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10 Background Art

There has conventionally been provided a racing game where a player participates
as a driver and drives a vehicle or a motorcycle, moves in a virtually set world in the
vehicle, and enjoys a competition with other players and players controlled by a computer.
In a real car race or the like, when a vehicle runs on the road, the rubber of the tires peels

15 off and sticks to the road, thereby increasing the friction between the tires of the running
vehicle and the road and changing the gripping characteristic.

Therefore, in order to realize a realer racing game, etc., it is necessary to simulate
how a moving object such as a vehicle moving in a virtual world produced by a game
moves, by taking into consideration influences received by a road due to the moving

20 object’s movement and influences received by the moving object from the road changed
in its condition due to its received influences. Techniques for realizing such a
simulation is required for a game machine having limited hardware resources and
required to have real-timeness.

The present invention was made for solving the above-described problem, and an

25 object of the present invention is to provide a game machine and game method for
moving a moving object on a road in a virtual world, and changing an influence received

by the moving object from the road based on a history of movement, and a program for



2 realizing those on a computer. Disclosure of Invention To achieve the
above object, the following invention will be disclosed in accordance with
the principle of the present invention. A ganme machine according to a first
aspect of the present invention noves a mpving object on a road in a
virtual world, and conprises an input reception unit, a storage unit, a
calculation unit, and an update unit, which are structured as follows. The
i nput reception unit receives an operational input froma player. The

pl ayer qgi Ve?eaﬁﬂin%@l%s@bh%%hfu’fﬁwt to the game nachine by operating a
controller attached to the 10 gane nmachine as a standard equi pnent, or
vari ous other input devices, such gs:8ust SEMvEgiodheel - shaped controller, a
br ake- shaped controller, a gearlever-shaped controller, etc. The storage
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15 stores a velocity of the moving object as the condition of the moving object. As will be
described later, the position and velocity of the moving object and the road condition
which are stored in the storage unit are updated along with the lapse of time.
In a case where the moving object is a vehicle, the storage unit stores various
information such as the weight of the vehicle, the posture of the steering wheel, the type
20 and wear amount of the tires, the rotation number, temperature, and output of the engine,
the current position of the gearlever, the gear rate, the position of the clutch, etc. Further,
the storage unit may store, as the road condition, a later-described passage number of the
moving object, the type of the road (whether the road is composed of asphalt, gravel, dirt,
or tarmac, whether it is raining, whether the vehicle is on the course or off the course,
25 whether the vehicle is on grass when it is off the course, etc.), etc.
The calculation unit calculates an influence received by the moving object based on

the received operational input from the player, a stored current position of the moving



+ with the calcul ated influence, and updates the stored road condition in
accordance with a change in the condition of the noving object. For
exanpl e, when a racing car runs on a road, the rubber of the tires peels
off the tires due to the friction betweemythe tires and the 10 road, and
the color and the frictional force of the road change. Hence the update
unit updates these changes as the road condition. According to the present
invention, it is possible to nove a noving object on a road in a virtual
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20 received by the moving object, and the update unit may update the stored position and
velocity of the moving object in accordance with the calculated acceleration.
In order to calculate the acceleration in a case where a vehicle runs on a road, it is
necessary to obtain the frictional force between the contact surface of the tire and the tire.
Hence, the calculation unit checks the road condition at the current position of the vehicle
25 and determines the acceleration of the vehicle based on the checked road condition, other

information stored in the storage unit, and the operation of the player.

The velocity can be obtained by integrating the acceleration and the position can be



« I'n case of a raci ng gane, for exanple, the racing ganme is programmed such
that a 20 reference gripping force (reference frictional force) is pre-set
for each position on the road. The effective frictional force received by
the vehicle is obtained by correcting thig reference frictional force in
accordance with the current velocity or the Iike of the vehicle (for
exanpl e, the weight of the vehicle, the mleage cunulated so far, etc.).
The present invention corresponds to a preferred enbodi mrent of the 25
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+ shoul d be taken to move faster, that is, what |ine selection should be made
to wwn the race. It is assuned that the line that allows the fastest nove
is referred to as "record line". Arecord line within a clean road is a
line within the course through which a player can nove the vehicle by
handi ng the steering wheel snoothly and wi thout decelerating the 5 vehicle
as nuch as possible. The storage unit stores such an initial record |ine.
When t he passage nunber is updated along with the nove of the noving

obj ect, thewifgeRs ebnlditi oty Rhidlel the storage unit is shifted in
consideration of the change in the passage nunber. Typically, the record

line is drawn o thd\@arh@RcliHé haeRlihiche pRRettenveEon ftheisplag velitinkgr ' s seat
of the vehicle. 10 According to the present invention, it is possible to
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as the road condition, a passage number representing a number of times the moving object
passes through a predetermined position on the road, the update unit may update the

15 stored passage number of the moving object in accordance with a change in the stored
position of the moving object, and the display unit may further display an image which is
changed in accordance with the stored passage number of the moving object.

In a real-world car race, the road becomes blackened as a vehicle passes on the road

and leaves the rubber of the tire stuck on the road. Thus, the update unit continuously

20 updates the passage number of the moving object and stores the updated passage number
in the storage unit, and the display unit displays the changes caused by the updating.
Typically, the way how the road looks when seen from the driver’s seat of the vehicle is
changed, and the road surfaces through which the moving object has passed during the
course rounds so far are gradually blackened. Typically, a plurality of textures are

25 prepared beforehand in accordance with the passage number, and the change in the road
condition is expressed by attaching the textures on the road. According to the present

invention, it is possible to realize a game machine which presents the condition of



» conput er-readabl e information recordi ng nedi um such as a conpact disk, a
flexi ble disk, a hard disk, a magneto-optical disk, a digital video disk, a
magneti c tape, a sem conductor nenory, etc. This program nay be distributed
or sold through a conmputer 5 conmmunication network, separately froma
conputer by which the programis executed. The information recordi ng nmedi um
may be distributed or sold separately fromthe conputer. Brief Description
of Drawings FIG 1 is an exenplary diagram showi ng schematic structure of a

typical 10 ppdr@idiBdd @B nifAELSEed dndR BB 6F nltvettiBhab tike glaye, bpdisplaging an
according to an enbodi ment of the present invention is realized; FIG 2 is

an exenpl ar ym£he386 R HeIHOPAR PR FdHrésenBhd the huf®eOdf tan AR ity ct
according to the enbgdi ngé;ltggof t he ;;!?gsent g|nvention; FIG 3is a(??eomchart
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are recorded; FIG I's an expl anatory di agram showi ng i nfornmati on stored
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FIG 8 is an e atory diagramfor exp ning a manner for updating a
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di splay on a scr e present gane nachi ne; I's an expl anatory
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11 is an ex atory diagra oW ng an exanple o ay on a screen by

the present «GRUR TRGERS: mPatvidddtfied af ﬁh@%ﬁfr&tgﬁsﬁdh ghitc dolyeltof s AN
present 1 nvention w be explai ned bel ow.

