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DESCRI PTI ON
TI TLE OF | NVENTI ON

DRAWING DEVICE AND DRAWING METHOD

TECHNI CAL FI ELD
[0001]

The presentinvention relates to a drawing device a
drawing method forgenerating, fromagiventhree-d
geographical feature information and an eyepoint po
two-dimensional image which is viewed from the eyep
position.

BACKGROUND ART
[0002]

Asamethodfordrawingathree-dimensionalgeograp
feature, amethod of expressing the geographical sh
groupofpolygons(thisgroupisreferredtoasap
and generating an image by filling the inside of ea
polygonswithapredeterminedcolorafterperformin
transformationonthe coordinate valuesofthevert
polygons is known. In drawing of a three-dimension
geographical feature, ageographical feature which
a long distance is drawn small, while a geographica
whichis seen atashortdistance is drawn large.
bothapolygonmeshhavingahighresolutionanda
having a low resolution are prepared, and when draw
geographical feature located at a long distance, th
is performed after switching to the polygon mesh ha
resolution is performed, whereas when drawing a geo
feature located at a short distance, the drawingis

after switching to the polygon mesh having a high r
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is performed. According to such an operation, the
polygons can be reduced while the resolution of the
image is maintained.

[0003]

Intheabovemethod,thereisaproblemthatwhena
mesh having a high resolution and a polygon mesh ha
resolutionare arranged adjacenttoeachother, dis
occurs in the boundary between the polygon meshes.
this problem, Patent Literature 1 discloses a metho
preventing discontinuity from occurring in a bounda
applying a special polygon patternto a boundary po
targetregioninaccordancewiththeresolutionof
mesh of another region adjacent to the target regio
Cl TATI ON LI ST
PATENT LI TERATURE
[0004]

Patent Literature 1:
Application Publication No. Hei 7-271999 (1995-2719
SUWMARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0005]

Conventionaldrawingdevicesareconfiguredasabov
such a drawing device, it is necessary to change th
patternofaboundaryportionofatargetregionin
with the resolution of the polygon mesh of another
adjacenttothetargetregion. Astheeyepointpos
the resolution of the polygon mesh is required to b
in accordance with the change, and it is necessary
the polygon patterns of boundary portions every tim

eyepoint position changes.
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Here, note that, in the drawing of a three-dimensio
geographical feature, a video image varying smoothl
accordance with the eyepoint position can be output
increasing the number of times that the drawing pro
carried out per one second (in other words, the fra
Inordertoincreasetheframerate,agraphicspro
(GPU) is used. In order to use the performance of
efficiently,itiseffectivetoreducethenumbero
vertexdataaretransferredbetweenthecentralpro
(CPU) and the GPU. To this end, at least for a pol
having a low resolution whose data amount is relati
bytransferringthedataaboutpolygonmeshtothe
the number of times that the vertex data are transf
be reduced.

However,inthistechnique,thereisaproblemthat
timethepolygonpatternischangedinaccordancew
of the eyepoint position, it is necessary to re-tra
vertexdatafromtheCPUtotheGPU anditisther
to increase the frame rate.

[0006]

The present invention is made in order to solve the

above-mentioned problem, anditis therefore an obj
present invention to provide a drawing device that
discontinuous lines and visually-discontinuous port
occurring in any boundary portion even when a plura
geographical regions are drawn with different resol
accordance with the eyepoint position, and that doe
tomakeacorrectiontothe polygon patterninacco
achange ofthe eyepointposition,andcanreducet

amount of vertex data and increase the frame rate.
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SOLUTI ON TO PROBLEM
[0007]

