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(keyframe_sample.cpp)

o HATRZIKDERAIAH - HE BB AL (Objh/Cpp)
— B4 SEDBRETHRL-E-NE. EORELED

- MUADEIE £ 125 R (ObjectLayout.h/cpp)
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« vecmath ##B1E%k (vecmath_gl.h)

— 175 - RYRLEHRS =D vecmath SA TS D
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AT HiGIR D Be A 7> - HETEI B B

/1 #ARART—5 (Obje X )
struct Obj
EHTEN (BIREOEREHESR)

/1 Obj 774 L DETFHAFH
Obj * LoadObj( const char * filename );

/1 M7 AL DA H
void LoadMtl( const char * filename, Obj * obj );

/I BARRETILOR TN T (R =) T % DY A XERY)

void ScaleObj( Obj * obj, float max_size, *+* ); HEOLKR—FEEE
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/13 TRARET )L (ObjReK) DEDHEE (KT RFI LD D HEE)
void RenderShadow( Obj * obj, float matrix[ 16 ], ==+ );

/1 EEIRARET )L (ObjE4K) DIEE
void RenderObj( Obj * obj );
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FITOUFDREREISZ(1)

class ObjectLayout

Point3f pos; // &
Matrix3f ori; // A&
Vector3f size; // ¥4 X (HER)

L
/1 2F TSz O+ OER
vector< Object > objects;

/1 ATzHrmEM

int AddObject();

/1 AT I DHIRR

int DeleteObject( int no );
11 AT U DIERERTE

/] AT HMERERT HBER EREOAEREIISLY,
struct agect ' = 2TOAITSIrDIRELEEE

FITOUFDRERIEISTZ(2)

........ T RIRVERLIRD AL/ NEI S
/1 A TS THMEB - BEOEEE B 7'77\5555(7)?—"//(‘)7
void Update(); 2 BB OHASFEUHL

/1 X7 ABEEEDALE
void OnMoveMouse( int mx, int my );
11 RIRADREU ARSI D LIE

void OnMouseDown( int mx, int my );
/1 XDADRIHBSNI- B DNE
void OnMouseUp( int mx, int my );

AT IR LB mEE
HIFT B D A2/ \BI%K
F—IL—LOBREIER

/1 AT OO EHERS
size_t GetNumObjects();
/] BAT DU OEE - AEEIE
Point3f & GetPosition( int no );

Matrix3f & GetOrientation( int no ); ey
Matrix4f & GetFrame( int no );
}
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o XF—IL—LDHE-FEDEERE OI_NONE, OI_EULAR, Ol_QUAT, NUM_OI_METHOD
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. ;\—,_j L—LTF=A—ay (IdIeCaIIback() F*ﬁ’!if() OrientationInterpolationEnum ori_method = OI_EULAR;
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/1 ¥—JL—LiE#R
struct Keyframe

float time; // Bl

Point3f pos; // i@

Matrix3f ori; // @z
i

/1 EESNhTWSEFX—TL—LIER (ATERES)
vector< Keyframe > keyframes;
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void UpdateModelMat( int num_keyframes, const Keyframe * keyframes,

float time, float mat[ 16 ])

/] REESERBERTOA—AILEFZI(0.0~1.0) %5 E
int seg _no; float t;

F—OL—LH, F—TL—LET, BZ

EANTRHE ZORZTOME  REE

/1 BEEHE ROT, 4 x4DEHATHELTRY

if ( pos_method == PI_LINEAR )
Az

else if ( pos_method == PI_H

EHTIRESN AR RS> THERRERR
(BEHOERAEG. UBRTHE)

/1 MEERH

if (‘ori_method == OI_NONE )
/1wl

else if ( ori_method == OI_EULAR )
/1 MEEFAS5— A THIRE
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F—IOL—L7=A*—2arB4E

}
void DisplayCallback( void )

/] T=A—2avhOFIT OO OME - MEERT ERITH
float model_mat[ 16 ];

void IdleCallback()

{

/1 T=A—=2av DA T DEE - MEEEH
UpdateModelMat( keyframes.size(), &keyframes.front(), animation_time,
model_mat );

‘ REMZITOME - MEERT4X4ERITHERDD

ERITHIZEERTE
1] FoA—asthpA IS oraiE | GERESN TS T —ILRERRA
v SRR~ ERTI. B
glMultMatrixf( model_mat ); nB)

