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Table 2.1 Build configurations

goo goodd goooobobbobbbooooo

Release multithread, DLL Springhead12.0##.1ib
Debug multithread, Debug, DLL Springhead12.0##D.1ib
Trace multithread, Debug, DLL  Springhead12.0##T.1ib
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O Trace OO0O00OO00O00O00O0O0O0O0O0OO Release UOOOOODODO
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e Visual Studio 2008 0000000000 Static Link 00000
e Visual Studio 2010 0 O 0 Release / Debug 0 00 Static Link 0 0, ReleaseD1l /
DebugDll / Trace 00O DLL OODOODO
e Visual Studio 2012 D0 0O0OO0OO0OOO DLLOOOOO
e Visual Studio 2010 DO OOOOOCOOOOOODOODOODOODO 3200000O0OOO
ooboooooono win32000O00O00OO
e Visual Studio 2010 O ReleaseD11l OO OO DebugDll D0 DO0D0.1ib 0000000
MOO MDOOOODOO
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Table 2.2 Simplest program code

#include <Springhead.h>
#include <Framework/SprFWApp.h>
using namespace Spr;

class MyApp : public FWApp{
public:
virtual void Init(int argc = 0, char* argv[] = 0){
FWApp: :Init (argc, argv);

PHSdkIf* phSdk = GetSdk()->GetPHSdk() ;
PHSceneIf* phscene = GetSdk()->GetScene()->GetPHScene();
CDBoxDesc bd;

// 0000

PHSo0lidIf* floor = phscene->CreateSolid();
floor->SetDynamical (false);

bd.boxsize = Vec3f(5.0f, 1.0f, 5.0f);
floor->AddShape (phSdk->CreateShape (bd) ) ;
floor->SetFramePosition(Vec3d(0, -1.0, 0));

// 0000

PHS0l1idIf* box = phscene->CreateSolid();
bd.boxsize = Vec3f(0.2f, 0.2f, 0.2f);
box->AddShape (phSdk->CreateShape (bd) ) ;
box->SetFramePosition(Vec3d (0.0, 1.0, 0.0));

GetSdk () ->SetDebugMode (true) ;
}
} app;

int main(int argc, charx argv[]){
app.Init(argc, argv);
app.StartMainLoop() ;
return 0;

0000000000000 000000000D024000000000000000

gobobooodgooood
gogooboboooobboooobboooooooobboooouoouooooa
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Fig.2.8 Program running
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Springhead 0 000000000000 0D0ODOO00OODOOOOODODOOOODOO
0000000000000 0D0000000000000000000 Springhead O
000000 bb0dbdOBased FoundationU OO OO ooooooooood
OO0 Framework U 0 OO O0OODOOOO0OODOOOOOOODOOO

O00Springhead 0000000000000 D0O0OO0O0O0ODODOO0OODOOOOOO
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Table 3.1 Springhead modules
gooooo gooooono oOod
Base - goooooooobooooooooo
goooooo
Foundation uT Springhead 0000000000000
Collision CD oood
Physics PH oood
Graphics GR 0o0ooooooon
FilelO FI gogooood
HumanlInterface HI o0o00o0oO0obDOoOoboOooobooo
gooooooo
Creature CR oOoopooooood
Framework FW goooooooon
gooooooooooa
Table 3.2 Module dependencies
goooon
Base - - - - - - - - -
Foundation o - - - - - - - -
Collision o o - - - - - - -
Physics o o o - - - - - -
Graphics o o - - - - - - -
FilelO o o - - - - - - -
HumanInterface o o - - - - - - -
Creature o o - o - - - - -
Framework o o - o o o o - -

U000 Physics DO UOUOUOODODOUOOO PHSolidU D OOOOODODOOOOODOO

// given PHSolidIf* phScene,

PHSolidDesc desc;


Physics
PHSolid

0 30 Springhead 00O 0O

desc.mass = 1.0;

PHS0lidIf* solid = phScene->CreateSolid(desc);

000000 PHSolidDesc 0 PHSolid DD OO UOODOODDODOODOOOODOO
O000Dmss 000000000 0O0O0ODOO0O0OODODO0OOODOO0OOOOOOOO
00000 CreateSolid 0N UOUODOUOOOUOOODN CreateSolid U D OOOO
OO0 PHScene D ODUOODODOODOOOOODO PHScene D OOOODOOODOOO
PHScenelf OO OODOODOOOODOOOOOOODOOODOODOODOOOOOOOO
O000000000OCreateSolid0 O OOODOONO PHSolidIf O OO OOOODOMO
O0000000oooOoo0ooooooooooooooooooa

solid->SetMass(5.0);

0000000000 000000DO0000D0D00000D00DO Get/setdODO
gootbobbbobboooodoobboooobobbbbooooobbbooooobo
goo

Springhead 0 000000000000 0D0ODOO0OOODOOOOODOOOODOO
OO0 delete0 00D O0O0OO0OO0OOOO0OODOO0ODOODOO0OMM Createdoognong
gobboooobobuoooobbbooooboboog

Doobogoogogo

000000000000 000000000000000SpringheadDOOOOO
gobobooooobuoooobobuoooobobboooobbboooobboooooboo
oo


PHSolidDesc
PHSolid
mass
CreateSolid
CreateSolid
PHScene
PHScene
PHSceneIf
CreateSolid
PHSolidIf
Get/Set
delete
Create
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Base

Base UOODODOOOOOODODDOOODDOOOOOOODDOOOOODOOD
ogon
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Table4.1 00000000000 0O0ODODOOODODODOODODOOODODOODO
Uoobbo0dobDf0dabb00dd float D Odouble OO DOOOONO

goon

oo ooboobobobobobobobobobbobobobbobooboo
000 double DOODOODOOO 3000000 xO000D0ODOO