According to the presentinvention, thereis provi
drawing device including: a polygon mesh generating
generating, for each of a plurality of regions form
three-dimensionalgeographicalfeature,bothahigh
polygon mesh in which each region is expressed with
resolution, and a low resolution polygon mesh in wh
region is expressed with a lower resolution than th
resolution polygon mesh, and inwhich a peripheral
each region is generated to have enhanced-resolutio
awaythatverticesconstructingboundariesofeach
positionsmatchingpositionsofverticesofthehig
polygon mesh; a polygon mesh storage unit for stori
resolution polygon mesh and the high resolution pol
which are generated by the polygon mesh generating
projective transformation unit for selecting either
resolutionpolygonmeshorthehighresolutionpoly
accordance with a given eyepoint position, and perf
projective transformation of vertex coordinate valu
vertices of the selected polygon mesh into two-dime
coordinate values.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[0008]

According to the present invention, advantages of

preventingvisualdiscontinuityfromoccurringina
andbeingabletoperformadrawingprocessatabhi
be achieved.

BRI EF DESCRI PTI ON OF DRAW NGS

[0009]
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Fig.lisaconfigurationdiagramshowingadrawing
according to Embodiment 1 of the present invention;

Fig. 2 is a configuration diagram showing
three-dimensional geographical feature display syst
the drawing device according to Embodiment 1 of the
invention;

Fig. 3 is a diagram for explaining three-dimensiona
geographical feature information;

Fig. 4 is a diagram for explaining a generation of
polygon mesh;

Fig. 5A and 5B are diagrams showing examples of pol
meshes;

Fig. 6A and 6B are diagrams showing examples of pol
meshes;

Fig.7isadiagramshowinganexampleofapolygon

Figs. 8A to 8C are diagrams for explaining a smooth
process;

Fig.9isadiagramshowinganexampleofapolygon
and

Fig.10isaflowchartshowingthedetailsofproc
performed by the drawing device according to Embodi
the present invention.
DESCRI PTI ON OF EMBODI MENTS
[0010]
Embodiment 1.

Fig.lisadiagramshowingtheconfigurationofa
deviceaccordingtoEmbodiment 1 ofthe presentinv
Fig. 1, the drawing device 1, a polygon mesh genera
2,apolygon mesh storage unit 3, a projective tran

unit 4, a color filling unit 5, an image output uni

device
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smoothing unit 7 are shown.

[0011]

Fig.2isadiagramshowinganexampleoftheconfi guration
of a three-dimensional geographical feature display system
which uses the drawing device shown in Fig. 1. In Fig. 2, an
auxiliary storage unit 8, an input unit9, adispla y unit 10,
acentralprocessingunit(CPU)11,amainstorage unitl2,and

a graphics processing unit (GPU) 13 are shown.
[0012]
Eachofthecomponentsofthe systemshowninFig. 2will

be explained hereatfter.

1 denotes the drawing device shown in Fig. 1, and a n
example in which the drawing device 1 is configured using a
personalcomputer (PC)willbeshownhereafter. Th esystemis
configuredbyconnectingtheauxiliarystorageunit 8,theinput
unit9andthedisplayunit10tothe PCmainpart constructing
the drawing device 1. The PCincludesthe central processing
unit (CPU) 11, the main storage unit 12 and the gra phics
processingunit(GPU)13therein. Intheexamples howninFig.

2, each component of the drawing device shown in Fi g.1lis
implemented by either one of the units disposed in the PC or

cooperation between two or more of the units.

[0013]

The auxiliary storage unit 8 stores three-dimension al
geographical feature information. The drawing devi celreads
information from this auxiliary storage unit 8 for using it.

The input unit 9 is configured by using, for exampl e,a
mouse, a keyboard, or the like. The system receive sauser's
instruction by using thisinputunit9. Whenause rinputsan

instruction to move the eyepoint position by using amouse, a
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keyboardorthelike,the systemmakesachangein
transformation method in accordance with the instru

The display unit 10 displays a drawing result acqui
by the drawing device 1 on the screen thereof.
[0014]

Next,aflowofprocessingperformedbythedrawing

1 in this system will be explained with reference t

As to the three-dimensional geographical feature

informationreadfromtheauxiliarystorageunit8,

mesh generating unit 2 generates two types of polyg
includingapolygonmeshhavingalowresolutionan
mesh having a high resolution for each of regions w
partitionedby, forexample,equallyspacedIatitud
equally spaced longitude lines.

