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SN TATSLDOWERK

TED

J35LD

—E DY TILT7as 5L

(keyframe_sample.cpp)

— 554-5[8

A2 AR D e 1A 7 - T 8] B8 2% (Obj.h/cpp)
O DIRETHFOT-RAE. ZDHEELED

MIAEDELE1R{EV T X (ObjectLayout.h/cpp)
— RO RBIEICE ST, F—TL—LZER

ITYRDALE -

AISDEENTEDS

vecmath ## BRIk (vecmath_gl.h)
— 17| - RO ILEFRST=6D vecmath TA4T5!) D

#5 B B8 &4 (5

AL a)



7% AT 72K D Bt A+ 3A 7+ = Fe 1681 B8 2K

/1 #ERZIRT—% (ObjRz X )
struct Obj
ExTE (F4R B DERENZTSR)

/1 Obj77 4 ILDEEHIAH
Obj * LoadODbj( const char * filename );

[ MUD7AILDERHAF
void LoadMtl( const char * filename, Obj * obj );

[ 1 EABRETILDRT—) 5 (R5—)2 5 %D YA X%IRT)

void ScaleObj( Obj * obj, float max_size, =-- ); SEOLAE—FEEE
\ (ZHRICATEID L R—
[/ B[ RSIRETIL (Ob]ﬂ?qk) DEE smEE R A SR
void RenderObj( Obj * obj ); £, EABEIND)
V

N&ﬁ%h%rﬂ@MhhﬂD<MMJMW3/&51$6%®? IE])
void RenderShadow( Obj * obj, float matrix[ 16 ], ==+ );




IOV DEERIEVIFA (1)

class ObjectLayout

{ 711'%7’/1;7 F@jﬁ‘f_ﬁﬁ ‘EEERT
[l ATz IMBERERTBIER E RO A R RECHIS &Y,
struct a;l;ect " = ETDFATOVMDKELZERE

{ e
Point3f pos; // &

Matrix3f ori; // [RIE
Vector3f size; // A4 X (EH)

5
/] AT HDIER

vector< Object > objects;

[l ATz DEM

int AddObject();

[l ATz IDHIRR

int DeleteObject( int no );
/1 AT DIEHRERTE




IO VMDEEERIEV TR (2)

........ NORREREDAL N [
AT SE B DT EE R 7@5(55]550):—)[4‘“}7
VO]_;J'?JP/C;Q(*)‘(_LI_ w wxEEL%DA BRI D MSEEUHL

/1 ™9 RSB O ALIE _

void OnMoveMouse( int mx, int my ); T?;x:bh@%ﬂ‘hﬁ'ﬁ%’é
/1 X9 ZDREL HBE = D AR HIGT BT=HD A2/ B3
void OnMouseDown( int mx, int my ); F—IL—LDOEEICER

/1 RIADRIDEESN DI

void OnMouseUp( int mx, int my );

/1 T OO EHZERF
size_t GetNumObjects();
/] FFTOHCDAIE - MEZEE
Point3f & GetPosition( int no );
Matrix3f & GetOrientation( int no);
Matrix4f & GetFrame( int no );




ATAYSS L

A > 70% 5L (keyframe sample.cpp)

(L& - REDMHEE T EDUIYE A RS
— NE-RZOHREAEZTRIINEE -ZTHTEE
— F—R—FAHNIZKYZEE (KeyboardCallback () B %K)

> A GBI 2 INOE I SUZ N 1: Y ELT

F—IL—LDAE - FZEDEE RE
— MouseClickCallback (), MouseDragCallback (),
MouseMotionCallback () BEIZIM 5,
AT OREVZADNBZEFUHL
F—2JL—LT7=A— 3> (IdleCallback () B8%50)
- BHERZICELT, F—TJL—LDME - RIEZTHHEHE



GIiE-REDHE T EDERE

" ; - F|1ZBDIHMETRIT TN
/] FIEMEAEERT HIZER -
enum PositioninterpolationEnum (S zREfRLT=Y T ST IR F)
{