Vec3d x;
000000000000 Joooobooooa
x[0]; // 0-th element

OO000OvVec[213][fld] 0O0DO0O .x, .y, .20000000000000
00o0obobobOobOoobuoobOoboOfileatdb 10DOODOODOO
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Table4.1 Matrix and vector classes
oooo oo
Vec[21314] [£f|d] ooogo
Matrix[21314][fld] OO
Quaternion[f|d] ooooooooo
Affine[f|d] oo0oooo
Pose[f|d] JO0O0O0oO0ooooooooooooa
TVector<10, float> x; // 10-dimensional float vector

goboboooobbodad

VVector<float> x;
x.resize(10); // can be resized at any time

UOb00OD. 000 VVector::resize UUUOOODODDODOOUOOOODOODODOOOOO
gobobooooboobodad
doboobooobobboooboboooooo

Vec3d a, b, c;

double k;
c =a + b; // addition
a += b;
c =a - b; // subtraction
-= b;
b=k *x a; // multiply vector by scalar
a *= k;
k =x *y; // scalar product

x%hY; // vector product (3D vector only)



4.1 000000000

ggoboboooobbboooobbbooooobooon

a.size(); // number of elements
a.norm() ; // norm

a.square() ; // square of norm
a.unitize(); // normalize

b = a.unit(); // normalized vector

g

goooobbbobbbboooooooooouoooboboob b oooooo
O000O0OOdouble 10000000 3x300 A0D0D0D0OOOOOOOOO

Matrix3d A;

0000000 [oooooboooo

x[0] [1]; // element at O-th row, 1-th column

ggoboboooobobboooobobboooobobobuoooooboogooo

TMatrixCol<2, 3, float> M; // column-oriented 2x3 matrix

ggoboboooobooooo

TMatrixRow<2, 3, float> M; // row-oriented 2x3 matrix

O000dodoodoododd Matrix3dd TMatrixCol<3,3,double>0 00000
ooooooono

VMatrixCol<float> M;
M.resize (10, 13); // column-oriented variable matrix
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UO0D00D00OVMatrixCol DO D OUUOUOOODODOOUOOOOODDODOO VMatrixRow
goboboogoooboogn

goooooboobbbibooooooooooobobboobboooooooog
goboboooooboboooooon

Matrix3d M;
Vec3d a, b;

b=Mx* a; // multiplication

gobboooobobboooobbbooooboboboooobobooooonoo

M.height(); // number of rows
M.width(); // number of columns

2x2,3x30 0000000000000 00O0ODOD0ODOOOOODOD

Matrix2d N;
Matrix3d M;
double theta;
Vec3d axis;

// methods common to Matrix2[f|d] and Matrix3[fl|d]

M = Matrix3d::Zero(); // zero matrix; same as M.clear()
M = Matrix3d::Unit(); // identity matrix
M = Matrix3d::Diag(x,y,z); // diagonal matrix
N = Matrix2d::Rot(theta); // rotation in 2D
M = Matrix3d::Rot(theta, ’x’); // rotation w.r.t. x-axis
// one can specify ’y’ and ’z’ too
M = Matrix3d::Rot(theta, axis); // rotation along arbitrary vector
googoogg

gooboooobbboooobbboooobobobooooboboooobobooon
OO0 Affine[fld] 0 4x40000000000O00O0DOOCO0ODOOODOOOOOO
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gooood

Affinef A;
Matrix3f R;
Vec3f p;

R
p

A.RotQ); // rotation part
A.Trn(Q); // translation part

gogobobooobobbooooobooobbobooonobobooonoobon

A = Affinef::Unit();

A = Affinef::Trn(x, y, 2z);

A = Affinef::Rot(theta, ’x’);

A = Affinef::Rot(theta, axis);

A = Affinef::Scale(x, y, 2);
ggooggno

// identity transformation

// translation

// rotation w.r.t. x—axis

// one can specify ’y’ and ’z’ too

// rotation w.r.t. arbitrary axis

// scaling

oL bobobobobobbobooboboD
oooooOobo0o4p0000000bDObObOO0obOOobOobobOO
0000000 (Joooo0ooDO0oooooooooon

Quaterniond q;

q.w; //
q.X%; //
q.5; //
q.2; //
q.VO; //

Same
Same
same
Same

as
as
as
as

q[0]
ql1]
ql2]
ql3]

vector composed of x,y,z elements

gdobdooobooooobooobboobobooobboobbooobboono

Quaterniond q, q0, qil;

90 = Quaterniond::Rot(Rad(30.0),

ql

’x’); // 30deg rotation along x-axis

Quaterniond: :Rot(Rad(-90.0), ’y’); // -90deg rotationt along y-axis
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q = ql * q0;

OOob0o0o0oobO0obOob0 3obobooobOoboooboobDobooboOooDoooo

Vec3d a(1, 0, 0);
Vec3d b = q0 * a;

gogoobooboooboboododoooooooooooobooboobobobooooa
Quaterniond[f|d] OODOOOOCOCDOOOODOODOOOOOOOODOOOOODO
gooo

Vec3d axis = q.Axis(); // rotation axis
double angle = q.Theta(); // rotation angle

goodooooooobbbbboooooooouuoo

q.Conjugate() ; // conjugate (reverse rotation)

Quaterniond y;
y = q.Conjugated(); // return conjugated quaternion
y = q.Inv(); // return inverse (normalized conjugate)

O00OO0OConjugate U0 O UODOO0OOOO0OO0OODOOOOOOOODOOODOOOOO
O000OConjugated DO OOOOO0O0OO00O0O0O0O0ONOInvO Conjugated U0
Ooooboobooooooool1obbo0oooobooooboooooooooooooan
ooooooOooOoOooOou 1bb0ooo0oooooooobooooooooooooo
OooooooooboooooooooobooooooooooooobooboOooobooOoooo
Oooooooobooono