RenderObj( object ); - :
glPopMatrix(); —— ATSH ORERHETUL |

/1 AT O DELHE

IV rOEOREMMEFUHL |

RenderShadow( object, model_mat );
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vecmathDF| B A% ()

« LT NTOY S5 LTIE. vecmath Z{E

« FELGFERYTX (floatB D)
— Point3f * ++ R (BRITARILIL)
— Vector3f ==+ RIMLBRFTARIMIL)
— Matrix3f - - - EIEE4T51 (3 x 34751))
— Matrix4f « =« FEIZZEHITHI (4 X 49751])
— Quatdf == - T (4RFTAIMIL)
— AxisAngle4f - - - BIE5éh + BIELR A E
— Color3f, Colordf * =+ 8 (3 or 4RFTAILIL)

vecmath®D F| 5% (2)

vecmath® 4> Ak—JL
— WHBGRRICOE— AV 9IL—RTALINIERTE
vecmathdAYE I7 A JLEA2 D )L—RLTHIH

=D Visual Studio TlE, FTAOCIHFEEDE
FADE (RARREDREAEDEHESE)

YT INTOY S LTIL, vecmathy 5 X% 5|8k &
LT OpenGL BE#ZEFUHT-HDEREEE
L TL\5 (vecmath_gl.h)

— BEHIEANVEITALDOTREESR

36 37
N N
vecmathDF|FH A% (3) vecmath®D R A% (4)
o ITH-RIMILD A INEE o TTH-RUMILADEDERG-5RTE - Lt
- 3RIFITARI L (Poin3f, Vector3f, Color3f &) [£. — set(). getOAVYRIZKY  [EO G- ZE - E|ATES
s, PR Vector3f v; // 3RFTAVIL
Xy, 2 DAVINERERD Matrixaf r; /7 3 335 (EEE751)
— 4RFTTARI IV (Quatdf, ColordfZ) £, x,y, z, W Matrixdf m; // 4 41751 (EHE - BB 751)
0);‘,‘//(2'2?5{%_'—1:#’) Quat4f q; // BTHRIIL
_ ’ v.set( 1.0f, 2.0f, 3.0f ); // v I= (1.0, 2.0, 3.0) DEEHE
— 3 %3975, m00, mO1, ..., mgo mo% moz m.get(&v); // m QITBEMS (BRIAIML) ERIE
m22 MDA INE#EED m20 m2l m2 m.get( &r); // m DEEERES (3% 3475 EEEG
— 4x 44751, m00, m01 mo0 mo moz mo3 ey, 1) B S A
s > >+ 5  (m10 mll mi2 mi3 : ; -
m33 DAVNEHEEHD <m20 m21 m22 m23) m.set( 1.0f,0.0f,0.0,0.0f, 0.0f,1.0f,0.0f,0.0f, 0.0f,0.0f,1.0f,0.0f,
m30 m3l m32 m33 0.0,0.01,0.0f,1.0f ); // m I=BF11751% R
m.setldentity(); // m [CB{I1THI%E%
38 39
N N
vecmath® FI A% (5) vecmath® FI 5% (6)
s ITH-RUMNLDEE o 1TH]-RUMILDEE ($iE)
— add(). sub(). mult ) AV YR EIZKY  BEMTAD — T35 AD transform() AV YRIZ&Y  FTHERTRIL
— +— *E OEETHF A A LR (LB B) OEITH (EREROBM ETAS
By T (7 7 S 1 T ; . < * Matrix4f([E%5+ 5 8) & Matrix3f (H#z) OELLEBATS
m (Dﬁ:d)&"'%&ﬂl:tl«l%\ “hoD2ARAIZERTE O, Point3f(BEAE) & Vector3f (R L) DELSIZRLTHE
Vector3f v, v1, v2; Matrix3f m, m1, m2; float s; FATAMZ&oT BB UE-BULsTENTHONS
vaadd(v1,v2); // vl £v2 DFIZE v IZRA - N [y
v=v1+v2; // RCL vl Ev2 DFIE v ITRA \F;er;;?’rgfp;,_ /ﬁ/sax;;%’i%}.»
v=vi.cross(v2); // vl &Ev2 DRFERIML)E vIZRA Matrix3f rf /1 3% 3455 (E82751)
s=vl.dot(v2); // vl &Ev2 DRIE(RNT)%E s ITRA Matrixaf rr,1 /1 4% 44551 (E8 - BETI)
v.scaleAdd( 0.5f, v1,v2); // vl @ 0.5 f§% v2 [CIIX =3 D% . v IZRA ’
m.mul(m1, m2); //m1 &m2 OFEE mITKA M=M M, . m.transform( &p ); // pIZm ws;iﬁ;%?ﬁﬁi:wg:%ﬂ)ﬁ; [ A
m=m1*m2; // B m1 &m2 OFEZE m [TRA M =M, M, m.transform( &v ); // v IZ m QEEESENT=ED%E v K
m.mulTransposeRight( m1, m2 ) // m1 & m2DExE NOFEE m I:ﬁ)\l : r.transform( &v ); // v ICEERATH r EM T2 D% v ITRA
m.invert(m1); // m1 ®#EFTHE mIRA M =Mm"!
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s IATSVREDORE A EIZE>TIE, OpenGL
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- BFEIER or EFEZR
— OpenGL Tl A FEZ R
o EELMBITHIEMNTEHM
— OpenGLTIEEMSMITS
- B AROMTIEITII OGBS BE

