;e3e] XX\ [L[,]6b]T] | @ 1 DESCRI PTION Information Processing Apparatus,

| nformati on Processing Method, and Transm ssion Medi um Technical Field This
dnvention relates to an informati on processi ng apparatus, an infornmation
processing nethod and a transm ssion nedium and nore particularly to an

i nformation processing apparatus, an ilnformati on processing nethod and a
transm ssion nmedi um which are adapted to interpolate at | east three
attitudes or nore of obj ect to DEYERIPTIWKove degree of freedom of
rotational operation of the object. Background Art In information

processi ng ara I8t s of
various sha 3%3%15%@%5%@@% esente ‘@PPb&%ém%ngf%%ﬁ‘gr aphi c or
t hr ee- di nensi onal graphl c to change, w thin_ three-dinmensional virtual
space, correspondi ng objects sta@§H¥$§1@%Me¢Hm ous states, i.e., to allow
themto carry out animation. In order to change a predet erm' ned obj ect
froma predeterm ned attitude to Techhivat Figldi t ude within the

t hree-di nensional virtual space, it is sufficient to rotate it by a

predet er m nefl, angl &l fblfteRt6 AR RFTFMAIAH CecRGhGrPArARL A inféfmatigk! hod
of carrying ou proce55| ng to rotate suc ] ect an arbltrary axi s
bei ng as center, er S b en pr.oposed net hod, di scl osed i t he
JapanesI%?oE§$san$p‘§'ﬁ £‘i’31‘7’| gi%ﬁ RO, PaFtIc qlﬁlﬂé'cégr 8nce
wi th the nethod dlsclosed 2 in this publication, such an approach is
enpl oy difegnathewnprosesiing Apparaies, e ARi ABIQ! @%@hd@oaﬁtsm&d@%?él &Nt A3of an
obj ect 201, rotated attitude (target attitude) B thereof and a

pr edet eframdradsivn Bediunt atith are &iptédtapiterpolate at beast tireaattitodes onmidrat t he
obj ect 201 rotates within the range of O to 8 around (about) the rotation

axis w ] ect
Tt or por e e Bt iniiohe Hlhek B HBRbAY o A G et ix
Rd by using the rotation angle 8§j A fur(ijl er approach is enployed to

di ssol ve the deternined inter pol kBT n matrix Rd into angle data
around respective axes of X-axis, Y-axis and Z-axis of the

t hr ee- di rrenslmnlfbrm@b%hpﬁw@sy&gs@lwﬁrﬂmﬁs suck ap compudes &%@Pﬂﬁi‘%hlpﬁnetﬁat a.
Expl anation will now be given in connection with a nethod of determ ning
rot at i opbjeety éfvariwrs shapee dpolygonsichmbs egpresaited as tmoedimensédnal graphic
attitude with an arbitrary axis being as center. Rotation around (about)

the ori g} ppfde- amertsttsrﬁﬁ Sg'agﬁtbﬁ it N"eHangeOritiat threydiffenstonat prifmahispdcdy

rotati on matri x of i s now assurmed that the coordinate system

B is the coordi m jn S t by
rx degrEe° %R%Sﬁ%gt% é’ciﬁ g?lasswmgk(réwél?&dsc E@E‘%‘yq Str" e%lzé‘gﬁgétr{id% Egﬁ? %)% s
and is rotated by rz degrees around the Z-axis in order, the rotation
matri x Nnmatcébresented by the following fornmula (1). cos(rz) - sin(rz) O
cos(ry) 0 sin(ry) 1 0 0 R=sin(rz) cos(rz) 0 010 0 cos(rx) sin(rx) 00
1 - sin(ry) Dn ooddrtp) cliangend prydatesmnmed obgct from B predefeymingd Rétitugestone d
that this formula ( 1) is represented by the formula (2) expressed bel ow.
another attitude within the three-dimensional virtual space, it is sufficient to rotate it

by a predetermined angle with a predetermined axis being as center. As a method of
carrying out processing to rotate such object with an arbitrary axis being as center,
there has been proposed a method disclosed in, e.g., the Japanese Laid Open

Application No. 315171/1996 publication. In accordance with the method disclosed
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R I, RI2 R1I3 R= 121 R22 R23 ... (2) R31 R32 R33 In this case, transposed
matrix RT of this'rotation nmatrix Ris represented by the formula (3)
expressed below. R11 ~1 R31 T R- R12 R22 R32 R13 R23 R33 1 0 0 cos(ry) O -
sin(ry) cos(rz) sin(rz) 0 - 0 cos(rx) sin(rx) 010 - sin(rz) cos(rz) 00 -
sin(rx) cos(rx) sin(ry) 0 cos(ry) 0021 ... (3) In this case, since the
formul a expressed bel ow holds, RTR=1 ~~~ (4) this rotation matrix R is

ort hoggn @11113 f@{/ﬂl{cﬁteio ’o?lyrrﬁf gﬁ %?yr@ééﬂ‘ﬁg@rﬁ? oy@dtds showre i F1G- 7toldétermine

irtepirgsEztﬁn py the tormia (. Thits_ matri Xbl s rotation rra.tr! X. Generally,
by usi AgtebeHE At eRRls) ahat Shepiad o REaRL R BB o SRuA Y ARRESK 1 O
(1 opr esodimgredsicnngenchiont rgiatinmaDe tositomsAs: Bn the ASEImRHOR thaf e
formul a (6) I s used, t'he. above nentioned fornmula (5) can be expressed as
object 201 rotates within the range of 0 to 6 around (about) the rotation axis with the
rotation axis being as center, rotation angle 6d of object interpolated within such a
range to determine interpolation rotation matrix Rd by using the rotation angle 6d. A
further approach is employed to dissolve the determined interpolation rotation matrix
Rd into angle data around respective axes of X-axis, Y-axis and Z-axis of the
three-dimensional coordinate system thus to calculate interpolation data.

Explanation will now be given in connection with a method of determining
rotation matrix when a predetermined object rotates from a reference attitude with an
arbitrary axis being as center. Rotation around (about) the origin of the
three-dimensional coordinate system is represented by rotation matrix of 3 x 3. When
it is now assumed that the coordinate system B is the coordinate system in which the
coordinate system A is rotated by rx degrees around the X-axis, is rotated by ry

degrees around the Y-axis and is rotated by rz degrees around the Z-axis in order, the

rotation matrix R is represented by the following formula (1).

cos(rz) -sin(rz) O)f cos(ry) 0 sin(ry)|| 1 0 0
R=|sin(rz) cos(rz) O 0 1 0 0 cos(rx) - sin(rx)
0 0 1)\-sin(ry) O cos(ry)/\0 sin(rx) cos(rx)



belqw. 1 0 O T-1A-1BT = 0 cosB sin8 0 - sin B cos 8 Wien rotation matrix B
is determned fromthis formula (7), it is represented by the formula (8)
expressed below. 1 0 0 B = AT 0 cos9 sing T-1 ", (8) 0 - sin Bcos B lIn
this case, when angle is changed within the range fromO to 8, the

previ ously described coordinate syste (attitude) represented by A rotates
around (about) a 5 predetermned axis, resulting in coordinate system
(attitude) of B. Wen orthogonal matrix of T is found out in thi{d)way,

i nterpolation can be made between arbitrary two coordi nate systens by

rotation arqund bout ertain r i o0 axl | i out
this ort hoggﬁéﬁ ﬁ@?’ri ?gs‘f‘ﬁﬁdlt ﬁ’aﬁé%ggfg rﬁ‘é@é r(?gésgigéq?g#%\‘t?%%%f: O%)gfgftdggl(aﬁi ch
is eigen (intrinsic) vector of rotation matrix R which satisfies the
f ol | owiengressedtbielmsl expression, and has absolute value of 1. Rt =t ~~~
(9) Wien E is now assuned to be unit matrix, the follow ng rel ational
expression holds. (RE)t, = 0 ~~~ (10) Accordingly, t is orthogonal to
conmponent ve®pr Bf mi{jx (RE). Further, linearly independent two (sets
of ) vecths the mtyix (R E)...E(gg found out to provide outer product
t her eof .f\Th| s2vectnr 93 hornalized” The nornalized vector thus obtained is
assuned to tl.pThe ector orthogonal to tl is found out. As this
vector, eithepP! one®of "V¥ctors of matrix (R-E) which generates tl may be
used. This vector is also normalized. The normalized yector thus %bt i ned
i s assunmed tlo this aase, trinsposed matriyRo fdhisgptationamatrix Rjig repressnied by the
vector thus obtained is assuned to be

formula (3) expressed below.