10 In a real-world car race, a tendency is observed that as more and more rubber of the
tire sticks to the road, the gripping characteristic is improved and the frictional force
between the tire and the road becomes larger, making the road unslippery. That is, the
gripping characteristic is changed in accordance with the number of times a vehicle
passes through on the road. Hence, the passage number of the moving object is used as

15 the road condition and the calculation of the acceleration of the moving object is
performed in a manner that as the passage number increases, the acceleration is changed,
typically increased, even if the other conditions are unchanged.

According to the present invention, it is possible to realize a game machine which
can easily simulate a tendency in a real-world car race that as a vehicle keeps running and

20 more and more rubber of the tire sticks to the road, the gripping characteristic changes
and the frictional force between the tire and the road increases to make the road
unslippery, by storing the passage number of the moving object as statistics.

In the game machine according to the present invention, the storage unit may further
store an objective route within the road, the update unit may update the stored objective

25 route in accordance with the stored passage number of the moving object, and the display
unit may further display the stored objective route.

In a real-world car race, the racers are interested in which route within the road



* An ‘embodi nent where the present invention is applied to an information
processi ng apparatus for ganmes only will be explained for easier
under st andi ng. However, the present invention can |ikew se be applied to
various conputers and information processyng apparatuses such as PDAs
(Personal Data Assistants), cellular phones, etc. 10 That is, the

enbodi nent to be described belowis intended for illustration and not
intended for limting the scope of the present invention. Accordingly, even
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. %e tﬁorﬁ d&? (3 cnic . .

100, and is 0 eac corrpone and transmts control signals and

data t herg dt gaf‘g&ﬁdm\g% H4 rtrcs%% 1nv o%a it s %(gsgfyleef%ct al{z8 q%%ﬁl%%achﬂ{e%@g at a

the recei ar i ous ca ons supplT'es "the processe

t h t t t

dat a ar eCSH%ﬁe%Ettaaiwe s?t a“"é{a‘l@‘ﬁ e B3 B DAL Ty s BB R

regi ster of the CPU and thereafter aeg@ i ed Y(ay ous cal cul ations such

as four ari taﬁ?r‘éflggalt?ﬁ’la@&lpa?rleﬁémpﬁtvmeIatIlBﬁl? PERS S“togi ¢ cal cul ations, etc.

In the ROM 102, ,an | PL titl nitial. Pro%}?%{m Lo%df %Vhto lge exec 1ted0 nnedi ately

after the power 4j&msmetbod agording jo etrB?PS FBW W ILELUPREOF R am

stored in the DVD-ROM 10 to,be read tkg & and. exectuted by the

CPU 101. InW?tVénW‘ité’?arga%t’bbYW]a‘ﬁg a?PFlé’ttéeScPéP&P‘t 6F°eéYt“%58P’aau ng system
ntroll th t t f th

P ocosel b & bﬁﬁapéé’te@' o ana s 46 ARG DSoriotorhes WGy SorigR A cgne,lapapfl y

t dat d dat t he ,DVD;.ROM

ot herdat a HcBesRESYISH pBPES %t?o%‘? ttﬁ‘é‘ncgvm&apctigrﬁm%sﬁ%wsaéﬁwsre

stored in the Qh n thes arlous|nfornat|ontransmtted
from devi ce§°?§§Am‘€tg@HmtrBet§ﬂ‘e 5%!“8?* ‘b‘?’%cesm ng apparatus 100 and
information to ﬂe transmtted to the deV|c S arﬁ_10 rrgltérarll red in the
RAM | 03. The coit theIIRHt FAGsE RS, ifR AP ORERANG ﬁ%P‘tt éeffﬁaf}/c‘?léfé ives
operational inp a us r when ame,.The e

menory 106 det ag‘hi'ﬁ CB[?HH%é B 9?%5"???&?‘@3 3%@891116491’}%.%%%6 tores
dat a representlng rogr ess status s of etc user can re

these dat &9 duseden t@ﬁf@}eﬁa ? ifimght%wlqysr ﬁét%efa}rgﬁft BO%lté%?ﬁt%Fhe
data, by entering an |nstruct|on Vi a the controller 105. A DVD-ROMto be

i nstal | ed orn@Vag oiertrRan teiroad cppdition gt the CélffBPH@SaWPf or

In the updating step, the stored condition of the movmg object is updated in
accordance with the calculated influence, and the stored road condition is updated in
accordance with a change in the condition of the moving object.

25 A program according to a yet another aspect of the present invention is for
controlling a computer to function as the above-described game machine or for

controlling the computer to execute the above-described game method.



real i zi ng a gane, and imge data and audi o data acconpanyi ng the gane. The
25 DVD-ROM drive 108 executes a read process towards the DVD-ROM instal | ed
t hereon under the control of the CPU 101 to read a necessary program and
necessary data. The read program and datagare tenporarily stored in the RAM
103 or the |ike. 11 The image processing unit |07 processes the data
read fromthe DVD-ROM by an i mage cal cul ati on processor (not shown)
conprised in the CPU 101 or the image processing unit 107, and stores the

processed data TH fRodrafiRcHRIIY 1 théPresehld BWantiGOMBY bé estotdediona | mage _
processing unit 107. The image information stored in the frane 5 nenory is

converted | fifpderedblSinddtdlatith r&o%ﬁ?ﬁfeﬁfuﬂi §RH a§ ¥REMpAIAX b Pexibldding and
output to a nonitor (not shown) connected to the inmage processing unit 107.

Due to thi Sahéﬂ&‘%ﬁi&,Q'rx%%h@tlﬁ-dgﬁcéll%él@%l%i%’[ﬁwfﬁéé disk, AHREAAR!t8pe, 136micIAGIRor
cal cul ation proces$or can pérforma calcul ation for Superposing a

two-di mensi Hféﬂ!o&,%ﬁﬂemgﬁ }%ﬁgﬁﬁpﬁ%&%ﬁisﬁ%&éﬂ &Iéomhrwgh adnfpulrendi ng, and

various 10 saturation c ations at a high speed. Further, the inage

cal cul ati an ! [ h atl AnexEQlted.
renderi ng%b§&{é‘%§$‘§§‘?‘¥“e‘?§ﬂ8’q‘eﬁé{pﬁgd§%@§% yggﬁ‘gl"?@ {g?)grrg%l %oﬁﬁé\/\ﬁé gh I'S é{r r a%ged in
a virtual t =] [ : I ' | ffor mat i on
pi eces are AP STRaAR rafing BRARNTRRYHR ARIEe B Sol ek e B o
arranged i nc(g_n@ggli rtual three-di nensional space is overlooked froma

pr edet er m ne view ng position. Particularly, the inage cal cul ation

processor has as a library or hgat. : | for calculating the
degree to which the polygon is ??‘?g%%%{@kﬁﬁﬁg%}ﬁ%m (positive) |ight

ource, etc. . g danet bR el BN p e BB G oBcBP O Doea.
2 erter BbnERRRRERE Rtk RcRA el ARG GAH, b e iplfsgReC
et i ni gt nat CRRBECRR AT AP PR/ AR font i nf ormation is Stored in the Row

