separMEJd'[@poﬁpﬁ Q"&E%K VM@WBI%&\M%HBLEU% OF RQBRE
cases, the robot may be stuck in a depression on the noving surface
and may K M@VENGEpdRFACEMROB Ode s RECBORDING MEDIWMTr der to sol ve
the problens, in the past, an operator noves the robot while checking

a shape ofTbBRnidaYFi¥ldiurface by using a canmera or checking obstacles
by using sensor information. In such a nethod, the operator needs 20

to continuously, observe, the venent of the rpobot while the robot.
moves. Yo PBePRbRverioNofelalesr 49 & HBefEtnfor SHERKER: Rofavng
nove on the_noving surface through autononous noving, it is required
to previ @yailgble peek oha rabel:omadmevingsurfaerita thet, a reeorgding medium.
general nethod, there is a nmethod in

[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



2 which the robot is not allowed to nove at a portion of |arge
curvature by analyzing curvature by using a geonetric nodel of the

novi ng surface. However, since 4 he noving surface, for
exanpl e, the geonetric nodel of the hull surface includes a plurality
of trimred surfaces as illustrated in FIG 2A, 5 even though it is

required to ensure the curvature continuity (C2 continuity) between
curved swyiigltdbei iobgt dernatoalioveed ie mawe calr aapertien of large geyrvatene tby
for nost design shapes to ensure the curvature continuity, and the C2
cont i nui tanahyxiry cleaturh &y Usiraya mgohedric esidph of trepmoivingeuwifecet o
process the design shape. Myrreover, since a value of the curvature
for one point gaweher, %ﬁﬁd@lﬁe&ﬁb%ﬂ@%uﬁ@cé%‘r%&a R@rﬂﬁ'é Boffetrde model of

direction, the curvature i s not approprlate to used as a criterion
for det eqa, ﬂhf‘guﬁag@\’r{c’\ﬂi(é%"é‘ghﬁgﬁtﬁ o‘ﬁ cek'bs%ﬁﬁétFétBE i F'I(ECEA
only the curvature t ccou taki ng account

f th b t th t t I
move St £VEBr RGNt ¥ dedtited S canelie R %@%ﬁﬁ%&onﬂ%wfvo?ﬁ%o%@nuqv)
i nformation disclosed in this Backgr ound section is only
enhancemPSiWesN GHIEASIUETREPAEN Srdene anedves Berunaturadt lﬁrﬂ}@ﬁuﬁéﬁr mAst

therefore it may contain information that does not formthe prior art
that is alesigadghapeavio i enguné stheoauvature ocantipeiitg,0 andf ther Gi2naoptirekiyl Is
in the art. [DI SCLOSURE] 20[ Technical Probleni The present

2 Tovi ng | ABE T eaCo a Tebor oha v ng Burrace s reber hnd”
a recor diVreBHEY, Whce 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]



[ Techni cal Solution] 3 An exenpl ary enbodi nent of ‘the present
I nvention provides a nmethod for checking a noving avail able area of a
robot on a noving surface in order toégllom/the robot to autononously
nove on the noving surface of a curved surface. The method i ncl udes
a) generating a geonetric nodel of the noving surface 5 divided into
a plurality of curved surfaces, b) dividing the plurality of curved
surfaces into Ang@xeneplaryempodimenigpidbenyresenhipvention osvddes 8 methad
c) calculating angles between the plurality of triangles and

t ri angl edorachecking atovihg aphilalee idrya of atmobahgh esmosaing shfatetinrarder tog
whet her or not the angles are within a predeterm ned range. 10In this

case, in afb@ithElobstashuedndrisusl Hcvkel dthr@fmbvmg%@k@ée BRY cePved surface.
substantlallyaflat surface. his case, in step b), the

one curvegeSy acenc{é%eaﬂgéhg%m %%F%t ?ﬁé&d é?fthbrma{?ﬂbeé*rﬁéb%h

t hat trlangles a e one curved ace

h d
bet weln CRATGH] Wee%tr“ﬁrh g1 sisheuBatRs TonaVichod tas w0t eurvegy
be calculated In this case, in step c), when angl es between
tri angl eSUrfapes ita Aceit phiraagies by wnad@e ﬁegmemfémo@ﬁb co GAleadating

surfaces adjacent to each other and are respectively positioned on
the two adplesdratweanbe pturalityeddriangles 20d dudngléatdipcenhtyl the MHertalibeof
triangl es whose edge and edge, edge and vertex, or vertex and vertex
meet eacligridhes, mmd kb cetariinihgd 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 ¢), 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.