PI_LINEAR, PI_HERMIT, PI_BEZIER, PI_BSPLINE, NUM_PI_METHOD
5

/] RIEMEAEERT FIZER

enum OrientationinterpolationEnum

{
¥

LR A EE R T
/| R BB MEmHE A ekl

PositionInterpolationEnum pos_method = PI_LINEAR;
OrientationinterpolationEnum ori_method = Ol_EULAR;

OI_NONE, OI_EULAR, OI_QUAT, NUM_OI_METHOD




F—IL—LIEHRDEE

/1 F—2J7L—LIEHR
struct Keyframe

{
float time; // Bl
Point3f pos; // {iE&
Matrix3f ori; // RIE
5

/] HESNTWSEFXF—TL—LIFHR(AIERES)
vector< Keyframe > keyframes;

BX—IJL—LIZ
FEZI & - [RED
BT D

t=2.0

t=0.0 t=35.0



F—IL—LFWORE

« ATz VMDELE IR1VERERE (ObjectLayout
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« SEIDTASSLTIE. HEFX—TL—LODE
ZFEEET S
—t=0.0%, 1.0F, 20,308, ... n1 B

— — DT A—3VTNTlE BA LA %
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HIE - RIE DM

» {i[1& - A= DM (UpdateModelMat () BE %)

— AN :F—DL—LEF. Bl

— AR I

14 XAZHITH (L& - RS DIFHZEET)

« ANBEZIN., MEBOXMEICHEYTEH0ZHIE
e TORXRMBEIZHBITAE -REFFTE T H-ODF|EH =

DIEHZE . T—IL—LEIFIHNSTE

- FllfH R EMERARICHEDE. ANBRRIZE T DAL

B RZZit 5D

—H TN TaY S LTIE—S DM AELH

EEMNSEN TULVELND T, RYIEXEFE

THERT B



fE-FEDRE

o ZWITH|Z KA E+RIZTDRIA
— YA OO—HILEERNOT—)LREEZERAD
ZHLITH] (4 %X 497F)) [ZKYRIF
¢« BRFTAIMIVIZEKBREDRIRL.

« 3XBITIICLBHMEDRIE. DHEAETHE
- RAEICEMtDRE T ZLH D GFLLTREIERHA)
* B +RISZFEHTRIETES




SIS - [R] = 0D 4/ [ D BE K

void UpdateModelMat( int hum_keyframes, const Keyframe * keyframes,

{

float time, float mat[ 16 ])

/] RIS ERBRTOO—hA/ILEZI(0.0~1.0) %5 E
int seg_no; float t;
"""" F—TL—L#., F—TL—LEF. BFZ
ZANTEHE TDORZTOMNE -REZE
/1 fIEZEE ROT, 4XADEHRITHIELTIRY

if ( pos_method == PI_LINEAR )

/1 ¥Rz 4EE
else if ( pos_method == PI_H
/] TI)LE—h1EE]

EHTHRESNI=MMETEICI o TEEFEEER
(FEEDOREFGIEF. LURETHREA)

/] RMEZEEHE

if (ori_method == OI_NONE )
/1 #HREEL

else if ( ori_method == OI_EULAR )
/] RAEZEAA45—ATHME




F—IL—LT7=A—3 B4
/| T=A—30 0 NATOTHMDGIE -RIZERT EHITS

float model_mat[ 16 ];
void ldleCallback()

{

/| P=A—=230BDAT O INDEE - MEEEH

UpdateModelMat( keyframes.size(), &keyframes.front(), animation_time,

model_mat );
} N .
HERZITOME - MEZRT 4 X4EHITHIZKO D
void DisplayCallback( void _ |
o'c Drepraytatback{void) ERTHIE EREE
(REFHTEINTHST—ILREEZERN

