; e3e|l ywwA yXy{6{T| nM DESCRI PTI ON I nformation Processing Appar atus,

| nformati on Processi ng Met hod, and Transm ssion Medi um Technical Field This
invention relates to an information processing apparatus, an information
processing method and a transmi ssion nedium and nore partlmmumwwlMMWan

i nformation processing apparatus, an infjormation processin a
transm ssion nmedi um which are adapted to interpolate at | east hfrsee

attitudes or nore of object to th gtl%ﬂiaf degree of freedom of
rotational operation of the obj ecteI_bE ac groung Art In information

processi ng apparatuses_such as conputer me machine, etc. bj ect s, of

vari ous shap§§?qfﬁ'@%bﬁ§9°eééw p%ﬁ%éﬁ?@m@@q m%sﬁ@mﬁﬁ%hi c or

t hr ee- di nensi onal graphic to change, within three-di nensional virtual

space, correspondi ng obj ects so TransmissakeMedhilous states, i.e., to allow
themto carry out animation. In order to change a predeterm ned object from

a predetermned attitude to anot heTeghdichVERIM t hi n the three-di nensi onal
virtual space, it is sufficient to rotate it by a predeterm ned angle with

a predeterm negg.axi s in S centere As nmet hod . i 0. .
processing t oﬁ'ﬂﬁ g{vgngﬁgf}%lﬁf%ﬁq aﬂﬁ?ﬁ?%“i’%&%%?%%&ﬁﬁ%#ganagltfglé‘ﬂ?té?n
there has been, proposed a nethod disc|osed in, e.g., the Japanese Laid Open
Appl i cat Peeresping3 maethod| and pusrnmissian mediaw.oa8dn&oTg; PRSI apky: fedan

di scl osed 2 in this publication, such an approach is enpl oyed as shown
in FIG ihfopmdabar processitfger gppeeatak) | andmfoamgtion Arofessmghbmetio®0dnd a
rotated attitude (target attitude) B thereof and a predeterm ned axis of

ot ati oy Qe AiGiP AR ded ga@@g%ﬁh@g&ﬁ% af REsOBE G htded Of Aiche

withint range o aroun ut) t rotation axis wt

rotation _axis i as center, .rotati angl e 8d. of object .interpal gt.ed
it nsaEAbEReF B BibrERy GERERYS ARt iBefltn S FPdineR hBfari M SERR IR g
the rotation angle 8d. A further approach iis enployed to dissolve the
determ ned interpolation rotation ﬁ&@k&rﬁuﬂd Attt 0 angl e data around
respective axes of X-axis, Y-axis and Z-axis of the three-di nensional

coor di nat e sy émfiormasionoprostssihg appardtesgsodiati ancolapater iganhe netchome. vatt),
now be given in connection with a nmethod of determ ning rotation matrix

when a %Bjk%&se&ﬂ'v&%é)%@ggt@r@w%@ taR 'Eb%egf‘és'éhﬁﬂi?@s A d idim@asinal ghdphic

arbitrary "axi s being as ation around (about) the origin of the

t hree-di nensional coagrdinate,systemj s represe .al 1o0. ri 3
K2 el kiRl BtAR tof Fhdrtas, RiRT dhh: Mink &iB0AT Rt btackl ¢
systemin which (ﬁge Qordinate system A is rotated b ix degrees around the
X-axis, FOITESRQR gu%e«;ﬁs(f@g%&t%lfeoﬁmwﬁétaﬁ%xﬁ-%, @lloy fhamtacasyy opt
degrees around the Z-axis in order, the rotation matrix R is represented by
the fol | emimmatidrornula ( 1 ). cos(rz) - sin(rz) 0 cos(~y) O sin(ry) 1 00 R
= sin(rz) cos(rz) 0010 0 cos(rx) - sin(rx) 001 - sin(ry) 0 cos(ry) O
sin(rx) cos(rXi order to change a predetermined object from a predetermined attitude to

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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... (1) It is further assuned that this formula (1) is represented by
the formula (2) expressed below R | R12 RI3 R=R21 R22 RR3 ... (2) R31
R32 R33 In this case, transposed matrix RT of this rotation matrix R is
represented by the formula (3) expressed below. RI1IR21R31T R - Rl12 R22
R32R13R23R33 1 ~ 0 0 cos(ry) O - sin(ry) cos(rz) sin(rz) 0 - O cos(rx)
sin(rx) 0 10 - sin(rz) cos(rz) 00 - sin(rx) cos(rx) sin(ry) O cos(ry) 0 0

(4)" i ni sin UlagRicRRRR; s il a@?f 35 ﬁ“%fﬁaﬁ‘ﬁ%fieff ATl

"ot at | onrodaraniop At Engls) A ¢ eh‘}ﬁg%aéﬂﬁa{a‘t’é @ué%gr&?ghﬁm AR tagrgofe

normal i zed as indicated bel ow by using ot her
and a predetermined axis of rotation 202 to determine, on the assumption that the
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