In this case, after step d), the nethod may further include e)
checking prinmary noving avail able areas by defining the triangles as
the noving available areas the when the angles are within the

predeterm ned range. 4 In this case, in step c), the angles
may be cal cul ated usi ng angl es between nornmal vectors of the adjacent
triangl es. In this case, after step e), the nethod may further

i ncl ude checki hythis seasgndarsterow)i e angleannay dree galpylated tysing w@mgles
robot to have a predeterm ned 5 size, noving the robot in the noving
avai | abl dehweears noemal veokorshof tile tidjacegt miangtesa wher e t he robot does
not intersect with the noving surface as a noving avail abl e area.

Anot her exenpl gy jhiewaed] aRat seb éhah@medbl mayeOHhen iHhfid 88Scldng a
robot that stores a program for executing the nethod for checking a

novi ng a i : [ r : a
movi ng surpane §mBuRERERboR SRady S Ao THY (B SR s et
the program . Yet, anot her exenpl ar. nbodi nment, .of the esent
nvent oni2 cupYiRg the SRR e mBNER R ERE Bras. ot frn hadeliliay &b o
program for executjng the nmethod for checking a npving avail able area
of a rob&fednngredie 1gbaidees ot iersechwithfbsugoringetirigce as a moving
According to an exenplary enbodi nent of the present invention, it is
possi bl eavailagiarga.check a noving avail able area of a robot on a

novi ng surface. [Description of the Draw ngs] FIG 1lis a

flowchart of aAnsthepdxémplarpentbotimentaithe présuitimdntionpeevieés 20oBot
robot on a noving surface according to an exenplary embodi ment of the
present kieRbrlel™ 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



FIG 2Ais a diagramillustrating a geonetric nodel forned on a
partial surface of a ship hull. FIG 2B is a diagramillustrating
triangl e nmeshes generated by 5 tri an%ul ating the geonetric nodel
illustrated in FIG 2A FIG 3A is an enlarged view
illustrating an edge at a boundary between curved surfaces in the
geonetric nodel illustrated in FIG 2A. FIG 3B is a

di agr am itfiangulating W eeanatre madeldlusiwted inhil.Aveshes are 5forned by
triangul ating the curved surface illustrated in FIG 3A FIG 4 is a
di agram for deBEz.i BAngaa erdaiged View illeshatingran edgs es aliiungieny bajvwasant
triangl e neshes when the triangle neshes are formed. FIG 5 is a

di agr am idurksd s@faded lhﬁh@@@bﬁﬁ&tr\m ddel fistrafeiandie. pRSh. FIG 6 is a
diagramillustrating triangles at the boundary between the 10triangl e
meshes. 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



[ Mode for Invention] Herei nafter, exenplary enbodi nents of the
present invention will be described in detail with reference to the
acconpanyi ng drawi ngs so that the exenplary enbodi nents 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 enbodi nents may be nodified in

vari ous dPbeleoEne MYy surfaog tansardiae dar thengxempiary hembpilinientoef the
scope of the present invention. The draw ngs and description are to
be regar qedserst invéniity mbly\eclude stipuSe0anf gontratiegta gedmetric foldel, step
ref erence nuneral s designate |ike el ements 20t hroughout the

speci fi caiomef %eneratin@n%srﬂeé, step ShowehablcuMiting 853189 Hetwéer BERIEERD