— OpenGLTI&. 5l -1TR IR

- FFIRBEL. Sl TR { ;

- BLG5AXOMTIIATIIDEENDLE

TR DHFNRELTDEE(2)

s IATSVREDORE A EIZE>TIE, OpenGL
[SETEEIC. RBAEEERTILELNHD
+ vecmath M OpenGL ~DEHITHI D ZIHEL
— vecmath Tl&., OpenGL LRIk, EFEZRTEMN S,
112H. IT-FIRED =8 . OpenGL IZET 2L, &2
NLE Mmoavamme]
h4 x 41751%
void glMultMatrixf( const Matrix4f & m )< BREDERITIICAITS
{

Matrix4f mat; R N
m);% 518 M4 x 41751%. AaE—L TEE ‘

mat.transpose(
glMultMatrixf( &mat.m00 );

}

OpenGLOBIHIZ, THIDABEBERDTRLREET
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— REEEERIIZHEBTRERL

- NEMEOAE
— R AR
— Hh#RAER
« HermiteRBR#3
« BézierBh#&
« B-SplincHi#

iz

o XD s fE 2 SR 72 | < #d e
p =(l—t)p0 +1Ip,
- RENTOREN—EERE
- ERMNEHE, F—TJL—LTHELRAIZEL

pi
po

%4.0

48 49
705 5.L45] Hh#R % 5 > f-f A

Ve mERMT SR « LWAWALHIRDIEELH D

/1 BEORMOTH AOHEERS ~ Hermitifi #2

cons; gOinS; g p? - t:yggmzz{ ::g_:g ]+.|i°]S; - s 2HDMNE - RENSHHEBERETE

= . S P — BézierBli#f . B-SplineBi#R
« vecmath #{E>7=5t B A EDHI C ABROEEBNSHEEREE
- EELMEEFATHA

/1 TR R E AR <R

p=t*(p1-p0)+p0;

,/,_lsumb?ﬁpf“?ﬁﬁi':*ﬁrﬁ 20B03IM AL E, 1950)?&(%5&‘)

prscaleAdd( t, p, p0 ); < fBLT 3°§+§Zéﬁﬁ%%';”,§"’:*’”’§‘
50 51

HermiteHi 3 Hermite$2 D FH
* HermiteBi#R (T/)LS—rEhR#R) s XF—IL—LTORENIMNLOEERE
- REDXBOHIHD 2 B DLELE - 3R E H S 4 —EBIIEUE-RELMEESNENIENZ
BBERTE =6, ZDEEIE. ASHhDFETEELZIE
« p ERIFLTEHRUx, y, z DENFNEHRE) —HEERINL(ARA+KEI)DHEAE
~ A A - . s HERLRDF—IL—LEDENSEHE

P Py ()2t le) i h () 7 - B FEOHERII LA E

Hy(0)=28 3 1= aer) ., . - ZHOESMAEFLOEBET S

H,(1)==28 +3¢ =*(3-21) xo xi

hy(t)=0 20 +1=(t-1)"t x1
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« vecmath Z{FEo1=5t&E A EDHI

