trererererrererererrrrr ¢ rerrrrrrrrrrrrrrr *159159* DESCRI PTI ON - VI DEO
JCGENERATI ON-BEVFCE, LQAD DI SPLAY METHOD. RECORDI NG MEDI UM AND PROGRAM 5

Techni cal Fie mm present invention relates to a video generation
devi ce, a |Oa§m“\g\m‘m“ thod, a recordimg nedium and a program which are
sui table for easy, p of the behaviors of a virtual vehicle, with
appropriate vi sual'l zatl on of a load according to a 10 running condition.
Background Art [0002] Conventionally, gane devices for business use and
hone use have been w dely spread. WHSCRIPHI@Ngane devi ce, for exanpl e,
one can enjoy a race gane by a vehicle such as a car, etc. 15 In such a

race gane, for exanple, the user (player) typically operates a controller
or the like, and drives a virtual vehicle (an F | machine, a stock car, or

the like), whiVAPEQUGENERATMIN DEVNICE) 40D DISAL AN RIOD NRECORI NI Nt ,
vying for the tine taken or vying with other vehicles for earlier arrival.
[0003] Further, a technique for MEDHI®L, gaNB PREYGRAMNI ch enabl es even a
user not 20 experienced in ganme operations to enjoy a race gane with
relatively sinple operations, has also been disclosed (for exanple, see
Patent Literature 1). Patent Literature 1: Unexam ned Japanese Patent
Application KOKAI  Publication No. HrécihlddZZeldpp. 2-3, FIG 1) Disclosure
of Invention ILETEILELEEEEEEEEErErrrrererrrrererrrrrrlt 25 Problemto be

Sol ved by t [0l nvenThepres&QQAAtion k088410 d"@l‘&@(y génerétfbnrﬂé§fce GARES display
conventi onal gane devices, which have provid
method, a recording medium and a program Wthh are suitable for easy grasp of the
behaviors of a virtual vehicle, with appropriate visualization of a load according to a
10 running condition.
Background Art
[0002] Conventionally, game devices for business use and home use have been
widely spread.  With such a game device, for example, one can enjoy a race game by a
vehicle such as a car, etc.

15 In such a race game, for example, the user (player) typically operates a
controller or the like, and drives a virtual vehicle (an F1 machine, a stock car, or the like),
which runs in a virtual space, to a predetermined goal point, vying for the time taken or
vying with other vehicles for earlier arrival.

[0003] Further, a technique for a race game device which enables even a user not

20 experienced in game operations to enjoy a race game with relativély simple operations,

has also been disclosed (for example, see Patent Literature 1).

Patent Literature 1: Unexamined Japanese Patent Application KOKAI

Publication No. H11-114222 (pp. 2-3, FIG. 1)

Disclosure of Inenton LT

Problem to be Solved by the Invention *G00002*

]
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[0004] However, in most cases, conventional game devices, which have provided

Joyful race game experiences, have not been able to make the behaviors of the virtual



joyful race gane experiences, have not been able to nmake the behaviors of
.the virtual vehicle sufficiently graspable during the play. Specifically,

if in areal vehicle, the driver, etc. feel a backward load or a forward

| oad because an inertia force acts in acceleration or deceleration, etc.
Further, when turning at a corner, etc., the driver, etc. feel a |oad that
is reverse to the turning 5 direction because a centrifugal force acts. By
feeling such | oads, the driver, etc. can easily grasp the behavior of the
vehi cl e andvehiglaisuijicéamidigraspalde dimngthetplagst, in playing a race gane, there
is a problemthat the user cannot feel any kind of load fromthe displayed
i mage. and cannot t Peeafierlly, il b ireil elticle, thealsivet, ke. fdobhhadkovardfoatie avi rt ua
vehicl e. 10 [0005] The present invention was nmade to solve such a probl em
and an obj efrwefd lohé begauesanineitinvferce iaots in acdeterpicovirdiecaenatide @tgeriirati, on
device, a |load display nethod, and a recording nedi um whi ch enabl e easy
grasp of thwehbehamingrasacbrnar, etcr, ttheadiriveehétc] feel dlpad appisepvdrat ©lthe WirsiHgl i zi ng
a load according to a running condition. and a programfor realizing these
on a conput directibd Hekarss afcomtriBgal/fonge e MBldebng IRO06dds Athviddieer, grRnedmat i on
device according to a first aspect of the present invention conprises an
operation i eqgsily graspeld beavionof theavehiclzrdnd rifgiag gemitiédsi on unit, a tire inmage
generation unit, and a display control unit, which are configured as
follows. [0007] Fir &icorttiast, opsiagihg @Radenidie, (HRECREIREbILRI thattRE BeY 88D feel
operation input for a 20 virtual vehicle to be run in a virtual space.
Further, thanykiadboficaadeonyeretigldyed itagd, an@eneioditReeferelsufitieritBESsp(thor
exanple, a driver's view, etc.) which appears in front of the  Vvirtual
vehi cl e, whbetaviatns tlecdangivegicteo t he operation i nput received. Meanwhil e,
the tire inmage generation unit generates a tire i mage whose shape is

changed agcoodsng t Tha ptead iDaseeh Mas adbididlge GRAYIJroBmOind ol b fle
vehicle. Then. 25 the display control unit synthesizes the generated front

i mage and t PreséritigvenBe e to prsbidd sﬂale@g(snetrmn%k!a%i&@@iéﬁ[@%etg&%% dingly,
since the shape of the tire image changes according to the’l oa
recording medium which enable easy grasp of the behaviors of a virtual vehicle, by
appropriately visualizing a load according to a running condition, and a program for
realizing these on a computer.
15 Means for Solving the Problem
[0006] A video generation device according to a first aspect of the present invention
comprises an operation input reception unit, a front image generation unit, a tire image
generation unit, and a display control unit, which are configured as follows.
[0007] First, the operation input reception unit receives an operation input for a
20 virtual vehicle to be run in a virtual space. Further, the front image generation unit
generates a front image (for example, a driver’s view, etc.) which appears in front of the
virtual vehicle, which runs according to the operation input received.
Meanwhile, the tire image generation unit generates a tire image whose shape
is changed according to a load based on a running condition of the virtual vehicle. Then,
25 the display control unit synthesizes the generated front image and the tire image, and

displays the synthesized image.

Accordingly, since the shape of the tire image changes according to the load



3 based on the running condition of the virtual vehicle, the user wll
feel the load inposed on the virtual vehicle, fromthe tire inmage. As a
result, it is possible to enable easy grasp of the behavior of the virtual
vehi cl e, by appropriately visualizing the3load according to the running
condition. 5 [0008] Further, the tire imge generation unit nmay generate a
planar tire inmage in which a vertical wdth or a horizontal width of tires
i s changed according to the |oad. As an exanple, the tire inage generation
uni t enl ar g&gsadia the Furingeg copdition affthe ietualrwhicle, ithesseomill fel treflbadintghosédght
when the running condition is decelerating, and enlarges the horizontal

wi th of the onrtmvirapldvehisde, fidm e tonimhge. r iAght febalt tit shpessibloeo Entbly @gy g
condition is a left/right turning situation. That is, since the vertica

wi dth or thefHsrtichaviono! the dirtuabfeltitle, by appropriagdy vBualthangedoacaesdiddot O
the | oad based on the running condition, the user will feel the |oa

i nposed on thgeruphinggahdivieni cle, fromthe tire image. As a result, it is
possible to enable easy grasp of the behavior of the virtual vehicle, by
appr opr i at®l[9008] sualFurtherthehie irnagk dementionudit Mghyt @nbfige 4 ARt GAADIHI on.

[ 0009] A video generation device according to a second aspect of the
present i nwdnth overdcatpridthes adrorizomgewidif of it isxthaBbaf AA6rditkl o th@ldad.
operation input reception unit, a running condition managing unit, a front
i mage generation uniAsanexkoatt, drltirelidhgofendRitibn und ehiak&s RS S8 A8I@iFon
unit, and a display control unit, which are configured as follows. 20

[0010] Fi r sthe frdve tiresgethi Mfosmdat g0 MHeh Gh@gAn Ml conitioh %déceﬁ%in'g%far mat i on
including a scenery inmage to be arranged in a virtual space. Further, the

operation i eplatges eeepirizoftal With bf HRORIM QEd Adr ﬂ&eg,ro%ttwﬂgmeﬁkwﬁeﬁfth@réﬁéhﬁ&Ua'
vehicle to be run in the virtual space. Further, the running condition

managi ng linicondiBm@gesef/righnuriige 6idmdiohi on of the virtual vehicle based on
the received operation input. Then, the front inmge generation unit 25

generates a front i mageis(difde thXambA, widtHor MERoS20kB WidBldE the tY\?iirCle ARpears
in front of the virtual vehicle, based on the stored Inage In ormatton and
t he managed changad Beor&@REH the @ad based on the running condition, the user will feel the load
imposed on the virtual vehicle, from the tire image. As a result, it is possible to enable
easy grasp of the behavior of the virtual vehicle, by appropriately visualizing the load
15 according to the running condition.
[0009] A video generation device according to a second aspect of the present
invention comprises an image information storage unit, an operation input reception unit,
a running condition managing unit, a front image generation unit, a load calculation unit,
a tire image generation unit, and a display control unit, which are configured as follows.
20 [0010] First, the image information storage unit stores image information including a
scenery image to be arranged in a virtual space. Further, the operation input reception
unit receives an operation input for a virtual vehicle to be run in the virtual space.

Further, the running condition managing unit manages a running condition of the virtual

vehicle based on the received operation input. Then, the front image generation unit

[\
wn

generates a front image (for example, a driver’s view, etc.) which appears in front of the
virtual vehicle, based on the stored image information and the managed running

condition.



4 Meanwhile. the | oad calculation unit calculates a |oad to be inposed on
.the virtual vehicle, based on the managed running condition. The tire inmage
generation unit generates a tire i mage whose shape i s changed according to
the calcul ated | oad. Then, the display cdantrol unit synthesizes the
generated front imge and the tire inmage, and 5 displays the synthesized

i mge. Accordingly, since the shape of the tire i nage changes according to
the load based on the running condition of the virtual vehicle, the user
will feel the |oad iMposdde. bnleddealduidtioalunitehicalaes afloaotteempbsed doee. As
aresult, it is possible to enable easy grasp of the behavior of the
virtual vehivotua] vilyclapmsepon dteahynages nalnim cogditis. | Tad tacieeidiobieri@onléhit he
runni ng condition. [0011] Further, the load calculation unit nmay cal cul ate
a | oad to becharposedroimaghevhose shapalis stelnbed gccdtind © B cAlB@Akd FoadOr TBeh N @
case where the running condition is acceleration or deceleration, and

cal cul ate atheodsplaycderol oposadhesizes fige yinetatal frore iingdeadliige HiR: ithageeMdr i f ugal
force in a case where the running condition is turning, and the tire inmage
15 gener at3d drsplays thersgythgened mtazea pl anar tire inmage in which a vertical
width or a horizontal wdth of tires is changed according to the

cal cul ated | oad. As Azpori@iiplstncetthestapt 6f iheage irgaRehakdQRcAiihe $NRNGSS t he

vertical width of the front tires on the left and ri ght when The running
condi tion i bagtdwelthe Anning. coaddionaihias dagaltVaRichO a8t @11 Wkt e Riadtiligolddont
a

and rear tires on the right/left when the running 20 condition is

left/right butid viguslivietirld, Grom Heatre irageSi NG ehf. V&5 bb&ie W GhbleQsd
horizontal width of the tire image is gchanged-aécorging %o t eeloghgggéed

on the runniofthedehaliéd dMhe Vit@ials@iicIWiByl aphfphiatdheyis@aGind HPRSAS, fd}dfn'&‘?o
virtual vehicle, fromthe tire inmage. AS a result, 1t IS p055|6 e tG enable

easy grasp e ruhginpebaitiien. of the virtual vehicle, by appropriately
visualizing the load 25 according to the running condition. [0012] A mask

i mage gener an01an UniFLrtMét gl 18RNEN @A rdurBRAy EATBESe W‘i‘ﬁ:ﬁﬁ %@%ﬁgogea ongfjénged
according to the load may further be conprised, and the 8|sp y control
unit may virtual vehicle due to an inertia force in a case where the running condition is acceleration
or deceleration, and calculate a load to be imposed on the virtual vehicle due to a
centrifugal force in a case where the running condition is turning, and the tire image
15 generation unit may generate a planar tire image in which a vertical width or a horizontal
width of tires is changed according to the calculated load.