‘5 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} cos(ry) 0 sin(ry)||1 0 0
R=|sin(rz) cos(rz) O 0 1 0 0 cos(rx) - sin(rx)
0 0 I\ -sin(ry) 0 cos(ry)/\0 sin(rx) cos(rx)



orthogonal matrix T. 1 0 'O T-'RT = 0 cos9 sin8 "' (5) O - sin9 cosB Wen
arbitrary two rotation matrices A, B exist, Ris put (represented) as the
following formula (6). R=A-1B w (6) Wien this forrmula (6) is used, the

above nmentioned fornmula (5) can be expressed as below. 1 0 0 T-'A-1BT =0

cos8 sing ~~~ (~) 0 - sin B cos B Wien gotation matrix B is determned from
this formula (7), it is represented by the fornmula (8) expressed below. 1 0
O B=AT orose sin8 T-' ... (8 0 - sin Bcos aln this case, vm?lil)angle

is changed within the range fromO to 8, the previously described

coordi nate system (attitude) represented by A rotates ar(fgnd ( outl 5
pr edet er mi nedltdsifurthee essumag that dus farmala(blyisispresentsd byehe prlgua/@%}]
orthogonal matrix of T is found out in this way, interpolation can be nade
bet ween @{;ﬁbéie@rb’elbwo coordi nate systens by rotation around (about) certain
one rotation axis. A nmethod of fording out this orthogonal matrix T wll
now be described. Let ford out vector which is eigen (intrinsic) vector of
rotation matripg R pwhi (f:zia atisfies the followi ng rel ational expression, and
has absolutelvadlue & 1.3R =t ~~- (9) Wien E is now assumed to be unit
matrix, tRe=1aR)owkng rR}ati onal "ekpk ession hol ds.

Ry Ry, Ry
In this case, transposed matrix RT of this rotation matrix R is represented by the

formula (3) expressed below.

Rll R2l R3l

R = R, R, R;

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



(RE)t =0 w( 10) Accordingly, t is orthogonal to conponent 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
normal i zed. The normalized vector thus obtained is assuned to be ti. Then,
vector orthogonal to t, is found out. Ag this vector, either one of vectors
of matrix (R-E) which generates tl may be used.- This vector is also

normal i z i-zed vector thus obtained is assuned to be t2. Then,
out er pr‘grg}ﬁ%g&g%mﬁét%z'm is provided. The vector thus obtained is assuned
to be t3. Since these tl to t3 all have absolute values of 1 and are

orthogonal to e rot r, magrink (tl t2 t3) is orthogonal matrix. Assum ng
now that the matirtx (tY¥ t2 t3) jis orthogonal matrix T, the left side of the

formul a (&1 an e es as the-f(6ymula ( 11 ) indicated bel ow 6
TlRT:(Z?IRt]gtS(? 1&@?@ teggh?pl) tTltZ(??(tI t2 t3) t3 ti Rl ti R2 ti

Rt3 - t2 Rl t2 24883 cosd)( 1 1) t3 Rl t3 RR2t3 R3 In this case,
tl to t3 can be represented by the formula ( 12) expressed bel ow by using

the formul a i Rt =t ti ot Ri1,.=t v weem(212) 13 Rt 3tl B
usi ng these : %rkaqrmafxtav%ggtﬁsﬁg,mﬁweﬁﬁn%eaﬂit B(lls)p%éﬁemsswsﬂie%hf‘edy
by the formula (13) expressed bel ow

following formula F6)

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

below.

1 0 0
T'A'BT =0 cosf@ 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 cosd sind|T!
0 -sind cosé

. (8)

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

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



100 T-'RT=0t2 RR2t2 R3 ~~~ (13) 0 t3 R2 t3 Rt3 Then, respective
el ements (conponents) of the fornula ( 13 ) are put as indicated by the
formula ( 14) expressed below. | 00 T- RT =0 ABl ~~~ (14) OC In this
case, since T and R are both orthogonal matrices, TnRT is al so orthogonal
matrix. The follow ng relational expressions hold. AZ+ CZ= 1 BzZ+DZ=1 A2+BZ=
1 CZ+Dz= 1 AB+CD=0 AC+BD=0 AD-BC=1 Subtraction o~ ~~~ (15) w (16) ... (17)
... (18) e T SET ; a
15) i veR SRS R G, g i OBt el U e B B o oL D
the fornmul a. . give CB). =0 Thus, \D.= Q0 or B = Substitution of D
"0 1 nt ol obRisttUad ot i phis Wb tleiporelian Bp be dpidShe AR A R
( 17) fromthe formula ( 1 S), gives B = ~C Thus, the follow ng rel ational
expr essi eepndinaspisysteats bpeotation appund éalboutd cerfanuoneg tpfgtion@xidn of A = -D,
B=Cinto the formula (21) gives

A method of finding out this orthogonal matrix T will now be described. Let

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 e (9)

When E is now assumed to be unit matrix, the following relational expression holds.

(R-E)t=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 i; 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.



-D2-Ca- 1 This is contradictory. Therefore, the follow ng rel ati onal
expression is obtained. A=D=0O B=-C=~ Now, when A = D, substitution of this
relational expression into the formula ( 19) gives D (B+C) = 0 Thus, D=0

or B=-Cis obtained. Wien D=0, the relational expression B=-C=1 1
is simlarly obtained. Further, when D 60, B = -C Therefore, in either
case, the follow ng relational expressions are obtained. ~<-DB =-C 9

Cz+DZz= 1 Thus, the above-nentioned fornula (5) holds. In this way, the
orthogonal matrix T whichdsatisfies the forrmula (5) can be found out.
Further, TOtRII-0 mattrix) dRantrot tion is nmade by rotation angle 8d from
the reference attitude wth an arbit ary axis being as center can be
determned fromthe fornula (5) in a manner indicated below 1 0 0 Rd =TO0
cos Bd sin Bd T-/LQ - sin 9d cos 9d By using such a nethod, interpolation
processing with{régpect to roSation of object is carried out.