/1 RODMEERMNTDEH
Vector3f p;

/1 RO R O EERG
const Point3f & p0 = keyframes[ seg_no ].pos;
const Point3f & p1 = keyframes[ seg_no + 1 ].pos;

/1 RO ROEEERE

Vector3f v0, v1;

const Matrix3f & o0 = keyframes[ seg_no ].ori;
const Matrix3f & o1 = keyframes[ seg_no + 1 ].ori;
00.getColumn( 2, &v0 );

of.getColumn( 2, &v1); ﬁ EFLERRD —ZHEEER ML OREET D

0. te(); )
L:ng:; BERIMLOKRESIF1ETD

T055.L451(2)
« vecmath Z{FE>1=5tE H:ZDH (=)

/1 HermiteBA¥ D Rz 55
float a, b, c, d;
a=20f*t*t*t-3.0f*t*t+1;
b=-20f*t*t*t+3.0f*t*t;
C=t*t*t-2.0f*t*t+t;

dotetetoto / HIDRSAE D E D

/1 HermiteBA¥IDETE

p.scale( a, p0);

p.scaleAdd( b, p1, p );
p.scaleAdd( c, v0, p );
p.scaleAdd(d, v1, p);

BRROKE, F—/A—O0—FSh
EEFEEALT. COKIIC
RBTHIELTED

/1 HermiteBB D& —

p=a*p0+b*pl+c*v0+d*vl;

—

54 55
N — y _m
704535 .L%HI(3) Béziergh{y
« vecmath ZfE>1=5tE A EDHI (A A E) * BézierdifR (N Th#R)
S — 48BN
/1 HermiteBI D R E R BIORASAEQRERR 4RO EZ R
Vector3f a, b, ¢, d; t DIRXDZRBDIEICERLTEHE _ *%ﬁ\ﬁhf%ﬁbll\
a= 2.0f *p0-2.0f * p1 + VO +v1; (COBITIEHBEGFHELTLSA. Hidh e »
b=-3.0F*p0+ 3.0 *p1 - 2.0F*v0 - vi; | COBRMTLIEHL TREL TR, s BERMEELOMITBICIE. FIORBD p,-p; &
S v0; EENFICED) ROBEMD py-p;’ EEHRET BLENHD (py=py)
// HermiteBI& 3+ P(t)= Xn(t)'pn +X (t)‘pl +X, (t)‘pz +X; (t)'P
=t't*t*a+t't*b+tic+d;
P Xo(t):(t_l)3 pi §22)
X,(1)=3(-1)"¢ ®
X, (1)=3(t-1)7 PU./\.
X(r)=r 7
56 57
" 3 —
Béziergli #R 0 X i 7855 Ll
. JEH4E /1 REESEERLEMEE
E{f‘JL_‘;—ZDAI'}ﬁ;&‘] DORMET S /1 Eﬁ?ZND@ﬁF—jb—A(BIZﬁﬁ)iik&)'UOG)IZFa‘i(’:L'C#&i
. ~ <. 3 int bezier_seg_no = (int) floor( seg_no / 3);
—1X3 1X 343 § E 0)’#‘ T 1% E @BFEﬁEIEﬁ: float s = ( time - keyframes[ bezier_seg_no * 3 ].time ) /
- FRMNTOEREERM (0~ EDEITMBEZMHM (keyframes[ bezier_seg no * 3 + 3 ].time -
CBET AR, DD EERE keyframes|[ bezier_seg_no * 3 ].time );
B~ - . - /1 Bezier{#fE D XM D4 DDFIHR (kR L. FED2D D R) DA EZERG
- Bﬁ’*%lzﬁﬂ;&’ﬁ bﬁ\lt;ﬁﬁﬁ?—éf_&)‘-(i N ';H\:ﬁ"ll_‘:" const Point3f & p0 = keyframes[ bezier_seg_no * 3 ].pos; . N
&ﬁﬁfﬁ@,ﬁo) 3%73‘@%&‘:1&5\*5‘:3_%} const Point3f & p1 = keyframes[ bezier_seg_no * 3 + 1 ].pos;
const Point3f & p2 = keyframes|[ bezier_seg_no * 3 + 2 ].pos;
=P X2 PR3 const Point3f & p3 = keyframes[ bezier_seg _no * 3 + 3 ].pos;
10 H g TRyr——
Po~pun 11 Bezier B OEE 5 5 B e Oy
= ETRDIz s EESLITER
(J
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Bézierf#8 0 it FH