As an example, the tire image generation unit enlarges the vertical width of
the front tires on the left and right when the running condition is decelerating, and
enlarges the horizontal with of the front and rear tires on the right/left when the running

20 condition is a left/right turning situation.

That is, since the vertical width or the horizontal width of the tire image is
changed according to the load based on the running condition, the user will fee} the load
imposed on the virtual vehicle, from the tire image. As a result, it is possible to enable
easy grasp of the behavior of the virtual vehicle, by appropriately visualizing the load

25 according to the running condition.

[0012] A mask image generation unit which generates a mask image whose shape is

changed according to the load may further be comprised, and the display control unit may



5 synthesize the generated front imge and the mask i nage, and after this,
further synthesize the tire image. In this case, since the display manner
of the front view on the screen is also changed according to the | oad
based on the running condition. the user 6an feel the load 5 also from
this front view on the screen. [0013] A load display nethod according to a
third aspect of the present invention is a |oad display nethod using an
i mage information storage unit (which stores inmage information including a
scenery i magenthesidsahe genengjedifront image anditile rsgpshdeage,and aftentats, fther an
operation input receiving step, a front image generating step, a tire inmage
gener at i ng 3vnthesegs, tharitk imagespl ay control ling step, which are configured as
follows. [0014] First, at the operation input receiving step, an operation
i nput for a virtual Inthehé¢askesinos thedisplay nmnaenifrthelBbntSPAE Onitlse $ce&Ri iV eldo
Further, at the front inmage generating step, a front inmage (for exanple, a
driver's vi ebanged ecdordihg edhthappeldrased on theanhniad coidBtion/ it wiat carefdbctheioaghi ch
runs according to the received operation input, is generated based 15 on
t he stored aladgen miofrostvionon Mesowdehl e, at the tire image generating step,
a tire imge whose shape is changed according to a | oad based on a running
condi tion of0GIA¢ vi rtload disphiyehethddsaccgrINgs @tL@ird THRR: ofthe bR8eMiidR@Yn is a
controlling step, the generated front imge and the tire "imge are
synt hesi zed led disphayedethed ohingdn thagel iafortiaube sora8 Gnf hRhRY RiPESIERE | mge is
20 di spl ayed thereon. Accordingly, since the shape of the tire image
changes accatfdinmgiohdndlbding @dcknebainede @6 bt Bearkdédnh B@(ijrﬁ%ﬂ%a@b)‘? Qn@g?&lﬂxﬁses

ua

o

virtual vehicle, the user will feel the | oad inpose on the vir

vehicl e, framopdietidd m@ul B eing Afepda fr@ﬁﬂ«ih{aggei Enér§tirpb>0§§i laltﬁf_: hf‘?a&%m:ﬁtiﬂ@_sy.
grasp of the behavior of the virtual vehicle, by appropriately visuafizing

the | oad HrewepdindG displaySoritdddidolsied, AaihoRe cbdBired £00Rwé | 0ad di spl ay

met hod according to a fourth aspect of the present inventionis a |oad

di spl ay et peE4ysi ngiraNat tRBGHerhidrOMPBH O viHb RIS bitirkidvih & oSt OfRS | Mage
vehicle to be run in a virtual space is received. Further, at the front image generating
step, a front image (for example, a driver’s view, etc.) which appears in front of the
virtual vehicle, which runs according to the received operation input, is generated based

15 on the stored image information.

Meanwhile, at the tire image generating step, a tire image whose shape is
changed according to a load based on a running condition of the virtual vehicle is
generated.  Then, at the display controlling step, the generated front image and the tire
image are synthesized on a predetermined display device, and the synthesized image is

20 displayed thereon.

Accordingly, since the shape of the tire image changes according to the load
based on the running condition of the virtual vehicle, the user will feel the load imposed
on the virtual vehicle, from the tire image. As a result, it is possible to enable easy grasp
of the behavior of the virtual vehicle, by appropriately visualizing the load according to

25 the running condition.
[0015] A load display method according to a fourth aspect of the present invention is

a load display method using an image information storage unit (which stores image



6 information including a scenery image to be arranged in a virtual
.Space), and conprises an operation input receiving step, a running
condition managing step, a front inage generating step, a |oad cal cul ating
step, a tire inage generating step, and aé6display controlling step, which
are configured as follows. 5 [0016] First, at the operation input receiving
step, an operation input for a virtual vehicle to be run in a virtual
space is received. Further, at the running condition nanaging step, a
runni ng contifeingiiopfinglding p searaty wietge ¢b be ayangeday e ihzes ephce) ahdeompéweei ved
operation input. Then, at the front inmage generating step, a front inmage
(for exanpheopeiaiern mput recarvipgstept € rynmwig andappenarsiging stepoatioaf intdge vi rt ual
vehicle is generated 10 based on the stored inmage information and the
managed r ung¢negatogrstipt i doad calvpkatingisiep, a tite inteze lgeastata] wep, ahd adisptep, a | oad
to be inposed on the virtual vehicle is calculated based on the nanaged
runni ng condintioding fep, tiech aratconfi@ired nefdliomge generating step, a tire

i mge whose shape is changed according to the calculated load is

gener at ed.5 Hah] at Firbieatdhs ppayti@oimpnotebéingesteppan bfeeaganiapat forla bir@al | mage
and the tire 15 imge are synthesized and the synthesized I nmage is

di spl ayed. Adddeds bgtun, insiviteal spaedhapeivel. t hertidr £ thomegingkoAgasH accor di ng
to the load based on the running condition of the virtual vehicle, the
user will femhagihgstepatrunnipgseadition of the withidl wahickahhfah&gedftagdd dh@etire
image. As a result, it is possible to enable easy grasp of the behavior of

t he vi rtual receivid bperatiyn @ppr OfthieAt 2 ltye ftbsualabe bar@rithe kqad rRacMendrt o 20
the running condition. [0017] A program according, to a fifth aspect of the

present i nvexdnise, Ldrbterghvievd etcCORRich @ppddrt felit 0@ tiR GANR VdBieGE bedPated
function as the above-described video generation device. [0018] This

progr am cl@nbied shakiesoRt iRagoifpthRlioh aAd 8R! RadddtOFRIdWdniRRAr di Ng 25
medi um such as a conpact disk, a flexible disk, a hard disk, a magneto

Terory, etc. [0019] “The Abover deenr s pad ornaram caneRs TPERITEIE Y co q
via a conmpuiéicle is calculated based on the managed running condition. Further, at the tire image
generating step, a tire image whose shape is changed according to the calculated load is
generated. Then, at the display controlling step, the generated front image and the tire
15 image are synthesized and the synthesized image is displayed.

Accordingly, since the shape of the tire image changes according to the load
based on the running condition of the virtual vehicle, the user will feel the load imposed
on the virtual vehicle, from the tire image.  As a result, it is possible to enable easy grasp
of the behavior of the virtual vehicle, by appropriately visualizing the load according to

20 the running condition.
[0017] A program according to a fifth aspect of the present invention controls a
computer (including a game device) to function as the above-described video generation

device.

[0018] This program can be stored on a computer-readable information recording

[\
h

medium such as a compact disk, a flexible disk, a hard disk, a magneto optical disk, a
digital video disk, a magnetic tape, a semiconductor memory, etc.

[0019] The above-described program can be distributed and sold via a computer



7 conmuni cation network, independently froma conputer on which the
programis executed. Further, the above-described information recording
nmedi um can be distributed and sold independently fromthe conputer. Effect
of the Invention 5 [0020] According to the present invention, it is
possible to enable easy grasp of the behavior of the virtual vehicle, by
appropriately visualizing the | oad according to the running condition.
Brief Description of Drawings [0021] [FIG 1] It is an exenplary diagram
showi ng a sclematiicatwnmabtark eindépeadéntlyi feah a chthpyasmen deniéicte Proghithgh a vi deo
generation device according to an enbodinent of the present invention is
realized. [FRx&ui@]. |Rurihsr,ain sosoplsiribediefgimamonhodigganskigwai be structure
of a video generation device according to an enbodi ment of the present
invention. [ditbuddhnd $old mdepereianplranythdicagipat showi ng an exanpl e of
information 15 nanaged by a running condition managi ng unit of the video
generation device. [FIG 3B] It isEffecexanpimentisi agram showi ng an exanpl e
of information managed by the running condition managing unit of the video
gener ati on> devie. Addofdingdo the pr@e@nin@HEoR) i@fs)bo%i@&r@@he?&wéé‘ds@%ra%g o?i‘l%”pl e
of a viewfield | 4n image drawn by a video generation unit of "the video
gener ation dekavder ofdfe Lirua@ védiile, 1By dppropiia@KePRLAYntha WRAMS5aWi1g 1N
exanple of a tire image drawn by a tire drawing unit of the vi deo
generation demifgcoddiiéa. 58] It is an exenplary di agram show ng an exanpl e
of atire imge drawn by the tire drawing unit of the video generation

device. [FIG 5(C] It is an exem@mggﬁg[&m@}g%ﬁg an exanple of a tire
image 25 drawn by the tire drawing unit of the video generation device.

[FIG 5D Itoosi]an grRenPIaf ¥ ofieR6hH AR HAYaROsh3 Wik 20 Fall sBudihre®r iartr}apggal
10 game device on which a video generation device according to an embodiment of the
present invention is realized.
[FIG. 2] It is an exemplary diagram showing a schematic structure of a video
generation device according to an embodiment of the present invention.
[FIG. 3A} It is an exemplary diagram showing an example of information
15 managed by a running condition managing unit of the video generation device.
[FIG. 3B] It is an exemplary diagram showing an example of information
managed by the running condition managing unit of the video generation device.
[FIG. 4] It is an exemplary diagram showing an example of a view field
image drawn by a video generation unit of the video generation device.
20 [FIG. 5A] It is an exemplary diagram showing an example of a tire image
drawn by a tire drawing unit of the video generation device.
[FIG. 5B] It is an exemplary diagram showing an example of a tire image
drawn by the tire drawing unit of the video generation device.