[0015]

Fig. 3 is a diagram showing the three-dimensional

geographical feature information. For example,

three-dimensional geographical feature information
providedbydefiningpointsarrangedtoformagrid
oflatitudesandlongitudes,anddescribingthealt
ofeachofthe points,asshowninFig. 3. Fig.4
explainingthegenerationofapolygonmesh. Thep
generating unit 2 expresses a region enclosed by fo
pointsH11,H12,H21andH22showninFig.3with,
twotriangles,asshowninFig.4. Bysimilarlyan
performing this process on other regions, the polyg
generatingunitgenerates,foreachoftheregions

area, a polygon mesh in which the shape of the geog
feature is expressed by a group of polygons.

IntheexampleshowninFig.4,aregionenclosedb
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grid points is represented by using two triangles. However,
this embodiment is not limited to this example. As an
alternative, a region enclosed by four grid points can be

expressed by using a single rectangle.

[0016]

Fig. 5A and 5B are diagrams showing some examples o f
polygon meshes. Fig. 5A shows an example of a poly gon mesh
having a high resolution, and Fig. 5B shows an exam ple of a
polygonmesh havingalowresolution. Asshownin Fig.5B,in
the polygon mesh having a low resolution, the mesh of only a
peripheral portion is subdivided to enhance the res olution
thereof.

[0017]

More specifically, the polygon mesh generating unit 2
generates, for each of a plurality of regions formi ng a
three-dimensionalgeographicalfeature,bothahigh resolution
polygon mesh in which the region is expressed with a high
resolution, and a low resolution polygon mesh in wh ich the
region is expressed with a lower resolution than th at of the
highresolutionpolygonmesh,andinwhichaperiph eralportion
oftheregionhasanenhanced-resolutioninsucha waythatthe
vertices constructing the boundaries of the region have
positions matching those of the vertices constructi ng the

boundaries of the high resolution polygon mesh.

[0018]

Fig. 6A and 6B are diagrams showing examples in whi ch
polygon meshes are arranged adjacent to each other. Fig. 6A
showsanexampleinwhichapolygonmeshhavingah ighresolution
andapolygonmeshhavingalowresolutionarearra ngedadjacent

to each other. As a result of subdividing and
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resolution-enhancingofthemeshofaperipheralpo
polygon mesh havingalowresolutionas showninFi
whenapolygonmeshhavingahighresolutionanda
having a low resolution are arranged adjacent to ea
as shown in Fig. 6A, the vertices on the boundary m
otherbetweentheadjacentpolygonmeshes,andnod
occurs at the boundary.

In contrast, Fig. 6B shows an example in which poly
meshes having a low resolution are arranged adjacen
other. Even when polygon meshes with low resolutio
arranged adjacent to each other in this way, the ve
theboundarymatcheachotherbetweenthepolygonm
no discontinuity occurs atthe boundary. However,
areahavingahighresolutionoccursonlyinapart
portions, visualdiscontinuityoccurs. Thisdiscon
avoided by performing a smoothing process which wil
described later.

[0019]

Next, the polygon mesh storage unit 3 transfers dat
thepolygonmeshhavingalowresolutionanddatao
meshhavingahighresolution,whicharegenerated
above, from the CPU 11 to the GPU 13 which are show
2, and stores the data in a storage area of the GPU
the memory capacity ofthe GPU 13islimited, the p
storage unit stores only the polygon mesh having a
resolutionintheGPUL3. Thepolygonmeshstorage
thepolygonmeshhavingahighresolutiononlyina
oftheCPU11,andtransfersonlythedataaboutpo
with high resolution which are required in accordan

change of the eyepoint position to the GPU 13 and s
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data in the GPU 13.
[0020]

Theprojectivetransformationunit4appliesaproj
transformation matrix which is determined in accord
the eyepoint position to the coordinate values of e
ofeachacquiredpolygonmesh,therebyacquiringa
projected onto a two-dimensional coordinate system.