used. Tho N C 1600 For SOl ehSVindi Rt B R T Ebee U

100 to a 25 conputer..co icati net wor.k (not. shown) such as the

I nternet, ef&or H%%\ﬁh&e%é&inéeniSﬁ@?iplrﬁflétdnﬁénugnmdem 2reeti ng the |

OBASE- T/ 100BASE: t.andar d. used f.or ilding a LAN (Local Area Networ or
an anal og node IP{-%&W?E’HFQ@? SYEA PV gr%eﬁise[s a aﬁ’f‘ﬁ{%ﬁ%@?ﬁ?}’“ﬁ?@ﬁ%@e and
ADSL (Asymretric Digital @ub%cri berb hi ne dem for. connecting to the

| nt er net @Eﬁ‘ae&‘af’ & BROHENg fo the cgpbogirperyy o & BV 88necting to the

Internet usi hle television |i the like and an jnterf t
Shown) Tor i nt chifbdiiaeh AP BAGElParE ShotismPANobhen ERBIa0L PSR RS a1 o

processi ng uniglg) 110 converts audio data read fromthe DVD-ROMinto an
anal og audi 8UGPgHAFe esfdedauses the anal og audio signal to be output froma

speaker (not sh ). .connected to.the auydi o processing uni.t 110. Furt her,
under the cont r]gﬁ\wéfls?‘ﬂéx t(iry(gl%ararpﬁgo‘éﬂ?@il OBPﬁté‘E‘sg?lﬁg AFPEE ¥ ener at es

sound effects nusi c data th shou] d be sounded.during the.progress of
the gane, and (a:gﬂ%éslsﬁﬁﬂi‘ %naé%‘?’?dé%%‘ﬁc‘f ‘hﬁmﬁ&ff@“?ﬁ?gﬂléﬁﬂwag%?i’%%ﬁ%n nusi c
data to be output from (&Ige speaker. Sound effects and nusic data include,
for exanpb® moyingoReH gnd Bne&Fedtents; vehi cl e, a vibration sound, a noi se
caused when a tire is | ocked, an_abnorpmal nqQise caused_when,a gearlever is
shifted to an ulRiat’dhen cyplanatorydiagramdor explaining adnapmenior QB ig ¢ RA3SaEY et
in, etc. The information processing apparatus 100 may use a |l arge capacity
ext ernal st BHBBEL15 device to allow the large capacity external storage
device to performthe functions Qf the ROV 102, the RAM 103,,the ext ernal
menory 106, t helISus iRavexpiapaipychagan heexplaningmrepnngeior gpdatingd Passghemat i ¢
Structure of the Gane Machine) FIG 2 is an explanatory di agram show ng the
schematic sti#@®elire of each function 20 of the game machine according to
the present enbodinent. FIG 3 is a flowhart show ngf the flow of the
processes2df a HH¥ iwanssplapsterdiegramshowmesmaxamria PSP dsseen Yy thRe
present enbodinent. The follow ng explanation will be made with reference
to FIG 2 amgesent@an® machizgre nachi ne 201 according to the present

enbodi ment conprises an input 25 reception unit 202, a storage unit 203, a
cal cul ati on uni FIGO4, is an explaratery didgramdor expiainiag ginagings fog eptaimiaga reped
storage unit 203 stores a position and velocity of a noving object, and a
13 condition of a road. According to the present enbodi nent, as a road
condition, the storage unit 203 stores a nunber of tinmes the noving object
passes through a predeterm ned position of the road. Accordingly, the RAM

A NSNS o o o, o P



5 As will be described | ater, information regarding the position and

vel ocity of the noving object and road condition stored in the storage unit
. 203 is updated as the process flow advances. In a case where the noving
object is a vehicle, the storage unit 2039stores various other information,
such as the weight of the vehicle, the posture of the steering wheel, the
type and wear anmount of the tires, the rotation nunber, tenperature, 10 and
out put of the engine, the current position of the gearlever, the gear rate,
the positiompefaniihe clutch, etc. The storage unit 203 may store the type of
the road (whether the road is conposed of asphalt, gravel, dirt, or tarnmac,
whether it is rpj@ingds avegiiifiort ligagi@i sROwvRB]a8 Ckarhple Off disPRy G stee@lbyahd

t he course, whether the noving object is on grass when it Is off the
course), et gresdit m&dchecondi tion. 15 Al so nunerical value information
such as the coordinates of the vertices for defining the shape of the road

or, as will be described | atgg; Mob€for@R8InPOUf the Wivatised for dividing the
road to manage various information and the coordi nates of control points of

a curved l4ne i anlBAddihQfoF e pridenRM AR vﬁll@e%ﬁip!a&eﬁ%lo%’w 103. FIG 4 is

an expl anatory di agram show ng an exanple of positions on the road, the 20

nunber of tinesQfe BRARAGRE el @ Presih! iﬁbeﬂt&frﬂi?&ﬁﬂﬁ@% af ifformatlo #Bcessing

expl anat ory di agram show ng vari ous pieces of infornmation stored’in the

storage unl bogfidus 1P LRl QM AifAR! Bnathan o tlsideulRAfriidh HRARAENGRe! O

FIG 4 and range ‘i n riction between the tires an

the road b e&g&%ts%eﬂﬁéﬁ aGhe gi.kéwf%e r 9@%&13115& A€ vAsns CoRphiRRd aAd 1infc;m#é§0n

i ne segnen extending fromthe edge to 25 edge of "the road surface

402 subst antpirggegs){n%\%f,%dg%a#sys&{?ya%;I?)}tii%gﬁ%ﬁéﬁl rt%g&“p{s%ﬁhﬂﬂ é?:‘huta'?ﬁ)hbﬁ gtehcé

surface 402*are pr ense ace where the Curvature o

ol ace wher s s teu P ArRRGhl By Reditttilon 38Rl 6 IRERARTL tnTpoley
wii b condrAnFRhRA Y eORPar SRR AR, PREnESE SR PR Ken i pRRNAT
it nof ¢l Pl Rk o e) L EREIN B SRMMehehy wgne o, B RGRe lng
ogion 404 Hg G eiiR cRRSH Rl BECRRE RIS it MR o PREERG 8 "
Cegent  nunury &t apoq ety B RiOrt Wb HARt hE R Rr e TR ept i Bfon,

w thoother® w e PREURRR RRLEMERY 205 Accor ding Lo the present
Start e’ (not Fioun)® A et cy arapr sfnsed fgefindis Sunclye pha W
of 1 cdge ofPRERIULITRRoR"E oaprars o hRishng; &Ry bront Rgoufhect drtor
Stored it REVERGPy ol Probal Benaen S aiset nl P oy o e pap Sl oRce

with the regi ons 404 .of eac i pe segnent 403. A line segnent nunber 503, a
regi on nunbngQ@Wﬁlﬁﬁﬂeﬁwgﬁggégg nunber 505 indicating the nunber of tinmnes

a concern regi,on, 404 has been passed thr h since t tart, of Jthe gane,
are recorggd inAFhHé@@§§QBé”ﬂﬁﬁﬁgg‘F@@P*ESgﬁgcﬁﬁp?ﬁﬁ %?gﬁgégmﬁﬁﬁﬁhﬁﬁ§mgg
further stores cqordinates 5 f the rren itipon qf the vehic and a
current vel 1)f%ﬁe%PgﬂﬂggﬁwggngﬂngQﬁﬁgp aaéfﬁ@ikWHﬁﬂl3ﬁ$§é3“FW§Y%k§%£ﬂe
unit 203 al so st or a line se nt coor di nate | e .511 storing coord nate
it & of eachMIeTHG LityRsonaes o, i FoRE! PEREU 0, AT BroSeP AT H L Pre
segnent coordjnate table 511 are associated in qne 1o ope correspondenc

o th 25 ¢ he PV hetSetienerseiodise: Ko sava Hob sdcens hie ZEovoh 15 Re Chety
401. A line segnment nunber 5| 3, coordinates 514 of the right edge and
coordinates 95 of the left edge are recorded. 15 The input reception

unit 202 receives an operational jnput fromthe player (step 51). The
oper at i ondP i npdtheigamg; pashingogccariing E%ﬂ?%e%ﬁh?mg‘?‘ﬁl’é‘?ml 5333)3?@%3’? St‘é@f‘%@hed
to the ganme machi ne 100 as a standard equi pnent, but also to. a .