Rll R21 R31

R = R, Ry Ry

R13 R23 R33
1 0 0 cos(ry) 0 -sin(ry)|[ cos(rz) sin(rz) O
=10 cos(rx) sin(rx) 0 1 0 - sin(rz) cos(rz) O
0 -sin(rx) cos(rx)/\sin(ry) 0 cos(ry) 0 0 1

-« (3)
In this case, since the formula expressed below holds,
R™R=1 = (4)
this rotation matrix R is orthogonal matrix. Conversely, orthogonal matrix where |R]|
= 1 is represented by the formula (4). This matrix is rotation matrix. Generally, it is

known that the orthogonal matrix can be normalized as indicated below by using other



t3. .Since these tl to t3 all have absolute values of 1 and are orthogonal
to each other, matrix (tl t2 t3) is orthogonal matrix. Assum ng now t hat
the matrix (tl t2 t3) is orthogonal matrix T, the left side of the formula
(5) can be represented as the formula (11) indicated bel ow. 6 T 1IRT = ~t|
t2 t3) R(tl t2t3/ tT 1 t2 Rtl t2 8Bl tT 3 ti RI ti RR2ti R3 - t2 Rt
t2 Rt2 t2 K3 "' ( 11) Rl t3 Rt2 t3 RR3 In this case, tl to t3 can be

t3
represqjﬁlﬁgolamhmr&qr_nul a ( 12) expressed bel ow by using the formula (9).
ti RRI =titi t2 Rl =t21t, ... 12 t3 Rl =tg tl By using these
rel ati onal expressions, the fornula (11) can be represented by the fornula
(13) expressed(elowy 7:190)0 T-1RT = 0 t2 R2 t2 R3 ~~~ (13)
T'RT=|0 cosf sind = (5)
0 -sinéd cosé

When arbitrary two rotation matrices A, B exist, R is put (represented) as the
following formula (6).

R=A-1B + (6)
When this formula (6) is used, the above mentioned formula (5) can be expressed as

below.

1 0 0
THA'BT=|0 cosd sind = (7)
0 -siné cosé

When rotation matrix B is determined from this formula (7), it is represented

by the formula (8) expressed below.

1 0 0
B= AT| 0 cosf sind|T!
0 -sind cosé

ves (8)

In this case, when angle is changed within the range from 0 to 8, the previously

described coordinate system (attitude) represented by A rotates around (about) a



Ot3 R2 t3 R3 Then, respective elenents (conponents) of the formula ( 13)
are put as indicated by the formula ( 14) expressed below 1 00 T-'RT =0

A B~~~ (14) 0 CDIn this case, since T and R are both orthogonal -
matrices, T 1RT is also orthogonal matrix. The follow ng rel ational
expressions hold. Az+ CZ= 1 ~~~ (15) Bz+D2= 1 ~~~ (16) A2+B2=1 ... (17) C2
+ Dz=1 ... (18) AB+CD=0 ~~~ (19) AC+ BD=0 ~~~ (20) AD- BC =1 ~~~ (21)

Subt r aciri fdtefthidedenxi @ s Ring ik®odriiiaed estéor (auitade) $5B. dViies ofthdgdnal A=~D
8 Further, \?\heln A = -D sull?(sgtituotion thgfseof (lnto té?m Po?NrrEI a ( 19) Hgi ves

5 T R I i B s
ot ai n@@OrGRATS SIS DHOGHIT aieud (2bQBYGEFiaER BRC SPIENOR B85 B = C 1 nto the
formula (21) gives Dz _ Cz =1 This is contradictory. Therefore, the
fol | owi ng r eA ahéthodl ofefipdiagiutrthissortid gonma tnatix[F &yil-nae bt deseribedehen = D,
substitution of this relational expression into the forrmula ( 19) gives
find out vector which is eigen (intrinsic) vector of rotation matrix R, which satisfies
the following relational expression, and has absolute value of 1.
Rt=t +(9)
When E is now assumed to be unit matrix, the following relational expression holds.
(R-Et=0 - (10)
Accordingly, t is orthogonal to component vector of matrix (R-E).
Further, linearly independent two (sets of) vectors of the matrix (R-E) are found
out to provide outer product thereof. This vector is normalized. The normalized vector
thus obtained is assumed to be t,. Then, vector orthogonal to t, is found out. As this
vector, either one of vectors of matrix (R-E) which generates t; may be used. This
vector is also normalized. The normalized vector thus obtained is assumed to be t,.
Then, outer product of t; and t, is provided. The vector thus obtained is assumed to be
t,. Since these t; to t, all have absolute values of 1 and are orthogonal to each other,
matrix (t, t, t,) is orthogonal matrix.

Assuming now that the matrix (t; t, t;) is orthogonal matrix T, the left side of

the formula (5) can be represented as the formula (11) indicated below.



D(B+tC) =0 Thus, D=0 or B=-Cis obtained. Wien D = 0, the relational
expression B=-C'=~1is simlarly obtained. Further, when D~ 0, B = -C
‘Therefore, in either case, the followi ng relational expressions are
obtained. A=D B = -C 9 CzZ+D2= 1 Thus, the above-nentioned fornula (5)
holds. In this way, the orthogonal matéix T which satisfies the fornmula (5)
can be found out. Further, rotation matrix Rd when rotation is made by
rotation angle 8d fromthe reference attitude with an arbitrary axi s being
as center can be deternjned fromthe formula (5) in a manner indicated
bel ow. T'@R@Rc(tlz TZOzg))sféq s'rzn Q;I) T-1 0 - sinBd cosBd By using such a
nmet hod, interpolation processing with respect to rotation of object is
carried out. However, in the conventional interpolation processing with
respect to rot ;T n of object, since interpolation is carried out only
bet ween two poj nit two attitudes), limtation takes place in the degree of
freedomof nat|gn| R vepent of object. As aresult, it is difficult to
real i ze natura t£ noot h)” chdnge of attitude.

3

t'Rt, t'Rt, t!Rt,
=|tIRt, tIRt, tlRt, w (1)
tTRt, tIRt, tlRt,

In this case, t, to t, can be represented by the formula (12) expressed below by

using the formula (9).

tIRt, = t]t,

T T

LR =1t -« (12)
tTRt, = t]t,

By using these relational expressions, the formula (11) can be represented by

the formula (13) expressed below.