* 2RERFOmEHEEZFHFDOVILVITT
ELEHNR TS

— {5 : MS Office (Word, Power Point) . Illustrator

o

B-Splinefii {3}

« B-Splinefi#g (BR TS 1 Bh#RE)
~- AR DEEER
- BEEIERIIES
c BIORMBD py, py, p3 IS RD R p, REMZTRD
REICTNIE FTRORBNLEDHONDEHD

X‘,(t):éth- 11’4—%”1 p(6)=X,(6) Py + X, () P+ X, (1) P + X, (2)- Py
X,(t):%t‘—t +§ pl. pz
_ X (t):7%f1+%f:+%f+é o —
Power Point TAD °
EHAREEEOH x()=te o
60 61
B-SplineH#§ D X i B-Splinef#& D X ]
c BT H4REIDOORXRMEETS c BT AH4REIDOORXRMEETS
—i—1~i+3BFEDA CiBFEHORMEEZ —i—1l~i+3BFEDA CiBFEHORMEEZ
- Jlﬁﬁl:ﬁéféL,fa:b‘“BIZFa‘i’éE%?é:t'& - Jlﬁ%l:ﬁé‘—f%L,fa:b‘“BIZFa‘i’éE%?é:t'&
BETHRMEERHICOHCIENTES HETHRMEERHICOHSIENTES
« BROERBO2ARIE. ST SHRIEEFEELLZL « BROERBO2ARIE. ST SHRIEEFEELLZL
e HHRDOEEn LT HE REOHIE n-3 455 e HHROHEn LT HE REOHIE n-3 %455
811 py~py 811 py~py
s BRS ps~ g
L%
62 63
TR 5 L5 B-SplineH #7 M 454
" %gﬁlﬁﬁ;ﬁzﬁﬁk%’ ELIZTOBO A BLHNID) OHEERE - B-Splinef {0 i%
D iaesn0 0) T (seno =) i seg.no — BOAHEENESND
Qosegrort o . - BFLEF—TL—LEBHEFBOL
Const ot} & 0 < Keyframesl KO Lposs )¢ (seR0 2 SOHEEBEHEOCE. F—TL—LOLEE
const Pon3f & it - keyframes! k1 pos RECART BBEH DD
gt i1 AT S ~ L )
. . - ?%?F:TTE#‘EL‘ (Bemerﬂ?ﬂﬁtﬂfiﬁibf)
p=rrn - BEZONT-EHD A% B 5HE57% B-SplineHifR
DHEFR (F—IL—L)ZFEHETEI2HELHD
o fRURLALEIC &Y RBELHESETE
c SEZBRTRBNEI S| S8 (4.857)
64 65

11



aAVE1—RT 57099 AR Folal

HI#R D FI A

s F—TL—LDGE - EEMNREO>TULSE
— HermiteBH $& % %1 3
s F—IL—LDRERITREOTULSH
— B-Splinefh #7
- X —IJL—LDOEBEH-THIEAE. ZEt
HEIZKYKRDD
o XEEMIICENEZERLI-L\EF
— BézierBi## or B-Splinchli#f

EXzNOIAE

o F—TL—LT7=A—a DERE
s HUINTnYI L
© FTHROMVERSTOT ST
o [IEARH
— #RMs 4. HermiteBi#R. Bézierf#R. B-SplineHi#R

.« MEDHE
- 45— MTHERERIHEE, BELR

s T4 A—ardnygsIvyg
o LIR—KERE

66
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REFE

o F—TL—LT7=A=arDEMRE
s HUTNTOTSL
o FTHI-ANOMLERSTOT SIS
o B FHE
— ¥4 HermiteBh#R . BézierBi#R. B-SplineBi 3

o RIEDHEM
— F45—A. IR EHRERIHE. HEER

o« FoA—1avTAsSIvy
o LiR—MERE

LR — R (F45)

s ME-MEFEDOELE
- H T NTOY S L (keyframe_sample.cpp) EH &
IZHERLI=T 0SS L%REH
« UpdateModelMat () DZEHEBHHTOT S LEER
— {SiE4#ME : Hermite, Bézier, B-SplineHi #&

— EEFHRE : BREAR A
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