[FIG. 5C] It is an exemplary diagram showing an example of a tire image

[\
wh

drawn by the tire drawing unit of the video generation device.
[FIG. 5D] It is an exemplary diagram showing an example of a tire image

drawn by the tire drawing unit of the video generation device.



drawn by the tire drawing unit of the video generation device. 8 [FIG 5E]
It is an exenplary diagram showi ng an exanple of a tire image drawn by the
tire drawing unit of the video generation device. [FIG 6] It is an

exenpl ary diagram for explaining a displag area and a tire draw ng area
allocated in a frame buffer. 5 [FIG 7] It is an exenplary di agram show ng
an exanple of a display inage on which a view field image and a tire i mge
are synthesized. [FIG 8] It is a flowhart showing a flow of a |oad _

di spl ay process per f{biiréd] by anlesempldgodigenaar sibiwamg atewiaeple pfd Ge iBAke It s
an exenpl ary di agram showi ng an exanple of a display image. 10 [FIG 9B]
It is an exdmpimbythditagdewisgomi nitharvideoarptation devick.spl ay i mage. [FIG
9C] It is an exenplary diagramshow ng an exanple of a display inmage.

[FIG 10] It is an ¢kkidl]ariy adicagnplanysdiamangfon csgibiamtd Gisghy beh dh@a dife a
video generation device according to another enbodi nent of the present

i nvention. [dEv@ng dikaA]loddied B afarmxdofiéar y di agram showi ng an exanpl e of a
mask image 15 drawn by a nmask drawi ng unit of the video generation deV| ce

[FIG 11 B It is afFkxdhiany edéraplapndistrami hewadl £ éﬁe@ffa@isﬂaﬂsné
drawn by the mask drawi ng unit of the video generation device. [FIG 1 C]

It is an exenpiiclya dicagidinimhainic: @8 iexgpkaythedzdmsk i mage drawn by the
mask drawing unit of the video generation device. 20 [FIG 11 D] It is an

exenpl ary di agram siiBld. 8y 1@ adarophe shdwing HEFKwv bIRARd d@%ﬁa‘@”})r@(}é% P& iRl
drawi ng unit of the video generation device. [FIG | I't 1's an

exenpl ary dibagiavilehgmengioarieexanpl e of a mask image drawn by the mask
drawing unit of the Vi deo generation device. [FIG 12A] It is an exenplary

di agram showi ng an ¢RGOIAG 10fs a@ e‘ibﬁpiaﬁy d1a21§rrl %g\ffno bl GmpteBt a 1tsplia§ iftige.
exenpl ary di agram show ng an exanpl e
10 [FIG. 9B] It is an exemplary dlagram showmg an example of a display image.
[FIG. 9C] It is an exemplary diagram showing an example of a display image.
[FIG. 10] It is an exemplary diagram showing a schematic structure of a video
generation device according to another embodiment of the present invention.
[FIG. 11A] It is an exemplary diagram showing an example of a mask image
15 drawn by a mask drawing unit of the video generation device.
[FIG. 11B] It is an exemplary diagram showing an example of a mask image
-drawn by the mask drawing unit of the video generation device.
[FIG. 11C] It is an exemplary diagram showing an example of a mask image
drawn by the mask drawing unit of the video generation device.
20 [FIG. 11D] It is an exemplary diagram showing an example of a mask image
drawn by the mask drawing unit of the video generation device.
[FIG. 11E] It is an exemplary diagram showing an example of a mask image

drawn by the mask drawing unit of the video generation device.

[FIG. 12A] It is an exemplary diagram showing an example of a display

[§S]
w

image.
[FIG. 12B] It is an exemplary diagram showing an example of a display

image.



image. 9 [FIG 12C] It is an exenplary diagram show ng an exanple of a
Hi splay image. Explanation of Reference Nunerals [0022] 100 gane device 5
101 CPU 102 ROM 103 RAM 104 interface 105 controller 10 106 external
menory 107 DVD-ROM drive 108 image proce$sing unit 109 audio processing
unit 110 NIC 15 200 video generation device 201 operation input reception
unit 202 image information storage unit 203 running condition managi ng
unit 204 video generation unit 20 205 |oad cal culation unit 206 tire
drawi ng unit 207 fiBKe 1801 files a@@8ecrplapl diggrmonthoaingun dxaBesd ofVbdiepiher
Carrying Qut the Invention 25 [0023] (Enbodiment 1) FIG | is an exenplary
di agram shownags.a schematic structure of a typical
Explanation of Reference Numerals
[0022] 100 game device
5 101 CPU
102 ROM
103 RAM
104 interface
105 controller
10 106 external memory
107 DVD-ROM drive
108 image processing unit
109 audio processing unit
110 NIC
15 200 video generation device
201 operation input reception unit
202 image information storage unit
203 running condition managing unit
204 video generation unit
20 205 load calculation unit
206 tire drawing unit
207 frame buffer
208 display control unit
Best Mode for Carrying Out the Invention
25 [0023] (Embodiment 1)

FIG. 1 is an exemplary diagram showing a schematic structure of a typical

game device on which a video generation device according to an embodiment of the



game devi ce on which a video generation device according to an enbodi ment
.0f the 10 present invention will be realized. The follow ng explanation
will be given with reference to this diagram [0024] A gane device 100
conprises a CPU (Central Processing Unit)id01l, a ROM (Read Only Menory)
102, a RAM (Random Access Menory) 103, an interface 104, a 5 controller
105, an external nenory 106, a DVD (Digital Versatile Disk)-ROMdrive 107;
an image processing unit 108, an audio processing unit 109, and an NIC
(Network | mreehiadeedaod)will1be rf4028] Biel folldivigz @xpMBhRGVIMEN Obd Reved Gape
program and data onto the DVD-ROMdrive 107 and turning on the power of
t he gane develeentO®, thishkagramgramwill 10 be executed and the video
generation device according to the present enbodinent will be realized.
[0026] The (PQ24101 comsmokisvithe0®penptisan OPUL(TenealtrbesGaRIHE0E e RO
and is connected to each element to exchange control signals and dat a.
[0027] The RRMIOBIsMenmsy)ard2 BLRAM(RilonPRog samenadsrDs! & Reergaacioued
15 inmedi ately after the power is turned on, execution of which triggers

the progr amcehtooslid 106mntdxeerhANBhdiddyt 06D DV EDIgHaPVEREH RAMILORORNEri X fEut ed
by the CPU 101. Further, the ROM 102 stores a program and various data for

an oper at i ngnsipgigerproessagamyt 108, art andio OprlotdGinkheniORBY ahhPRn Okt ke fbgkre
gane device 100. [0028] The RAM 103 is for tenporarily storing data an
prograns, anaterfedeaCard) tiee 20 program and data read out fromthe DVD- ROM
and ot her data necessary for game proceedi ngs and chat conmuni cati ons.

[0029] The goomsiol | @y 168MieoRnEctBRONN Qugiht Reodmd &:baas %agg’s%ﬁqg%n\é(?sthgn

operation input given by the user when playing the gane.

external nmemyy-KOB dteaniahl YurHRneche hoter oteb ke dieOi;cg{lPlg,Ctg% g%gﬂgrﬁ%n

rewitably stores data indicating the progress status o ta of

chat  conmoimeeaéduasdl dnddhe (186 Q€T atiorfdGice BB 1o SR pRE A b i8S Rt R b@N

t he externa
realized.

[0026] The CPU 101 controls the operation of the entire game device 100, and is

connected to each element to exchange control signals and data.

[0027] The ROM 102 stores an IPL (Initial Program Loader) to be executed
15 immediately after the power is turned on, execution of which triggers the program stored

on the DVD-ROM to be read into the RAM 103 and executed by the CPU 101. Further,

the ROM 102 stores a program and various data for an operating system necessary for

controlling the operation of the entire game device 100.

[0028] The RAM 103 is for temporarily storing data and programs, and retains the
20 program and data read out from the DVD-ROM, and other data necessary for game

proceedings and chat communications.

[0029] The controller 105 connected through the interface 104 receives an operation

input given by the user when playing the game.

[0030] The external memory 106 detachably connected through the interface 104
25 rewritably stores data indicating the progress status of the game, data of chat

communication logs (records), etc. The user can store these data on the external

memory 106 where needed, by inputting instructions through the controller 105.



nmenory 106 where needed, by inputting instructions through the controller
.105. .41 [0031] The DVD-ROMto be | oaded on the DVD-ROMdrive 107 stores a
program for realizing the gane and i mage data and audi o data acconpanyi ng
the gane. Under the control of the CPU 101, the DVD-ROM drive 107 perfornms
a reading process on the DVD-ROM|oaded thereon to read out a necessary
program and data, which are to be 5 tenporarily stored on the RAM 103,

etc. [0032] The imge processing unit 108 processes the data read out from
the DVD- ROWB] meare d1VDHROEP Hdbaded omithe DREBROM Glihvat 09 RiRELS BB
(unillustrated) provided in the imge processing unit 108. and thereafter

stores the datmalizingtifer gnme ameirage datiahd wadivataeddcRPhAag thlodhe RIS
processing unit 108. The inmage 10 information stored in the frane nenory is

converted i mieocomtrel dethe TRINAD ahe ®VIPrREORL @1 v rw?gpe&mﬂﬁraqehcﬁﬁ& bfRedsidH Y
and output to a nonitor (unillustrated) connect to the i mage processing

unit 108. THRBFRROMi lagel therphayse@f oMk inobsdryRRSoahean@¥ah | Rk ard QP33]
Note that the inmage calculation processor can rapidly perform transparent

15 oper at iSonsnmiatly 3®raved the)RAPEIT®@t ken or a bl endi ng of two-di mensi onal
i mages, and saturate operations of various types. Further, the image

Ca|Cu|atlOn[@ID@GSSQheCQMM@|§ﬂm5@ﬂkthHp¢O§qﬁH&§§B AMEAL Q%FfB& HRRAGHL N,
by a Z buffer nethod, polygon i nformation placed in a virt

t hr ee- di NENSIIMEOSRACRARDLHAY CPY VI bRt 5k AR ul AR IBEQR (@rﬁﬁ'@s‘?ratetdﬁ?

obtain a 20 rendered i mage of the polygon placed in the‘virtua

t hr ee- di mengididdd BPAESinfize SHEE: sk hOTnif 155 eéiﬁt flefd.ped se()'re%"\{hgocﬁa‘m[(!u%"a-fr&&é’?"l]

Further, by the CPU 101 and the inage cal cul ation processor wor

cooper ati ONmethdFNafuARBirasdy ig8vid&d &nt W q’l'nggeniﬂ %?Lmb gﬁﬂpo b?hedelgla §ed

on the frame nenory, or depicted on the surfa ygon, accoPdlng

to font inf edfomhdden gt%réaefn'] nﬂhegfﬁam@ y Ofs E&?s'eft{gar el el sy CF-I(_)h%}%{ngptat a

information is stored in the ROM 102, but”® specia prepare

i nformat i onpgddefeadined s(fﬂﬁu@l\(%tmm R &ﬁﬁQ'to a monitor (unillustrated) connected

to the image processing unit 108. Thereby, image displays of various types are

available.

[0033] Note that the image calculation processor can rapidly perform transparent
15 operations such as overlay operation or a blending of two-dimensional images, and

saturate operations of various types.