In addition, operation (conputation) of the rotation matrix becones
conplicated as descri bed above.. Di sclosure of the Invention This invention
‘has been proposed in view of such circunstances and its object is to
provi de a novel information processing apparatus, a novel information
processi ng 10 nethod and a novel transm ssion nedi um which are capabl e of
i nprovi ng degree of freedom of rotation operation of object. An information
processi ng apparatus according to this invention conprises: selector neans
for selecting, as reference attitude, any one of prepared plural attitudes
of an object; first generajing nmeans for generating vectors serving as
respective rot tli on Gxes fOr hanging the reference attitude sel ected by

t he sel get ns,f g} 0 arp.epst two er attitudes or nore; first

cal cul a??n@hﬁs S f’o&;%a?%&th i ng rd't'ﬁ?))n angl es when the object is
changed fromthe rgfgﬂfnqgfag itude to the other attitudes with the vectors
generated by the fiTst® geherati ng neans being as rotati on axes; converting
means for converting |l engths of the vectors into |lengths corresponding to

the rotati onrigkeseeale et dtls %br?ﬁ?éﬂt@ﬁdftﬁ@f&%xﬂh(m drepusas indécuned

generati ng neans r synthesi zi vectors of which |lengths are
convert.ed.by.the:c ertin to generate interpolation vector; second
cal cul :h}f Wma ﬁ}}/) %rg%eﬁﬁéwr ength of the interpolation vector
generated by the second generating neans; and third generating neans for
rotating the reference attitude of the object by angle corresponding to the
| ength cal cul ated by the second cal culating neans with the interpol ation
vect or being ay ot ti8 axis to generate target attitude. Mreover, an
i nformation pr Jes ng-met hod according to this invention conprises: a
sel ecti gmigtrep | qf sgl egtli ng, as.(p{prence attitude, any one of prepared
plural attitudes of an qbject; a fi'rst generation step of generating
vectors servings Ce ctive rotation axes for changing the reference
attitude selected by the selection 11 step into at |east two other
attitudes or_nore; a first | cyl ation,step af cal culatin i.on angl es
when the obj B thisscasgasiee 1&3 éﬁat eaﬁeebéF}éPRr&%qqai JH@tr’cct?gt hgilgfh‘éralsog
attitudes with the vectors generated at the first generation step being as
r ot at i oorthagenal anatoixv €Tké follewmg wwlatéanal exprasgidnsdplds of the vectors into
| engt hs corresponding to the rotation angles calculated at the first
cal cul ati on Afepg?aisecond generat(l®) step of synthesizing the vectors of
whi ch I engths are converted at the conversion step to generate
interpolatiogzqgﬁtgq; a second cal€H®ation step of calculating | ength of
the interpolation vector generated at’ the second generation step; and a
third generaé%angge of rotating.éhﬁ reference attitude of the object by
angl e corres ng to the length chuIated at the second cal cul ation step
with the interpolgtion vector being as rotation axis to generate target
attitude. Fu€fteP’=al transni ssi ot (& um according to this invention is
adapted so that conputer programis caused to undergo transm ssion, the
conput er progBw@Dc0di ng: a sel-efl9on step of selecting, as reference
attitude, any one of prepared plural attitudes of an object; a first
eneration s erating vect serving as respective rotational axes
?or changinghgﬁgq$2?§pence a?titudgmﬁglectedgby t he Eelection step into at
| east two Otpﬁi igéL;fdes or nnrg;(g.first cal cul ation step of calculating
rotation ang B n the object is Hﬁnged fromthe reference attitude to
the other attitudes wth the vectors generated at 5?6 first generation step
bei ng as r ot Subtractise of the formvaladil 8 ) froma the, Orﬂﬁﬂ@é 1 8eBengt hs of the
vectors into lengths corresponding to the rotation angles cal cul ated at the
first cal cul a?i-qn? st(gA =atPecond generation step of 12 synthesizing the
vectors of which lengths are converted at the conversion step to generate
i nterpol ation vector; a second cal culation step of calculating | ength of
the interpolation vector generated at the second generation step; and a
third generation step of rotating the reference attitude of the object by
angl e corresponding to the length calculated at the second cal cul ati on step
with the interpolation vector being as rotation axis to generate target
attitude. In the information processing apparatus, the information
processi ng nethod and the transm ssion medi umaccording to this invention,
any one of prepared plural attitudes of object is selected as reference
attitude. Vectors serving as respective rotation axes for changing the
selected reference attitude into at |least two other attitudes or nore are
generated. Rotation angles when the object is changed fromthe reference
attitude to the other attitudes with the generated vectors being as

. .= - T Y M . T Y 1 o, '



Brief Description of the Drawings FIG 1 is a block di agram show ng an
exanpl e of the configuration of.an infornmation processing apparatus
according to this invention. 13 FIG 2 is a flow chart for explaining the
operation of the information processing apparatus showmn in FIG 1. FIG 3
is a flowchart for explaining an exagple of nultiple interpolation
processing of three-dinensional attitude of object. FIG 4 is a view for

expl ai ni ng 'P%&ﬁfe'roﬂ'hEﬁQXn:r-ﬁ uBSE it thebst ihto tHehformal4 (19dgiveof obj ect.

FIG 5 is a view for explaining processing to generate (interpolation)
vector servi axis of rotation when rotation is nmade so that there
results tarﬁ@'@t—lpude. FIG 6 is a view for explaining rotation from
reference attitude to target attitude o(& obj FIG 7.is a view for

expl ai dihvg, Bh=dkerBl e (of Se ﬁ@ﬂﬂn@%@—l %PﬁgFi@%ﬂlaﬁdé&‘éﬁSng of attitude
of object. Best Mode for Carrying Qut the Invention An information

processi ng apgasat us, an information processing nethod and a transm ssion
medi um according to this invention will be described below. The information

proces '"?g] p @Eﬁ% ' SomeTorRalL£aIdio@s: sel ector neans
(e.qg., Si:Is &S%gdlt?%# ;%?glru g@ctlong, as ref egrar?cge attitude, any one
of prepared(#) :Fé attitudes of an object; first generating neans (e.g.,
step S 102 3) for generating vectors servi ng as respective rotation

axes for changi (lg the reference o .
Thus, the following relational expression is obtained.

B=-C=x+l

On the other hand, substitution of A = -D, B = C into the formula (21) gives

-D*-C*=1
This is contradictory. Therefore, the following relational expression is obtained.

A=D=0,B=-C=%*1

Now, when A = D, substitution of this relational expression into the formula
(19) gives

D (B+C)=0
Thus, D = 0 or B = -C is obtained.

When D = 0, the relational expression B = -C = =1 is similarly obtained.
Further, when D # 0, B = -C. Therefore, in either case, the following relational
expressions are obtained.

A=D

B=-C



attitude selected by the selector neans into at |least two other attitudes
or nore; first calculating neans (e.g., step S 103 of FIG 3) for

cal cul ating rotation angl es when the 14 obj ect is changed fromthe
reference attitude to the other attitudes with the vectors generated by the
first generating neans being as rotati®n axes; converting neans (e.g., step
S 104 of FIG 3) for converting lengths of the vectors into | engths
correspondi @f + phA-hg rotati on angles cal culated by the first cal cul ating
neans; second generati ng neans (e.g., step S 105 of FIG 3) for

synt he I are converted by the converting
neans t ﬂ?e‘?gf% eﬁ%gggt%ﬁ!}] @%I}ﬁhﬁiecond cal cul ati ng means (e.q.
step S 106 of FIG 3) for calculating | th of the int n vect or
gener at ed byntthés wayotle @ nahgyatay %aﬁb seHsHes é‘%gﬁ"g’f‘ 539%‘]’5

g., step S 107 of FIG 3) for rotating the reference attitude of the Ob] ect

by anglfeundroues FurthiergrdtatibhenateixoRd whérc votatied ibymade byeotatior ahglel @d i ng
means with the interpolation vector being as rotation axis to generate

tar get ﬁaﬁMC}sfcrh@ée@ filide With Bﬂfa%lﬁf%g%%%%&ﬁgsa%'d%t&%@{%'d&éﬁﬁﬁé&“ ng

to this |nvent|on er conpri ses t means-(e.g., input unit 17 of

FIG 1) for utt an i nput sigpal multiplier nmeans (e.g., CPU 11
of FI Gfrqm) h&ﬁl@l%’@l%ﬁ H%%Sﬂi?g%d by the first generating nmeans
by wei ghti ng coeff|C|ents corresponding to input signal inputted by the

i nput nmeans. Further, the infqrmation processing apparatus according to
this |nvent|on1furtI6)er conpdi ses third calculating nmeans (e.g., CPU 11 of