=t |Rlt, t, t

ty
tTRt, t/Rt, t R,

=|,Rt, R, tIRt, (1)
tiRt, tIRt, tIRt,

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

using the formula (9).

tIRt, = 1]t

T T
LRt =11 - (12)
tIRt, = tlt,

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

the formula (13) expressed below.



However, in the conventional interpolation processing wth respect to
rotation of object, since interpolation is carried out only between two
points (two attitudes), limtation takes place in the degree of freedom of
notion (nmovenent) of object. As a result, it is difficult to realize
natural (smooth) change of attitude. In Addition, operation (conputation)
of the rotation matrix becones conplicated as descri bed above. D scl osure
of the Invention This invention has been proposed in view of such
circunstances and its object is to provide a novel infornmation processing
apparatus, a novély infgrmati gn rocessi ng 10 net hod and a novel

transm ssi on nmedium which are capabl e of inproving degree of freedom of
rotation GpeRati o1 OfTRbJ eqf RAN i nfor_gt;gi n processi ng apparatus accordi ng
to this inventiop corpri ses; s&| ect or rﬁ for selecting, as reference
attitude, any one&0of tpRéparigaRt ural attitudes of an object; first
generating neans for generating vectors serving as respective rotation axes
for changing the reference attitude selected by the selector neans into at

| east two ot héFhet, réspedtise elemette (cdhpsneras) ¢fitha fortaulag 2B afePut agirdit Aeing
rotation angles when the object is changed fromthe referencé attitude to

the ot hepyaihel foHsas (/\Mgi‘bax;)ggssxégqge%@ generated by the first generating

means being as rotatio s; converting neans for converting |engths of
the vectors into |l engths corresponding to the rotation angl es cal cul ated by
the first cal cul ati ng neans; second generating nmeans for synthesizing the
vectors of which | engths are converted by the converting neans to generate
interpolation vefyorpy sgepnd cal cul ating neans for calculating Iength of

t he |
T7RT=|0 A B «(14)
0 C D

In this case, since T and R are both orthogonal matrices, T'RT is also

orthogonal matrix. The following relational expressions hold.

A+ CP=1 - (15)
B+D?=1 + (16)
A+ B=1 - (17)
C2+ D=1 - (18)
AB+CD =0 - (19)
AC+BD =0 -+ (20)
AD-BC=1 - (21)

Subtraction of the formula (18) from the formula (15) gives

A’-D*=0,A=+D



i nterpol ati on vector generated by the second generating neans; and third
generating neans for rotating the reference attitude of the object by angle
corresponding to the length cal cul ated by the second cal cul ating neans with
the interpolation vector being as rotation axis to generate target

attitude. Mreover, an information processing nethod according to this

i nvention conprises: a selection step of selecting, as reference attitude,
any one of prgpahes when A =aD,isubsetition ®Rrédy iaed thexfdrhiids (98Ngivesi on step
of generating vectors serving as respective rotation axes for changing the
reference atttgegg)ggbected by the sel ection 11 step into at |least two
other attitudes or/nofre; a first calculation step of calculating rotation
angl es when the gbject is anged froqmthe,.reference attitude to the other
attit udeIﬁws,tP T ﬁé)rvléé“t Gr 5\3&&&%@%9?52 =th€“Pi'¢ﬁ§t 0@@\4@@@5 @Ve& ep being as
rotati on axes; a conversion step of converting |l engths of the vectors into
| engt hs corres@mdilng to the rotation angles calculated at the first

cal cul ation step; a second generation step of synthesizing the vectors of
whi ch | r i te
i nter polegitalftgﬁr’\%g?tt%?;ﬂsg ifgggﬁgn{(}g{%cﬂ@ﬁ%% tgte efghg 1{%%%5}"1”9 | engt h of
the i nterpol a0 ector generated at the second generation step; and a
third generation ep of rotating the reference attitude of the object by
angl e corresponding to the | ength calculated at the second cal cul ation step
with theThuS,ethSCfbHDNﬂg\F@]@U@nagéxmgs%l@nrlépbtalb%i-axi s to generate target
attitude. Further, a transm ssion nedium according to this invention is
adapted so t hBt=c@mpuiler programis caused to undergo transm ssion, the
conput er programincluding: a selection step of selecting, as reference
attitude, anyoivhoRdhBr AR ShRLiNiIn 8F W Luses ofc aodbe Fotmuth (3 Didives
generation step of generating vectors serving as respective rotati‘onal axes
for changi ng the F?tg ence attitude selected by the selection step into at

| east two other attitudes or nore; a first calculation step of calculating
rotation_angl es when the object is changed fromthe reference attitude to

t he ot helhitisicondkaiciory, tliherefore.dhe fgllawing selationaliexpressien gepbtainedn st ep
being as rotation axes; a conversion step of converting | engths of the
vectors into Aen@ ksOcBr &Spohtling to the rotation angl es cal cul ated at the
first calculation step; a second generation step of 12 synthesizing the

vectors of WhNehy | \whEA b§=qb,es\96ym§ﬁéﬁ%fﬁmstﬁefatmv%kgf&aioﬂ Bito!theIRPRIES ©
i nterpolation vector; a second calculation step of calculating | ength of
the inte | atjon vector generated at the second generation step; and a
third ge P& %h step of rotating the reference attitude of the object by
angl e correspanding to the length cal culated at the second cal cul ation step
with the inte 'ﬁébﬁﬂovector being as rotation axis to generate target
attitude. In the information processing apparatus, the information

pr ocessi ThusiHD Fotl carsl =t #& is obtasmédssi on nmedi um according to this invention,

any one of prepared plural attitudes of object is selected as reference
attitude. Vec{ilen $8= 0Ngh@TelabORAT ekpfessRIAB en-@<es If i siphidhdy bthfid.