/] PT=A—=230 QAT IR | | E d
glPushMatrix(); DAAZERZZRANDEHITIIZ. B

glMultMatrixf( model_mat ); ANPRAY)

RenderObj( object ); —| ATSTHLOBEEHETUHL
glPopMatrix();

/] ATCHorOEERE @ A7V OROEERBEITUHL

RenderShadow( object, model_mat );
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T - RONERSITOAT ST

o C/C++ TOITH TR ILDKLY
— ETEHELTIRO AL

» ESNIEIETI-NIMLEABLT, RIEER
AT RS LEBEER
— TN NI EDISRAEERT HTTE

» EELDHFAZEEICL T, RERTGT AR

[XTELND T,

35 CT1ERLT 5 or ERF DA

Do) EIRTHIDLELNHS



T - ~NIORILDZ14T3)

* OpenGL
— OpenGLDE#IIETEANZFIET LOIZE-T
BY ., 1T5 - ROMLDOEERITFELEL

 DirectX
— 1T RORILDEER - EREREAEA. 1 —T+
T4 L TIRESINTLNVS
c HMDIRIBTHEOSDITEELLNV=D ., — R TILALY
e Java3D
— vecmath ELNDISRASATSYLH S
— vecmath DIEA R C++ MEFET S



vecmath

e vecmath C++kR

— http://www.objectclub.jp/download/vecmathl
- ToIL—b54T3Y
e Vector3f, Vector3d 75 & | float & double ™A (2% i
c U ODWEMNGL. AVIIL—FT BT TERZSD
— R (Point3) ENTRIL (Vector3) DELN T
o ZHITHIZITSHE, Point3 [ZIXFITHREELEHI

nah\., Vector3 (&

a

BRDAHEHSND (F—/\—

O—FD#EEICKY . B R>THIME)
- —BY DHEENHYEF




— R HLATHIRH HS TS5

s —RBIEITHIZTIEDI=D C++ 54T 31)
— Eigen. BLAS. LAPACK 75&
— —fRBYTEITH - RONILDEE
« FERTDITHDHKLY., BRITHI DKL
. E?ﬁu ATE(LUSEE) . FEESE. AL AT —7
oS
— SRFTZEBDITH -RIMILDORBFOEHEIZH
FESHEMNTES
—TUITL— 24T HE-TWNBEDLH S
— EHEEETE Y EULVA TGS



Eigen

o 1T RORILETED C++ 3475')
— EERITDITH - ANORIILDFKRIF - EHE
—TTL—bhoA4TIY) ., BiE

— SRFTLZRDITH AT IV - EITEUZH R s
s AVEA—FT ST,y RTORAITELTLNS

—ATHCEFRIZXIG . BRITHIZH % I

~ ELGEHON TSN, BREFEDEMITES
DIEUN




vecmathDFIFRAAE(1)

e L TJILT

75 TlZ. vecmath Z{E FF

- B,

L1l

— Point3f = - -
— Vector3f == -
— Matrix3f ==
— Matrix4f == -

— Quat4f - -

- AX1sAngle4f E $K$EH+ | 8L A

195 X (float®! (D 451)

R GRIFTANIRIL)
NIRIL(BRITANIRIL)
0| ER1T51 (3 X 31751)
é*#ﬂ,‘ﬂﬂﬁaﬁﬁu (4 X 49751)
4(4&71:’\7 kL)

— Color3f, Colordf =+ (3 or 4RIFTTAAIRIL)




vecmath®D FI A A% (2)

vecmath®D A2 A+—JL
— WEGBRRICOE—. AL —FT4L IR EERTE
vecmathD ANV R 74 )ILEaA2 0 )L—KLTHIEE

=M Visual Studio Tlk,. AT IREENE
ENAVNE(FHARREDRTEAEZDEHNZTSHE)

HTJJ)LT AT 5L TIE, vecmathV S5 RA%E5|8&
LT OpenGL ¥z U T -6 DEMETES
L TLY4 (vecmath_gl.h)