FIG 1 ) or,c Icula a,ng r.ot m matrix for rotating, by a predeterm' ned
angl e 8 gct o z)$S g as a predetermned rotation axis by the
follow ng for la—=sm (dos@Pp 9)x2 + cos 9 (1- cos B)xy - z sin B (1-

cosB) xz+ ysin9 (1- s9)xy+ zsin9 (1- cosB)y2 + cosB (1- cos9)yz- x sing

(1- cos9)xz- ysin9 (1 cos9)yz+ xsin9 (1- cos9)z2 + cosB wherein the third
generating neans uses the rotation matrix calculated by the third

cal cul ati ng neans when interpol ati on att| tude i s generated. Furthernore,

t he i nf or mat Bprisge seels prgethodainterrolation MIPFRFSINE M&srqsa%tniq mianpn of her
conprises fourth generating neans (e.g., step S 101 of FIG 3) for

gener at objgcrslvarried puat ti t ude as reference attitude. The information
processing apparatus according to this invention has configuration as

I ndi cated byHbleybt, %ﬂa@beﬂ&&m&ﬁ@memblﬂl& procdsBinighivith @¥¢iEek €o rétaciogPU 11

controlf respectiveé units (conponents)” and carries out nultiple
ot udedf obidRSREC Rk Rorfls %*i%ﬁgo‘?f,% S Febuodh b Btnys (RFodtbndics). | |

Coor i naEs aﬂpéﬂg#?#ﬁx%?%a{a&ﬁ%gfw@#’ﬁ o R g e o T Ref A

operation (conputation) or vector eration § onput at i on) etc. with
r espect a resulpdteis difficulbto rislieena 1($mopth§ ge lofiattitwdehr ough whi ch data
transfer is carried out at relatively high speed and a sub bus 14 through

whi ch data tangdditiohs epgératiol CodémputatRimt iofeklye | ratiprethatrix dmooawdsed t o
the CPU 11. Thus, transm ssi on/ reception of data can be carried out through
these b&'@l’ﬁfﬁhcated as described above.

Disclosure of the Invention

This invention has been proposed in view of such circumstances and its object

is to provide a novel information processing apparatus, a novel information processing



16 A CD-ROM drive 15 and an input device interface 16 are connected to the
sub bus 14. The CD-ROM drive 15.reads out, by instruction of the CPU 11,
-various data or prograns from CD-ROM as recordi ng nmedi um attached thereto.
The input device interface 16 accepts (receives) input signal fromthe
input unit 17, e.g., control pad to olfiput it to the CPU 11 through the sub
bus 14. A main nenory 18 and a GPU (G aphic Processing Unit) 19 are
connechedhb@ ahie Mevd! thmsmigsiod MeediBimwhtiiDal ddpablootinpatvinghegtechals been

read out fromthe CO-ROM drive 15, data as operation (conputed) result of
the CP i The reads out nodel data of object to be
di spl a?reeéaf)@ﬁ?f%gﬁ%}éioﬁ%%%?/%e%’g carry out rendering processing to

store the processed nodel data of object intqg.a VRAM (i\ﬁ deo Random Access
Menory) 20. PﬂfhéflfsgﬂBaﬁlanRIPWFéﬂn& 8BPATAHLT AERTAING B LY IHVEILON/RRMPI S o

output it to a DIA converter 21. The VRAM 20 includes frane nenory and Z
buf f er seleictdr meensfor seleoting, asmdferencesttitode lanyonetod prepared plurabattitades or e
data of picture (object) displayed aon screen and to allow the Z buffer to

store dgt e%k;%ei ekt ga?aiagglg%ehﬂge f&pg%ﬂép&eﬁ@ 9bctohy g@ﬁﬁngia%pieage@ﬁw t he

screen. converter converts data outputted fromihe GPU 19 from

digital signal tao.anal og signal .to output (it i i i sion
Syst em® P58 fog r‘fg gfgf’ refRx e'l‘\ﬁ%%&iﬂ%% a%lf&f? %ﬁ&“(’e%%tg g ?@éoarn-(gﬁhg(%/ gnal
and |l um nance signal fromthe D/A converter 21 to output .it, t.o nonitor (not
shown) atdeastdwe efhgnattitudesros mers; firghealpulstingaepnsstorsGAleulating Lotaflon 4t i on
of the information processing apparatus will now be descri bed 17 with

r ef er enggldsowhbe the objexias thatgedfrom fHeGreferencaiatiinideyto the othepasitudes t he
CPU 11 reads out, from(the CO-ROM of J the CD-ROM drive 15, data of object
to be RipraRsSbct tsir%flg:rhtted' B%Qh& hersiBichePRITY Ynekhs W8ing!APrdtafidn dbw; CPU

11 carries out nu I nterpol at1 on processi ng of objéct (of which detail

will be described |ater) b Si i ' fLicCi j :

A1 1 oui moTEEE BeaE ak et Sehethh BF tE P RE I s LARH iR o
(converts) data of object which h been nul ti pl e-interpol ated.by the CPU
11 int dh@ﬁe@eoeimm%h@é&mﬁhﬁgﬁét 6@3@3%% FANShPRAONG; FRAGEIYHAIMCPNP t yal
space at step S 13, and carries out perspective transform (conversion) of

t he t hrfeesynthesizing the vemons obwhiddieagthsaarsfconverted byrthe conyprizng meanst ep S
13 into two-di nensional coordinate data at step S 14. Nanely,

three- %gﬁﬁ%ﬁ&@ AtefRN4EOMM QBT Rocofdl slculitipateddsforteldnlatiglengthhef ther t ual

space are transformed (converted) into coordinates in the state viewed from
t wo- di ' ' \aqﬂ LLOs QHRNHI tigp S
15, th &%Eg%él(oé;f & Eélgé%lse\f}nﬁém aﬁ{céeééc‘}'? nggég %Fﬁn&)ﬁﬁggtﬁ éa’f r omﬂi%isgﬁ%r% agd
direction of .the | ight source place l.ocat ed ithin the virtual e.
SubsequBgns, forgot the rg ,repﬁg a&‘l‘ﬁgﬁ%fg‘ﬁ? ﬁ??ﬂ%ct\g’ryo%‘éélg gaﬂggpgngﬁgo%ﬁggt to
the GPU 19. The GPU 19 carries out shading w th respect to, data of, object

f r om t Hengthrealculatedsby thesserpnd salrudating meaas withptherinierpalation vecter beingct
thus obtained into the frane buffer of the VRAM 20 as pixel data at step S

18. Ml 44 Rtatiémbarisiol génepite parpeeatitadeof three-di nensional attitude of
object at the step S 12 will now be described in detail with reference to

the flow ch - 1.8 o'dﬂay he 1 t] i

| east thr eealg/{otr?{“lfjéc?ésqn( %F%:"@‘S 1oz]ilr Bhggssﬁgdﬁit 0 be %rkgfp’)dgpgdf%‘ﬂﬁ% irlgjseggg? to
one object. .In thig example, fphree.attitudes AOt of _an_obj as
Shown | sompeises apdeghSnatep of SHECtREps Befersnoa i, e Bpd Y itoditd
Initially, at step S 101, the CPU 11 selects one attitude (e.g., attitude
AO as p%vfmlr atticudest off anu abjectoanfirsiegeneration stap o gererating viestqrs SSEVIRSasd
that while reference attitude is selected fromprepared attitudes in this
case, afsspEEHiRALdtatiBl akes f@ﬂoélﬁm%ing th@psteraioe atfimdet daléatdé byahsekekectiont as
reference attitude. At step S 102, the CPU 11 cal cul ates vectors al and a2
serving as axes of rotation when the object is changed fromthe attitude AO
to the respective attitudes Al and A2 as shown to allow their |engths
(absol ute values) to be 1. Since the nethod of cal culating these vectors
corresponds to that indicated in the prior art, its detailed explanation is
omtted. Subsequently, the CPU 11 determ nes rotation angles A 1 and 82 of
respective rotation axes (vectors) al and a2 when the object is changed
fromthe reference attitude AOto the attitude Al and the attitude A2 at
step S 103. Since such cal culating nmethod corresponds to the cal cul ating
nmet hod for 8 represented by the previously described formula (5), its
detail ed explanation is omtted. Further, at step 5104, the CPU 11

mul tiples respective rotation axes al, a2 by rotation angles 81, 82 as
their lengths to further respectively nultiply them by weighting