Ooooobooooooooooooooooon

Matrix3d R = Matrix3d::Rot(Rad(60.0), ’z’);
q.FromMatrix(R) ; // conversion from rotation matrix
q.ToMatrix(R) ; // conversion to rotation matrix
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FromMatrixUUOOOOUOOOO ROODODOOOOOOOOODLOO qUOOOOOOO
U ToMatrixUUODOODOOOUOO RO qUUUOUOODDODOOOOODODOOOOO
goobboooobobbuoooobobboooooo

Vec3d angle;
q.ToEuler (angle) ; // to Euler angle
q.FromEuler (angle) ; // from Euler angle

ooooooboboo 200b00b0ob0bo0oo0oboboboboDoobobobOobnon
ooooboooOobOOoboo0oboOobOo0 2000D0bOO0O0ODOO0ObDOoOoOOoDbDOoOobOOo
JO00OU0O0OUORetationArc 0000000 0OOOOOOOOOOOOOOOOOOO
gogobooooooo

Vec3d r0(1, 0, 0), r1(0, 1, 0);
g.RotationArc(x0, rl); // rotation that maps rO to rl

gon

0000000000000 00000000000000000000000000
7000000000000000000000000000000000000000
00000000000000000000000

Pose[f|d] J0ODODDOODO Pos 0 Ori0 200000000000000000
(Vec3[f1d]) 00000 (Quaternion(fld]) 0000000000

Posed P;

P.Pos() = Vec3d(1, 2, 3);

P.0ri() = Quaterniond::Rot(Rad(45.0), ’x’);
Vec3d p = P.Pos();

Quaterniond q = P.0ri();

goboggon

Vec[2]314][f|d] OO0 0OD0O0OODOODOODOOOOMatrix[213][fld] OOO
O Affine[f|d] O0ODOO0OOO0OO0O0OCODOOOOOOOQuaternion(fld] 00000
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040 Base

gobobooooboboboooobbooan

42 00O0OO0O0OOOO

oboobooobobooobobooobobboobuoobobooobboboboboOon
goboboooobbboooobbibioodiobDdeletedddponooooononO
gooboooboboboooooo

O0D0D0ODODODODODOO UTRefCount O O OSpringhead OO OO OODODODODO
UTRefCount U0 O U000 0O0O0O0OODO0OOODO0OO0O0ODOO0OO0OODODOO UTRef UOU
gooooooooo

class A : public UTRefCount{};
UTRef<A> a = new A(Q);
// no need to delete a

43 0O0OO0O0O0O0O0
UTString

00000000000 stdesstring0 00000

UT TypeDesc

Springhead 000000000000 DOOODO

UT TreeNode

goboboooobbooon
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Foundation

Foundation 0000000000 Springhead 0000000000000 DOOO
00000000000000 FoundationOOOOODOOODOOODOOODOOODODOO

5.1 O00OO0OO0O0OO0O

0000000000 Springhead 0000000000000 ORTTIDOOOOOO
O0C+H++ 00 dynaniccast 00 RTTIOOOOOOOOOOOOOOOOOOOO
ggoooooooood

U0D000bb0odl IfIinfoU00IfInfo 00000 OOMO Object OO OOO
gogooobod

52 OO0OOOO

00000000 Springhead 0000000 Object 0O00OO0ODOODOOOODO
0000000000000 00000000D000O00Springhead 00000000
000000000000 00DO0DO0D000000000Foundation OO O ODOOO
00 Object OODOODOODOOO Fig.5.1000000

U0 Object OO0 boooobbboooobbboooobbbouooon

29
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O 50 Foundation

Object  #T7vzsh

LNamedObject ZEIFEAF T Ob
SceneObject Y—y#TTxHk
NameManager X—LXXIvy

L Scene =

Fig.5.1 Object class hierarchy

ObjectIf

size_t NChildObject ()
goobobooobobbooon

ObjectIf* GetChildObject(size_t pos)
posUUoooooonoooonbon

bool AddChildObject(ObjectIf* o)
O000o00 o000 UOOUOODDOOOOOOOODOOUOOOO true oo
O falseOOOO

bool DelChildObject(ObjectIf* o)
JdddUd oOUOUOUOODDbObODbObODbDDbDOOUUOUOUUUULDDODD trvel 000
false OO OO

void Clear();
ooooono

gobobooooboobbooobobooooboboboooobobooooboboood
O00000000000000000000OSpringhead 0000000000000
gobobooobobbtoooobbboooobbbooooo

goboboooobobboooobobbooogoo
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ObjectIf

void Print(std::ostream& os) const

Udoboooobobbuoggn esbbood

Print U000 0OO0ODOOODODOOODOODOODOOOOOODODODOODODODODO Print00O
gogooouoooooogoooooooooioD peint 000000 0O0OOOOO0OO
gogobbooooboboooobbbooon

NamedObject DO UODODOOOOODOOONamed0Object DU O UOOODOOOOODO
ggoboboooobobboooobobboooobboboooooboooobobooog
goobboooobbtboooobbbooobobbooooboboooubbboooo
gooood

NamedObjectIf

const char* GetName()

gogobooood

void SetName(const char* n)

ggoooood

NameManagerIf* GetNameManager ()

ugooboogooood

ggobobooooobooooboboooobboooobbboooobbooon
0000000000000000000 (PHSolid, GRVisual U0 ) 0000000

SceneObjectIf

Scenelf* GetScene()
gopoooooouooogoood

53 D0O0OO0OO0OO0ODOOOO

goooobbbbbbboooooooooouooobbbobobbuooooooog
gogoboboooobbboooobbuoooobbboooobobo
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O 50 Foundation