a noving avail able area of a robot on a noving Surface according to

an exenpl ' : ' | . errLn

1 The meraiERoReR A Bohetut EFhary HEMhG Haichs Ubhcseb oY,
a noving.surface according to the ex | gry enbodi nent of the esent
i nventi gﬁ”% 'Pﬂc%%tgegtoé 3 1% {olt 'Bgﬁq’g‘?éﬁvﬁ' & Gy ?V@a%o%ﬁ Sietpep
S102 of generating nmeshes, step S103 of cal cul ati ng angl es between
adj acent %mﬁaf?fg?"@ﬁ“nﬁt%ﬁe@l@ﬁ%mmﬁvai@béﬁ gfdavary noving avail abl e
area, step 3105 of 5 inspecting whether or not a robot intersects
with a novi ng kutifeacesthad dostobpclhg6a ohodhe chiailgble assoollar yolaivorna
avai l abl e area. In the nmethod for checking a noving avail abl e

area of andhgbudacSabEdNg BUHE BKENRTEY e BsHifent BEtHRXSEBER Mvention,
enbodi nent of the present invention, a geonetric nodel for hull

(e EHSRgTE U L RIPEAY R YRR, FRER
10 suchas 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



curved surfaces generated using the CAD program In the nethod
for checking a noving avail able area of a robot on a noving surface
according to the exenplary enbodi nent -of the present invention,
triangl e meshes are generated for the hull curved surfaces by
triangul ating each 15 of the hull curved surfaces by using the
geonetric nodel 2 for hull curved surfaces generated as described
above. Fistip bell model mayghasenyverted ideiong tiapgieangsle mbssuch geasealt id
for the hull curved surface by triangulating the geonetric nodel 2

i |1 ustratesdumedrihét tieAdistisciombetvedottee cuhved surtadesi corgitutimgsthei sull
generated for each of the hull curved surfaces, the triangle nmesh for

20 each dligatpeassahdonly did tteglamisHigfdrinedofor tid AMIAl es in whi ch
positional information on edges and vertices and adjacency rel ations

ther ebet veen ag kAAYS. whin! e gEaRBIric ARREH R ! BuICHRYE ot HACthd S
Meafing ; Cii g &

triangul at ed, e geonetric shi'p hu e converte

i st fot P BREn T Ren Bt Berdtiteont i STTHES, RS i ole mesh
di sappears and only one triangle mesh is fornmed for the hull.
Meanwhi | &8 gan%r@tw%)rg%aﬁ#’ewrwe fodiace ofind flae pdiacepbripngls meashestdaenst

adj acency informati on between the adjacent curved surfaces, one
tri angl e shaghthesvaytaxearit the édge.each curved surface, and the adjacent
triangl e nmeshes do not share the vertex and the edge. FIG 3A

illustrates a pu3.t3/o0flushetcedppanvof tHieedys vethestUrias suffacafstmay hythe
geonetric nodel, and FIG 3B illustrates a state in which the

triangle S s 0 v f ' lhadd
e part P L Canen A1 el POPEGIEA R Sgfe it AoV MR et

il o3t Z?%ﬁe@eﬁf%? g Syt H5ERR éﬁf%@h&ﬁ@fgﬁ@%@i?f&h@% e
. i 0 130, t
g'egn;t?rmﬁ%ga%lglag_ﬁg%% meets each other at the edge en the

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



15 not have information about the edge 130, if the triangle neshes
are formed using the left curved surface 110 and the right curved
surface 120, triangles, which do not are vertices at the edge 130,
within the triangle nmeshes corresponding to the curved surfaces are
formed as illustrated in FIG 3B. For exanple, when the adjacency
information, that is, information on the 20 edge 130 is shared, a
tri angl e etge Wb nobphared] 1hre tiiangles iare dorsed o have atiferenBoedicengs
the triangles within the triangle nmesh formed to correspond to the

| eft cur\ihsteted aclEIGLBB.and a triangl e 122 whose vertex 122a is
positioned on the edge 130 anong the triangles within the triangle