______ o v e o —




r 19 respectively given by the formulas (22) and (23) expressed below pl x
Bl x al ~~~ (22) p2 x B2 x a2 ~~~ (23) Further, at step S 145, the CPU 11
‘interpolates (synthesizes) these vectors as shown in FIG 5 to thereby
generate vector av expressed by the following formula (24). av = (pl x Bl x
al) + (p2 x B2 x a2) ~~~ (24) At stepl$ 106, length 8v of this vector av is
cal cul ated. The processing operation then proceeds to step S 107, at which

the CPLété;?— iftet Atieast! wf ¢ b atthidel Wdambee; of fitdiccadijlaieh sddp iof dalheulating e
where vector av is caused to be axis of rotation and |ength 8v of the

vect or (0] I

o]lcat aihn r?é%tﬁer} ﬁﬁ@é? 1{13(%1 Qfet 6@{?&&8%1}1%%%9 ﬁ%aﬁbﬁgcwgli&cgba&emﬁié a%%é]ﬁlgxl s av
of the object 31 is put as av = z) for sinplicj andteobectls
oS sunecttibidzs with Hhe-HEasors esmarsH okl Gr4S EaPGTNONBO DS AR TO BRTLTR S

axis. Determnation of rotation matrix Mat this time will be described

bel ow. AMpériversibnergp efcrebyng leagfhs dfihe mectoos mbd enghis caratspeniding torthe
condition that respective colums and respective rows are unit vector, and

the r esx%?é‘l{léf( SnERsUHIS ?fé:d at Q‘Q ﬂfét%%iﬂﬁﬁoﬁ %tagﬁcch sé’édiﬂf g@l‘ﬂéfahbﬁ sft@fi RECt i ve

r ows areasoothogona to each other. Xy z k The

é;gpggg%gl n?%l&&'gxthle:: Petbii®of HHkh ?er{g%ﬁg ar§ oRPLRSE N etﬂe bé'on%?smﬂrm aco( 26)

generate interpolation vector; a second calculation step of calculating length of the
interpolation vector generated at the second generation step; and a third generation
step of rotating the reference attitude of the object by angle corresponding to the
length calculated at the second calculation step with the interpolation vector being as
rotation axis to generate target attitude.

Further, a transmission medium according to this invention is adapted so that
computer program is caused to undergo transmission, the computer program including:
a selection step of selecting, as reference attitude, any one of prepared plural attitudes
of an object; a first generation step of génerating vectors serving as respective
rotational axes for changing the reference attitude selected by the selection step into
at least two other attitudes or more; a first calculation step of calculating rotation
angles when the object is changed from the reference attitude to the other attitudes
with the vectors generated at the first generation step being as rotation axes; a
conversion step of converting lengths of the vectors into lengths corresponding to the

rotation angles calculated at the first calculation step; a second generation step of



xah=Y.~Jz gk ~~ (26) Mreover, rotation matrix R for rotating a
predeterm ned coordi nate system by rotation angle 8 around (about) the
X-axis is represented by the formula (27) expressed below. 1 0 0 R = 0 cos
Bsin8 ... (27) 0 - sinB cosB Wen sin6=s, cosh=c are put here for

conveni ence of explanation, rotation h&trix Mis determ ned as indicated by
the formula (28) expressed bel ow by using the 21 above-nentioned fornul as

( 15) Tyﬁtl(esizﬂhg thE vexstdry of which hefgthx Argoneénted ait she fdoavelsion step tyc+
eks- ghS+ hkc - "xy+ efc- eJ s+ fhs+ hyjc f 2c+ jZC+ y2 yz+ fgc+ jks- gJ s- jkc

(2e) winefEintrSRisy o st g °415¢1aﬁ°ﬁ’ S*?%Pﬁé?“g‘f%}? fongh of i on
(3 ) igterpolains ”Yde'f?é"‘rig%te? 5 LR R i sl ©
c)yz+ (xA)s (1- ¢)xz + ( YyA)s (1- ¢) yz + (- xA)s (1- ¢c)z2 + ¢c ~~~ (29) In
this f oteplod, rotdimg theerefetencgattitudsoofithe Jmtcby nagleocoraespomding te dheli t i on
length calculated at the second calculation step with the interpolation vector being as
rotation axis to generate target attitude.
In the information processing apparatus, the information processing method and
the transmission medium according to this invention, any one of prepared plural
attitudes of object is selected as reference attitude. Vectors serving as respective
rotation axes for changing the selected reference attitude into at least two other
attitudes or more are generated. Rotation angles when the object is changed from the
reference attitude to the other attitudes with the generated vectors being as rotation
axes. Lengths of the vectors are converted into lengths corresponding to the rotational
angles. The vectors of which lengths are converted are synthesized so that
interpolation vector is generated. Length of the generated interpolation vector is
calculated. The reference attitude of the object is rotated by angle corresponding to
the calculated length with the interpolation vector being as rotation axis. Thus, target
attitude is generated.
Brief Description of the Drawings

FIG. 1 is a block diagram showing an example of the configuration of an

information processing apparatus according to this invention.



of the matrices E, F are further used, Ais equal to 1 (A=1 ). Thus, the
rotation matrix M can be represented by the formula (30) expressed bel ow.
22 (1- ¢)x2 + ¢ (1- ¢c)xy + zs (1- c)xz + ys M= (1l-c)xy-zs (1l-c)yz+c
(1-c)yz+xs (1- c)xz +ys (1- ¢c) yz - xs (1- c)z2 + ¢ (1- cosB)x2 + cos8 (1-
cosB) xy+ zsin8 - (1- cosB)xy- zsin8 (13 cos9)y2 + cos8 (1- cos8)xz+ ysin9
(1- cosB)yz- xsin9 (1- cos B)xz - y sin B (1- cos B)yz + x sin B (1-
c0s9) z2 + COBRE; I3 al t ﬁlﬁﬁ% t il ' ' 'M ynt o
angul ar data Wt lsrae%%g? |éhtttom ?g)é%ﬁelcti gﬂgﬁg&g?ﬂ?(f:ﬁiﬁin{%rhf}aﬁf&i& dg%{gﬂ%
attitude An of h{ge obj 1 can be obtained. In a manner as stated above,
at | eastPRARAUS STOWTY ‘o more are interpolated with respect to one
object to thereby determ ne target three-dinensional attitude. Thus, degree
of rotation Bler étlﬁdh flonichart for) exrlaising @n examplsr of sanltipls mterppladon
attitudes are interpolated in the above-descri bed enbodi nent, |arger nunber
of attipMegiﬁgmprlqe@udmwrgtbﬂgba'ttjitude@cflotﬁ@ctt hose attitudes, thereby naking
it possible to nore snoothly represent rotation operation of object. In

addi tion, as fgqqﬁ@ﬁ%%r Qﬁﬂ?gﬁh eﬁﬁoﬁrﬂ%ﬂﬁ%‘fe‘}é}{cecﬁfiﬁi’de% othidr RHiRFRSS! N9

as descri be ove 1S cause rgo transm ssion, conmuni cation nmedi um
such as twork, satellite, etc. can be utilized in addition to recording
(storag%f?o 8t um such as magnetic disc. CD-ROM or solid-state nenory, etc.
23 Industrial Applicability

FIG. 5 is a view for explaining processing to generate (interpolation) vector

serving as axis of rotation when rotation is made so that there results target attitude.

FIG. 6 is a view for explaining rotation from reference attitude to target attitude
of object.

FIG. 7 is a view for explaining an example of conventional interpolation
processing of attitude of object.

Best Mode for Carrying Out the Invention

An information processing apparatus, an information processing method and a
transmission medium according to this invention will be described below.