st eer i ng- wheldVDsROPE gtosimata prageam and lat &orsh gpag Wothe 13V DeROM, drive 108 and
gear | ever-shaped controller, etc. Accordingly, 5 these various controllers
function as $¥itchingnmthe infemmgtion niegessingapparats by loeragutetheprpgramg
cal cul ates the acceleration of the noving object based on the received
operational input fromthe player, the current position of the noving

obj ect which is stored, and the road condition of the stored current
position (step S352). It is necessary to derive the contact surface of the

o A~ -



+ 25 FIG 6 are lines crossing the road surface 402 on which the vehicle
noves, that is, lines connecting a right edge 611 and a |l eft edge 612 of
the road surface 402. For easier understanding, the right edge 611 and the
| eft edge 612 are indicated by a chain |ige. 16 The width of the road
surface 402 (the length of the line segnent 403) greatly changes in a part
of the road surface 402 in FIG 6. This is also intended for easier
under st andi ng, and generally the road surface 402 is kept to al nost the

same wi dth. As mhawpuin kbrol8.thd E&ﬁiré@h@ﬂa{iaﬁ bP thelinfdrmafién prredsingMppatutay e
the two |ine segnments 403 that sandwi ch the 5 noving object 601, by

scanni ng t hegd, bA®isSREARMd ©AEK EaApShchBdtdarmbhits Sbites sighlsland dasaberewit. 403
do not cross each other as described above, the two |ine segnents 403 can

be obt ai nedTRY CPERINNI fa&kitdiedakd EMSATHBEhp&RAT, ProtRbRs tiableBeibdd ddts BMvhtisud Op
to obtain the right edge coordi nates 524 and left edge coordi nates 525 of a

given |ine sgaiRinsand sépplicDeheSROEBII d¥exXfo daGh kbmpemsit By dah € kritb] wipahiser
the position 506 of the 10 noving object is included in a quadrilateral

whose ver i Gge @1p] BH 1, INGSES Bita 4B SnoDIeel 86 a LadHe TR APUAE Bind HenGRqhiR&!
| i ne segment coordinate table 511 is sorted in the order of the line

segment nunpe rasregfgfér irgnd CPE) $60NERRAL th@féﬁﬁ@rr Sphicd VARl BAIFRorRSsUCR as four

i ncrenent fromt nunber assigned to the start line, a pair of line

segment s 40t LALMLAACHH LAIGHAM! bRl Gidafodl de be obtal ned fast 1 f

the scanning 1s start romthe palr o I ne segnents 403 that is found

o2 e oo RN P S L PR MR g e n

i ncluded in the ained 1ne se al ne romthe passage
tber tabl b Gordl, ek roffam sidked in {13 DVBIEOR"
and w0, e tier <hyfi Sordh, *ARBROEARENTHIIENS proftam sidhed in e DYBIROM
. ¢ L . . ,
reaions, 40t R ARS MRSl bR PRSI 0P oh GIRGIRYDNG pRkg! | o
techni que Ofd §ldd &tfgf%gérg{i]ﬁé‘%%n?ﬁ%};egsgir*'gdrléoﬁﬁglliﬁg thd e FE LRAGAH of

interpol ative estimation vers -accor di the preSent e I ment,

07Dl oLl SRR R T BN gBRCL L 5, Lo, 29, e
peauent o, {0 RISy USRS il s S e e
0 L1 e oo Sche pVELROSE Moot ahh SBSRR R Bome B ok o
o e e SRR s e RBRLYLE" L DT TR AR
1o 12, LA T SRS 8k 8 TR S SnR N
201, O 8 S0 ke LSRR e SR e pd s
coauentially, AR 2ok he B005Relat U BEAAL L e 08 S ARG AR o
IR RO I SRS L ST e
(o 11 ) L A Ao P b 5 IR L
G W EMINERE Ty A LA DR AT NN

fromthe top, and the 15 end points of the ||ne segnment regions of the
other line ¢ by gnieripg apyingucikon yia the coé’FthV ]é)gquenti ally fromthe top.

Because the end points are connecfed sequ i fromphoth t he edges pof
the sandwi chi ng® pN@'BQéﬁéﬂtbz?, mﬂ@h’e‘gﬁﬂ tE‘? &%2{%%& éﬁ??p}olrgstg pR%g%“,n %r and
Q and D and U are connected.. 20 Then, (i:ag‘fqd % and Cand T q‘rge conneg,iled.
This is becatAigingna &ape. pdichdmessusiata, ap 1o 9gt8d AFGPIARBY I8N Gy 8RS o4 Bfied
and Cis therefore used as the end pojnt to be conne d_t hereafter

Last |y, CamVIEROM dirnbG expcutas ageadbpioress onadsithe @Rﬁéﬁ%ﬁ%‘&b@qepﬂe

quadril ateral s) ABQP, B%E%? CDUT, and 25 DEVU, and tri angul ar areas (%ﬁt
l'i ne tri angluadsgr therortr &PY Frtegerd TRegsssary grogsare and meesssaindatap o4 he
checks in which dot line quadrilateral or dot line triangle the position

506 of the mead nrggien] andtdatasare iempararly siasedinghe BAMPA of Hie 1g6si ti on




+ 18 506 of the noving object is included in a dot line triangle, the

cal culation unit 204 regards the passage nunber of the region 404 that
constitutes the side of the dot line triangle as the passage nunber of the
position 506. In a case where the positiqgy 506 of the noving object is
included in a dot line 5 quadrilateral and the passage nunbers of the
facing regions 404 are the sane, the calculation unit 204 regards the
passage nunbers as the passage nunber of the position 506. In a case where
the passage NUNRRS Snddk pr&®sdiRE uRE 109 Prévdssed e @t réat frém &hé BIVED-REGMIbydat
line is divided into equal parts by a "nunber obtained by adding one to the
10 di f f er enggadeet BARISN PrR38RAIRoN YABRR)S Coprisdae i akd WP €106 tHO4magdre
facing division points are connected to each other (as shown by broken
lines), and,pRSIAPEURYTBE! Sndstor8S MIPR{cdsed SR P ASfrihE SméRSHL Glot Bown)
portions encl osed by any of the |line segnents 403, the |ines connecting the
end points e, gl : t i | ; ner
Chat The asolBhea A s e A e