NameManagerIf

NamedObjectIf* FindObject(UTString name)
O00name 00000000 0O0O0O0O0OODOOO0OOOOOOOOOOOOOOOO

gdoNLLoggg

godoooooooooooobbbbbbbbbbbibbbibibd Scened g
000000000000 (PHScene, GRScene, FWScene U0 ) 00000 OO Scene [
gobobooooobobooooon

54 00O

000000 Foundation 000 000000000000 UTTimer JO0O0OO0ODO
goobog

UTTimerIf* timer = UTTimerIf::Create();

O0000UTTimer 00000 APIDDOODDDO

[Get|Set]Resolution OOOOOOOOO
[Get|Set]Interval oooooooo

[Get |Set]Mode gooogooooo
[Get|Set]Callback goooooooooooon
IsStarted gooogogoog
IsRunning dooooooooon
Start 0d

Stop HEN

Call gooooooooo

SetMode U U UOODOOOOOODOOOOODOO

MULTIEDIA OUOOO0OO0OOOOOO

THREAD gooogg
FRAMEWORK Framework DO OO OOOO
IDLE Framework 00000000000 O0OO0OO

00000000000 WindowsOOOODOOOOOOOOOOODOOODOOOO



5.0 00000000

bobodobobbuodibobbudn Sleepb0O00bbOOO0OOnDOOOFRAMEWORK
U IDLEOODOO0ODOO0D0O0D0 FWwApp U CreateTimer OO DO O0OOOOOOOOODO
O0D0 FRAMEWORK O OO OO GLUTODOODOOODOOOOOOOOOIDLEODODODOO
GLUTOOOOO0OOOOooooooooDOoO

Framework 000000 FWwApp OO OO OO0 DO OFWApp O CreateTimer 00 00O
oooooooooogn

55 OUooobond

gogobbuoooobobtooouobbuoooobbboooobbbooobbboooo
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon
ggoboboooobobbooooboobboooobobobuoooooboooooboobooog
00 0O 0O Springhead 0 0 0 ObjectStatesIf 000000000000 DOO0OO0ODOO
ggoboboooobbbooobbbooobobobouoon

PHSceneIf* phScene;
UO0OOphScenel O OOOO0O0OO0O0OO0OOOOOOOO
UTRef<ObjectStatesIf> states;

states = ObjectStatesIf::Create(); // ObjectStates 00O
OoooooO

states->AllocateState (phScene) ; // 00000000
0

states->SaveState (phScene) ; // 00000

phScene->Step() ; // 00

dodooooooooo

ooooooooooo

states->LoadState (phScene) ; // 00000

states->ReleaseState(); // 000
0on

Ododoooooooood

phScene->Step() ; // 00
Oo0ooooooooooo

551 OO0OOOOOOOODOO

Springhead 0 O 0 O (PHScene O CRScene) 0 D0 OO0 OO OO (PHEngine O
CREngine 00 0000)0000000O0OUO0OO0O0O0OOOUOOODOOUODOOODOO
goooobbbbbboooooooouooooobbbbooooooooooooon
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goo

552 O0OO0OOOOOOOO

OO00DD0D0D0000000000000DDODOOOOAllocateState(),
SaveState(), LoadState() OO O O O O 0ObjectStatesIf::ReleaseState() OO
O000DO0OObjectIf::AddChildObject() OO0 APIOODOOOODOOODODOOO
doodooooobooouoobooooooooooooooouooooooooa
doodoooooooooooooooooogdd
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Collision

6.1 OO

Collision 00000000 OOODO0OO00OODODODOOODOOOOOODOODOO
Collision 000000 Physiecs 0O OODODOOOOODOOOOOOODOODOODODOO
000000000000 00D0000000000000000D0O0000 Collision
gogobbooooboboooobbbooon

Collision 00000000 ODODO Fig.6.100D0DODO0ODODODODOOODODOO
ChShape UU OO OODODOODDOODOODOUOOOOOOOUOOODDOODODOOOOOO
gooo

62 O0OOOO
000000000000000000000

1. 00o0ooon
2.0000000000
. 0b0obooobooo

ggoboboogoboooao
goooooobobobbbbobooooogoo

// given PHSdkIf#* phSdk

CDBoxDesc desc;
desc.boxsize = Vec3d(1.0, 1.0, 1.0);

35
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O 60 Collision

CDShape Mk

— CDBox [EWaRZ
— CDSphere Bk
— CDCapsule ATt

— CDRoundcone Ha—v
— CDConvexMesh rhAvia

Fig.6.1 Class hierarchy of Collision module

CDBoxIf* box = phSdk->CreateShape(desc)->Cast();

0000000000000 0 PhysiessDODODODOOODOODOODOODOODODOODOO
00000 PHSdk OO OO CreateShape 00D O0OOOOPHSAk OO OODO 7000
gobobooooobuoooobobuoooobobooouobobboooobboooooboo
gdddddddddudoodooouoouuouug cooxyponobbbbbbo
Oo0o0obob01.000000000DLO0O0DO0O0ODO0DOO0ODOO0ODDO CreateShape 00
gobobooodooobuoooobbuoooooboboooobbboooobLbboooono
U00dooooooobbDb Cbshape U000 0O0O0O0O0O0O0OOOODODOODODOO
U0 ChBoxUOUUOODDODOOUOUODODDODOUOUOUODO CastbbboooonO
gooood

gobobooooboboogobobooooboobobooooooo

// given PHSolidIf* solid

solid->AddShape (box) ; // first box

O0000 PHSolidODOODOO 7vOD0OOOODOOODODODODODOOODOOOO
ooobooob1l1bob0oobo0oboboobooobooboboooboboboobog
gobbogooobuoooobboooobbboooobbbooobbboooobo
goboboooobobuooooboboo

AddShape U U OOOODOOOOO0OOOODOOOOOOOODLOOOOOOOOOLDO
000000000000 SetShapePose LU OOOODO


PHSdk
CreateShape
PHSdk
CDBox
CreateShape
CDShape
CDBox
Cast
PHSolid
AddShape
SetShapePose