sel ected reference attifude into at |east two other attitudes or nore are

gener at ed. ation @angl when t {ect. is.changed f

Attt ude VORPhavBER T B Gaet: wit B RES i SEREERTe S0 TE BTG Teit iRt
rotation axes., Lengthg of the vectors are converted into | engths

cor r espoPXRIRSSIOBS AFR 0 taaed.onal angl es. The vectors of which lengths are
converted are synthesized so that interpol ation vector is generated. Length
of the generafAedD nterpol ation vector is calculated. The reference attitude
of the object is rotated by angle corresponding to the cal culated I ength
with the integpolation vector being as rotation axis. Thus, target attitude
is generated. Brief Description of the Drawings FIG 1 is a bl ock diagram
showi ng an exanple of the configuration of an information processing
apparatus according to this invention.




13 FIG 2 is a flow chart for explaining the operation of the information
processi ng apparatus shown in FIG 1. FIG 3 is a flow chart for explaining
an exanple of nultiple interpolation processing of three-dinmensional
attitude of object. FIG 4 is a view for explaining rotation fromreference
attitude to other attitudes of object. WIG 5 is a view for explaining
processing to generate (interpolation) 'vector serving as axis of rotation
when rotati on(?s-padejso that there results target attitude. FIG 6 is a
view for explaining rotation fromreference attitude to target attitude of

obj ect. [ view.for . explal ni exanpl e of conventi onal
interpolﬂlﬁ%’ntﬁﬁrag)ggg'srpﬁﬂufﬁe%??ﬁ?%zsg?’Oilcgﬁ'ect. Best Mode for Carrying Qut
the Invention_An information processing apparatus, an infqrmation

processi ng melth8saway.ather ertbageral gnatrba ilumhick satisfies the fonmulariferanohe

wi |l be described below The information processing apparatus according to
t hi s i nvfnindoutc oFwrtheg Totatedreatadrix R iheherdatios tiepn&dd 8% rotatidizangle 01
selecting, as reference attitude, any one of prepared plural attitudes of
an obj econf ieSte RME AR AR 5'rb9trarf5>?i@ bRihdas %en ér%anﬁge Elgfermtiﬂed
generating vectors serving as respective-rotation-axes tor chahging e
referencg attitude selected by the sel ecior, neans into at | east two ot her
atti tudeﬁ'omih?bﬂ)é?“ﬁf‘t(gf“balr’&%q%ilﬂ catedlelow. g  step S 103 of FIG 3) for
calculating rotation angles when the 14 obj ect is changed fromthe
reference attitude to the other attitudes with the vectors generated by the
first generatipnd near3 bei ngQas|rotati on axes; converting neans (e.g., step
S 104 of FILG b for c vertigg pgths of the vectors into | engths
correspodtd mglt 8 t HO at SHh | es cal culated by the first cal cul ating
means; second ner at4 e.g., step S 105 of FIG 3) for

synt hesi zing t g ve?ﬁ%?g gga\%ﬁ?'ch | engths are converted by the converting
nmeans to generate interpolation vector; second cal cul ati ng neans (e.g.,
step S 106 of FIG 3) for calculating length of the interpolation vector
generated by the second generating neans; and third generating neans (e.g.,
step S 107 of BFiwsmgypueha methad, ngterpelatioheprocessing twith despeict tbgotdijar of by
angl e corresponding to the length cal cul ated by the second cal cul ati ng
means Wwidbjeth® dantiedpeitati on vector being as rotation axis to generate
target attitude. Mreover, the information processing apparatus according
to this invengy r; i 8 J: i

FG 1) o Taasyphin e cERIRIAGRT M@RIERRRoE Sy withidkot® o rbla®n ||
of FIG for multiplying.vectors. generate the first neratin ans
by wei ot ShjeEhamccilspoldion BTt Rty HtVoen GHaI DRy aERs

i nput neans. Further, the information processing apparatus according to
this i ndentteantakesplace dnphe degreernfrftcedomnfanptign(movementy of objeet] Asf
FIG 1) for calculating rotation matrix for rotating, by a predeterm ned
angl e 8,a wesaltoit i§ ifficulzio seilivengtasl ésrnoedtchanigead atttialel on axis by the
follow ng formula,

In addition, operation (computation) of the rotation matrix becomes
complicated 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



15 (1- cos 6)x2 + cos a (1- cos6)xy- zsin6 (1l- cos6)xz+ ysinB (1- cos6)xy+
zsin6 (1- cosB)y2 + cosh (1- cosB)yz- xsin6 (1- cos6)xz- ysin6 (1- cos6)yz+
xsin6 (1- cos6)zz + cosh wherein the third generating neans uses the
rotation matrix calculated by the third cal cul ati ng neans when
interpolation attitude is generated. Furdhernore, the infornmation
processi ng apparatus according to this invention further conprises fourth

gener at i R HERBAd GShdrel tEanSiRidA n&iuf Fhich afedéa bfimﬁeoﬁhg;dter féd/of

attitude as reference attitude. The iInformation processing appa

according. t his_ invention has nfiguration as indicated by the block

di agram ﬂﬁS@ﬂﬁ’i?ﬁﬂt 1011'0pf:ﬁ1t1[% %ﬁgﬂ’e‘g |l e, the CPU 11 controls respective
units (conponents) and carries out nultiple interpolation processing, of
attitude of obnedHormatien\pspcessing apparaius aetarding to GrE inweRiien CPMPTISest er
Engi ne) 12. This GIE 12 carries out, in accordance with request fromthe

CPU 11, gslectet meansdoescleating us itefesenseoattitudys, any basDfprepdred pherad attithdes
| i ght source calculation, nmatrix operation (conputation) or vector

operatio o) t¢ - WM ] - . .