— IV IFMILDHRBESHE




vecmath®D FIFA A% (3)

1TH - RIRILD A INEE
— 3RITANYIEIL (Poin3f, Vector3f, Color3f ) .
X,V, Z DAVINERZHFED

— 4RFTTAJ L (Quatdf, ColordfZ) K. x, y, z, W
DAV INE BT HFD

— 3 X 3174(E. m00, mO1, ..., (ggg —r 2‘;3)
m22 MDA INE#EEFD

m20 m21 m22
— 4 x4475(&. m00, m01, ..., (mo0 moL moz mo3
m33 DA INEEEIEFED

m20 m21 m22 m23
m30 m31 m32 m33



vecmath®D FI A A% (4)

o ITH-NTRILADIEDEF 5T - L
— set(). getOAVYRIZKY, [EDEF -RE -TMHATED

Vector3f v; // 3RITANIRIL

Matrix3f r; // 3 x 3175 (EEE1T5I)
Matrix4f m; // 4x 4475 ([EE5-F5E11751)
Quat4f q; // EFTEANIRIL

v.set( 1.0f, 2.0f, 3.0f ); // vIZ (1.0, 2.0, 3.0) DIEZETE
m.get( &v ); // m QATFTEERKST (SRITAILIL) ZEEF
m.get( &r); // m DEERR S (3 X 3175]) ZEiF

r.rotY( 0.25*M_Pl); // r ICYEREYIZ 1/4 n [Bl#59 SHEIERITHIZERTE
q.set(m); // BIER1THI r ZMETEK q (XK

m.set( 1.0f,0.0f,0.0f,0.0f, 0.0f,1.0f,0.0f,0.0f, 0.0f,0.0f,1.0f,0.0f,
0.0f,0.0f,0.0f,1.0f ); // m [ZE{GL1THIZERTE
m.setldentity(); // m IZEGI{TH%EERE




vecmath® FIFA A% (5)

» THI-RIMLDEER

— add(), sub(), mult() AV YRGEEIZKY BEENITAS
- +— *xREDERFLFIRA A (LERE (XELSLED)
— RA—OEDOEHFELTLS . ChoD2IRER ILERARA]
Vector3f v, v1, v2; Matrix3f m, m1, m2; float s;

v.aadd(v1,v2); // vl &Ev2 DFI%F v IZERA

v=vl+v2; // BECL vl &Ev2 OFIZE vIZKA

v=vi.cross(v2); // vl Ev2 DHRFEARIML)E vIZRA
s=vl.dot(v2); // vl &v2 DRFERHDI)%FE s ITRA

v.scaleAdd( 0.5f, v1,v2); // vl @ 0.5 &% v2 [CIIA =8 D%, v IZIRA

m.mul(m1,m2); //ml &m2DEEmIZKA M=M M,
m=m1*m2; // BC{. m1 & m2 DFEE mITRA M=M, M,*
m.mulTransposeRight( m1, m2 ) // m1 & m2DEE DOFEF m IZRA
m.invert(m1); // m1 QFETHZ mITKA M =M,"*




vecmath® F|FA 5% (6)

o ITH-RNTOMILDER ($7E)
— 7395 AD transform() AV YRIZKY., 175 ERTRIL
DENTE (EBEZROER) Z1TAS

o Matrix4f([BlE5+F2E)) & Matrix3f ([BlE5) DEBLLZEEAT S
MO, Point3f(FEAE) & Vector3f (NIKJL) DEBLIZX L TiE
B3 a5M&oT,. BIZIUI=@EULEEEN THNS

Point3f p; // 3RFTHE

Vector3f v; // 3RFTAIRMIL

Matrix3f r; // 3 x 3975 ([EEE1T5I)
Matrix4f m; // 4x 4475 ([ElE-FBETTH])

m.transform( &p ); // p IZ m QEIER+FBERASZNT-ELDZ p ITKA
m.transform( &v ); // v [Z m QEERHKPZENT=ED%F v [T A
r.transform( &v ); // v ICEIERITH r W T=ED% v ITKA