Further, the image calculation processor can also rapidly perform an
operation for rendering, by a Z buffer method, polygon information placed in a virtual
three-dimensional space and having various texture information added, to obtain a

20 rendered image of the polygon placed in the virtual three-dimensional space as seen from
a predetermined view position.
[0034] Further, by the CPU 101 and the image calculation processor working in
cooperation, a character string as a two-dimensional image can be depicted on the frame

memory, or depicted on the surface of each polygon, according to font information

[\
wn

defining the shape of the characters. The font information is stored in the ROM 102, but
specially-prepared font information stored on the DVD-ROM may be used.

[0035] The audio processing unit 109 converts audio data read out from the



[ 0035] The audi o processing unit 109 converts audio data read out fromthe
12 DVD-ROMinto an anal og audi o signal, and outputs the signal froma
speaker (unillustrated) connected thereto. Further, under the control of
the CPU 101, the audio processing unit 109 generates sound effects and
music data to be sounded in the course of the gane, and outputs the sounds
corresponding to the data fromthe speaker. 5 [0036] The NIC 110 is for
connecting the gane device 100 to a conputer conmuni cati on network

(uni | I ust r atledp-RQbh ia® wheadaiterandio, siinal,, alNbugAPIthé 8Sgml from a speaker
10BASE- T/ 100BASE- T product used for building a LAN (Local Area Network), an
anal og nodertunidnsitaBEN cohndcegt tierth. Seﬁmheaamlablgthwon{}@typﬂhg)cmq@mthg ug]ra
ADSL (Asymmetric Digital Subscriber Line) nodem for connecting to

I nternet by pusiergn@udio 102 gammsesduh@effeas@a@hﬁlSM%fHefsoﬁﬁaya(%ﬁ%é‘&)&% e
Internet by using a cable television line, or the like, and an intertace

(uni | | ust r atteedarf@and otipuett sdundg chreds ‘%Sﬁ‘dln& hege d@f&@r&nhﬁle sgé’é#(e}()l [ 0037]
Aside fromthe above, the gane device 100 may be configured to performthe

sane functd ¢oe36ds t iheRICLQ2) ihfor RAMNEOSme the EXieddke NRIPRY 40
DVD-ROM 15 to be | oaded on the DVB—RCNIdrlve 107, e:etc IC%y usﬁ%g}éﬁmnhmg

| ar ge- capacicoyineic@tionl neivoragenilltames sKeh @Sthéalﬂé iy dLgK, !
it is also possible to enploy an enbéﬁ?nent ahere a eyb%%fdmﬁé%onlgééb |ng

a charact er 19BAISEGTRJDBASE-T NRoduct (RAY EHE bUSEhe aamg (03 € QT NAGR AP 109
various position designations and selection IfRputs fromthe user ar

d. 8] | -
connect ed. 20alb®G3&]entUsr IEDRO(IReordicdCHEY Rks g?&ttﬁétw%ﬁ\&egﬁggén% oPY gg&@th he

per sonal conputer etc.) may be used instea t he evice

present enmboAkymRbiricFOloi@K STRCE
RAM, 5 ROM. oD mont e §ngeﬁ%lmﬁf%ﬁﬁ’!“k%€mg§ﬂg{ﬁn&9 oveln? rbiyb‘é%n

device 1000 t<eiHRnE 3RS, ﬁeaﬂlgme&fﬁ?%éﬂé%ﬂng% Tthehar éﬁ%l Sk T %haéé?eéé%léﬁﬁm

t han those of the ganme device 100, conpris

st orage deviige,oraRd1iga&Mmml a?loin%?ﬁ%@g 1?3&1@&?) Al SKreprf errife 1u§1 eﬁ»g?&na hg%lﬁ?r}dlol]%F or

magneti c tape, etc. Further, suc gener al’ conpu
but a CPU 101.
[0037] Aside from the above, the game device 100 may be configured to perform the

same functions as the ROM 102, the RAM 103, the external memory 106, the DVD-ROM

15 to be loaded on the DVD-ROM drive 107, etc. by using a large-capacity external storage
device such as a hard disk, etc.

Further, it is also possible to employ an embodiment where a keyboard for
accepting a character string editing input from the user, and a mouse for accepting various
position designations and selection inputs from the user are connected.

20 [0038] Furthermore, a general computer (a general-purpose personal computer, etc.)
may be used instead of the game device 100 of the present embodiment. For example, a
general computer comprises a CPU, a RAM, a ROM, a DVD-ROM drive, and an NIC
likewise the above-described game device 100, comprises an image processing unit

having simpler functions than those of the game device 100, comprises a hard disk as an

[\
wh

external storage device, and can also use a flexible disk, a magneto optical disk, a

magnetic tape, etc. Further, such a general computer uses not a controller but a

keyboard and a mouse as the input device.



keyboard and a nouse as the input device. 13 [0039] (Schematic Structure
.O0f Vi.deo Ceneration Device) FIG 2 is an exenplary di agram showi ng a
schematic structure of the video generation device according to the
present enbodi nent. The follow ng explanation will be given with reference
to this diagram 5 [0040] The video generation device 200 conprises an
operation input reception unit 201, an inmage information storage unit 202.
a running condition managi ng unit 203. a video generation unit 204, a | oad
cal cul ati on[Q¥Pt 2085chgmatic Strdetans af gV idne GeA@6tiomDeviame buffer 207, and a
di splay control unit 208. The explanation will be given to a case that the
vi deo generation deViGe2 208n esemplBryagipbiaedshowiag hachagatiasmiciie o tike vidsd Ng
car or the like. which runs on a circuit within a virtual space, is

oper at ed. [ @@®1jtioAidesice actrrdimgeo altd presém paibodiee@pt i Dite fallotvird0dxpl@paby &8l an
operation input for a racing car (virtual vehicle) which is to be run on a
circuit wthé¢pivanwithtrafeherspacthis dtagrasxanpl e, the operati on i nput reception
unit 201 receives an operation 15 input for a brake operation, an

accel erat or [(9g6} at | Ghe vadestgeaeratigh ddvded 200 €6:8pii 8 .an ¥peration St t&eption unit
operation, etc. necessary for running the racing car. The controller 105
can functi oR0Bsant ineageiaforinaoh s©ORIg UWBCEPL, i OfinWMot co2@ikion MARARAe ThE 2osBge
informati on storage unit 202 stores image informati on which defines
scenery i mageso geheratiothigib 200Cd Lde dahilddoRninid2 PRENRMHrARNRGIdiC2Ad, Wrddhd N
the 20 virtual space. O her than this. the imge informati on storage unit
202 stores bufiige07| afdy displapBoy] @RitdeRi nes a plurality of racing cars
including the racing car to be operated by the user, and etc. The DVD ROM

| oaded on the DVD- RO d¥plureatibf fill ba e w8 anale tNBIME Vided Qbnersli S éi»?cﬁzoo is
function as such an inage information storage unit 202 25 [ 0043] The

runni ng clongpglie@no ABAGHE REmE Nitter @ 3adiRE EES thh §ikE UMINR YOl %ir@lﬂ? within 4 N
racing car operated by the user. and the running conditions of the ot her
racing car Svirtual space, is operated.
[0041] First. the operation input reception unit 201 receives an operation input for a
racing car (virtual vehicle) which is to be run on a circuit within a virtual space.
For example, the operation input reception unit 201 receives an operation
15 input for a brake operation, an accelerator operation, a steering wheel operation, and a
shifter operation, etc. necessary for running the racing car.
The controller 105 can function as the operation input reception unit 201.
[0042] The image information storage unit 202 stores image information which
defines scenery images, etc. which include the running path on the circuit within the
20 virtual space. Other than this, the image information storage unit 202 stores image
information which defines a plurality of racing cars including the racing car to be
operated by the user, and etc.
The DVD-ROM loaded on the DVD-ROM drive 107, the external memory

106, etc. can function as such an image information storage unit 202

N
(4]

[0043] The running condition managing unit 203 manages the running conditions of
the racing car operated by the user, and the running conditions of the other racing cars.

For example, the running condition managing unit 203 manages information



For exanple, the running condition managing unit 203 manages information 14
.Whi ch' defines the running conditions as shown in FIGS. 3A and 3B. The
information shown in FIG 3Ais information to be updated where necessary,
according to operation information of varigous types sent fromthe operation
i nput reception unit 201. That is, the running conditions of the racing car
operated by 5 the user are managed by the information of FIG 3A. The
information shown in FIG 3B is information to be updated automatically
based on pr edectedefingethd roghiog camditiper asmbbensn FIGRBA and 3e runni ng
conditions of the other racing cars which are run automatically are
managed by the i nf orltet indormetiofr| BowaBin FlG Bayr is trtfernidtioni g be apdhded ORhere
managi ng unit 203 nanages contacts and 10 collisions between racing cars,
based on t hectasbaoymatdontingio Bp@StioBMfandatdi. ofTVeioGPly kil Isef@ftofUie tdperatias
such a running condition managing unit 203. [0044] The video generation
unit 204 geriematresptibe unitge. (Thage, he rufeinpcosdehNes thdiri@sd caJpeahandy of
the racing car operated by the user, based on the inmage |nfornat|on stored
in the inmafehd mn‘eoananarmgechprmgafouxmamorZGQFI@wdAt. he running conditions
managed by 15 the running condition nmanaging unit 203. Specifically, the
vi deo generati on uniThe2Rrdeiicit®wa ivirRw. BBed thfoRasn td B | h;% 'iedSaquxﬁéMcaﬁ\S
shown in FIG 4, which is observed when the view outside the car seen

fromthe dribdasdd on praktedthinklddogids bid) paRimetetHeNThat he tMé demige @&{cﬁﬁdrﬁrbﬂﬂbt
204 wites .the depicted viewfield imge in a display area of the frane

buf fer 207 R)@]eli)eacﬁl@as&‘d’r!, harth a2OrdnafumatithRy bRBEREPEE BRI iRDrHidn JOTCCIB,
function as such a video generation unit ~204. [0045] The |oad calcul ation

uni t 205 cal cul at es Fubthed, aaé ragsiad @ndidee hagide Galr 243TRHA &Re&hﬁ&ﬁﬁﬁhg
on the two front tires or the two rear tires) operated by t user ased

25 on thelw woNisites GeRch kRN RNIAQA dWiht 'i}ffofnﬁw&hg)%‘f@@dj/{ 519&@“3”39' ng unit
203. For exanple in a case where the runni ng condition nmanaged is
accel eration The CPU 101 can function as such a running condition managing unit 203.
[0044] The video generation unit 204 generates the image (image in the proceeding
direction) ahead of the racing car operated by the user, based on the image information
stored in the image information storage unit 202 and the running conditions managed by
15 the running condition managing unit 203.
Specifically, the video generation unit 204 depicts a view field image
(driver’s view) as shown in FIG. 4, which is observed when the view outside the car is

seen from the driver’s seat of the racing car. Then, the video generation unit 204 writes

-the depicted view field image in a display area of the frame buffer 207 to be described

20 later.
The image processing unit 108 can function as such a video generation unit

204.
[0045] The load calculation unit 205 calculates the load added on the racing car

(more specifically, on the two front tires or the two rear tires) operated by the user, based