404 15 t owaplsng 16 QliRhed 0 id Qg% Gacatkahiing YnkhroRMAudP A RS

t he passage nunter of e position 506 t'he noving Object 1 n accordance

with in whi ti : hid RN ELG 1Th7 P :

nurber s ar eoad gt A indaBbihpRorEied f (i bropq Sing i 107, ERSIORL

can be obt airﬂf%% di%léﬂn%a%ﬂé‘&%nnér?%g@?ﬁ%@@ of gripping can be obtained in
W v e

accordance ri‘ous paraneters ined in the ganme and the accel eration
20 of th hi ' | i : ol at
cal cul at on techi daeoraaiafh PrEferdh LBl RreB? LSNP SbBfoThE L
f dt h iLcti I ' .
T T e SR SO e

observed saﬁu{aﬂglll .c%ﬁli%a'iilggf Iaf Qaﬁi%lggpééa? TURRG! o5 irﬁ%| Itagcﬁlg't?orggﬁ)%ggf %ﬁn the

gri ppi ng characteris npro and the frictiro orce ween the

The- above- dBeArRbaLf il SRPEee sBeRRlion MR eRer o 82 B el ARtk pilyefhy

d . Th It 205 upd h d it ity of
Lhe.mov ng SBPAREhwAieh & aRahaRat Shla bt AeideRTpLnC 88 Ey SRR, o,
cal oui at oa NG apPrbionchec S ur e ot Tl oy Bl PLEARY i gotveon

velocity. If, for, exgnple date.is perforned at each vertical .
synchr oni za?fr%e(ie%ﬁv ffm}“ég e%'g%% ona} ﬁ%acﬁplaa?vee%ﬁﬁ??d M @ PrEdrisiieed pe
increnent1§ﬁ.the vel ocity R%.nﬁ]tiﬁ%%in%#thﬁ_ cgeleratgon by t he @Hne

| nterval , LaNieviss agdons” PRtictRde Rishimese FRsTBRE potrRy TR 8 8 UVRY e
average of the current, velocity.and. "the velocity. ai ned by addi ng t he

i ncrement t haﬁwé’f%af? i‘fﬂcgﬁ?léﬁ‘efc‘%/ag%}‘?gw tptﬁgegrf:%go Yvﬁ{cg%%p&y%}/su%g{aée%u% ?
205 perfornms update.b jng the cal culated. increments, tq.the coordinates
506 bf 1 he DEUA agwiane) it S Sichdiscb Sty salieRer PRt tign SeBBE < 609 o
t he novi ng ?bgect which are stored in_the s oragﬁlunit 283 Thep, the
updat e uni t 1BBEOUpEaties Aphernsiteiele PEERr BHtdidelation st R BresReE wi th a
change in at |east, one of the posjti | o¢cj,ty _and acgel eration of .the
vl ng obj ect (EesaneshopertioRof e B PE af redudpe ettt Sfona IGKE  he
rubber va?ies.in aggordan e wth 15 the velocitg and a celeratigﬁ of .th
vehicl e, #1 siringsaadeglericieg ip SMeBIRBHAT ARRPOVRODATILIFCERE (FEAIMEBHA i on
is updated in consideration o he.velocjty d accel erati pon. However

accor di ng t &™fsfe lrbraﬁg‘%a%m@n’ﬂﬁ%ié?@hﬂr}foml%ggé]’ﬁ%d]i‘? iSBIPEi Bpﬁ‘ﬁ@éﬁ'\ggﬁ{flenfom
accordance with the change.in thehfosition of the,nQ%tgg oq;ect. As shqwn
in FIG 8, éoREnaanaisistied & o RAM 402 JHeprwsodeditatesoonyiniermatinmteted 18
coordi nates 811 of the noving object before update in step 5353 and

coor di nat es i DVE-ROM may\alsepedispéct after update. Intersections 802 of the
di spl acenent 801 and the respective |line segnents 403 are obtained. It is
possi bl e to det EheridhlE WARtipdPr spnpgsting rHbe r‘B“g’HBEtﬂ‘?r\/EQCFWén%éB%NP% 1i§oto a
intersect with the displacenent 801 by using a publicly known techni gue for
obt ai ni ng2RKOMBYIEF seBITIUBiFalen aetwori@(r@};w) sefyassthe iIpterngh girentThei¥1G HY is5
coordi nates of both the edges of the respective |line segnments 403 axe

obt ai ned by cepgiiwrd§y ereodemmeeingnibatl 0BASEGT M 8PBABEDY standard uggd fopbyildipg a
di vidi ng the distance between the obtained intersection and the right .
edge of the UANdLsetjrisiee Negory). ohan| amlpghmpdemdiSPN | Integrajed gpegmicad Digigal
regi on nunber 504 of the region in which the intersection 802 is included
can be obtai ned. Then, the passage nunber 505 in the record 502
corresponding to the region 404 of each |ine segnent 403 that is determ ned
as intersecting with the displacenent 801 is increased by 5 one. The

NN S N o o e
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10 FIG 9 shows a display exanple of a racing game. As shown in FIG 9, on
a screen 701, a course display area 702 showi ng the position and direction
of the vehicle in the course, an external world display area 704 show ng
how t he external world appears when seenj hromthe driver's seat of the
vehicle, a velocity display area 705, and a gearl ever display area 706 are
prepared, and various information are displayed. 15 Though not clearly
shown in FIG 9 for fear of making the diagram conplicated, information

representi NEHRRKPARSRIE AHIDRDSLS (ASPHhARRR DigRACKUBRELEOLiME) hitRler0ddr as
shown in FIG 7. Accordingly, texture information which is pre-associated

wth the paé&ﬂﬁemfgltmﬁé ThtSrnef b ﬁ%@%l&lﬂm&l@ﬁném &btk nSdéth S EABctg to the

t hr ee- di nensi onal graphi cs. his, the place whose passage nunber is

large can bﬁu%gtpga)igda LHEAB &.t&% 1&mﬁn50610&he2ﬁ&k9f anldNgh riﬁtteﬁszre (ot Aokl 85

much. As descri ove, accor |ng to the present embodi nent, a noving

obj ect is mgyed Qhd %Q@&Leg%&nxiénﬁgﬁdt Werpidl10t.he influence received by the

novi ng obj ect romt e road I s changed based on the history of novenent,

dth |
and the acge ef am C@ﬁowﬁ%y io;b%r%s qRiFRNaES fioh ALIPVBAOR Wird b
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average to %%i@ﬁq{évﬁ f%t\% are regarded as the coordinates of the
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the coordjpnates of the initial

0 of the game machme according to the present embodiment. FIG. 3 is a flowchart
showing the flow of the processes of a game method executed by the game machine
according to the present embodiment. The following explanation will be made with
reference to FIG. 2 and FIG. 3.

A game machine 201 according to the present embodiment comprises an input
25 reception unit 202, a storage unit 203, a calculation unit 204, an update unit 205, and a
display unit 206.