TTADHFNFRLTDEE()

AT IVRNED R AEIZE>TIE, OpenGL
ISET LSS RIBAFEZEBRTOVENDSD
GFEZER or £ FEER

— OpenGLTIIHEFEER
EEbhiTilZNTHH

— OpenGLTIXEMNLHTH

~ BRL5AXDBETIIITIDERE A NHE
TTo8IFRIBH, F-ITREH

— OpenGLTI&, 3l ->1TxRIH

~ BRL5AXDBETIIITIDERE A NHE




T DHFNFRLTDIEE(2)

c SATIHNEBDRIEFEIZE>TIE. OpenGL
ISE T ESIC. RIWARZEBMIT DIVENDHD
« vecmath H'5 OpenGL ~DERITHIDZ(TIEL

— vecmath Tl&., OpenGL ER ¥k, BFEEZERTEMN LD
[T5hY, IToFREED =6, OpenGL [ZET IZIE. ERE

MIHE
vecmath®D4 X 4175%. |
void glMultMatrixf( const Matrix4f & m )< IREDEHITHIZATD

{

Matrix4f mat;
mat.transpose( m );

518 M4 x 4175%, AE—LTERE

glMultMatrixf( &mat.m00 );

} N OpenGLOBII= . (T3P EBERDTEL REET
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o #RAZ4EM . Hermitel
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{57 i& 4 ]

« MEDRIRTTE
—fLEANTRIL (x, y, 2) [2XKHFRIA
— REEEEFHILICHEE T IR

s MIEMEDAE
— ¥R
— BRRwEE

e HermiteBH 5§
e Béziergi#R
 B-SplineHA#F




ok 7% 4 ]

X fie] 0D i i £ F] 2 HR T2 [ 4
pz(l—t)po +1p,

- RBEINTOEREN—EERE
— ERAGEIE, F—TJL—LTEIEHNRIZEL

P1

Po

m: 1.0



707455 L5

/1 ROBDMEZTIEIMT HEH
Vector3f p;

/] BREDRXE D@ inROAEZIRF
const Point3f & p0 = keyframes[ seg_no ].pos;
const Point3f & p1 = keyframes[ seg_no + 1 ].pos;

» vecmath Z{FE-o1=5t&E A XDl
—EELMNEZTATHA

/1 Wk R HR T | A
p=t*(p1-p0)+po;
|

/] HWim RERRFIC

p,suﬁb:ﬁﬁm ?féﬁ). e 22B D5 (NTRIL)E 1 DB DSIH (R

p.scaleAdd( t p’ 00 ): fELT.3DEDSIH (NI ICIHA =2 D%,
— SHERRLLTRMT S




B R 2 sF > - ffi e

 LWAWATTHIIRDIEFEN DS

— HermitBH 5

c 2ROMNE - EENSHERBIEREZTE

— BézierB#R . B-Spline

R

s AR DUENMEENZETR



Hermitegli {3

EFAY

e Hermitefl#8 (T)LS—FEIHR)
~HEOXBEOMIFD2 2D ALE 1R
A RTE

e p [IRIMILTEHERUN K, y, zDENZTNE#E)

p(t)=H,(t)-p,+H, (t) p,+hy(t) py+h () p

Hy(t)=26 -3 +1=(¢-1)" (2t +1) "4 X0’

H (t)=-2¢ +3t> =1 (3-21) X0 g, x1’
hy(t)=2 -2 +t=(t-1)¢ x1/
h(t)=t -1 =(t-1)¢’ Ny

0.0 1.0




« X—JL—LTOE
— T BIEAIE:

—EE

Hermitei#R D E A

ENIMIL(A

» TR AEDHTRANTNILINGETR
- ZBMOEFANETILOERET S

A

« HiEl:ROF—TL—LEDENSETE

ENINLDEE AL

AELAMEESINGENEMNSL
. ZDEE(E. AohDAETE

\

ExitE
A+ RES)DETERE

—

j



055 L451(1)
e vecmath Z{E->7=51E A ;EZDHI

/] ROBDLUEZTIRINT LR
Vector3f p;