N
n

on the running conditions managed by the running condition managing unit 203.
For example, in a case where the running condition managed is acceleration

or deceleration, the load calculation unit 205 calculates the load in the forward or



or deceleration, the load calculation unit 205 calculates the load in the
forward or 15 backward direction produced due to an inertia force, etc.,
and the |l evel thereof. Specifically, the | oad calculation unit 205
calculates, fromthe direction of the ackeleration, the direction of the
|l oad which is in a reverse direction to that direction, and calculates the
| evel of the load by nultiplying the acceleration and the weight of the 5
racing car (see Equation 1, as an exanple). The weight of the racing car
changes ac®atkdiaig disctipe meHicsdednodel an ge¢rtinnfyisge, ettc.., , aranthealloe! achces
according to the nunber of [|aps which have been run, the status of fuel
consunpt i onSpedifitalyuppeyloafl gaedhiiore wndt 208dodedasspptom othe gdsaltionepf the
[0046] (Equation 1) 10 f=nma f: load m weight (mass) of the racing car
a: accel er agtelerft@®d te ditectiie of theroal whisk inires eevetse dirgidng tharidietiie) and
managed is turning, the load 15 calculation unit 205 cal cul ates the | oad

in the |eftwelcdass thé ghvelvaf dhaicadchy onlpylgidgctd acekleration ang aRé Mg alf the
force, etc., and the level thereof. Specifically, the | oad cal culation

unit 205 dbtaims carheset Hquatign rladisus Exanplene Heeekighg oﬁrtﬁé-%adiﬁg c8f Chande®
calculate the direction toward the center of the circular arc and the

di rection ofcdonding oathe \ehitlohiodelnsettilie, aRrguharalsowelries htdbrdin@m tHiehuheP &t Y
and the turning radius to calculate the level of the Ioad by 20 nultiplying

the second papaewhiofi hbie banguiuarthy etes by fl doRsurhptl (fﬂllrﬁF%NSofagéjsoliH@ to
wei ght of the racing car (see Equation 2, as an exanpl e) 048] ~(Equati on
2) f=ma=n1 eeduced $upplycsfad&ine). wei ght (nmass) of the racing car a:
accel eration
[0046] (Equation 1)
10 f=ma
f: load
m: weight (mass) of the racing car
o acceleration
[0047] Further, in a case where the running condition managed is turning, the load
15 calculation unit 205 calculates the load in the leftward or rightward direction produced
due to a centrifugal force, etc., and the level thereof. Specifically, the load calculation
unit 205 obtains the turning radius from the steering angle, etc., to calculate the direction
toward the center of the circular arc and the direction of the load, and obtains the angular-
velocity from the velocity and the turning radius to calculate the level of the load by
20 multplying the second power of the angular velocity by the turning radius and the weight
of the racing car (see Equation 2, as an example)
[0048] (Equation 2)
f = mo = mre’

f: load

[\
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m: weight (mass) of the racing car
o acceleration

r: turning radius



r: turning radius 16 co: angular velocity [0049] The CPU 101 can function
.as such a load calculation unit 205. [0050] The tire drawi ng unit 206
generates i mages of tires having different shapes, based on the |oad
(direction and level) calculated by the | p@d cal cul ation unit 205. 5 [0051]
For exanple, the tire drawing unit 206 generates planar tire inages
different in shape, as showmn in FIGS. 5A to 5E. These tire inages
represent the surface of the running path contacted by the tires during
runni ng. First, thediangulamageciof FIG 5A is an exanple to be generated in
a case where the load is inposed on the four tires (Ti to T4) on the front
and rear unif&Oi y (lihe (Risé0btan flifictomnstsanh aVeldagidujatiodmit?gs. etc.). The
tire image of FIG 5B is an exanple to be generated in a case where the
load is inmp¢&Ed]on tThe tire drdwiniz neé A06i genERYesOitndgbe of €ifds HaNthg diffgkht (Hapegase
of decel eration or sudden stop by braking). The tire image of FIG 5C is an
exanpl e to besegemahatead (dinecionase lavbBrcalctifiged byome 1629 darRRsied van 2ose front
and rear tires (TlI, T3) on the right (in case of left turn). 15 The tire

i mage of H @03D i s Faneramnapip) teltive davd8O@hADSE deRertes pRaMIRY Bnddee dlRaG ! S
i nposed on the front and rear tires (T2, T4) on the left (in case of right

turn). Thenin tiupet by shdwRBEFIGS. FAGro 5E. | Thade @xamRbes 1prd6nta8RRLALEDf Me 2
case where the load is inposed in the vertical direction (up or down

direction) (umhig@seh 0dnthtibd by theQltes GirddShunn@LC- ). 20 [0052] That is to say,
when the | oad works in the forward direction, the tire drawing unit 206

generates a tire i nmEggt, e tvdiigBed BEFNEIA &ah éN:aﬁﬁ)h:l tgbeg%ﬁeleaﬁeﬁtin andsd \\iv,\gé?&

front tires is elongated (expanded) as shown in F . I'n a case ere

the | oad worheSlohd i iffosdditt th@rf@luﬂliréseﬁgi QNF4)tR&hE FhB: Qfdar%rqgﬂ%‘rﬂrﬂ#(igg%e of

generates a tire image in which the rizontal wdth of the front and rear

tires on 1®23ofhdint! ﬁflécii‘)’srdr&%eédc.g.smﬁ?@re apflet N ﬁﬁ?}:)ggnltsaér]:\l@égﬁlg%oto bbe

front and rear tires on the right is elongated, as shown in

Contrarily, gbierie@@ase cabltehBerkhBe |R8Gs YRPERdIoR thB%ront tires (T1, T2) on the left and
right (in case of deceleration or sudden stop by braking).

The tire image of FIG. 5C is an example to be generated in a case where the
load is imposed on the front and rear tires (T1, T3) on the right (in case of left turn).

15 The tire image of FIG. 5D is an example to be generated in a case where the load is
imposed on the front and rear tires (T2, T4) on the left (in case of right turn).

Then, the tire image of FIG. SE is an example to be generated in a case where
the load is imposed in the vertical direction (up or down direction) (in case of running on
gravel, etc.).

20 [0052] That is to say. when the load works in the forward direction, the tire drawing
unit 206 generates a tire image in which the vertical width of the left and right front tires
is elongated (expanded) as shown in FIG. 5B.

In a case where the load works in the rightward direction, the tire drawing

D

unit 206 generates a tire image in which the horizontal width of the front and rear tires on

(]
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the left is reduced (shrunk) and the horizontal width of the front and rear tires on the right
is elongated, as shown in FIG. 5C. Contrarily, in a case where the load works in the

leftward direction, the tire drawing unit 206 generates a tire image in which the horizontal



|l eftward direction. the tire drawing unit 206 generates a tire inmage in
Whi ch' the horizontal- 17 wdth of the front and rear tires on the left is
el ongated and the horizontal width of the front and rear tires on the
right is reduced, as shown in FIG 5D. Th&/inmage processing unit 108 can
function as such a tire drawing unit 206. [0053] The franme buffer 207 is
constituted by a two-dinensional array nenory 5 having a predeterm ned
capacity. and has a %iis?l ay area Al, a tire drawing area A2, etc. set
therein as SHERCS the Hoa! a@‘?/ reph dirgs iptheylefris glomgated aad the berizantalhividih efhige
view field i mage Edri ver's view) generated by the above-described video
generation lﬁ‘fﬂng ay Yregep thegight Thiedpgade agishoninig FAbe3DA2 is an area in
which the tire imge_generated by the 10 above-described tire drawi ng unit
206 is witten. The lfeamaenpieeesyingrumi d8dcan dunchion asrsupb atire dessinpgnitAN6. 108
can function as such a franme buffer 207. [0054] The display control unit
208 appropril@¥ly sylhehisane dufeh@0viisveonsétutkdi bpgetwstiorendional tiney dicspiray
area Al of the franme buffer 207 with the tire inage stored in the tire 15
drawi ng are&anng agnedat¢rariecs ¢apacigonne s atdisplayathaddi z ede dragag braA 3 etc.
predeterm ned inmage signal to display the image on an external nonitor or
the |ike. F6¢tthsrampisshownimFKage where the view field i mage as shown in
FIG 4is witten in the display area Al and the tire i mage as shown in
FIG 5Ais witten illetdwplayi area Adriawnrageaaineshidl thet Hew dictdirayeec@rit 608 vigni)t
208 generates a display imge in which the tire 20 image is synthesized at
the four comnesrgtedby tiveaboiverdesdribbd vidvagenastichain204nis Mren7. Then, the
di splay control unit 208 converts the display inage generated in this
manner into a vi deo Tegitaldrating apaetizieammesth shrbhho e Mid@ehifaidadhy @ad
supplies it to the external nonitor or the Iike. The inage processing unit
108 can f Uhebowendessrilsadctire dralviapluay 2064 writteuni t 25 208. [0055] FIG 8 is a
fl omchart showing the flow of a | oad di splay process perforned by

The frame memory provided in the image processing unit 108 can function as

such a frame buffer 207.

[0054] The display control unit 208 appropriately synthesizes the view field image

stored in the display area A1l of the frame buffer 207 with the tire image stored in the tire
15 drawing area A2, and thereafter converts the synthesized image into a predetermined

image signal to display the image on an external monitor or the like.

For example, in a case where the view field image as shown in FIG. 4 is
written in the display area Al and the tire image as shown in FIG. 5A is written in the tire
drawing area A2, the display control unit 208 generates a display image in which the tire

20 image is synthesized at the four corners of the view field image as shown in FIG. 7.
Then, the display control unit 208 converts the display image generated in this
manner into a video signal at a predetermined synchronization timing, and supplies it to

the external monitor or the like.

The image processing unit 108 can function as such a display control unit

208.

[N
N

{0055] FIG. 8 is a flowchart showing the flow of a load display process performed by

the video generation device 200.  The following explanation will be given with reference



t he video generation device 200. The follow ng explanation will be given
WMth.reference 18 to this diagram Note that this |oad display process is
started synchronously with the gane proceedi ng when a car race gane is

pl ayed. [0056] First, when the car race gdhe is started (step S301), the

vi deo generation device 200 receives an operation input and updates the
running condition of the racing car 5 (step S302). Specifically, when the
operation inpyt recepti unjt 201 receives an accel erator operation, a

br ake oper afclogﬁs, digg “ée(r)}p?ltﬁ s B’ﬁgrdﬁﬂl@hpr%e%rﬁfSEf’éFedoﬁd@?IH?FQ}ﬁ,ly withcthe
fromthe user, the running condition nmanagi ng unit 203 updates the running
condition E¥OFf PEISECHBEMFBA St @rheHpe HiRlexedi on, vel ocity, etc.) according
to the operations. 10 [0057] The video generation device 200 draws a view
field i magelYR0 ne FHalmavhen ibe ar sece paneps s30ed (step&301). ghe videot geaenatide o
generation unit 204 draws a view field i mage (driver's view based on the
i mage i nf or ARYIFHAOLICEPINeS FORCKEIGNHAPY dndfuppaies themurning eepulition of thofacingmdrt he
runni ng condition managed by the running condition managi ng unit 203. Then,
tr, 15 the (§RedYeneration unit 204 wites the drawn view fiel d i mage in
the display area Al of the franme buffer 207. [0058] The vi deo generation
devi ce 200 cal cul at &gedifieallyoash¢raghe emeratipe inpuni regeptoondiiti 20 (retedyesS304) .
Specifically, the |oad calculation unit 205 cal cul ates the |oad (direction
and 20 | evatcelaraipbepatawom. tahrakeepergtiemra sparingt whiedhyopetationsa shifibasmedatam, t he
runni ng condition managed by the running condition managi ng unit 203. For
exanpl e, i new. agehahsarehe nenningennditi aromaiagingumeBoguiaies tecmehiap abadition or
deceleration, the load calculation unit 205 cal cul ates the | oad produced in
t he forwar d(cusrenbpeskiwar thnainrgeditactnn.digdodiy, ein) acmrding td e operadows. t he | evel
thereof. Further, in a case 25 where the running condition nmanaged is

turni ng, thé0054d cdheulidao geneanation @G8cc D¢ raves vitwefitldachape aduthedfrirhe t he
| eftward or rightward direction due to a centrifugal force. and the |evel
t her eof . buffer 207 (step S303).