Port her OF 6B00VLEL D gqrferGtind thPads B BbncAuRB bR B Soing U Hféspective
relativel i gh speed and .a b bus 14 through ,whi data transfer is

Lo el oottt Sl 07 o omEine ThE postericc b biataloded by fhs tabistor mepmsdnto
transm ssion/reception of data can be carried out through these buses. 16

A CD- ROwtdleastetvics oflmet attitudgsuor tore g firstreadeilating Meansefaroralewintingtrotation sub
bus 14. The CD-ROM drive 15 reads out, by instruction of the CPU 11,

various ghaglas Whewmr@c?ectf IsQdhande RPbasthe Ge ferehO@ aftiihide T aht athedattited&d o.

The input device interface 16 accepts (receives) input signal fromthe

bus 14, ket feflors B8BbR Bl AR Blherdipkonbuls S ' BB 435, °1
o T B R e Bl e T

the CPU 11, and the like. The GPU 19 reads out nodel data of object to be
di spl ayethefrotatiamangtes ealeulated by ghe first galonlating msavs;rsecgngd gepexinggmeans
store the processed nodel data of obj ect into a VRAM (Vi deo Random Access

Menory) fid.syhtteestihl tBe Vectone bf dacls laipthslatacoiwirtst by thdeonFiingGnkans

output it to a DIA converter 21. The VRAM 20 includes trane nenory and Z
buf fer J . . Ser . e
dat e of ERCPAE IS ARRNA e BN SfoKaaluRingMoatE fO] A Sindil oTHEY ©
store data of ,qbject .|ocated, aj, the foreground of objects displ.ayed an the
screon. iR PRI RLPt BPnSR by S sCAT Sttptne S0 And B GRSTEEA I m
digital signal to analog signal to output it to a NISC (National Tel evision

Syst em GBgans faraptating the referentpatiinde efitbsqdyectoby anglecearrespansling te thmal
and | um nance signal fromthe D/A converter 21 to output it to nonitor (not

shown) dengtidexlcslagshby (eosgonidicalailating mexnstvnich NisSntenpol stion Veetopbeirgt i on

of the information processing apparatus will now be descri bed
as rotation axis to generate target attitude.

Moreover, an information processing method according to this invention
comprises: a selection step of selecting, as reference attitude, any one of prepared
plural attitudes of an object; a first generation step of generating vectors serving as

respective rotation axes for changing the reference attitude selected by the selection



17 with reference to the flow chart shown in FIG 2. Initially, at step S1
|, the CPU 11 reads out, fiom (the CD-ROM of) the CD-ROM drive 15, data of
object to be processed to read it into the nmain nenory 18. At step S 12,
the CPU 11 carnes out nultiple interpol ati on processing of object (of which
detail will be described |ater) by usingiweighting coefficients inputted by
all owi ng user to operate the input 'unit 17. The GIE 12 transforns

(conver t soplka Rl QR ol GhrithaRs RRGHoMR. I iRk Tl AIGHBR!ALS %&nﬁu{;g

11 into e- di nensi onal coordi nate d ree- Vil
space at _step and carri.es out er tr sform ver

e t hr eEoarpanels MheadRa atise! ﬁaqf%ngr:ﬁﬁirerﬁ@dre{?” Eanve attiBdeo daotieep s
13 into two-di mensional coordinate data at step S 14. Nanely, .

t hr ee- di attitsidesiwithctiervtictors genofatoh ptthe fulsh generationatenipeingtdsinotatien axes: ual
space are transformed (converted) into coordinates in the state viewed from

t wo- di rrea%bﬁvefsi&este @Tf@oﬁv&\tﬁ% 1efgfhR @ IR 4 Q60s inRVIRRBAISRIY oﬁHu?ét%Rh@

15, the GIE 12 cal culates |um nance of data of object from pogltl on and

directio I thrnth virtu
Subsequeh?Bbioh b Eghictialeds %%%%&%aféa‘?ﬁrﬁr%s A 8o edeifon 3RATB,
the GPU 19. The.GPU 19 carrles ﬁ’d:i’d c{rlng wth re(gect to data of object
from t heSYatthesizing thg ¥getors pf w egehs,ace pomyartads pt the comvsrion ek &e
thus obtained into the frame buffer of the VRAM 20 as.pixel data at step S
18. Ml t gpherateirgerpilation veptare essicog dafal¢uiation ditee of icalvallating langtk offthe
object at the step S 12 will now be described in detail with reference to

the flowisBaidla@bn %@ior%eﬂei‘ated]ﬁ th8 Qe S5HRP gbABration! steh and MBI Sdheraion

| east three attitudes (angles) are assuned to be prepared with réspect to

one obje t es A of an_obj e

shown | ngrfréf“a&g i3 302 1REGTepb® oy of " Shieeh b, en%‘?FE‘FS)Pdi‘éﬁng % 8
Initiall t ste S. 10 t he selectsoeattltue( ttitude
AO) as r galsulated atth sqceﬂgp qa&éattlw siepavith ihainterpalation vactes beingas
that while reference attitude is selected fromprepared attitudes in this
case, anrefafionaxis toagemeratnfargeteattitmdegener ate new attitude to select it as
reference attitude. At step S 102, the CPU 11 cal cul ates vectors a 1 and a2