6.2 00000 37
Fig.6.2 Box geometry
solid->AddShape (box) ; // second box
solid->AddShape (box) ; // third box

// move first shape 1.0 in x-direction
solid->SetShapePose (0, Posed(Vec3d(1.0, 0.0, 0.0), Quaterniond());

// rotate second shape 30 degrees along y-axis
solid->SetShapePose (1, Posed(Vec3d(),
Quaterniond: :Rot (Rad(30.0), ’y’)));

SetShapePose U0 10000000O0O0O00O0O00O0ODODO AddShape DD OO0
O0O0O0DODOAddshape OO O0 100000000DODOOO0DOO0OODOOODODOO
gobbboooobboobbbio0obbO00000bD GetShapePose U O OO
oon

0000 Springhead 00 0000000000000 OOOOOOCODO

gon

000 (Fig.6.2) 00000 CbBox 00O


SetShapePose
AddShape
AddShape
GetShapePose

38
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Fig. 6.3 Sphere geometry

CDBoxDesc

Vec3f boxsize gogogg

CDBoxIf

Vec3f GetBoxSize()
void SetBoxSize(Vec3f)

[

0 (Fig.6.3) 00O OO CDSphere 000

CDSphereDesc

float radius od

CDSpherelIf

float GetRadius()
void SetRadius(float)

gooo

0000 (Fig.64) 00000 ChCapsule 000000000 O0OODOOOOO
gogoooooon


CDSphere
CDCapsule

6.2 00000

39

Fig.6.4 Capsule geometry

Fig.6.5 Round cone geometry

CDCapsuleDesc

float radius

float length

CDCapsulelf

ggooo
goooo

float GetRadius()
void SetRadius(float)
float GetLength()
void SetLength(float)
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Fig.6.6 Convex mesh geometry

goobo

0000 (Fig.6.5) 00000 CDRoundCone 0 D 0000 OD0ODO0OOODODOOOOO
ggooboooooood

CDRoundConeDesc

Vec2f radius oogoggg
float length gbooooo
CDRoundConeIf

Vec2f GetRadius()
void SetRadius(Vec2f)
float GetLength()
void SetLength(float)
void SetWidth(Vec2f)

Setwidth O DODUOOUOUODODLDOOUOODODOOOOOODOOOOooO

goood

00000 (Fig.6.6) 00000 ChConvexMesh 0 D 0D OODODOOOODOOODOO
ggobobooooboboooobbboooobbbooobbboooobnoboa


CDRoundCone
CDConvexMesh
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CDConvexMeshDesc

vector<Vec3f> vertices oooogogdg

CDConvexMeshIf

Vec3f*x GetVertices() Oo0OooooOooooao
int NVertex() oog

CDFaceIf* GetFace(int i) 0000

int NFace() o0

OJ000000000000CDConvexMeshDesc: :verticesOOOOOOOODOODO
000000000 oO00oooo0o0oboo0o0ooo0ouooD cpFace 0o goon
goo0Oooooooo

CDFacelf

int* GetIndices() UO0O0O0OU0OOUOOUOOOOOOUOOO
int NIndex() ooooo

NIndex OODOO0O0OOD0OO0ODOOOOODODO 304000 000000000
ggoboboogobbboooobobboooobboboooooobooooobbooon
goooog

// given CDConvexMeshIf* mesh

CDFacelIf* face = mesh->GetFace(0); // get O-th face

int* idx = face->GetIndices();

Vec3f v = mesh->GetVertices() [1dx[0]]; // get O-th vertex
ooogo

6.3 00000

gboooooboooooobobooobobooobooboobooboobooboooboo
godbDd CbShape U U U DO OOODO CDShapeDesc Ul PHMaterial [J 0 U J material
ooooooon
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PHMaterial

float density HEN

float muO oogogogog
float mu ooggg
float e ooogogg

float reflexSpring gbobooobooboboobg
float reflexDamper ugbobobuooooboboooonboo
float frictionSpring UO0OUOUO0OOOOOOOODO
float frictiomDamper UU00OUOUO0O0OODOO0OODONO

gbobboo0bobobOoodin CbshapeIf DO OUOOOOOO

CDShapelf

void SetDensity(float)

float GetDensity()

void SetStaticFriction(float)
float GetStaticFriction()
void SetDynamicFriction(float)
float GetDynamicFriction()
void SetElasticity(float)
float GetElasticity()

void SetReflexSpring(float)
float GetReflexSpring()

void SetReflexDamper(float)
float GetReflexDamper ()

void SetFrictionSpring(float)
float GetFrictionSpring()
void SetFrictionDamper(float)
float GetFrictionDamper ()

o00ob0o0obooboobDooboobooboooog v 7O00bDO0o0ObDOO0DbO

6.4 ODO0OOO0OO

gobboooobbboooobbboooooboog
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CDShapelf
float CalcVolume() ooooag
Vec3f CalcCenterOfMass() goooooag

Matrix3f CalcMomentOfInertia() OOOOOOO

CalcVolume UUUOOODODOUOUOUOOODDDOUOOUOGetDensity I OOQOOO
0000000 0O0CalcCenter0OfMass U D OO D OOOOOOOODOODOODOO
goboobbibbbbO0OOCalcMomentOfInertia U0 U UOOOOOOOOOOONO
ooooboboooboobobooobooboboobbooUo 1oboobOooooo
ugoboboooobobboooobobboooobobbouooobooboooo
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Physics

7.1 00O

Physics 0000000000000 O00DOOODOOOOOO0ODODOOODOOOOOO
goooobboooooooobodooobbbooouobobbboooooboboobog
ggoboboogobbboooobobbooooboboboooooobooooobbooon
goobooboood