Specifically. the video generation unit 204 draws a view field image (driver’s
view) based on the image information stored in the image information storage unit 202
and the running condition managed by the running condition managing unit 203. Then,
15 the video generation unit 204 writes the drawn view field image in the display area Al of
the frame buffer 207,
[0058] The video generation device 200 calculates the load based on the running
condition (step S304).
Specifically, the load calculation unit 205 calculates the load (direction and
20 level) imposed on the racing car operated by the user, based on the running condition
managed by the running condition managing unit 203.
For example, in a case where the running condition managed is acceleration
or deceleration, the load calculation unit 205 calculates the load produced in the forward

or backward direction due to an inertia force, and the level thereof. Further, in a case

[
wn

where the running condition managed is turning, the load calculation unit 205 calculates
the load produced in the leftward or rightward direction due to a centrifugal force, and the

level thereof.



19 [0059] The video generation device 200 draws a tire inmage based on the
.talculated |oad (step S305). Specifically, the tire drawi ng unit 206
generates a planar image of tires whose vertical width or horizontal w dth
is deformed according to the load (directi%®n and level) 5 calculated by
the | oad cal culation unit 205. Then, the tire drawing unit 206 wites the
generated tire image in the tire drawing area A2 of the frane buffer 207.
[ 0060] The video generation device 200 di splays the i nage based on the
frame buffel00307 " ( dthep/idgoggneratge device 200ydrawhe titp sphge/basohon dhe calctla08
appropriately synthesizes the view 10 field inmage stored in the display
area Al of t¢ad Fen®80bluffer 207 and the tire image stored in the tire
drawi ng area A2, and after this, converts the inmage into a predeterm ned
i mage signal, and dirspifigsity.ithe @ draveingsans204Igenonics o plapar intee loif kiees WIRR61]
For exanple, when the racing car operated by the user is turning to the
left at a oertisak widsh pr herizangajevidi inldetimed ectroding ootled lowd ditecodn hidlefvelgnt
and rear tires on the left is 15 shrunk and the horizontal width of the
front and T &alculaieddyy By lpad calpghtion snieROhgaTlkeh, itise diesqraaydurtiop@d heiteswdht h
the view field image, as shown in FIG 9A. This shows a state that a
centrifugal gemrated tise pragduc o tdadravang heeal AT of thefranmandffeh2®7. cent ri f ugal
force inposes a load in the rightward direction. That is. the user can
feel a | oad[Q0d)]i zorthalvidgp deneratien dévgdet 206 displyetbt irmige bakddon B0 fiahe MifEH h
of the tires on the left shrunk and the wdth of the tires on the right
el ongat ed. 20ppoen $316), in a case where the racing car is turning to the
right at a corner, a tire imge in which the horizontal width of the front
and rear tires on t lypecifighity,itbe d3plankonaoidutineoheppropiistaly whaibdlz&f thk Reew
front and rear tires on the left is elongated is displayed together with
the view 10 dietl immgatorabinsthedizpian aFda@ 1 9Bthe ZamldRiffdr 907 hhiethd I8¢ ihade &l a
| oad (horizontal G in the leftward direction, with the horizontal w dth
0}‘ the r ijghtin thertérs dedwinp lireanil, tahe aher thzs0 Bblertedtiet ik i#thQ prédcterbif@Simage
el ongat ed.

signal, and displays it on the external monitor or the like.

[0061] For example, when the racing car operated by the user is turning to the left at
a corner, a tire image in which the horizontal width of the front and rear tires on the left is
15 shrunk and the horizontal width of the front and rear tires on the right is elongated is
displayed together with the view field image, as shown in FIG. 9A. This shows a state
that a centrifugal force is produced due to the lefi turn and this centrifugal force imposes a
load in the rightward direction.
That is, the user can feel a load (horizontal G) in the rightward direction, with
20 the width of the tires on the left shrunk and the width of the tires on the right elongated.
Oppositely, in a case where the racing car is turning to the right at a corner, a
tire image in which the horizontal width of the front and rear tires on the right is shrunk
and the horizontal width of the front and rear tires on the left is elongated is displayed

together with the view field image, as shown in FIG. 9B.

o
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That is, the user can feel a load (horizontal G) in the leftward direction, with
the horizontal width of the right tires shrunk and the horizontal width of the left tires

elongated.



20 [0062] Further, when the racing car brakes hard on the course, a tire
dmage in which the vertical width of the front tires on the |eft and right
is elongated is displayed together wth the view field image, as shown in
FIG 9C This shows a state that an inert3la force occurs along with the
decel eration by braking and this inertia force inposes a load in the 5
forward direction. That is, the user can feel a load in the forward
direction, with the vertical wdth of the front tires elongated. [0063]
Then, the viY¥s] gen&rgbsiowher thedacinggagbrakesnhard onihe cousse, artirpomaghim Wik
has ended (step S307). 10 In a case where it is determ ned that the gane
has not yet tenatcal padth\af degfronfditey am thsnleficnd gighp 60elergatadnis dispénypd tegetier
flow to step S302, and repeatedly perforns the processes at steps S302 to
S207 descri Béd thosicey ficd impge. @5 ﬁ%qwmahHI,G-i%.a Bhis shonrrer ssatetthatsindetréin fomed
that the game has ended, the video generation device 200 term nates the

| oad di spl apc@p¥peless withsthp deadqratien bie brakirtgeahdatbtviegrtiademe dinposes @ lodkin the
present enbodinent, it is possible to enable easy grasp of the behaviors
of the virx fawaybdirestien. by appropriately visualizing the |oad according to
the running condition. [0065] (Another Enbodinent) In the above-described
enbodi nent, the casdhahwr éet rer caaded] s loiad Ualthe dawaad dir2@idne evithertie! irtied .

It is also possible to synthesize the view field inage by covering it with
a mask i magevidthaf therfden tirdseelgragaiegher al portions of the view field i nage
sem transparent, etc., to visualize the |oad. Hereafter, another

enbodi ment ¥#068he piéserthe ivieergenemntioh eleeict RO0 pletdrplves abhetip@rdri o ShO farhbe
view field image are full of mask inmages to appropriately visualize the 25
| oad will béaexpkdisigdS¥@Hh reference to the drawings. [0066] FIG 10 is an
exenpl ary di agram showi ng a schematic structure of a video generation

devi ce ackbrdi ng tolaaakbewhertiod d@erdnined that the game has not yet ended, the video

generation device 200 returns the process flow to step $302, and repeatedly performs the
processes at steps S302 to S207 described above.

On the other hand, in a case where it is determined that the game has ended,
the video generation device 200 terminates the load display process.

15 [0064] As described above, according to the present embodiment, it is possible to
enable easy grasp of the behaviors of the virtual vehicle, by appropriately visualizing the
load according to the running condition.

[0065] (Another Embodiment)
In the above-described embodiment, the case where the load is visualized has

20 been explained. It is also possible to synthesize the view field image by covering it with
a mask image and render the peripheral portions of the view field image semitransparent,
etc., to visualize the load.

Hereafter, another embodiment of the present invention where the peripheral

portions of the view field image are full of mask images to appropriately visualize the

o
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load will be explained with reference to the drawings.
[0066] FIG. 10 is an exemplary diagram showing a schematic structure of a video

generation device according to another embodiment.



21 The video generation device 400 conprises an operation input reception
.unit .201, an inmage information storage unit 202, a running condition

managi ng unit 203. a video generation unit 204, a |load calculation unit
205, a mask drawing unit 401, a tire draWing unit 206, a frame buffer 207,
and a display control unit 208. 5 That is, this is the video generation
device 200 shown in FIG 2, to which the mask drawing unit 401 is added.
[0067] The mask draw ng unit 401 generates a frame-like mask inmage to cover
the peripheral por tlihgriddesfzenpration éavics 40l comarjessganmesatioa ibyuttrhesplipa @oit
generation unit 204. At that tine. the nmask drawing unit 401 generates a
mask i mage WAbs¥ YRgSenétiaaEes stlagecewi d0Aga ronitgecorshidon dianegng onitafd, a

| evel ) cal cul ated by the |oad cal culation unit 205. Then; the nask draw ng
unit 401 wrivides geherajjemanit?dd. adedd tategletiomunih@0f.ramashurdveng @7401] AQHS]
For exanple, the mask drawi ng unit 401 generates quadrangul ar mask i nmages
whose size &mvippuniti2o6 affaras balfifigeld@nandaa displaf texteritupit®8shown in FIGS. 11A
to 11E. 15 First, the mask inage of FIG 11 Ais an exanple to be generated
in a case 5 where thdhhoiadthisisitimoded gémerathm deacke\BQ0dhaivnéc FIGN2, (to nwhidsthe of
constant velocity running or in case of accelerated running). Further. the
mask i mage ofaskd@witg ulit#8] sreddzdinpl e to be generated in a case where the
|l oad is inposed in the forward direction (in case of deceleration or
sudden st op [8367hr akiTihg)masRGirdhmenesk40 mpgeraés kfi@mellikeGniask Aiagexarphve the be
generated in a case where the load is inposed in the rightward direction
(in case of peeplieralusardionsFafi thhetgw tiekl imsde cenemgd 0f thel Wadedl bedratfonami€X@npl e
to be generated in a case where the load is inposed in the leftward
direction (iAl thasimef the inghk drawink. unlihed, géleearems kndskagag®ivhbsGshabd dhanges an
exanple to be generated in a case 25 where the load is inposed in the
vertical ti meatrding t6upe dvadd@wactbr eal iev8)) daldultaSBy e 1dad aldidatRA GHiEYE.
etc.). [0069] That is, the nask drawi ng unit 401 generates a mask i nage as
shown in Fl Ghen, the mask drawing unit 401 writes the generated mask image in the frame buffer

207.
[0068] For example, the mask drawing unit 401 generates quadrangular mask images
whose size and position of arrangement are different, as shown in FIGS. 11A to 11E.

15 First, the mask image of FIG. 11A is an example to be generated in a case
where the load is imposed in the backward direction (in case of constant velocity running
or in case of accelerated running). Further. the mask image of FIG. 11B is an example
to be generated in a case where the load is imposed in the forward direction (in case of
deceleration or sudden stop by braking).

20 The mask image of FIG. 11C is an example to be generated in a éase where
the load is imposed in the rightward direction (in case of left turn). Further, the mask
image of FIG. 11D is an example to be generated in a case where the load is imposed in
the leftward direction (in case of right turn).

Then, the mask image of FIG. 11E is an example to be generated in a case
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where the load is imposed in the vertical direction (up or down direction) (in case of
running on gravel, etc.).

[0069] That is, the mask drawing unit 401 generates a mask image as shown in FIG.