At this time, the drawing device determines either
ofthepolygonmeshhavingahighresolutionorthe
having a low resolution as a data to be used for ea
whichisatargetfordrawing. Thedrawingdevice
thisdeterminationby,forexample,comparing,ast
apredetermined distance and the distance betweent
eyepointpositionandtheregion. Whenthelatter
longer than the former distance, the drawing device
polygon mesh having alow resolution, whereas when
distance is shorter than or equal to the former dis
drawingdeviceusesthe polygonmeshhavingahigh

[0021]

Next, the drawing device performs a smoothing proce

which will be described later, on the data about th
polygon mesh. The smoothing process is performed i
where the polygon mesh of a target region to be pro
alowresolution,andapolygonmeshofanotherreg

to the target region has similarly a low resolution
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having a low resolution is resolution-enhanced as d
above,whenpolygonmesheshavingalowresolution
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The drawing device can prevent such a discontinuous
occurring by performing the smoothing process.
[0022]

Thecolorfillingunit5carriesoutaprocessoff
theinsideofeachpolygon,whichisenclosedbyve
acquired as aresult of the projective transformati
predetermined color.

[0023]

The image output unit 6 writes an acquired draw res
inastorageunitcalledaframebuffer,andtransf
tothedisplayunitlOviaavideoimagecableort
image is displayed by the display unit 10.

[0024]

Next,theprocesscarriedoutbythesmoothingunit
be explained.

Figs. 7 and 8 are diagrams for explaining the smoot
processcarriedoutbythesmoothingunit7. InFi
pointed by arrows are added when the peripheral por
resolution-enhancedin performingthe processofge
polygon mesh (only some of the added vertices are p
arrows). The smoothing unit 7 performs the smoothi
on these vertices as required.

[0025]

Concretely, the smoothing unit performs a process a

showninFigs.8Ato8C. Fig.8Ashowsapartofa
before the smoothing unit performs the smoothing pr
point (middle point) intermediate betweenthe both

of a lower side shown in the diagram is an added ve
addedvertexhasanaltitude value atthe coordinat

the vertex itself. Therefore, the line connecting,
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middlepoint,betweenthebothendpointsofthelo
inthediagramisbentatthemiddlepoint,andis
[0026]

To solve this problem, the smoothing unit changes t
altitude value at the coordinate values of this add
to an altitude value which the smoothing unit acqui
interpolating between the altitude values at the co
valuesofthetwoverticesadjacenttotheaddedve
in Fig. 8B. As aresult, the lower side shownint
is changed to a straight side which is not bent at
point. Therefore,asshowninFig.8C,the smoothi
delete this middle point and can put the data of th
mesh back into the data before the addition of the
[0027]

Atthistime, as shown in an upper part of Fig. 8C,
whole of the area shown in the diagram can be expre
singlerectangle. AsshowninalowerpartofFig.
oftheareashowninthediagramcanbeexpresseda
as two triangles. Therefore, the smoothing unit ca
whethertouse either oftheminaccordance with th
other areas adjacent to the target area.

[0028]

Fig. 9 shows an example in which polygon meshes hav
alowresolutionare arrangedadjacenttoeachothe
smoothingunitperformstheabove-describedsmoothi
It can be seen from a comparison with Fig. 6B that
visually-discontinuous area having a high resolutio
generatedinaboundaryportioninwhichthepolygo
adjacent to each other, so that it is understood th

visually-continuous polygon mesh is obtained.
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[0029]

Notethat,thesmoothingprocesscanbeperformedb

theprojectivetransformationinthe GPU13. There
notnecessarytore-transferthevertexdatafromt

time when the smoothing process is performed, so th
drawing device can perform the processing at a high
Further, the frame rate of the display can be incre

[0030]

Fig. 10 is a diagram showing a flow chart of the

above-mentioned operation.

[0031]

efore
fore,itis
heCPUevery
at the
speed.

ased.

The drawing device according to Embodiment 1 is

configured as above.