mesh formed tojCed esatARE P chBBkihh 9 tmEHRY SV RHbIASRABY & RolAEPR
vertex, but when the information oh the S edge 130 Is not shared,

the tria I Al i : in
G 3p. Mg Uftale RERdIR G Selchyrs mdStiiehieSr 85 ireagiihGordion
a robot on a novinpg surface according tq the exenpl ar nbodi nent, of
e ppes it Biaaditstt csR et Tiae S siss i Adaromy limalos ks edpfe
adj acency information of the edge, if the triangle nesh is forned
usi ng t héf heotrianglec mashels, fosnad using the geometrie imedelbgingef enrg engsh is
curved surfaces fromeach other, a noving avail able area of a robot
on a novifonnedlby differest caled satfedesiFonmgeaci atheons mosinvgeavailtabile amgaesf
wi thin one nesh. Further, when the adjacent curved surfaces do not

share the ddbaadimeerrwindbarass ii9caidulifed eslag refitions bétveeh RRGGRS
mesh is formed by each curved surface, the noving avail abl e area on

the movi il 6fc edt! Gl duhon §A0SLAREA! bpd bLEbaL BT SREHERR

the triangles wthin ea e pluralrt triangle neshes and

1 5vord < pelRRIES fhRalicr B 2d8, RECE HTARRdRE A ST oA

present invention, after the tri | e mesh is formed using

I t he .
geonet ri EUREHeUTEGRy the MRINE Syalallg a5ea qneths (RoXING: 9resk ist Galegiesin
positioned within the triangle nmesh and triangl es adjacent to each
t ri angl ecansideegtion eft edatiamsobstwesndthentriamglgsnyitbinag¢actboé the eiuralityt ¢fe
noving surface is primarily checked based on the 20cal cul at ed
resul t antriangbd Oigshes 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.



In this case, the angle between the triangles neans an angl e forned
by a surface forned by one triangle and a surface fornmed by a
triangl e adjacent to the one trianglegpy using the edge or the vertex

shared by the adjacent triangles as a reference. 9 The angl e
between the triangles nmay be cal cul ated using normal vectors of one
triangle and a triangle adjacent to the one triangle. The

cal cul ati on folhamngigbetwgenihe drargles mayshe talctlatedijsiog mormal wecbess
neet each other at one edge by using the normal vectors of the

tri angl epfone thendle emsl 4 frighgid adjardntiy the kneviriasglecul ati ng met hod,
and since the calculating nethod is easily known to a person of an

G i | . _ own (
ordinary skillTha cbﬂﬁjla?tfo'énhfotr% Q@élé‘a{t%lgﬁ%ﬁl‘ﬁaﬁﬁéé %gﬁlgef‘ggﬁgfent’"{rléng%

be presented. On e ot her” hand, after t et ween

adj acent i aé)&g&t1 j n . t
centers c')-'%é%the reqctg% e@pg@é?bg%gﬁ@l@@irﬁ@atl ﬁ%ggbsd%‘ﬁ@%gf'%?@ggg%ﬁé’%
when an angl e bet wee ne triangle a an ne triangle of triang|es
Ad} acent POy RETRBR by Kaord saictBing fethary and Ve the salsiiatings
triangle may be defined as a noving unavail abl e area. For
exanpl e, Methpd 4s igasig kpawestoaa persan of parmgdieano skifl Hin dae sk dhel detailed
fourth triangle 20, 30, and 40 adjacent to the first triangle, and

nor mal veesongtianlthefdof viib ndfibapdeskhted. t he triangles. In this case,
when angl es between the first triangle 10 and the second to fourth

triangle 20, 30n tABGBtASr BaRd, 1SferaRer fiRfles bBRVEIRDIREEdjasBSt HHARgles are

degrees, respectively, if a noving allowable range of a robot is from

135 10 2881cpaEs Sing! hE rRRGRPy AG6HEBANEA % bkt bf N BaRkS AMdA

fourth trran I’s out or t nmovi ng I'owabl e range.

the firs rdangl.e 20.10 OMeS, a npvin navai | abl g. area of the
obottd " I BthARaTs i BRERERinéh AR ARk PRl &R Firdbiadd abf Soe
not the robrtogt] can .nove as_nentioned above, the triangles positioned
within t H&nge &%ér'@ngi% radigsenbdo dheigngytianade is Ut wh a vingpllowable
triangles, that is, a triangle positioned within the nmesh and a

t ri angl erggd, thetriange maydsudelned as$ atrheving sinavailable 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 ‘-IO 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.