22 1 1A in which the wwdth of the four sides is w dened when the load is

I mposed in the backward direction, and generates a nmask i nage as shown in
FIG 11 B in which the width of the four sides is narrowed when contrarily
the load is inposed in the forward directd2on. Further. the mask drawi ng
unit 401 generates a mask inmage as shown in FIG 5 11 Cin which the wdth
of the left side is narrowed and the width of the right side is w dened
when the |l o i.s inposed in the rightward direction, and generates a mask

i mage as sﬂg@ﬁ“i%hlﬁ? e W iOE hifeH tifes Wi wWidangsk Wher theeford g5 drapessdvin depied
and the width of the right side is narrowed when contrarily the load is

i nposed in PHEWES LRGN ANIRENEBEES TRk  ipagR apTeresiaiflg. LHB in whghdkmwidth
function as such a mask drawing unit 401. 10 [0070] Then, the display
control uni Pf Dodowsiich ésnarioyvesd wpenaconiraklyi thatpad denepasedin thejormaed dimesiion.
drawing unit 401 and the view field i mage generated by the video generation
unit 204, and rendngrﬂ@qiiethsélﬂaSbWé@\aungp@rtﬁogrg@n@ﬁtestaenasikémag¢essiloimgeflG.
sem transparent. The peripheral portions may, not only be rendered

sem t r anspad Eqtin Whieh theywisth faf|thy lefp sidatie dampwed tahé thamedibaifche ighbkideried.
15 Further, the display control unit 208 synthesizes the tire inmage

gener at ed byvidenhé when ghedpadvisrigpesicd in2b6rightwahddivéasianf anell gneratg @ misbsmage
peri pheral portions have been rendered semtransparent or treated in

anot her wayas St injfteigésDas whithithervaidddof the lfG8de iPwaiesedlasbihaywedthaf théie
external nmonitor or the like. 20 [0071] First, FIG 12A is an inage

di spl ayed i nght sidesie nhiewed when catangy tarloabisimpestd ibyhet Infwaslatirecgod. ur ni ng
to the left at a corner. That is, a tire imge in which the horizontal

wi dth of the front @hdimagerpro¢eseingonittli® chrefunciisn shsushla naasél dedveinpanit 201 al
width of the front and rear tires on the right is elongated is displayed.
and furt hidr [0&0Vi ewThereltbe dispe avhoskunitd 28% kayth@das tsiicina insask hink g€ dedegdtedvar d
is displayed. This shows a state that a centrifugal 25 force is produced

al ong wi th bhéhd refisk drawimg widt(lhinsl theniem figlgahagogaerdtaposes vaddoqrederatiof he
rightward direction. Wth the display position shifted leftward in this
manner, theunise04canl teddbrs the peripheral portions of the view field image semitransparent.

The peripheral portions may not only be rendered semitransparent, but may be fully
painted with the same color or blurred.

15 Further, the display control unit 208 synthesizes the tire image generated by
the tire drawing unit 206 on the view field image whose peripheral portions have been
rendered semitransparent or treated in another way.

Thus, images as illustrated in FIGS. 12 are displayed on the external monitor
or the like.

20 [0071] First, FIG. 12A is an image displayed in a case where the racing car operated
by the user is turning to the left at a corner. That is, a tire image in which the horizontal
width of the front and rear tires on the left is shrunk and the horizontal width of the front
and rear tires on the right is elongated is displayed, and further, a view field image whose

. display position is shifted leftward is displayed. This shows a state that a centrifugal

[\
(9]

force is produced along with the left turn, and this centrifugal force imposes a load in the

rightward direction.

With the display position shifted leftward in this manner, the user can feel



23 that a load (horizontal G in relatively the rightward direction is

i nposed on hinmherself and his/her neck is pulled away to the right.
[0072] Further, FIG 12B is an inmage displayed in a case where the racing
car is turning to the right at a corner.23That is, a tire image in which
the horizontal width of the 5 front and rear tires on the right is shrunk
and the horizontal width of the front and rear tires on the left is

el ongated is displayed, and.further, a view field i mage whose displ ay

posi tion is"8ht ?‘f@ﬁf’f‘é‘?ﬂ%@hlﬁ @Paél‘i"glﬁl thy s@htwagd ditgplannsis dmppgadeon; hum/hgrself
centrifugal for.c occurs along with the right turn, and this centrifugal
force i npos®Y BS/hg: CﬁhSP‘H&dlaé‘fat‘"\)i%F}t? rightr ection. 10 Wth the displ ay
position sh{ftgd rightvvard in this manner, the user can feel that a | oad
in relativeld/the | Brehgar G Fe i 8m 1mags diplead dm ansase diese e madghdas iher
neck is pulled away to the Ieft.g&‘go_?S] And FIG 12C is an inmage displayed
in a case WHEMBEZ {hHic gt Al erpelr dbasis, i brglinngetinavhidhuthe borizmgal width of the 1 e
image in which the vertical width of the front tires on 15 the left and
right is el BAYatnEdenistiegs 9p) hy ateht inehrendy ardihe orizoawwl Midsh dfithaGenwhrsk eear

di splay range is enlarged is displayed. This shows a state that an inertia
force is progsdadhaldhy clopgaed aigdestennd fusthebyn Yiewiiiald imagedwhbsesdispley ti a
force inposes a load in the forward direction. Wth the display range

enl arged i nPesian iavinded righevard ey disalayedel Thikshows laodale ithat 20entefanl ety
the forward direction is inposed on hinfherself and his/her neck is pulled
to the fropgcury domapithshelaght jubednd by eentaifiegal wcoimpases 4 toadhe thnfinard
enbodiment, it is possible to enable easy grasp of the behavior of the
virtual vehdie¢cionby appropriately visualizing the |oad according to the
runni ng condition. 25 [0075] In the above-described enbodi nent, the case
where thdOview fi el Witntgealispday pospérasteiedvrightvwang it ihie mamaee tieyuehesi fetl at
the four corners has been explained. However, the positions at which the
tire i mage ihet gyoadnestlavvklntie kbwatd dirdotidntioirpreed onhim/herself and his/her neck

is pulled away to the left.

[0073] And FIG. 12C is an image displayed in a case where the racing car brakes

hard on the course. That is, a tire image in which the vertical width of the front tires on
15 the left and right is elongated is displayed, and further, a view field image whose display

range is enlarged is displayed. This shows a state that an inertia force is produced along

with the deceleration by braking, and this inertia force imposes a load in the forward

direction.

With the display range enlarged in this manner, the user can feel that a load in

20 relatively the forward direction is imposed on him/herself and his/her neck is pulled to the

front.

[0074] As described above, also according to the another embodiment, it is possible

to enable easy grasp of the behavior of the virtual vehicle, by appropriately visualizing the

load according to the running condition.

o
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[0075] In the above-described embodiment, the case where the view field image is
displayed with the tire image synthesized at the four corners has been explained.

However, the positions at which the tire image is synthesized are not limited to the four



24 corners of the view field inmage, but arbitrary. Further, in the
.above-descri bed enbodi nent, the case where the shape of the tire inage is
def ornmed according to the cal cul ated | oad has been expl ai ned. However,
alternatively, the colors, etc. may be ch¥hged according to the load. 5 For
exanple, as the load that can be wthstood by the tire grip beconmes nore
about to be reached, the tires nmay be turned to red to notify the user of
the load limt at _ which c?pi n of the like occurs. [0076] Further, in the
above- descr CHRGSSHRaY Fw el t’ﬁ@ee&‘ﬁlaél?ﬂéﬁaﬂbn has been nade by enploying a
racing car as an exanple of the virtual vehicle. However, other vehicles
10 can be used accordthg ibther@ordersrbad embpdimest. itheagash avhsre theesbaperefrthe
exanpl e, in case of a two-wheel ed notorbi ke that runs in a virtual space,
the tire i miigeimegeps dgfapred peerriingl tadbs calgplatedrlead hambeea exehirad. | Heaveaer, an
auxiliary line is displayed at the same tine. Then, in turning, atire

i mage in whidkgrnatieelhdhg sdprsagtcvinat be chmgedacdording taethd laadar tires is

el ongated with the tires deviated fromthe center line either 15 | eftward
or rightward i s genéragxamplpdsdhs fslagyba cehdeebihstaod hyphe Siengriebedoeres anore
leftward or a rightward load. In this manner, it is possible to enable
easy grasp @bouthe bpaprplicdrthetirgstreay be turatd tossidi to|netifyy thappeoaf thatleddylimit at
visualizing the |oad according to the running condition, even in a case
wher e the i nhgitd smn psthgpibkioeelrs.o a t wo- wheel ed not or bi ke, etc. 20 [0077]
The present application clains priority based on Japanese Patent

Appl i cation [0&%] 200arthg7 260e abowe-dostridad cotbodimenh ths ekplaatipartat ddeh aradé n
inits entirety. Industrial Applicability [0078] As expl ai ned above,

accor di ng t bytehplpiesemcingeaeat poaxample jof theoastudlvehicte.  pfoswivee oshey iveligitles
generation device, a |oad display nethod, a recording nediumand a 25
progr am wHi chn be eseduict@bing t6 dre ready agiazmsalieyt e iedsavi or s of a vi rtual
vehicle, with appropriate visualization of a |oad according to a running
condition. i 1 25 Forexample, in case of a two-wheeled motorbike that runs in a virtual space,

the tire image to be displayed includes two tires, and a center line as an auxiliary line is
displayed at the same time. Then, in turning, a tire image in which the horizontal width
of the front and rear tires is elongated with the tires deviated from the center line either
15 leftward or rightward is generated and displayed thereby to represent either a leftward or
a rightward load.
In this manner, it is possible to enable easy grasp of the behavior of the virtual
vehicle by appropriately visualizing the load according to the running condition, even in a
case where the invention is applied to a two-wheeled motorbike, etc.
20 [0077] The present application claims priority based on Japanese Patent Application
No. 2004-257260, the content of which is incorporated herein in its entirety.
Industrial Applicability
[0078] As explained above, according to the present invention, it is possible to

provide a video generation device, a load display method, a recording medium and a

o
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program which are suitable for easy grasp of the behaviors of a virtual vehicle, with

appropriate visualization of a load according to a running condition.