According to this configuration, the polygon mesh

generating unit 2 generates a polygon mesh having a

resolution and a polygon mesh having alow resoluti
awaythatthe vertices ofthe low-resolution polyg

the vertices of the high-resolution polygon mesh ar
with each other onthe boundary therebetween by enh
resolution of the peripheral region of the low-reso
polygonmesh,andwhenthepolygonmeshhavingalo
Is adjacent to another polygon mesh having a low re
thesmoothingunit7smoothsthecoordinatevalues
constructing a boundary portion between the polygon
the other polygon mesh, there is provided an advant
preventing occurrence of any discontinuous areain
portion between regions, without changing the polyg
storedinthepolygonmeshstorageunit3everytim
position is changed.

| NDUSTRI AL APPLI CABI LI TY

high
oninsuch
onmeshand
e matched
ancing the
lution
wresolution
solution,
ofvertices
mesh and
age of
aboundary
on meshes

etheeyepoint



10

15

14

[0032]

As mentioned above, the drawing device according to
presentinventioncanbeappliedtoadeviceorthe
three-dimensional geographical feature information
eyepointpositionaregiven,andthatgeneratesan
is viewed from the given eyepoint position.
REFERENCE SI GNS LI ST
[0033]
ldrawingdevice,2polygonmeshgeneratingunit,3
storageunit,4projectivetransformationunit,5¢c
unit,6imageoutputunit,7smoothingunit,8auxi
unit,9inputunit,10displayunit,11centralpro
(CPU), 12 main storage unit, and 13 graphics proces
(GPU).
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CLAI M5

1. A drawing device comprising:

apolygon mesh generating unit for generating, for each
of a plurality of regions forming a three-dimension al
geographical feature, both a high resolution polygo n meshin
whichsaideachregionisexpressedwithahighres olution,and
a low resolution polygon mesh in which said each re gion is
expressed with a lower resolution than the high res olution
polygon mesh, and in which a peripheral portion of said each
regionis generated to have enhanced-resolutionin suchaway
thatverticesconstructingboundariesofsaideach regionhave
positionsmatchingpositionsofverticesofthehig hresolution

polygon mesh;
apolygonmeshstorageunitforstoringthelowres olution
polygon mesh and the high resolution polygon mesh w hich are

generated by the polygon mesh generating unit; and

aprojectivetransformationunitforselectingeith erthe
lowresolutionpolygonmeshorthehighresolution polygonmesh
in accordance with a given eyepoint position, and p erforming
projective transformation of vertex coordinate valu es of
vertices of the selected polygon mesh into two-dime nsional

coordinate values.

2. The drawing device according to claim 1, further

comprising: a smoothing unit for, when the projecti ve
transformationunitselectsthelowresolutionpoly gonmeshas
eachofadjacentpolygonmeshes, correcting coordin atevalues
ofavertexconstructingaboundarybetweenthead; acentpolygon

meshes to be values obtained by interpolating betwe en
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coordinate values of vertices adjacent to the verte

3. The drawing device according to claim 1, further

comprising: a color filling unit for generating an
whichinsideofeachpolygonsenclosedbytheverte
valuesacquiredbytheprojectivetransformationun
with a predetermined color; and

an image output unit for outputting the image acqu

by the color filling unit to a display unit.

4. A drawing method comprising:
apolygon mesh generating step for generating, for
of a plurality of regions forming a three-dimension
geographical feature, both a high resolution polygo
whichsaideachregionisexpressedwithahighres
a low resolution polygon mesh in which said each re
expressed with a lower resolution than that of the
resolution polygon mesh, and inwhich a peripheral
said each region is generated to have enhanced-reso
such away that vertices constructing boundaries of
regionhavepositionsmatchingpositionsofvertice
resolution polygon mesh;
apolygonmeshstoringstepforstoringthelowres
polygon mesh and the high resolution polygon mesh w
generated by the polygon mesh generating step; and
aprojectivetransformationstepforselectingeith
lowresolutionpolygonmeshorthehighresolution
in accordance with a given eyepoint position, and p
projective transformation of coordinate values ofv

the selected polygon mesh into two-dimensional coor
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