The storage unit 203 stores a position and velocity of a moving object, and a
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25 point 411. Different constants are used in accordance with the types of
the road and the type of the tire to be used. When the coordinates of the
new passi ng points of the respective |ine segnents 403 22 are obtained,
a curved l'ine which passes through these jpassing points is forned as a new
record line by the sane interpolation technique. FIG 10 shows the passing
points 413 and shows the new record |line 414 which passes through these
passing points 413 by a dot line. 5 FIG 11 is an exenplary di agram show ng
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is possible to sinmulate differences such as a road whose condition is
easi |y changed, The raug infdueh the friction between the tires and the road becomes an obstacle

is a road surface 402 in a road 401. Thus, line segments 403 extending from the edge to
25 edge of the road surface 402 substantially vertically to the progressing direction of the
road surface 402 are provided densely at the place where the curvature of the road surface

402 is high (the curve is tight) and provided coarsely at the place where the curvature is



24 condition is not easily changed, a road whose condition is changed due
to a change in the condition of a vehicle, etc. In the above-described
enbodi ments, the entire vehicle is seen as the "noving object". However, it
is possible to enploy a manner in which gach concerned tire is 5 seen as
the "nmoving object” in case of considering interactions between the tire
and the road, and the entire vehicle is seen as the "noving object” in case
of considering position, velocity, acceleration, etc. Due to this, it is
possi bl e t o0&l MuNaieahithk: fifadeghRilsd0B rma@qfecmf&a?e@mvuntthtyh@s @ag@yth@ iderhot
capacity of the hardware of tﬁe ganme nachi ne ndustrial Applicability 10
As descri bed,abeM® othdr. | S possible to provide a gane nachi ne, ganme net hod
for noving a noving object on a road in a virtual world, and changing an

i nfluence recei x%‘%l'a}i v@rlh%erEBHélﬂ&e@Wh?&t Is fobiddsy di0R%h ﬁ%n@@e@n@ﬁt%@ray of
nmovenent, and a programfor realizing those on a conputer. This application
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di scl osure I's 1 ncorporate ereln by reference in its entirety.
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wor | d, conpr|5|ng an input reception unit whic recelve an-operationa

i nput from gp Mneﬁ%ﬁga THer e it sefihenly ngtﬁ@%ggne%f'xﬁdf%eoéhahg@d in

movi ng obj ect |ncIu g a p03|t|on o) vi ng a roa

condi ti on of ﬁﬂ&n&@@ﬁﬂnﬁ aﬁﬂ% g@UHQHh WQ ch cal cul ates an infl uence
ase

al
recei ved by fhe novi ng ob on the’ recelved operational input from

the player, a Skhefndils En%m 40R &s'sgﬂ%pog%mﬁuﬁeagio%me?%% - @afhs hoAber)

condition at the curren posi an update unit updat es

stored condigqn, gfc g, 08 N | 001 RfInek bR 681 SPRGEthdd Ia@nﬁﬂéa@@h%;%

i nfluence, upaat €s or ed road ’con on 1 n accordance w
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moving obj e%ccgrsdlrgght% tﬁg Bx% etr{t %r@lbgdlment the line segment numbers are assigned as 1, 2, 3, .

from the start line (not shown) in the general progressing direction of the road. The
region numbers are assigned as 1, 2, 3, ... from the right edge to the left edge of the road
with respect to the general progressing direction of the road.

15 Records 502 in a passage number table 501 shown in FIG. 5 and stored in the
storage unit 203 are associated in one to one correspondence with the regions 404 of each
line segment 403. A line segment number 503, a region number 504, and a passage
number 505 indicating the number of times a concerned region 404 has been passed
through since the start of the game, are recorded in the passage number table 501.

20 The storage unit 203 further stores coordinates 506 of the current position of the
vehicle and a current velocity vector 507 of the vehicle.

Other than these, the storage unit 203 also stores a line segment coordinate table 511
storing coordinate data of each line segment 403 within the road 401. Records 512 in
the line segment coordinate table 511 are associated in one to one correspondence with

25 the line segments 403 set within the road surface 402 of the road 401. A line segment
number 513, coordinates 514 of the right edge and coordinates 515 of the left edge are

recorded.



* 15 the noving object; said calculation unit cal cul ates an accel eration of
the novi ng object as the influence received by the noving object; and said
update unit updates the stored position and velocity of the noving object
i n accordance with the cal cul ated accel engtion. 20 3. The gane nachi ne
according to claim2, wherein: said storage unit stores a reference
frictional force at each position on the road as the road condition; and
said calculation unit calculates the accel eration of the noving object by

obtaining a frimid Rpal rdcoptich Ghiv @02 aBediis dDYpdrgicl egput Hors hanglayer (e
stored "reference frictional 25 force at a current position of the noving

obj ect on tRgs5M0athe bperdGsil HPIER gidnhod ofilytoake caitfollen 03 ahthtis Sachid the
novi ng object”. 4. The game machi ne according to claim2 or 3, further

conpri si ng ghediSid Machind6100nhd a HHRGEI qu.ﬁ?rh@ntg bsPhRY 18Nk tstediiB@hhgel-shhpddeast
one of the stored position and velocity of the noving object. 5. The gane

nmachi ne accgsfiiolgr, tobfakaisRagkd WRBOREMN a Reablevdl-shhidesshtiolicf, ¢id.Or R&coddinglpe
road condition, a passage nunber representing a nunber of tinmes the noving

obj ect passaRsd MrRMe BordleRIRhSiH AaHe RRSE fcb@RioARitd2! 0ad; said update
unit updates the stored passage nunber of the noving object in accordance

with a change ifnd @cﬁ&tﬂfn%ipm;,ﬁﬂ(gﬂa@g theQcORMBE ?Rhe flovind éhisaibdsed &Pl ay

unit further displays an i mage I's changed in accordance with the 10

stored passa&ergwﬁ%pe%iowﬁglwﬁaﬂ tﬁpj[pgcﬁEr, e cukR&it PBEEOABE e YBoRAE AbLNT

to claim?2 or erein sald cal cul at unit calcul ates the acceleration

of the nmovigg;4 .%gre%%{xﬁ%tﬁ}dﬁh%nﬁiggﬁ I thORBled! RECEt gésvﬁee%t%zﬁom@

obj ect in accordance e store passage numnber Vi ng” obj ect
at a curr enhe&?%b‘ {8 thd1€orltR2urface of the tire and the frictional force between the tire

10 and the road in order to calculate the acceleration in a case where a vehicle runs on a road.
Thus, the road condition of the current position of the moving object is checked, and the
acceleration of the vehicle is determined based on the road condition, other information
stored in the above-described manner, and the operation of the player.

As to the influences given by the player’s operation to each parameter of the vehicle,

15 various techniques such as publicly known techniques for a racing game can be utilized.
Therefore, a method of calculating the acceleration of the moving object by using the
passage number table 501 will be explained below in detail.

First, the calculation unit 204 checks between which line segments 403 the moving
object is currently sandwiched based on the current position 506 of the moving object

20 stored in the storage unit 203 and the line segment coordinate table 511. FIG. 6 is an
explanatory diagram showing a positional relationship between the line segments 403
which are obtained by the checking and the moving object. FIG. 6 corresponds to a part
of the road surface 402 shown in FIG. 4. It is assumed that the moving object moves
from the left to the right of the road surface 402. The two line segments 403 shown in

25 FIG. 6 are lines crossing the road surface 402 on which the vehicle moves, that is, lines
connecting a right edge 611 and a left edge 612 of the road surface 402. For easier

understanding, the right edge 611 and the left edge 612 are indicated by a chain line.