10 In this case, there are constantly adjacency relations
between the triangle positioned within the nesh and three triangles

adj acent to the triangle. FIG 5 illuzérates a plurality of triangles
501, 502, 503, and 504 positioned within the nesh. 5In this case,
dotted lines 511, 521, and 531 within the triangles are virtual |ines

whi ch connect centers 501c, 502c, 503c, and 504c of the triangles.

In this case, lhdhist RaseeHiasesast constantly aadjpeenay traliations detweangthe
mesh and centers of triangles adjacent to each triangle are connected
whi | e shadriamgle gibgidonetheitierihe msegf ahd ¢hieei taiaghles adjadent to Hee triargigl e
mesh becone vertices at 10 which three segnents neet. That is,

in FIG TGt BQIIM@EEa?ﬂ&@li@foﬂthsngléé@ﬁgl505,0503),%9@1% Yo hEX within
whi ch segnents 511, 521 and 531 connecting the center 501c of the

triangl eR@hpd the centers 502c, 503c and 504c of the three
triangl es 502, 503 and 504 neet each other. 15As described above, the

adj acency rel ati.ops t n,the | es wihin t nesh . and th
triangl es adj a&'etﬁ[g ?%%r gﬁﬁegﬁ"@e%gﬁ ifﬂ’[%@a‘dﬁ#%%hlf‘:{ﬁ%mﬂ%%% Bte viriual
pr ocedur?, for eiger ati n% t he neshes, and adjacency rel ation
i nf or mat 1BRS SHIas Centers B01¢, 502¢; pEBeANhSR4reot fhedrghaleesh
after the triangul ation procedure. 20Accordingly, when the angles of
the triangl es larisanhstl when the kenteds of éme tiangleswithirc the biangle mesh
i mmedi ately found using the adjacency relation information, and the
angl es benhdammi¢dseofatippgiest adjatentgbasactaniabgleeass bonitedted Wailedsharing
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



In contrast, referring to FIG 6, there are adjacency rel ations
between a triangle 601 at the boundary of the triangle nesh and two
triangles 602 and 603 11 wthin the same triangle nmesh. That is,
when a center 601c of the triangle 60i positioned at a boundary 800
of the triangle mesh in FIG 6 and centers of the triangles 602 and
603 within the same triangle nmesh are connected to each other, only
two segnwyithén 41 same tganglexnesh. SThattisi whemasenierd® mefthpdriangladficy
rel ati ons between the triangle 601 at the boundary 800 of the

tri angl e positionadhtsebeurdaryrsGingl te tridhglentieglIn POSI Bi Aritbdedteraiofgh
adj acent to the triangle nesh. However, one nesh does not

store ad}n?%@@y 602! ahd B3 WMtAMTHY 88mY fridngld AEheSre\bbihdtt8d T8 Sdhch

adj acent he one nesh. 10l n such a case, a distance between the

triangle I 1] the triangle nmesh and a
triangl e@?&abggma%r%%]ﬁa%?mbg%%%P%@éﬂ adj acent thereto is

R : ¢ 0ri |
2dj acent to calHN: P GHOIBARRS STBPoRHGIAAR HRuEen dBRI R aRIe B0 o
speci fical I%/, a di stance between two triangles rra){ be cal culated 15
usi ng po#t the maundant BRatafdheoriaagier mesh| andvsereial dirngles 70 1f and 702
exanpl e, positional information on vertices and three sides and

i nf or mat positionedmbalmesh ad@cghetovtheiiangle tmeésmgl e mesh adj acent
thereto, for exanple, positional information on vertices and three

si des.  HolavéhicheC@esh d@nat stofd adeehey Yaation Wiokhadsro Wik
at any edge is zero
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 friangle 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