The information processing apparatus according to this invention comprises:
selector means (e.g., step S101 of FIG. 3) for selecting, as reference attitude, any one
of prepared plural attitudes of an object; first generating means (e.g., step S102 of FIG.
3) for generating vectors serving as respective rotation axes for changing the reference
attitude selected by the selector means into at least two other attitudes or more; first

calculating means (e.g., step S103 of FIG. 3) for calculating rotation angles when the



In accordance with the information processing apparatus, the information
processi ng net hod and the transm ssion nmedium such an approach is enpl oyed
t0 select, as reference attitude, any one of prepared plural attitudes of
object to generate vectors serving as respective axes of rotation for
changing the selected reference attitidle into at |east two other attitudes
or nore to calculate rotation angles when the object is changed fromthe

refer eBB A4s 'ch d ﬁoh’i'%hé)%éf%feﬁetelthﬁﬂi%&d/\tﬁe%thbﬁaﬂﬁﬁdé@ﬁ@ﬂl thectevtsrsoei ng

as axes rotation to convert |engths of the vect ors so as to have Iengt hs

correspondl n otati n angl e I

| engt hgeﬂ%%g‘b e?%ﬁ@%?‘&‘-‘éa 8"@%‘5’5?’3&“& ?%({6%&?&1 on ve%?l(;)lg n,?%é}%sa 1 at e

| ength of the interpolation vector thus nerated to rotate the reference
att 1t udtep$10hef BEGed) Ksycamvgrang langtes, @gglen‘@oﬁ%fstlﬁ@ lengths corEsmoBAiE: wi t h
the interpolation vector being as rotation axis to thereby generate target

attituge: thé\ffémﬂinnﬂh%les dalvidetedbyf tleediosy cdlctlatinganeans)rsesprd generatitg
obj ect is inproved hus making it possible to reali ze nore natural

th t ed
(smoo F@Qﬂrﬁg&g@ %1&%3@913%%& HeSBAdL é&@ﬁ%f"@/h?d@ppef@&mw@lap e

for ca Poessrn atti t a predeterm ned obj ect
it hi th - I t ual t t
Teans. FORVERPALYT nSIC?fg/%r?léér@?eé??é 0 aquerme%aﬁ@%bﬁa‘é%&o‘%"é*eé’@skﬁec%?cq@% e

attitudes of the object; first generating rreans for t%gneratl vect ors
servi ngnmsr(cesgmestaw&l(b@b&tﬁléh 33)(1’95 caleadating lengthrofithe interpplations ¥ecter ed by
the selector neans is changed into at | east two other attitudes or nore;

first ?@h@kﬁté&b?@h&?@@ldf gehefdinpheind)@andehiad gencratiggascanis€e. gt stepB] €Lt i s
changed fromthe reference attitude to corresponding ones of the other

attit .“goﬁ‘sFalﬁ% f@p?ot}é 1?1%%% rgfé}@ﬁgt% gdithde bP¢hd bb _ﬁfct 9 %@i’é togesFedingeb Ng as

rotati onver ng neans r COﬂVGI’tI ng hs “of the vectors into

cal oul 3be Agnabracued Ry e FERSRY FaHEA eﬁ@%'@%ﬁh&idﬁ@%@ fisd Selesr ¢ o

whi ch | engt hs are converted into I engths corresponding to the rotation
angl es tiging lae retativeradinto geaerate targetastitude.  nt er pol ation vector; second
cal cul ating nmeans for calculating length of the interpolation vect or
gener at ed byMoreowas tine igforgrationngrocessisg appdratus according to this invention

further comprises input means (e.g., input unit 17 of FIG. 1) for inputting an input
siénal, and multiplier means (e.g., CPU 11 of FIG. 1) for multiplying vectors generated
by the first generating means by weighting coefficients corresponding to input signal

inputted by the input means.

Further, the information processing apparatus according to this invention further
comprises third calculating means (e.g., CPU 11 of FIG. 1) for calculating rotation
matrix for rotating, by a predetermined angle 8, vector (x, y, z) serving as a

predetermined rotation axis by the following formula,



thud generating nmeans for rotating the reference attitude of the object by
angl e corresponding to the length cal culated by the second cal cul ati ng
smeans with the 25 interpolation vector being as axis of rotation to
generate target interpolation attitude. 2. An information processing
apparatus as set forth in claim1, whigth further conprises input neans for
I nputting an input signal and nultiplying neans for multiplying vectors
generated by the first generating neans by wei ghting coefficients
corresponding to the input signal inputted by the input neans.. 3. An
infornmafion processing apparatus as set forth in claim1, whigch further
conpr i fe¢l + los@)gakcedsd i @l +eand)kph xsindll {d-repsat- psim@iri x for
rotating vector (X, as a %kg gtermned rotation axis.b

pr edet r(ﬁm@@ﬁ@?@lezéilbé) udil reast®) i ot £88Fng (L orGRAGB et xéb‘%é >6<12 + cos8 (1-
B) X}{-/1ZS] - ' - oo ] 1 2 + cos8 (1-
cosB) y (eI SRR X0 Y SRR T FEB ) 12 BB BaE T CBTLY 2, Cocs

wherein the third generating nmeans uses the rotation matrix cal cul ated by
the third cal cul ati ng nmeans when the interpolation attitude is generated.
4. An information processing apparatus as set forth in claim1, which

further conpri,ses .fourth generatin S g at | ' ;

atti T aQeh L Tt gepreEREgur oo g U IR R Ry R Y
respective axes of rotation when the reference attjtude generated by the
fourth Wda@ng ﬁgeamamlgen witerpolation attitude is generated.

Furthermore, the information processing apparatus according to this invention
further comprises fourth generating means (e.g., step S101 of FIG. 3) for generating
arbitrary attitude as reference attitude.

The information processing apparatus according to this invention has
configuration as indicated by the block diagram shown in FIG. 1. In this example, the
CPU 11 controls respective units (components) and carries out multiple interpolation
processing of attitude of object. Moreover, the CPU 11 includes a GTE (Geometry
Transfer Engine) 12. This GTE 12 carries out, in accordance with request from the
CPU 11, geometry processing such as coordinate transform (conversion), light source
calculation, matrix operation (computation) or vector operation (computation), etc.
with respect to model data of object. Further, a main bus 13 through which data
transfer is carried out at relatively high speed and a sub bus 14 through which data
transfer is carried out at relatively low speed are connected to the CPU 11. Thus,

transmission/reception of data can be carried out through these buses.



changed into at | east two other attitudes or nore. 26 5. An information
processi ng nethod ‘for carrying out a processing to change attitude of a
‘predet erm ned obj ect within three-dinensional virtual space, the nethod
conprising: a selection step of selecting, as reference attitude, any one
of prepared plural attitudes of the object; a first generation step of
generating vectors serving as respective rotation axes when the reference

attitude sel/COBRROV dkee $6laadtananpat éevics imtbefaged6iane oonnedted $o thevutot her
attitudes or nore; a first calculation step of calculating rotation angl es

uhen e 9y ophe L KINEAHE 18MEAACORE b iRRE el bt HAACPD PONPRAR N

ones of” er a es W e vecttors generated at the first
generation step heing_as rofation axes; conversi st ep9f .convert.i ng
engt hor grograny BOmEDROM seirgording sreBuptatapgrberie. 1oeAPuaaite o
calcul ated at the first calculation step; a second generation step of
synt hednterfeget Ifeacceptsofreceivesinpht signakt fnemethe iaputuunt b4, ¢.8¢ @011@@@?&8 to
corresponding to the rotation angles to generate interpolation vector; a

second G35 tROCPIEN 1 dhr&ddictheadubsud PGt h of the interpol ation vector
generated at the second generation step; and a third generation step of

o0 e RRBRE bR PR S Rgwesarndian o (e
the main bus 13. The main memory 18 stores data which has been read out from the
CD-ROM drive 15, data as operation (computed) result of the CPU 11, and the like.
The GPU 19 reads out model data of object to be displayed from the main memory 18
to carry out rendering processing to store the processed model data of object into a
VRAM (Video Random Access Memory) 20. The GPU 19 further reads out data
stored in the VRAM 20 to output it to a D/A converter 21. The VRAM 20 includes
frame memory and Z buffer which are not shown, and serves to allow the frame buffer
to store data of picture (object) displayed on screen and to allow the Z buffer to store
data of object located at the foreground of objects displayed on the screen.