15'7. The game machine according to claim6, wherein said cal culation unit
cal cul ates the acceleration of the noving object in a manner that the

accel eration increases as the stored "passage nunber of the noving object
at the current position on the road"” incrgases. The game machi ne according
to claim7, wherein: 20 said storage unit further stores an objective route
within the road; said update unit updates the stored objective route in
accordance with the stored passage nunber of the noving object; and said
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four coordinates.

Since the line segment coordinate table 511 is sorted in the order of the line segment
numbers and the line segment numbers are assigned so as to increment from the number
assigned to the start line, a pair of line segments 403 that form a desired quadrilateral can

15 be obtained fast if the scanning is started from the pair of line segments 403 that is found
out in the last scanning.

Next, the passage number of each region 404 included in the obtained line segments
403 is obtained from the passage number table 501. In FIG. 6, the passage numbers “07,
“4” «3” and “0”, and “0”, “2”, “4”, “1”, “0”, and “0” are indicated near the respective

20 regions 404. The passage number at the position 506 of the moving object is
interpolatively estimated based on these passage numbers. A publicly known technique
or various other techniques can be utilized as the method of interpolative estimation.
However, according to the present embodiment, interpolation will be carried out in a
manner described below.

25 The regions 404 of the two line segments 403 are connected to each other
sequentially from the edges as shown in FIG. 7 (as indicated by dot lines). In the

example shown in FIG. 7, since the two line segments 403 have different numbers of
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15 accordance with the cal cul ated influence, and updates the stored road
condition in accordance with a change in the condition of the noving
object. 11. A conputer-readable information recording nediumstoring a
program for controlling a conputer to fufggtion as: an input reception unit
whi ch receives an operational input froma player; 20 a storage unit which
stores a condition of a noving object (including a position of the noving
object) and a road condition of a road; a calculation unit which calcul ates
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sandwiching line segments, A-P and E-V are connected first.

Next, B and Q, and D and U are connected.

20 Then, C and R, and C and T are connected. This is because the end point C which
is arranged in the center is reached and C is therefore used as the end point to be
connected thereafter.

Lastly, C and S are connected.
As a result, quadrilateral areas (dot line quadrilaterals) ABQP, BCRQ, CDUT, and

25 DEVU, and triangular areas (dot line triangles) CSR and CTS are formed.

Then, the calculation unit 204 checks in which dot line quadrilateral or dot line

triangle the position 506 of the moving object is included. In a case where the position
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the passage number of the position 506.

In a case where the position 506 of the moving object is included in a dot line
quadrilateral and the passage numbers of the facing regions 404 are the same, the
calculation unit 204 regards the passage numbers as the passage number of the position
506.

In a case where the passage numbers of the facing regions 404 are not the same,
each dot line is divided into equal parts by a “number obtained by adding one to the
difference between the passage numbers™ of the facing regions 404, the facing division
points are connected to each other (as shown by broken lines), and passage numbers are
assigned to sections (the respective portions enclosed by any of the line segments 403, the
lines connecting the end points of the line segments 403, and the broken lines) in such a
manner that the assigned passage numbers are changed one by one from one region 404
towards the other region 404. The calculation unit 204 determines the passage number
of the position 506 of the moving object in accordance with in which section the position
506 is included. In FIG. 7, passage numbers are indicated for the respective sections.

If the passage number can be obtained in this manner, the degree of gripping can be
obtained in accordance with various parameters defined in the game and the acceleration
of the vehicle can be calculated by using a publicly known simulation calculation
technique or various other techniques. In this case, it is preferred that the frictional force
is set to be larger as the passage number is greater, if the other conditions are the same.
A tendency is observed in a real car race that as the rubber sticks to the road more, the
gripping characteristic is improved and the frictional force between the tires and the road
becomes larger, making the vehicle harder to slip. The above-described preferred
setting is for matching the game with this tendency.

The update unit 205 updates the stored position and velocity of the moving object in
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FF10% u& () 1%%%&1"%0 Qﬁe cur?’ent velocity” by the time interval. The update unit 205 performs
update by adding the calculated increments to the coordinates 506 of the position of the
10 moving object and the velocity vector 507 of the moving object which are stored in the

storage unit 203.

Then, the update unit 205 updates the stored road condition in accordance with a
change in at least one of the position, velocity and acceleration of the moving object (step
S354). In a case where the degree of the peeling of the rubber varies in accordance with

15 the velocity and acceleration of the vehicle, it is possible to employ an embodiment in
which the road condition is updated in consideration of the velocity and acceleration.
However, according to the present embodiment, the road condition is updated in
accordance with the change in the position of the moving object.

As shown in FIG. 8, consideration is given to a displacement 801 which connects

20 coordinates 811 of the moving object before update in step S353 and coordinates 812 of
the moving object after update. Intersections 802 of the displacement 801 and the
respective line segments 403 are obtained. It is possible to determine whether or not the
respective line segments 402 intersect with the displacement 801 by using a publicly
known technique for obtaining an intersection of a line segment and a line segment, if the

25 coordinates of both the edges of the respective line segments 403 are obtained by
scanning the line segment coordinate table 511.

Further, by dividing the distance between the obtained intersection and the right
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passage number 505 in the record 502 corresponding to the region 404 of each line
segment 403 that is determined as intersecting with the displacement 801 is increased by
5 one.

The display unit 206 displays at least one of the stored position and velocity of the
moving object (step S355), and the flow returns to step S351. If update is performed at
each vertical synchronization as described above, the CPU 101 waits for each vertical
synchronization on an appropriate occasion in the repetition of step S351 to step S355.

10 FIG. 9 shows a display example of a racing game. As shown in FIG. 9, on a screen
701, a course display area 702 showing the position and direction of the vehicle in the
course, an external world display area 704 showing how the external world appears when
seen from the driver’s seat of the vehicle, a velocity display area 705, and a gearlever
display area 706 are prepared, and various information are displayed.

15 Though not clearly shown in FIG. 9 for fear of making the diagram complicated,
information representing the passage number is assigned to each section of the road as
shown in FIG. 7. Accordingly, texture information which is pre-associated with the
passage number is attached to the road and is displayed by three-dimensional graphics.
Due to this, the place whose passage number is large can be displayed such that the color

20 of the rubber is darker as much.

As described above, according to the present embodiment, a moving object is
moved on a road in a virtual world, the influence received by the moving object from the
road is changed based on the history of movement, and the acceleration of the moving
object is changed in accordance with this influence. Particularly, by displaying an image

25 representing the number of passages through the road by the moving object moved by the
player’s operation, the history of operation or movement of the moving object is

presented to the player. Further, it is possible to easily simulate a tendency in a real car
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5 If a record line showing a desired line selection in a car race is displayed on the
screen, it is possible to present a line selection that the player should consider as the
reference for moving the vehicle and to prompt improvement in the player’s driving skill.
The present embodiment is for displaying such a record line.

FIG. 10 is an explanatory diagram showing a manner for updating a record line.

10 The following explanation will be made with reference to FIG. 10.

As shown in FIG. 10, an initial point 411 that should be passed through by an initial
record line 412 is assigned to each line segment 403 of the road 401. The record line at
the beginning of the game is a curved line which passes through these initial points 411 (a
curved line obtained by various interpolation techniques such as spline interpolation, etc.).