7.2 Physics SDK

Physics 0000000000000 O0OOO SDKOOO PHSAk OO OO ODOOOO
dpHSdk DO OO0 OooOOooooobooooboboooobobooooooboooon
gogbobboodgbbopESdkOOO0O0ODOOOO0ODODOOOOODOOOOOD

PHSdkIf* phSdk = PHSAkIf::CreateSdk() ;

O000D0DD0ODO0O000000000D00D0ODODDOO0O000000DOO0OFramework O
goobbuoooobbuooouobbopEsdk b0 bbooonO

PHSdk OO O DOOOOOOOO0oOOobObOooobobooooboooobooonoo
ggobbooobobobooooobod

PHSdkIf
CDShapeIf* CreateShape(const CDShapeDescé&) ooooo
CDShapeIf*  GetShape(int) ooogo

int NShape () ooo0o
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ddddooooooouooooooobbbobobbbbbbbobbnb pESAk O OO
OO0bO0o0o0oOobOOobOoboe0bbOUObOODbObbOO

(3 000

gogoobbbdoooobbboooobboboooooobboboooobobon
gogodouobboboooodoobtbodooooobobbooooobbbooooob o
Uodbo0dbobooobd0d0b0bUo0gbibd PHScene UPHScene U OO OONO

PHSdk DO OO OOOOOO

PHSAkKIf

PHSceneIf* CreateScene(const PHSceneDesc& desc) gogoggdg
int NScene () oo0Oooo
PHScenelf* GetScene(int i) ooooon
void MergeScene (PHSceneIf* sceneO, ggoood

PHSceneIf* scenel)

gooooobooobbbboooooogo

PHSceneIf* phScene = phSdk->CreateScene();

O0o000bobOobobobodobobo0o0dObdMergeScene U scenel OO0
OO000000000 sceneO00O0O0OUOODO scenel 0 OOOONO

Ooooboodobooooooooooooooooooooooooooooon
Ooo0oooo0oooooooboooobooboooooooooooooooooboooooo
OooooboooboooooboooooooooobooooboOooon

PHSceneDesc

double timeStep obooboodo

unsigned count gooboogoooobooogn
Vec3d gravity goood

double airResistanceRate goooog

int numIteration LCpoOOOODO
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7.3 000
PHSceneIf
double GetTimeStep()
void SetTimeStep(double)
unsigned GetCount ()
void SetCount (unsigned)
void SetGravity(const Vec3d&)
Vec3d GetGravity ()
void SetAirResistanceRate(double)
double GetAirResistanceRate()
int GetNumIteration()
void SetNumIteration()

timeStep D00 0O0OO0DOOOO00OOO0ODOOOOOODOODOOOODOOOOOO
ooooboooooooooooooobbo0ooooooooOobooooObOooDbDbOUoooDon
ooooooooo

count 0 O00ODOD0OODODODOO0OOO0OOOOCOCOODOOODOCcount O
timeStep DO OO 0OOODOOOOODO

gravity OO OUOQDOoooooooO

airResistanceRate OO UOOOO0O0OD0OOOOOOOOOOODOODOODOOODOO
000000000 00b00D00D000 airRegistanceRate 0.950 000000
0000000 9%%00000000000000000000000O0O0O0O0OO0
oo0oooOoOoboooobooo

nunlteration J 000000000000 DOOOO0OOOOODOOOOOOOOOO
ooooboooooooooooooobbo0ooooboooooboooobOooDbbOUoooDon
oooooooo

goboogoboboooo

000000000 10000000D00 step0obgoonb0O

PHScenelf

void Step() oooopbooboo 1ooogoooob

StepUU0O00OO0OO0OO0OOOOOO0OOLODOOOODLOOOOOOO

e OUOUIUOODDDUOODO
e 0O OOO
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e O UIUOOODODOOODO

4 00

dddddddodddoodooouououbbobobbn pEHSolidOOOOOd
ooduoubbbibibb PHScene U UOOOOQUGU

PHScenelf

PHSolidIf* CreateSolid(const PHSolidDesc&) gooogon
int NSolids() gooo
PHS0lidIf**x GetSolids() oooooggogoggg

gooboooon

PHSolidIf* solid = phScene->CreateSolid();

ddddooooouoooobbbbbibiooooooguoobodgdnGetSolids O
Ooob0o0oboboooboobobuoobooboobDoobobooboboobo obo o
gooooooooo

PHSolidIf* solid = phScene->GetSolids() [0]; // get 0-th solid

goood
gobobooooboboooogooon

HRN
PHSolidDesc
double mass OO
Matrix3d inertia oogg
Vec3d center oogg

bool dynamical goooooboobon
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PHSolidIf

double GetMass ()

double GetMassInv()

void SetMass (double)

Vec3d GetCenterOfMass ()

void SetCenter0fMass (const Vec3d&)
Matrix3d GetInertia()

Matrix3d GetInertialnv()

void SetInertia(const Matrix3d&)
void CompInertia()

void SetDynamical (bool)

bool IsDynamical ()

GetMassInv U GetInertialnv U0 UO0O0O0O0O0O0O0O0OOO0OODOOOOOOOOO
UOComplnertiaU 000 D0OOO0O0OOODOOOOOOOOUOOOOOOOOOOOO
000000b0U00b0uboodbUbdynanical OO OOOODOOOOODOOODOOO
OoobOooobobOodnoD dynamical O true 000000 O0O0OODOOOODOO
goboooobboooobbooobobbbooobbboobDbOdynamical O
falseJOOODODOOOODODODOOOOOODODOOOOODDOOOODDODODOOOODOOO
OO0 0000000 DOOOOOOO