The D/A converter 21 converts data outputted from the GPU 19 from digital
signal to analog signal to output it to a NTSC (National Television System Committee)
encoder 22. The NTSC encoder 22 synthesizes color signal and luminance signal from

the D/A converter 21 to output it to monitor (not shown) as video signal (composite
signal) of the NTSC system.

The operation of the information processing apparatus will now be described



I nterpol ati on vector being axis of rotation to generate target

I nterpol ation attitude. 27 6. A transm ssion nmedi um adapted so that
«conmput er programis caused to undergo transm ssion, wherein the conputer
programis used in an information processing apparatus adapted for carrying
out a processing to change attitude ofl7a predeterm ned object within

t hr ee-di nensi onal virtual space, the conputer programincluding; a

sel ect i\fih YeRRefde RLIRCAOWDharSsHAIR IR FIE. 2t tinitikdR;, a@BiepoPEl,Ghe CRDAT Bd
plural attitudes of the object; a first generation step of generating

vectors ving r i Ot @t b gNA~aX hes T r gt tityde

sel ect ergagé 9 e@épe@?@ggyiéﬁcthgnggg@nﬂga@tvgl gasﬁit?vgfq@ﬁh%& fgt Fﬁgt udes
or nore; a first calculation step of calculating raotatiagnal .angles when the
obj ect Brocessgdgedend dhintpahe snainanemory tl8 udibsten Tk the fatdildcasries oyt t he
other attitudes with the vectors generated at the first generation step

bei ng rmukipleintexsslation peooessiigost sijet (@f witoh detdihwill bndédesibet] latee) bpct or s
into lengths corresponding to the rotation angles calculated at the first
cal cul atd: - an S5 %5 ' Vit WA ; tjgrs of
whi ch Iadeérllﬂgg @ rclan ggﬁver?éeh&gl ot&fdeﬁgta ﬁé%gpgirpﬂg’n m%éttggtlﬁgﬁtr%@gtliqbn
angles at t co sibQn . step to generate, i pterpgl ation vector, a second
cal cul ati onhﬁk‘%p CA?CGT%?W&‘% e@QPP{C’&F) ¢ fta; fe bchét ?’@Hcﬁe&aﬁr been
generated at the second generation step; and a third generation step of

rot at i ngultiplerintespelated hytthe (GRUdM mie thrge-dismensjonalglaprdinate data wi

three-dimensional virtual space at step S13, and carries out perspective transform
(conversion) of the three-dimensional coordinate data transformed (converted) at the
step S13 into two-dimensional coordinate data at step S14. Namely, three-dimensional
coordinates of object placed (located) within the virtual space are transformed
(converted) into coordinates in the state viewed from two-dimension (the state viewed
on the monitor). Subsequently, at step S15, the GTE 12 calculates luminance of data
of object from position and direction of the light source placed (located) within the
virtual space. Subsequently, at step S16, the GTE 12 outputs processed data of object
to the GPU 19.

The GPU 19 carries out shading with respect to data of object from the GTE 12
at step S17, and describes (depicts) the data of object thus obtained into the frame
buffer of the VRAM 20 as pixel data at step S18.

Multiple interpolation processing of three-dimensional attitude of object at the

step S12 will now be described in detail with reference to the flow chart of FIG. 3. In



28 corresponding to the length calculated at the second cal cul ation step
with the interpolation vector being as rotation axis to generate target
interpolation attitude. .AL.AS.,.Ay. .Ay .AfL.A AU .AfA2 . Ay. A@ .A A

A, . AS% Ay JAf LA UAS LA AY. LAS ? A L AY., 2. Ay.. AS. A . AS. Af 27Uy PUW
RT\B_M bw} | wmhc] X] caV] ca] ca] ca] ca] cH} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca]l ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca] cal] ca! pw} “BDHIEO- Al wr mhc”*Ynmhc] X] ] ¢

a] ca] cqyh
T o B R b B L e e e ) aggﬂmklota\ﬂec a cal

ca
c&a/]/] gg]\%ge]é%:a] gé']ﬁlfg C?fgg\chgig)gfgquﬁoce%ﬁ m@%ﬁtﬁ%ﬁ?%ﬁ] ca] ca] caj ca] caj
a] caU] ohygatad Irg 8 Wllrln]FI f ] t\l/S]lel:l?I]l@(f‘ ‘EQ lcag]pcre]Lared tﬁalﬂlgf’ﬂ me or}l (fg] ¢
Initially, at step S101, the CPU 11 selects one attitude (e.g., attitude A0) as reference
attitude from these three attitudes. It is to be noted that while reference attitude is
selected from prepared attitudes in this case, an approach may be employed to
generate new attitude to select it as reference attitude.

At step S102, the CPU 11 calculates vectors al and a2 serving as axes of
rotation when the object is changed from the attitude A0 to the respective attitudes Al
and A2 as shown to allow their lengths (absolute values) to be 1. Since the method of
calculating these vectors corresponds to that indicated in the prior art, its detailed
explanation is omitted.

Subsequently, the CPU 11 determines rotation angles 61 and 62 of respective
rotation axes (vectors) al and a2 when the object is changed from the reference
attitude A0 to the attitude Al and the attitude A2 at step S103. Since such calculating
method corresponds to the calculating method for 6 represented by the previously
described formula (5), its detailed explanation is omitted.

Further, at step S104, the CPU 11 multiples respective rotation axes al, a2 by
rotation angles 61, B2 as their lengths to further respectively multiply them by
weighting coefficients p1, p2 corresponding to input signal from the input unit 17 by

user. Thus, the relational expressions with respect to the rotation axes al, a2 are
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5dddKeef f f nf f ggg' g%g| ggg ghhhlh: hhhOiiijzupkfa\Wkf [V]]]]ca]ca]ca]ca]ca]c
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At step S106, length Bv of this vector av is calculated. The processing
operation then proceeds to step S107, at which the CPU 11 rotates reference attitude
A0 of the object 31 in the state where vector av is caused to be axis of rotation and
length Ov of the vector av is caused to be rotation angle as shown in FIG. 6 to thereby
obtain (determine) new attitude An of the object 31.

Here, rotation axis av of the 'object 31 is put as av = (x, y, z) for simplicity and
the object is assumed to be rotated by rotation angle 6 around (about) this rotation
axis. Determination of rotation matrix M at this time will be described below. Matrix
E expressed by the following formula (25) satisfies the condition that respective

columns and respective rows are unit vector, and the respective columns are



s109%& ()- 10 10 10! 31#10%& ()-'L*I 109%& ()-! L*110% & ()- @910%& () - EOJErPL
S10%L10%& ()-4z#10%& ()-3S 109 ()- y109%& () - 4f L#10%&' () -
FH#109& () - Z- A“dEAPL s10%H10% ()-yS 1098’ () - 38&10%& () 3 109& ()- z#10%& () -
f 109 ()-*TdYNC $10% 10 10 10F1&10%& () 3/ 109 ()- 3, &10%&: ()-
*#10%&' () - FY(#10%' ()-3}[ 9YNC !{
109 { & ()-1109%"& ()-!v10%&: ()-!010% . &() 1098 () - S109%VE’ () - 8 A?YNC
{7 1) 1% donaZ86 836¥other aﬁﬂ%(&ré%mlh%l@%'dﬁe @)so drthdgnal € €deh other.
1098v8! () - 34568>_or S1 | L10%&! ()- L10% & () - ! L10%SgS$g&: ()- s10% & ()- 10MM 10MM
10MM , #1090ME ( )- 0O WArSL Il @#10%t& ()-f @#10%
VB ()-fl @ ]#)% “f1v10%& ()-! 109% ()-!z#10%t & ()-s" abcexY:
11 @ 109%& ( 0% () @O%&,()- . 710% ()-4s10% () 10tt 10tt
E=le [ g 2

hoj ok

The transposed matrix F of the formula (25) is represented by the formula (26)

expressed below.

ry

It
N R
0 N ©
x .