serving as ax®urbr, PhahsMisIREmddIBmOR dor8ie fosthiN RRAARCHIS BAPR AN iHddde

AO to the respectrve attitudes A 1 and AZ as shown to allow their |engths
Cor'r espofaPuiHrobftfs el RFindeio Frhafssin. 1 COBLAABERE MARIE, |
Fespeot eg’é’ﬁsr@ﬁ?sg%ﬁ éﬁe@é‘fwﬁa{a}é&‘r’éﬁceéa%& Rk e 1867 e0 BlGr RG0S
from! heoE‘ %;eggjrgétta; a first generation step of generating 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



attitude AOto the attitude Al and the attitude AZ at step S 103. Since
such cal cul ati ng nethod corresponds to the cal cul ating nethod for 8
represented by the previously described forrmula (5), its detailed
explanation is omtted. Further, at step S 104, the CPU 11 nmultiples
respective rotation axes al, a2 by rotatlRon angles 81, 82 as their |engths
to further respectively multiply them by weighting coefficients p 1, p2
cor r esposynthgsizing thetvesiognalf whivh idigthopue convertdd dothyswnveldiva, stéhgo
rel ati onal expressions with respect to the rotation axes al, a2 are 19

respecti | : I 23) I 1 x
ol DoC BBt IRGUIabYR (Pl cont) cl0alion o Y BF B AR TR Bhtgt of

i nterpol ates (;synthesjzes) thege vectors as shown in FIG ,5 to thereby
gener at ewgmé)lf"&% V&R e&%‘@&atﬁa altﬁgefSSFﬁ’%&dgﬁﬁeWﬁ‘iﬁt%P;(M atﬁvdﬂqﬂra 0Bl x
al) + (p2 x B2 x a2) ~~~ (24) At step S 106, length 8v of this vector av is
cal cul at etep Fheotatingabsinsterepee attimdet o thepobjextdsy aoglet epr&poiidingttothe ch
the CPU 11 rotates reference attitude AO of the object 31 in the state

wher e vegdrith@4ldulated s dit dekohdl catdilafibn s@ippivithithe Mell}%lﬁﬁbn Séctir BeiBg as
vector av is caused to be rotation angle as showmn in FIG 6 to thereby

obtain ( r.m ' the object 31. Here, rotation axis av
of the ogﬁgpmﬁ&% g&g%#&ggé %a?/&gc d(%g(]t"?(i/e z) for sinplicity and the object is
assunmed to be_rqtated by.rotation angle 8 around (about) this rotatign
axis. Deterni A%&}edﬁfmn%&%rpsﬁsm APRangfus, thein Olffﬁl@ﬁé‘m/\linlqceé@ng&@i’lpgéﬂd

bel ow. Matrix E expressed by the follow ng fornula (25) satisfies the

condi ti othe bnsmesyien thedium 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.



columms and respective rows are unit vector, and the respective colums are
20 orthogonal to each other and the respective rows are also orthogonal to
each other. x y z E- af g... (25 hj k The transposed natrix F of the
formula (25) is represented by the formula (26) expressed below. x a h F =
Y .f j z gk w(26) Mreover, rotation mdtrix R for rotating a

predet ermi ned coordi nate systemby rotation angle 8 around (about) the

X-axis is reprEkem ga fiywichartifor sxplainind thecopiratic s f Bel iﬁ\f‘bnﬁat@o@pﬁ%c%sg’ir{gos

BsinB... (27) 0 - sin B cos a \WWen sin6=s, cos8=c are put here for

conveni e’l\i)?a%tgg)éﬂb%aihi fotat lon matrix Mis determ ned as indicated by

the formu expressed bél ow by using the 21 above-nentioned formlas
éhi ; %ktcox§+lzl% liﬁh/gﬁg-%( j GZ%EPQZ#%J;R%I%@E I?g?;éjmsxﬂji of ;lkh i(f)é%( ﬁ&;ﬁ&&g‘ﬁi'
egc - eks + ghs + hkc yz + fgc - jks + gjs + jkc g2c + k Zc + zz

processing of three-dimensional attitude of object.

FIG. 4 1s a view for explaining rotation from reference attitude to other attitudes
of object.

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



(28) When ej-fll=zA is put here to sinplify the fornula (28), the
rotation matrix Mis as indicated by the fornmula (29) expressed below (1-
c)x2 + ¢ (1- ¢c)xy + (zA)s (1- ¢c)xz + (- YA s M= (1- ¢c)xy+ (-zA)s (1- c)y2 +
c (1- c)yz+ (xA)s (1- c)xz+ (yA)s (1- c% z+ (-xA)s (1- c)z2 + ¢ ~~~ (29) In
this fornula, when the orthoganal conditfon and the normalization condition
of the matrices E, F are further used, Ais equal to 1 (A=1). Thus, the
r ot at i onohgaatilx charged fom ¢he sefercreat atyitudetd therother @Giudes priths shel voetars:.