15 Each line segment 403 is divided into a plurality of regions 404 (not shown in FIG. 10 for
easier understanding) likewise the above-described embodiment. The passage number
of each region 404 is stored in the storage unit 203.

Coordinates obtained for each line segment 403 by calculating a weighted average

to be described below are regarded as the coordinates of the passing point of a new record
20 line.

(1) The passage number of a region 404 is used as the weight of the coordinates of a
representative point in the region 404. The center point Qf the region 404 is regarded as
the representative point.

(2) A predetermined constant is used as the weight of the coordinates of the initial

25 point 411, Different constants are used in accordance with the types of the road and the

type of the tire to be used.

When the coordinates of the new passing points of the respective line segments 403
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A realer racing game can be realized by the following manner, other than the
above-described embodiment.

The following information pieces are stored for each position on the road as the road
condition.

Reference frictional force

Passage number

Other road conditions

And the following information pieces appropriately selected and the selected
information pieces are taken into account for calculating the acceleration of the vehicle.

Reference frictional force at the current position

Passage number of the current position

Other road conditions

Current position of the vehicle

Current velocity of the vehicle

Current acceleration of the vehicle

Other vehicle conditions (the weight of the vehicle, the condition of the tires, the
condition of the engine, etc.)

Though in the real world, the gripping characteristic changes in accordance with the

passage number of the vehicle, the amount of the change gradually becomes smaller.
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been passed through a thousand times so far is passed through once more is smaller than

the change in the gripping characteristic of a case where a place that has not been passed
through before is passed through.

Further, in a case where a vehicle that falls out of the course returns to the course
bringing grass or sand together, or in a case where a vehicle that causes oil leakage passes,
the grass, the sand, or the oil are scattered over the road, making the gripping
characteristic lower.

Furthermore, the amount of the rubber peeled off from the tires is changed in
accordance with the weight of the vehicle or the acceleration (load) of the vehicle with
respect to the road. Therefore, if a tire on which a great load is put passes, the gripping
characteristic greatly changes.

Hence, in order to reflect these situations, not only the passage number is taken into
consideration, but also various road conditions such as reference frictional force, etc. are
stored so that the various road conditions are updated in accordance with changes in the
condition of the moving object.

In the above-described embodiment, the frictional force is directly derived from the
passage number. According to the present embodiment, a manner to be described below
can be employed.

(a) The gripping characteristic is pre-set for each position on the road. The
gripping characteristic set on the road is updated in accordance with a change in the
condition of the vehicle. The passage number is not taken into consideration. Due to
this, it is possible to simulate the change in the road in a simple manner.

(b) The gripping characteristic is pre-set for each position on the road. The
gripping characteristic set on the road and also the passage number are updated in
accordance with a change in the condition of the vehicle. Due to this, it is possible to

simulate differences such as a road whose condition is easily changed, a road whose
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object”. However, it is possible to employ a manner in which each concerned tire is

5 seen as the “moving object” in case of considering interactions between the tire and the
road, and the entire vehicle is seen as the “moving object” in case of considering position,
velocity, acceleration, etc. Due to this, it is possible to simulate the real world in
accordance with the calculation capacity of the hardware of the game machine.

Industrial Applicability
10 As described above, it is possible to provide a game machine, game method for
moving a moving object on a road in a virtual world, and changing an influence received
by the moving object from the road based on a history of movement, and a program for
realizing those on a computer.
This application claims priority based on Japanese Patent Application No.

15 2003-94104, disclosure of which is incorporated herein by reference in its entirety.
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1. A game machine for moving a moving object on a road in a virtual world,
comprising:

an input reception unit which receives an operational input from a player;

5 a storage unit which stores a condition of the moving object (including a position of
the moving object) and a road condition of the road;

a calculation unit which calculates an influence received by the moving object based
on the received operational input from the player, a stored current position of the moving
object, and a road condition at the current position; and

10 an update unit which updates the stored condition of the moving object in
accordance with the calculated influence, and updates the stored road condition in
accordance with a change in the condition of the moving object.

2. The game machine according to claim 1, wherein:

said storage unit further stores a velocity of the moving object as the condition of

15 the moving object;

said calculation unit calculates an acceleration of the moving object as the influence
received by the moving object; and

said update unit updates the stored position and velocity of the moving object in
accordance with the calculated acceleration.

20 3. The game machine according to claim 2, wherein:

said storage unit stores a reference frictional force at each position on the road as the
road condition; and

said calculation unit calculates the acceleration of the moving object by obtaining a
frictional force given on the moving object by changing the stored “reference frictional

25 force at a current position of the moving object on the road” in accordance with a stored
“current condition of the moving object”.

4. The game machine according to claim 2 or 3, further comprising a display
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unit, wherein
said display unit displays at least one of the stored position and velocity of the
moving object.
5. The game machine according to claim 4, wherein:
5 said storage unit stores as the road condition, a passage number representing a
number of times the moving object passes through a predetermined position on the road;
said update unit updates the stored passage number of the moving object in
accordance with a change in the stored position of the moving object; and
said display unit further displays an image which is changed in accordance with the
10 stored passage number of the moving object.
6. The game machine according to claim 2 or 3, wherein
said calculation unit calculates the acceleration of the moving object by obtaining a
frictional force given on the moving object in accordance with the stored “passage
number of the moving object at a current position on the road”.
15 7. The game machine according to claim 6, wherein
said calculation unit calculates the acceleration of the moving object in a manner
that the acceleration increases as the stored “passage number of the moving object at the
current position on the road” increases.
8. The game machine according to claim 7, wherein:
20 said storage unit further stores an objective route within the road,
said update unit updates the stored objective route in accordance with the stored
passage number of the moving object; and
said display unit further displays the stored objective route.
9. A game method for moving a moving object on a road in a virtual world by
25 using a storage unit for storing a condition of the moving object (including a position of

the moving object) and a road condition of the road, said method comprising:

an input receiving step of receiving an operational input from a player;
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object, and the road condition at the current position; and
an updating step of updating the stored condition of the moving object in accordance
5 with the calculated influence and updating the stored road condition in accordance with a
change in the condition of the moving object.

10. A program for controlling a computer to function as:

an input reception unit which receives an operational input from a player;

a storage unit which stores a condition of a moving object (including a position of

10 the moving object) and a road condition of a road;

a calculation unit which calculates an influence received by the moving object based
on the received operational input from the player, a stored current position of the moving
object, and the road condition at the current position; and

an update unit which updates the stored condition of the moving object in

15 accordance with the calculated influence, and updates the stored road condition in
accordance with a change in the condition of the moving object.

11. A computer-readable information recording medium storing a program for
controlling a computer to function as:

an input reception unit which receives an operational input from a player;

20 a storage unit which stores a condition of a moving object (including a position of
the moving object) and a road condition of a road;

a calculation unit which calculates an influence received by the moving object based
on the received operational input from the player, a stored current position of the moving
object, and the road condition at the current position; and

25 an update unit which updates the stored condition of the moving object in
accordance with the calculated influence, and updates the stored road condition in

accordance with a change in the condition of the moving object.