20(0), it may be calculated that two triangles cone in contact with
each other at the edge. As descri bed above, after it is

det erm ned whet her or not triangles a? t he boundary of the triangle
mesh are triangles adjacent to each o Io‘ler by cal cul ating a distance
between the triangles, when the angles between the triangles are out
12 of the noving all owabl e range of the robot, the triangles are
defi ned &3 thaempwwgngllawablairaape eofsihearobot, the trianglest hres define@ras the
determ ning whether or not triangles within all triangle neshes are
t he novi mgovinguhabhitabds eseanr the noving unavail able area, the 5
novi ng avail able areas of the robot are primarily cal cul at ed.

After the novi pothydahABt Hy2d&BfmPling WhetiP @ rdt &idididRhithin all m-a{‘ﬁ|e

cal cul ated, an inspection whether or not the robot I'ntersects w

t he novi face . r.for I r..to find. i vai l ab

area i n Qe BE e b8 SERabe BREFiorBe MR RBER Bred kb

speci fical l after the rob capabl e of Vi n he novi ng surface

7S el fipl MH9\0 AaTRl; SEsas gl e TabBAreSHuRE THSOTHEE i dt b | ength and

hei ght of 1nxl1nxl m it is inspected whether or not there is a

posi ti on wher eAftelethgorovingpagilablecarepa oé thatabot wre primesihheaiculgted, an

surface while noving the box-shaped robot on the triangle that is

pri mari | ynspaictioh aivbethas orheotrahenmbbd intasecbl withribe afovide suslace iz

the hull curved surfaces represented as the triangle nesh. In

this casgerfohfigdtiherd@betfindaehe@ag aveilabletdiea T \CoRSideEtioRCE: a istze By

be determ ned that the robot collides with the ship hull surface when

the robog, 0{513%8 novi ng surface. Accordingly, as a result of

i nspecting he the robot intersects with the noving surface,

when _ jt is detgrm ned bot 'n{erse
Hhe, po

h h h.th i .
Surfdle, o triGAGH FeReTGAMenatet Trouobol SaBatir phmcind ol de dRevingon
t he novi ng avai.l abl e_area.

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



According to the exenplary enbodi nent of the present invention, by

i nspecting an area where the robot intersects with the noving surface
as 13 nentioned above, the noving avg&lable area of the robot is
secondarily checked (S106). en the noving avail abl e area
of the robot is secondarily cal cul ated as stated above, the noving
avai l abl e area of the robot on the noving surface is 5 final

checked. mentioned apqvge thMaying ayailehia RisaPTdhasobolgs seapndanly cée@secbf
a robot on a noving surface according to the exenplary enbodi nent of
the presdébfiOBhvention, after the triangle nesh is formed using the
geonetric nodel of the noving surface, the noving avail abl e areas of

the robot are Wherethelodhgeivatlalble ardd of tHerdbat is€econdafily &liQilaedsas
between the triangles within the triangle nesh. Thereafter, anong the

cal cul at eghiaR\UHN YR hitkhigy aUsmsbi@farthof &w@f%%og@yﬁf@ﬁw?ﬁ gléﬁrgee is

robot does not intersect with the noving sur I nspe

whet her obot inspects with the noving surface is finally
deterrgn' n@hagﬁ&g‘g% 'ng available area. In this way, it is possible to

accurately check .t he Vi n vai | abl e area qf the robot on the
it methog or RaeRdtioa eYing HAARRIG Arefoef fyeheti Pam e

novi ng surface.
area of a robot on a noving surface according to the exenplary

enmbodi nemoving sudaes aseardinaiodhe iezampiaryiesupdimenhabthedeaserisoyentisn,
that the robot noves on the hull surface of the ship, the noving
sur f ace aftentihe Hriahgler migsh ispfcemedsusiay thenpéedetriveneidal ok (e movingg
avai |l abl e area can be checked for all surfaces on which the robot can

move by ggiage! it VARG AvilabReGkeA A WRYidbbt axel bARafiAcPBcREd By
robot on a noving surface according to the exenplary enbodi nent of

the g5 eseRfouldifBNbhafe: réllibfs BhiiebRVHY idhdies WBRR (RS HAMRAY hlsh.
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