22 (1- c)x2 + ¢ (1- c)xy + zs (1- c)xz + ys M= (1- c)xy- zs (1- c)y2 + ¢
(1- c)yzgenesrated b}ﬁﬁhézﬂrsl’%elﬁélmtiﬁgﬂear?ﬁ)eﬁig a$AAtion axéstcof9eRingZmeaf®dg( 1-

cosB) xy+ zsin9 - (1- cosB)xy- zsin8 (1- cos6)y2 + cos8 (1- cos9Y) xz+ ysinB

Cose) 2 TR SEFIG 3B irting |dlefurof s, FEBeR e bt dadeiitinding.

angul ar data wth respect tp respective axes of X Y, Z Thus, data of,
attit udetmﬂl%rottaﬁenoag}ées caleulatadihy the firsiogalonlatingninenas: secondagensratinge,
at least three attitudes or nore are interpolated with respect to one

obj ect tmeansr(elyy, stepeS ief FiGg8) fohsyethdsimhnstlenadctats of witéch Jensths degr ee
of rotation operation (animation) of object is inproved. Wile three

Tt
't possi plenk e P ste PRe"b¥ FIG 5561 tcalrcﬁia%}rilgo Per?é%ﬁroaftf e'in érpgi)d.tiaocnt vector
generated by the second generating means; and third generating means (e.g., step S107
of FIG. 3) for rotating the reference attitude of the object by angle corresponding to
the length calculated by the second calculating means with the interpolation vector
being as rotation axis to generate target attitude.

Moreover, the information processing apparatus 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 0, vector (x, y, z) serving as a

predetermined rotation axis by the following formula,



In addition, as transm ssion nmedi um where program for carrying out

processi ng as descri bed above is caused to undergo transm ssion,

conmmruni cati on medi um such as network, satellite, etc. can be utilized in
addition to recording (storage) nedium such as nmagnetic disc. CD ROM or
solid-state nenory, etc. 23 IndustrialldApplicability In accordance with
the information processing apparatus, the information processing nethod and
the transm ssion nedium such an approach is enployed to select, as
reference attitude, any one of prepared plural attitudes of object to
generate vectors seyving as respective axes of rotation for c¢chagging the
sel ect ed| rdfeces@pr attaasdie (It 60a6)xeaszsinkd dihecos Iiaugesingy more to

cal cul at ot atigpgn_angl es,wh t he g@bj.ect 15 changed om t he rgf erence
attitude|{ _tcﬁ)@@tx#)(e"rgﬁm‘?t UZE§ %Stbﬁ))t h"'ecﬂﬁaer Zﬁe’dc‘?ﬁeéjy&r Y3 Hg as axes of
rotationi{p-GRRENE H pRUYS Of- EB Hzﬁff-%ﬁn%?) agjLe 82 e
correspongi ng t(\)%t he ?ot atioﬁIf ang?e to synt hes?ze toﬁgh)vectors of which

| engt hs have been converted to generate interpolation vector to calculate

|l ength of the interpolation vector thus generated to rotate the reference
attitude of the object by angle corresponding to the calculated Iength with

the int egpRléhi @B thit gaéle?sﬁﬂg Qs thB r%i‘aL?ori ﬁlétﬂﬁr&wugfea%ﬁttﬁ% ]Eﬂ%&aet

attitude. Accordingly, degree of freedomof the rotation operation
?gjnggt hl) 8%1'%{ rlﬁlf’g%%b@li? @1&?19‘,\% 1 oiattio%oéstﬁ'tllf&eeist é)enre?a elg?€ more natural
Furthermore, the information processing apparatus accordihg to t}ﬁs 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.



1. An.information processing apparatus adapted for carrying out processing
to change attitude of a predeterm ned object wthin three-di nensional
virtual space, the apparatus conprising: selector neans for selecting, as
reference attitude, any one of prepared plural attitudes of the object;
first generating neans for generating véétors serving as respective
rotati on axes when the reference attitude selected by the selector neans is

changed into @ CBRROM davel handantinputidsvioe imerface florat coahectedttonbe grlans
for calculating rotation angle s when the obj ect is changed fromthe

' of 1 enchyaiil THIECEARESNE G500 rBAIO0EE LY iniRRoGUTE IR CPLILES Ml e

vect ors gener at irst generating”neans bel ng as rotat’ion axes;
converting neans for cQpverd, | engt.hs of,.the vectagrs into.length .

cor 1 e poftIPHEIAES Fam GDSRION B fsr ecing peesiupcartashecBersto s T HedneH! devics
means; second generating nmeans for synthesizing the vectors of which

| engt hs mterface éracedpisirecel ees) thputcognalfpomahe gnput uhiel 7 ot.gt, icontrah gpad 40 by
the converting neans to generate interpolation vector; second cal cul ating

means fobuﬁﬁ{tqy{@ﬁ{er(gp[ppgmdﬁ htthe suBtiiisPid ati on vector generated by the
second generating nmeans; and third generating neans for rotating the

o e i s PR LI RLTCP AR OB R
B T NEL UL SR MR S
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



whi ch further conprises input neans for inputti ng an i nput signal and y
mul tiplying means for nultiplying vectors generated by the first generati gg
nmeans by wei ghting. coefficients corresponding to the input signal inputte
by the input nmeans.. 3. An information pij)ces& ng apparat]tcjs as isetlf;)_rth in
claiml, which further conprises thi Ed C cul) ating rreagste?:n_ ﬁgdmrjo?alt ingn
rotation matrix for rotating vectO{1 X,.Y, z) as a prede

i WHhJGETERRe b dheflgMechans shownrig KiK. 2.olnisallygat sepnfi 1, the GRISH)Ix 2
ixggsgy(i- Hc038) Xy- zSi n8ﬂ(gl- cosg)xz+ ysin8 (1- cosB)xy+ zsinB (1- cos8)y2
+ cos8 ( Ireadss@)ty Aroms(the CD-ROMOPRY the IDROM difieB) 52 Hate T Kjbet G935 22