Moreover, rotation matrix R for rotating a predetermined coordinate system by

rotation angle 6 around (about) the X-axis is represented by the formula (27)

expressed below.
1 0 0
R={0 cos@ sind - (27)

0 -sind cosé

When sinB=s, cosB=c are put here for convenience of explanation, rotation

matrix M is determined as indicated by the formula (28) expressed below by using the
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When ej-fh=zA is put here to simplify the formula (28), the rotation matrix M

is as indicated by the formula (29) expressed below.

(1-o)x*+c (1-c)xy+ (z4)s  (1- c)xz+ (- yA)s
M=|(1-0)xy+(-z4)s (A-0)y*+c (1- ¢)yz + (x4)s
(1-o)xz+ (y4d)s (1-c)yz+ (-xA4)s (1-c)2 +c¢
ves (29)

In this formula, when the orthogonal condition and the normalization condition
of the matrices E, F are further used, A is equal to 1 (A=1). Thus, the rotation matrix

M can be represented by the formula (30) expressed below.
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(I-o)x*+c (1-o)xy+zs (1-¢)xz+ ys

M=|(1-cxy-2zs (1-c)p*+c (1-c)yz+xs

\(1-)xz+ys (1-c)yz-xs (1- o)z’ +c

[ (1- cos@)x> + cosf (1-cosB)xy+zsind (1- cosf)xz- ysind
=| (1- cos@)xy-zsind (1-cosf)y*+cosd (1-cosf)yz+ xsinf
(1- cosf)xz+ ysind (1-cosf)yz- xsind (1- cosf)z? + cosd

~ (30)

Further, this rotation matrix M is dissolved into angular data with respect to
respective axes of X, Y, Z. Thus, data of attitude An of the object 31 can be obtained.

In a manner as stated above, at least three attitudes or more are interpolated
with respect to one object to thereby determine target three-dimensional attitude.
Thus, degree of rotation operation (animation) of object is improved.

While three attitudes are interpolated in the above-described embodiment, larger
number of attitudes may be prepared to interpolate those attitudes, thereby making it
possible to more smoothly represent rotation operation of object.

In addition, as transmission medium where program for carrying out processing
as described above is caused to undergo transmission, communication medium such
as network, satellite, etc. can be utilized in addition to recording (storage) medium

such as magnetic disc. CD-ROM or solid-state memory, etc.
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processing method and the transmission medium, such an approach is employed to
select, as reference attitude, any one of prepared plural attitudes of object to generate
vectors serving as respective axes of rotation for changing the selected reference
attitude into at least two other attitudes or more to calculate rotation angles when the
object is changed from the reference attitude to the other attitudes with the generated
vectors being as axes of rotation to convert lengths of the vectors so as to have lengths
corresponding to the rotation angles to synthesize the vectors of which lengths have
been converted to generate interpolation vector to calculate length of the interpolation
vector thus generated to rotate the reference attitude of the object by angle
corresponding to the calculated length with the interpolation vector being as rotation
axis to thereby generate target attitude. Accordingly, degree of freedom of the rotation
operation of object is improved, thus making it possible to realize more natural

(smooth) change.



10tt, 10tt 10tt! #10%t& ()-- !'#10%t& ()-- #10% & ()-- X2YQzZZ[]]] 1} [ M1
10 10 10! ##109& ()- ##10%& ()-! #10%&' ()- #109& ()- ! SH109%& ()-
1"1%99]}]11dEM?1 10 10f 10%& ()-4010%0& ()-0SS10%0& () - f
10%08' () -310%08 ()-:10%0&' ()-"]197g " > "dEMP1 10 10, #10%08 () - 3*
10908 () -3 #109%0& () -y 10%0& () -3010%&@%& () -#10%&' ()-4 " ; aaaaaaabC 10
1y" 10%&' ()-310% ()- 100 100
1008#10%08' () - 3Y1#10%0& () - 3/ #10%O% T A{EpPbabpbvb} [ 9bC 10! OF
10% ' & ()-! gF
1. An information processing apparatus adapted for carrying out processing to
change attitude of a predetermined object within three-dimensional virtual space,
the apparatus comprising;
selector means for selecting, as reference attitude, any one of prepared plural
attitudes of the object;
first generating means for generating vectors serving as respective rotation axes
when the reference attitude selected by the selector means is changed into at least two
other attitudes or more;
first calculating means for calculating rotation angles when the object is
changed from the reference attitude to corresponding ones of the other attitudes with
the vectors generated by the first generating means being as rotation axes;
converting means for converting lengths of the vectors into lengths
corresponding to the rotation angles calculated by the first calculating means;
second generating means for synthesizing the vectors of which lengths are
converted into lengths corresponding to the rotation angles by the converting means
to generate interpolation vector;
second calculating means for calculating length of the interpolation vector
generated by the second generating means; and

third generating means for rotating the reference attitude of the object by angle

corresponding to the length calculated by the second calculating means with the
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101 $10 Mréaléﬁon vector being as axis of rotation to generate target interpolation attitude.
2, An information processing apparatus as set forth in claim 1,
which further comprises input means for inputting an input signal and
multiplying means for multiplying vectors generated by the first generating means by
weighting coefficients corresponding to the input signal inputted by the input means..
3. An information processing apparatus as set forth in claim 1,
which further comprises third calculating means for calculating rotation matrix
for rotating vector (X, y, z) as a predetermined rotation axis by a predetermined angle
0 by using the following formula
(1- cos@)x*+ cosd (1- cosf)xy+zsind (1-cosf)xz- ysind
(1- cos@)xy - zsinf (1-cosf)y® + cosd (1-cosf)yz+ xsind
(1- cos@)xz+ ysind (1-cosf)yz- xsind (1- cosf)z’ + cosd

wherein the third generating means uses the rotation matrix calculated by the
third calculating means when the interpolation attitude is generated.
4, An information processing apparatus as set forth in claim 1,

which further comprises fourth generating means for generating an arbitrary
attitude, |

wherein the first generating means generates vectors serving as respective axes
of rotation when the reference attitude generated by the fourth generating means is

changed into at least two other attitudes or more.
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attitude of a predetermined object within three-dimensional virtual space,

the method comprising:

a selection step of selecting, as reference attitude, any one of prepared plural
attitudes of the object;

a first generation step of generating vectors serving as respective rotation axes
when the reference attitude selected by the selection step is changed into at least two
other attitudes or more;

a first calculation step of calculating rotation angles when the object is changed
from the reference attitude to corresponding ones of the other attitudes with the
vectors generated at the first generation step being as rotation axes,

a conversion step of converting lengths of the vectors into lengths
corresponding to the rotation angles calculated at the first calculation step;

a second generation step of synthesizing the vectors of which lengths are
converted into lengths corresponding to the rotation angles to generate interpolation
vector,

a second calculation step of calculating length of the interpolation vector
generated at the second generation step; and

a third generation step of rotating the reference attitude of the object by angle
corresponding to the length calculated at the second calculation step with the

interpolation vector being axis of rotation to generate target interpolation attitude.
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apparatus adapted for carrying out a processing to change attitude of a predetermined

object within three-dimensional virtual space,

the computer program including;

a selection step of selecting, as reference attitude, any one of prepared plural
attitudes of the object;

a first generation step of generating vectors serving as respective rotation axes
when the reference attitude selected at the selection step is changed into at least two
other attitudes or more;

a first calculation step of calculating rotational angles when the object is
changed from the reference attitude to corresponding ones of the other attitudes with
the vectors generated at the first generation step being rotation axes;

a conversion step of converting lengths of the vectors into lengths
corresponding to the rotation angles calculated at the first calculation step;

a second generation step of synthesizing the vectors of which lengths are
converted into lengths corresponding to the rotation angles at the conversion step to
generate interpolation vector;

a second calculation step of calculating length of the interpolation vector
generated at the second generation step; and

a third generation step of rotating the reference attitude of the object by angle
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