14 presently considered to be practical exenplary enbodinents, it is
to be understood that the invention is not limted to the disclosed
enbodi nents, but, on the contrary, isjyntended to cover various

nodi fications and equi val ent arrangenents included within the spirit
and scope of the appended clainms. 5[Industrial Applicability]
According to ap exenplary enbodi nent of the present jinvention, it is
possi bl e RFeSYHY Iwnﬁﬁéﬁﬁé}/ dorBei REpCliGal 1exsmplaiye gmitodimentsotit de tp be
novi ng surface. 15 [CLAIMS] [Claim 1] A nmet hod for checking
a novi ng uandarstadd éhalrthe ioverdioroisonotdimidedrioy theydisalosad eembodinats, t i,
all ow the robot to autononously nove on the noving surface 5 of a

curved swinf &ue,conraryieishitlesddPribsto\gr various madifi@RivRsahhdJeduivalent
geonetric nodel of the noving surface divided into a plurality of

curved suypfRfgfients includeMitME‘{ﬁQisE?i;[]tgﬁe s%gé@f ke a@ﬁermr‘fdé%q’ &dinty!" f aces

into a plurality of triangles by u t he geonetri
c) calcul afi angl e e en the plurality of triangles and
tri anél es?ﬁlﬁfugtf@ﬂ%pc“ﬁc?b‘?{@% urality of triangles; and
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.



d) determ ning whether or not the angles are within a predeterm ned
range. 15[ Claim 2] The nethod of claim11, wherein: in step b), each
of the plurality of triangles is substantially a flat surface. [Caim
3] 20The 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 ad@LAIMSkex. 16 [Caim 4] The nethod of claim 3, wherein:
in step c), angles between the adjacent triangles that share the edge
or 5 the \eiiigxq3re cal cul ated.

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 ¢) 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.



[Caim5] The nethod of claim4, wherein: in step c), when angles
between triangles, which are positioned at a 10 boundary between two
curved surfaces adjacent to each otheggand are respectively
positioned on the two adjacent curved surfaces, are cal cul ated,
angl es between triangl es whose edge and edge, edge and vertex, or
vertex and vertex nmeet each other are calculated. 15[C aim 6] The
nmet hod of claim1, further conprising: after step d), e)
checking primary noving avail abl e areas by defining the triangles as
t he novi ngCéaim #3bl e areas the when the angles are within the
predeterm ned 20range. [Claim?7] The nmethod of claim1l1, wherein: 17

The method of claim 3, wherein:
in step ¢), 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:



in step c), the angles are cal cul ated usi ng angl es between nor nal
vectors of the adjacent triangles. [Claim8] 5The nethod of claim§6,
further conprising: after step e), 7 checki ng a secondary novi ng
avai l abl e area by setting the robot t(g have a predeterm ned size,
novi ng the robot in the noving avail abl e areas, and then by defining
an area where the robot does not intersect with the noving surface 10
as a noving avimi step €)athen.ano@saiane 9jalculated ugingobogleshbhetveseor asrmal
program for executing the method for checking a noving avail able area

of a robekctors af thevadigeentrifianglesf any one of clains 1 to 8 15 or
noves on a noving surface by being controlled by an external device
that stores the program [C aim 10] A conput er-readabl e
recordi ng mediumthat stores a program for 20 executing the nethod
for checkZE%ia ggvi ng avail abl e area of a robot on a noving surface
of any on MPlims 1 to 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.