+ c0s9 wherein the third generating neans uses the rotation matrix

cal cul at gsfobysdcderot faatdt GRoCtieahhitOn renipe, & T%gtﬁlggdﬂfoff ﬁ%ﬁé%&gﬁe m

is generated. 4. An information processing apparatus

ar bi 1 ar y IS G PRAP B o fessint SERSisehtatiehicg dneaihuill B dessribed ety
serving as . respective axes of rotation when the reference attitude

gener at eSS Weighting coelfimientatinpufted bysliosvinasgetb opgrateathd ipait uniol Dt her
attitudes or nore. 26 5. An information processing nethod for carrying

Chr co- B mens: onay  virtusl Soaeor ooy A T IO Shich (Y been

sel ecti ngnuRtplEShietNGRe by thy CPUTDYinth Ghile-BiiBa SRl d8dtnate data within
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



attitudes of the object; a first generation step of generating vectors
serving as respective rotation axes when the reference attitude sel ected by
the selection step is changed into at | east two other attitudes or nore; a
first calculation step of cal culating rg%at i on angl es when the object is
changed fromthe reference attitude to rrespondi ng ones of the other

attitudes with the vecfors.generated at the first generatjon step being as
rotati ont BOQHBM gns) Hvengiong at legst three gitifudes (argles) arccassamest to g@n 0

| engt hs corresponding to the rotation angles calculated at the first
cal cul at prepased mitlarespeontd gren ebgect.ofin shisexaingslgnthres iattituges A e oo Bawf
whi ch | engths are converted into | engths corresponding to the rotation

angles t ¥ | r 14041 V. ; 8%1&1% |: t

cal cul at ?bn%%PgrllgétsﬁS% t ﬁlgqjilgf gr %gl 2gls't%|hi§{nedvfe%)c§§ neraallﬁghéarPQ{}hg{@g@a&&
eneratipn, .st.ep;, and hj,r ation step .of, rotatin h ef erence

ottt aderBriafe s sop, e CPENE Solech e tios @i riydn Adas FeBitetos

t he second cal culation step with the interpolation vector being axis of

r ot at i onattsude feon thesatheee dttitudesol lans tmbatdated deat whilg refergnce attitnideds on
medi um adapted so that conputer programis caused to undergo transm ssion,

wher ei n §dlectedfrohe propaedagiiteddss ol thid edbel flilﬂhﬁ?fd)ahh RiBC BesemplAppE@t us
adapted for carrying out a processing to change attitude of a predeterm ned

ool ot bt RO St R I it fefEtentB3ffirud]® COTPULEr Program

i ncl udi

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 02 of respective
rotation axes (vectors) al and a2 when the object is changed from the reference
attitude AO to the attitude Al and the attitude A2 at step S103. Since such calculating
method corresponds to the calculating method for 0 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 01, 02 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



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 |east two other attitudes
or nore; a first calculation step of calléul ati ng rotational angles when the
object is changed fromthe reference attitude to correspondi ng ones of the
ot her at r¢spggtiyely giventhy thedoomulage@e) andd23) expﬁﬁssedbef)(generati on step

bei ng rotation axes; a conversion step of converting | engths of the vectors
into Il engths corresponding to the rotation angles cal cul ated at the first
cal cul ation step; a second generation step of synthesizing the vectors of
whi ch | en th lar€ conver,t,e@zi nto | engths corresponding to the rotation

angl es at 1%29 c?‘oﬁ&er sion s eB to generate interpolation vector; a second
cal culation step of calculating length of the interpolation vector
generated at the second generation step; and a third generation step of
rotating the refenence attitude of the object by angle 28 correspondi ng
to the | ep@hd2aladl ated at(23)e second cal cul ation step with the
interpolation vector being as rotation axis to generate target
interpolation attitude. .As!.A5y. AOHr. An. Al S. AL[ S?. As! 2 . AH,

. A5@ AH@ A9f . A9H. AL@ A&5_. A95 . AL5. A&2

Further, at step S105, the CPU 11 interpolates (synthesizes) these vectors as

shown in FIG. 5 to thereby generate vector av expressed by the following formula (24).

av = (plx 01x c;)l)+(p2x 62xc72) - (24)

At step S106, length Ov of this vector av is calculated. The processing
operation then proceeds to step S107, at which the CPU 11 rotates reference attitude
AO 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 31is 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
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rotation angle 6 around (about) the X-axis is represented by the formula (27)

expressed below.

1 0 0
R=|0 cosf sind = (27)
0 -sinéd cosd

When sinf=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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M=FxRxE
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When ej-th=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-o)xy+ (z4)s  (1-c)xz+ (- yA)s
M=|(A-c)xy+(-z4)s (1-c)y*+c (1- ¢)yz + (x4)s
(1-c)xz+ (yA)s (1-c)yz+ (-xA)s (1-0)z*+c
P (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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=| (1- cos@)xy~zsind (1-cosh)y*+cosd (1-cosf)yz+ xsiné

(1- cos@)xz+ ysind (1-cosf)yz- xsind (1- cosf)z* + cosb

-+ (30)

Further, this rotation matrix M is dissolved into angular data with respéct 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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attitude into at least two other attitudes or more to calculate rotation angles when the
object 1s 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.
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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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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*+ cosf (1-cos@)xy+zsind (1-cosf)xz- ysiné

(1- cos@)xy - zsind  (1-cosf)y’ + cosd (1-cosf)yz+ xsind
(1- cos@)xz+ ysinf (1-cos@)yz- xsind (1- cosd)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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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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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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