/] REDim = D AE 7 RS
const Point3f & p0 = keyframes[ seg_no ].pos;
const Point3f & p1 = keyframes[ seg_no + 1 ].pos;

/1 RO Wi R OES

Vector3f vO, vi;

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

0. te(); :
1 negate() BEROMLORESI £ 5

1.getCol 2, &v1);
ol.getColumn( 2, &v1 ); ﬁ ETIVEIERD —Z8HERENIMNLOBELET S




7055 .L445](2)
» vecmath Z{E>1=5tE A ;2D (FR=E)

// HermiteB#BI DR HZETE
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;

d=t*t*t-t*t; / BIDASA DR ZFEC R

// HermiteB# D ETE
p.scale( a, p0 );

p.scaleadd(b, pt, p); BrOtE. 4 — \—O0—K&h
p.scalefdd(c, v0, p); FREFEEALT, CO&3IS
p.scaleAdd( d, v1, p ); k4 2o bETES

// HermiteBE# D it E /4

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




7055 L4(3)
» vecmath Z{E>1=5TE A ;EZDH (Al A %)

// Hermite A DR %5 E BIDASARDKE b

Vector3f a, b, ¢, d: t DIRXDEFRBDIEIZERLTETE
a= 2.0f *p0-2.0f *p1 + vO + v1; (COBHITIXERIFTELTWSH., Hoh
b =-3.0f *p0 + 3.0f *p1 - 2.0f *v0 - vi; | COFRMIEISETHEL TRLERL THLL,

- ~ /
// HermiteB§# D EE

p=tit*t*a+tt*b+t'c+d;
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707455 L5

/[l REESEEREERMEARE e
/] BT R4 DONF—IL—LBRENEZFEHTIDOXRMBELTES
int bezier_seg_no = (int) floor( seg_no / 3 );
float s = ( time - keyframes[ bezier_seg_no * 3 ].time ) / .
( keyframes[ bezier_seg no * 3 + 3 ].time -
keyframes[ bezier_seg_no * 3 ].time ); 1

// Beziert@fBIOXBDA4DDFHIEH R (MismeE. PRID2DND A) DAEZEE
const Point3f & pO0 = keyframes[ bezier_seg_no * 3 ].pos;

const Point3f & p1 = keyframes[ bezier_seg no * 3 + 1 ].pos;
const Point3f & p2 = keyframes[ bezier_seg _no * 3 + 2 ].pos;
const Point3f & p3 = keyframes[ bezier_seg _no * 3 + 3 ].pos;

/1 BezierB M DIEFH S B B .

’ LETRO-s EFSTEITER
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 B-Splinefi#f (BRT 51 Bi#R)
— AR DRIBEEFE
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« BIDXMED p, pr, p3 IS RO R p, RZEMZTRD
XEIZT nIL. FIRDRENGEHSMNZDENDS

(t):lt3+%t2+%t+% p(t):Xo (t)'po +X1(t)'p1 +X2 (t)'pz +X3 (t)-p3
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707455 L5

// RffDOMEImRE, SoIZTEDFED R (BLHNIE) DAEZIRF

int kO, k1, k2, k3;

kO=(seg.no>0)?(seg_no-1):seg no;

k1 = seg_no;

k2 = seg_no + 1;

k3 = ( seg_no + 2 == num_keyframes ) ? (seg_no + 1) : ( seg_no + 2);
const Point3f & p0 = keyframes[ kO ].pos;

const Point3f & p1 = keyframes[ k1 ].pos;

const Point3f & p2 = keyframes[ k2 ].pos; .\.
const Point3f & p3 = keyframes[ k3 ].pos;

// B-Spline ¥ DEZETE

)
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