HRN
PHSolidDesc
Vec3d velocity g
Vec3d angVelocity gog

Posed pose goood
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PHSolidIf
Vec3d GetVelocity ()
void SetVelocity(const Vec3d&)
Vec3d GetAngularVelocity ()
void SetAngularVelocity(const Vec3d&)
Posed GetPose ()
void SetPose(const Posed&)
Vec3d GetFramePosition()
void SetFramePosition(const Vec3d&)
Vec3d GetCenterPosition()
void SetCenterPosition(const Vec3d&)
Quaterniond GetOrientation()
void SetOrientation(const Quaterniond&)

velocity, angVelocity, pose UU DD UOUOOODOO0O0O0OO0O0DOOO0OOOOOO
O000000000000000 [Getl|Set]FramePosition 00O OOOOOOODO
0000000000 /O00000000000 [GetlSet]lCenterPosition OO0
00000000000 /0000000000000000000O00DOO0ODO0O0OO
O000000000000000D00 [GetlSet]Orientation 00000 ODOOODO
00000000000 /000000

gooogoo

gooboooon

e DO UOOODDODO

e (1[0

e 0O UOOOODDOUOODO

0300000000000 00b0o0bOobDoobobobobDoobobOooDboUobOd
goboboodooobuoooobobooooboboooobbbooobLbboooono
goobogdoobuooooobuoooobobooooobooooon
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PHSolidIf

void AddForce(Vec3d)

void AddTorque (Vec3d)

void AddForce(Vec3d, Vec3d)
Vec3d GetForce()

Vec3d GetTorque ()

ool AddForce U4

solid->AddForce (Vec3d (0.0, -1.0, 0.0));

00o0o0o0o0oooooOooooo (0,-1,00)0000000000000DO0OOODOO
goobobboooooo

solid->AddTorque (Vec3d (1.0, 0.0, 0.0));

oooUoo0oo0ooOoooooooUooUoD (1,0,0)D0000O0OO0OOOOOODO
goooo

solid->AddForce (Vec3d (0.0, -1.0, 0.0), Vec3d(0.0, 0.0, 1.0));

ooooooooooooo (o,—-1,000000 (0,0,1)D000000OOUOOOO
ggoboboooobobbooooboobbooobobobooooobooooobobooog
U 0 AddForce 0 AddTorque U0 OO OOOOOOOOODODOOOOODOOOOODOO
goobbooobobbooon

00000000 GetForcelGetTorque U D OUOUOOODDOOOOOOOOOOO
gogobboooobbboooobbbooobbbooonooboooobbooon
Udobb0o0o0obbb0o0d AddForce O OUoonnoOoog

7.5 OO

ggoboboooooboooobboooobbboooobbboooobLbooaoan
O0000 Fig.71 00000000000 0DO0ODOOOOOODODODOOOOOOD
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PHConstraint #=
— PHJoint  FB8ff
— PHJointl1D 1 B HEREE

PHHingeJoint e
PHSliderJoint X344
PHPathJoint INAD AUk

— PHBallJoint R—ILoaq Uk
— PHSpring INF

— PHContactPoint #fim

Fig.7.1 Constraint class hierarchy

gooooooooobbbboooooooooooooobbb oo oo

gobobooooboboooooon
gooboooooboooobobuoooobobooobobobooon

gobgd

gooboooobbboooobbboooobobobooooboboooobobooon
gobboogobobooobbooooboo

PHSolidIf#* so0lidO = phScene->GetSolids() [0];
PHSolidIf#* solidl = phScene->GetSolids() [1];

PHHingeJointDesc desc;
desc.poseSocket.Pos() = Vec3d( 1.0, 0.0, 0.0);
desc.posePlug.Pos() = Vec3d(-1.0, 0.0, 0.0);
PHHingeJointIf* joint

= phScene->CreateJoint(solid0O, solidl, desc)->Cast();

goooogbooboobbobbouoboobodobbbOdd PHScene U
CreateJoint OO DODODOOODLODOOODLOOOOOOOOOOUOOOOOOOOOY
Uobobo0oobbbododobbOdCreateJoint [ PHJointIfx OO OO OON
goooouooooobbobbooogg castdunoonooooon

UO0D0D00O0 PHScene U DO DOOUOOODODOOO
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solide _socket  plug. solidl

P Y
y y y y
asg 1 N\ cuwew
= ) (e
) SN

N -

(a) before connection

(b) after connection

Fig.7.2 Socket and plug

PHScenelf

PHJointIf* CreateJoint (PHSolidIf*, PHSolidIf*, const
PHJointDesc&)

int

PHJointIf* GetJoint(int i)

NJoint U OO UOOODDOOOOODODUUOODNGetJoint D iOOOODDODOOOODOOO

goouoood

oo ooooooooooboooouo
0000000000000 0D0000OSpringhead 00000000 O0OO0DOO0O
oo booooooooon
gooooooooooooooooooobobobobobobogooonooon
CreateJoint 00 10000000000 OD0OOD 2000000000000000
gooobooooooboobuoonooooboobouoobooooonooooo
00000 poseSocket 0 posePlug 00 000D 0OOODOOOOOODO (1,0,0)000
00000 (—1,0,0)000 (Fig.7.2(a))0 00000 Fig.7.2(b) 0000000000
odooboooooooouoonooooboooy z00000000000000
doooooooobibooddoodoooo z0 00 ooooooooooo

ggooood

ggoboboooobbboooobbbooobbbuoooboobboogn



54

O 70 Physics

PHConstraintDesc

Posed poseSocket goooogoooo

Posed posePlug goboboooon
PHConstraintIf

PHSolidIfx* GetSocketSolid () gooogoggdg
PHSolidIf*  GetPlugSolid() ooooooo
void GetSocketPose (Posed&)

void SetSocketPose(const Posed&)

void GetPlugPose (Posed&)

void SetPlugPose(const Posed&)

void GetRelativePose (Posed&) ooooooooo
void GetRelativeVelocity(Vec3d&, Vec3d&) 0O0O0O0O

void GetConstraintForce(Vec3d&, Vec3d&) oo

GetRelativePose U U DO OUOODOOODOOUOODOOODODOOOLOODDOODO
000000000 GetRelativeVelocity U O DD OOOOOOODOOOOO
Oo000o0oooooooobobooooobo 1g00o0booboo0 2000000D0DO
GetConstraintForce 1000000000 OOOUODOOOUDDOO (D 100000
000 200000000) 0000000000000 O00O0O0ODOOOOUOOOO
goboboodooobuoooobobuoooobobboooobboooobboooooboo
gooobooobobbuoooobbuooobobboooobobuooon

gobgd

Springhead 000000000000

000 (PHHingeIf)