CLAIMS [1] A video generation device, conprising: an operation input
.Yeception unit which receives an operation input for a virtual vehicle to
be run in a virtual space; 5 a front inage generation unit which generates
a front image which appears in front of ©aid virtual vehicle. which runs
according to the operation input received a tire inmge generation unit

whi ch generates a tire i nage whose shape is changed according to a |oad
based on a running condition of said virtual vehicle; and a display control
unit whi ch synthesizes the generated fidftM$mge and the tire image, 10
and di spl ays .t he synt hesi zed i mage. [2]. The vi deo generation device

accordi ng tgl]cl‘éi" ©p CERFalien fevdeh: QOMPHENE tage generation unit generates a
planar tire imge in which a vertical width or a horizontal width of tires
i s changed accoftfREAICH RPHE r§csAHON Prf Whiah] reesey a§ @R @paration infuy fage, virtual
conprising: 15 an image information storage unit which stores inmge

i nf or mat i onVEHeE WIPHEINAN asédvd spadehmge to be arranged in a virtual space;
an operation input reception unit which receives an operation input for a
virtual vehi cl&reRf Ipage genergiiogaindt whieh generajprae frontainragamibngh appeats in front
managi ng unit which manages a running condition of said 20 virtual vehicle
based on th@f$9éi:élir‘ﬂ‘/léhv¢tbg¥g¢:a’fhldnmnﬁ@mqrdiagﬁcr dwtopermtige ipemercaivedn unit whi ch
generates a front inmage which appears in front of said virtual vehicle,
based on the staligdmagagencratfoprumitwiyeh gentratésen nmriagege whosnshage ischankedi on; a
| oad cal cul ation unit which calculates a |oad to be inposed on said virtual
vehicle, 28cdoadeg toonlopdbased mageninning gondjticonfisaid vimuabvdhidle dnttage
generation unit which generates a tire i nage whose shape i s changed

accordi ng to t halispdyceongobenit whith smttiedees the generated front image and the tire image,

10 and displays the synthesized image.
[2] The video generation device according to claim 1,
wherein said tire image generation unit generates a planar tire image in which a
vertical width or a horizontal width of tires is changed according to the load.
[3] A video generation device, comprising:
15 an image information storage unit which stores image information including a
scenery image to be arranged in a virtual space;
an operation input reception unit which receives an operation input for a virtual
vehicle to be run in said virtual space;
a running condition managing unit which manages a running condition of said
20 virtual vehicle based on the received operation input;
a front image generation unit which generates a front image which appears in front
of said virtual vehicle, based on the stored image information and the managed running
condition;

a load calculation unit which calculates a load to be imposed on said virtual vehicle,

o
(9)]

based on the managed running condition;
a tire image generation unit which generates a tire image whose shape is changed

according to the calculated load; and



a display control unit which synthesizes the generated front inmage and the
Jtirescimge, and displays the synthesized i mage. [4] The video generation
devi ce according to claim 3. wherein: said |oad cal culation unit cal cul ates
a load to be inposed on said virtual 5 v¥hicle due to an inertia force in
a case where the running condition is acceleration or deceleration, and
calculates a load to be inposed on said virtual vehicle due to a
centrifugal force in a case where the running condition is turning; and
said tire i magé ‘Sé‘-ﬂ@f SRNtEoh upi mhihesyathgsiges the grraiated fioneimageged ihe tveiimhga
vertical wdth or a horizontal width of tires is changed according to the
cal cul at ed PB&EISPHRs thsjsynthesiggddataegener ati on devi ce according to claim 1,
further conprising a mask i mage generation unit which generates a mask

i mage whose [4lhape vigeo gepgrajinn dsvicemesandingdo thiemBoad, wherein said di spl ay
control unit synthesizes the generated front image and the mask image, and
after this, furpheringya theas latige unjtrcelciintaye. loddtd| 6] imhobabeh diid piray]

met hod using an image information storage unit, said inmage information

st orage unt tekiglsrduago prringetia fefesrimatcagenwhere thediunging cenditien ¥s dcnelgetibn obe
arranged in a virtual space, said nethod conprising: an operation input
recei vi ng sdegeigntigreged valagatgna dpdrtabi anposepgwhn shidrvieualivehick ducebiacl e to be
run in a virtual space; 20 a front image generating step of generating a
front i mage conirifugabimpesaing dase Whemtthofunnsaicdnditioh defurniegiaade, whi ch runs
according to the received operation input, based on the stored inmage

i nformation; a $di¢ areiimage ggemaioat iniigzest@pes afplgren araimpg i@ whidhe: verage Whose
shape is changed according to a |oad based on a running condition of said
virtual vehivadtb;oramdrizéntal Widspbfayressrehamdediaogordingno afe Syoulhiesioaiing t he
generated front image and the tire Z~ t7 image on a predeterm ned display
devi ce, aHd[4i sphayideggtrteeatdynichiesazeddinpagelairher R@ther comprising

a mask image generation unit which generates a mask image whose shape is
changed according to the load,

wherein said display control unit synthesizes the generated front image and the mask
image, and afier this, further synthesizes the tire image.

15 [6] A load display method using an image information storage unit, said image
information storage unit storing image information including a scenery image to be
arranged in a virtual space, said method comprising:

an operation input receiving step of receiving an operation input for a virtual vehicle
to be run in a virtual space;

20 a front image generating step of generating a front image which appears in front of
said virtual vehicle, which runs according to the received operation input, based on the
stored image information;

a tire image generating step of generating a tire image whose shape is changed

according 1o a load based on a running condition of said virtual vehicle; and

o
(9]

a display controlling step of synthesizing the generated front image and the tire
image on a predetermined display device, and displaying the synthesized image thereon.

[7] A load display method using an image information storage unit, said image



[7] A load display nethod using an inmage information storage unit, said
Jdmage 27 information storage unit storing inmage i nformation including a
scenery image to be arranged in a virtual space, said method conpri sing:
an operation input receiving step of recei¥ing an operation input for a
virtual vehicle to be run in a virtual space; 5 a running condition
managi ng step of managing a running condition of said virtual vehicle,
based on the recejved operation input. a front inage generating step of
gener ati ng HTPTHONSHIARE WHS Soringitge dnfopmptiaminclutimgsadcdnary image towehi cl e,
based on the stored image inforpation and the managed running condition;
10 a | oad calr@tgeddn Agiretabprase. seil methad cpgpesingad to be i nposed on sai d
virtual vehicle, based on the managed running condition a tire inmage
gener ati ng st epPTo?PSERE RBIRRYLARCCAYIRE FieP Pfrergel ikipaneosiatjve input dbraangiemal vehicle
according to the calculated |oad; and a display controlling step of
synthesizing)WW@ﬂg%ﬁéNﬁ#é@MWﬁbnt image and the tire 15 inmage, and

di spl aying the synthesized inmage. [8] A recording nediumstoring a program
for cont r%l | i N Binpmgrendition managiog isep odsnanagimgepensing oonditipudf sagtepiiaion
unit which receives an operation input for a virtual vehicle to be run in
a virtual spegde. besed omtheirpeayeedgmamtianiioputuni t whi ch generates a front

i mage which appears in front 20 of said virtual vehicle, which runs
accordi ng to t efrpriduiage derspasmgtsiaprofigeperatiag  iffoat immgevigengipahisan oni &f

whi ch generates a tire i mage whose shape is changed according to a |oad
based on a sahmirhg! vdndithesed of thsaicled/imagedhfovehiied &id thachanagidshaiygcont r ol
unit which synthesizes the generated front inage and the tire i mage, and
di spl ays t heomslytmrhesi zed i mage. 25 [9] A recording nedium storing a program
for controlling a conputer to function as: an inmage information storage
uni t whicl¥ st orebad calgelaiind siepraf ¢abeulatitgd aildad @ Be imposed on said virtual vehicle,

based on the managed running condition;
a tire image generating step of generating a tire image whose shape is changed
according to the calculated load; and
a display controlling step of synthesizing the generated front image and the tire
15 image, and displaying the synthesized image.
[8] A recording medium storing a program for controlling a computer to function as:
an operation input reception unit which receives an operation input for a virtual
vehicle to be run in a virtual space;
a front image generation unit which generates a front image which appears in front
20 of said virtual vehicle, which runs according to the received operation input;
a tire image generation unit which generates a tire image whose shape is changed
according to a load based on a running condition of said virtual vehicle; and
a display control unit which synthesizes the generated front image and the tire image,
and displays the synthesized image.
25 [9] A recording medium storing a program for controlling a computer to function as:
an image information storage unit which stores image information including a

scenery image o be arranged in a virtual space;



scenery inmage to be arranged in a virtual space; 28 an operation input
.‘reception unit which receives an operation input for a virtual vehicle to
be run in said virtual space; a running condition rmanagi ng unit which
manages a running condition of said virt¥l vehicle, based on the received
operation input; 5 a front inmge generation unit which generates a front
i mge which appears in front of said virtual vehicle. based on the stored
i mge informati on and.the managed runnin condition; a |oad cal cul ation
unit which cal c¥fl REA NBEJCEEHIBB UnFipdyeitiressl vessndoperationahpu dni acvietal based
on the managed running condition; 10 a tire inmage generation unit which
gener at es aVEWEE 1 Ragen iBikvignalseases changed according to the cal cul ated
| oad; and a display control unit which synthesizes the generated front
i mmge and the tiiF@Wﬂ@e@é‘?ltlo&mﬂfﬂgwmytswgihbn@yagds@srumidg comdyeon $flAld A
program for controlling a conputer to function as: 15 an operation input
recepti on umirtuahkighielerised e theaecedyrsl ereraioniimput for a virtual vehicle to
be run in a virtual space; a front inmage generation unit which generates a
front image whi efoappuge senaratiqnomtit whichganetates a fuoal invaphivalieh apgeshin frons
according to the received operation input; a tire inmge generation unit
whi ch gener af gad sirtual echictagusethos theshapéimapedhiangatibn 20 the anngigdguiting | oad
based on a running condition of said virtual vehicle; and a display control
unit which s¢mditersi zes the generated front inmage and the tire inmage, and
di spl ays the synthesized image. [ 1 1 ] A programfor controlling a
conput er to funetdadwalastatiamuninadech calnared a nad st o Agsehbh salivihiabtQnas,
i mage information including a 25 scenery inage to be arranged in a virtual
space; an opesedtonghe mapagedreweps camdition;t whi ch recei ves an operation input
for a virtual

10 a tire image generation unit which generates a tire image whose shape is changed

according to the calculated load; and

a display control unit which synthesizes the generated front image and the tire image,

and displays the synthesized image.
[10] A program for controlling a computer to function as:
15 an operation input reception unit which receives an operation input for a virtual
vehicle to be run in a virtual space;
a front image generation unit which generates a front image which appears in front
of said virtual vehicle, which runs according to the received operation input;
a tire image generation unit which generates a tire image whose shape is changed
20 according to a load based on a running condition of said virtual vehicle; and

a display control unit which synthesizes the generated front image and the tire image,

and displays the synthesized image.
[11] A program for controlling a computer to function as:

an image information storage unit which stores image information including a

[\®)
wn

scenery image to be arranged in a virtual space;

an operation input reception unit which receives an operation input for a virtual

vehicle to be run in said virtual space;



vehicle to be run in said virtual space; 29 a running condition managi ng
.uni t .'whi ch manages a running condition of said virtual vehicle, based on
the received operation input; a front inage generation unit which generates
a front image which appears in front of ®aid virtual vehicle, based on the
stored image information and the nmanaged running 5 condition; a | oad

cal culation unit which calculates a load to be inposed on said virtua
vehicle, based on the naged runnin ondition; a tire inmage generation
uni t which gené?%?ﬁ@géogﬁp8 PWQ@%“%HBgéﬁgahﬁémﬁ§s8ﬁ%ﬁ@@ﬁ““§€6@r isAd to the
cal cul ated | pad: an 0 di splay.caontrol, unit which synthesizes the

gener at ed fVBH?IW%ﬁg% ﬁ%‘?h e fFGer e PRG0N HIYLdi spl ays t he synt hesi zed

| Tage. a front image generation unit which generates a front image which appears in front
of said virtual vehicle, based on the stored image information and the managed running
5 condition;
a load calculation unit which calculates a load to be imposed on said virtual vehicle,
based on the managed running condition;
a tire image generation unit which generates a tire image whose shape is changed
according to the calculated load; and

10 a display control unit which synthesizes the generated front image and the tire image,

and displays the synthesized image.