0000 (PHSliderIf)
0000000 (PHPathJointIf)
e 00DO0DDOD (PHBallJointIf)
e 00 (PHSpringIf)

Os000000000000DO0D0DO0OD0O0ODbDOODbODbOODOODbOO
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Fig.7.3 Hinge joint

oan

o000 1000000000 0DbO0OD0Fegr300000D0ODOO0O0O0ODODO z0
0000000000000 0000000000 yOOOOODOD yOOUDLOO (x0OO
0000000000)0000oooooood

000000000 APIO 100000 (PHIDJointIf) DD OODODOOODOO

V position 9
. WIIDJointIH O G\V

b "ﬁ__E‘l—‘DDDEE‘sﬂ(ﬂDDDDDDDDDDDDDDDDDDDDD

ggoo

00000 1000000000000 00D00D0Figr400000000DOODOO
gdbzOOOUOOOoobbOOoOoUobbbL xUOdyoooobbboooobboooo
ggoboboooobooboooobbbooobbbouoooobobobooon

ggooood

oobooboboooboboobobobooboob0o 1oboobobobobobooo
ggoboboogoboooooon

T.B.D.
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Fig. 7.4 Slider joint
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Fig.7.5 Ball Joint
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00 (Swing)UOOOO z0000O0OD0OD0O xy 000000000000 xO0OO0OO
00000000 (Swing-Dir)D0OO0O0O0 200000000000 D00O0O (Twist) OO
D000Swing-Twist 000 0000000000000 O00DOOO00DOO0OO0OOO0OO
ogan

o020000000000000DO0OO0OO0ODOODOObOODODOOO

PHBallJoint 0O 0

Quaterniond GetPosition()

000000 00o0ooooooooooDooooooooooooooon
Vec3d GetAngle()

Swing-Twist 0 00 0000000000000 O0OO

oo

Fig. 7.6 Spring

y
ggoboboooooboooobboooobboooobbboooobbooon

goobboooobbtbgooobbbooobobboooobboooubbboooo
gogobbooodoobojaooooyggaadboboooonoobooouobobooon

gooood e 00 00000000000000
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PHSpringDesc

Vec3d spring
Vec3d damper
double springQOri

double damperOri

googooo

PHConstraintDesc

gogoboobooogooood
goobobooooboood
gogobooooooood
ggooboogooboood

bool bEnabled

PHConstraintIf

Oo0/o000o

void Enable(bool)
bool IsEnabled ()

goobooooboobboooobobboooobobboooobbboooobLboboooa
gobobooooobuoooobobuoooobobooouobobboooobboooooboo

goooooooo

goog
100000000
PHJoint1DDesc
double spring goobood
double damper gooobgod
double targetPosition ugooooooaooon
double targetVelocity goboboooooood
double offsetForce
double fMax
PHJoint1DIf
double GetPosition() OOoooogoo
double GetVelocity() Ooooooo

void SetSpring(double)
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double
void
double
void
double
void
double
void
double
void

double

GetSpring()

SetDamper (double)

GetDamper ()

SetTargetPosition(double)

GetTargetPosition()

SetTargetVelocity(double)

GetTargetVelocity ()

Set0ffsetForce(double)

GetOffsetForce()

SetTorqueMax (double) OO0DO00oDOoooo
GetTorqueMax () O00O0ooooooo

0000oo0ooo foooooooooog

[ =K(po—p)+ D(vg —v) + fo

Ubdpoe00D0000000O00O00O0OO GetPositionl GetVelocity OO DO OO
ocooooooooooooooooooOOOOCbObObOOoOoooooo

K
D

Po

Vo

fo

spring
damper
targetPosition
targetVelocity

offsetForce

goo00ob0oooooboob0 pDOOO0OODOODOOOODODOOODOODOODOODO
000 KOOOOooopoUooUoOoOUOOoOpoOOOOODOOvwOoDOOoDOOoDODODO
000000000000 KOPOOODODODOODOpODOODOODOwvwODOODO
O0o00ooooodoD fpb 000000000000 D00DO0ODO0O0ODO0OO0ODOO0O0
000D #HAfMax 00000 ooooboooboooonog

gogoboboooooo

o0oo0ooooO0ooOooOoooboopbObOO0OODODODbDOOOOOODOOOO
oooouoouooooooobbidonn targetPosition U OOOOOOOOO
000 targetVelocity U O UODOOOOOODOOO
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PHBallJointDesc

double spring

double damper

Quaterniond targetPosition
Vec3d targetVelocity

Vec3d offsetForce

double fMax

gobgd

gooo
goooo
ggon
goon
gooboogo
goobooon

Createlimit 00 0O0O00D0OO0DOOOOOOOODOOODOODOODOOO1IO
O000D00000D00000OVec2d range0 00000000 Orangel0]l OO0
O0O000Orange(1] 00000 0Orangel0] < range(1] 0000000000000
000000000000 0000000000 rangel0] > range(1] OOOOODO
gobobooooboboooobboooobooog

gooobobbooooobboooguobbobbbooobobbbooooobboo
gobboodooobuoooobobuoooobobboooobbboooobLbboooono
gbobbooobbbdooobbobuoubbbooubbbu0Ul springl] damper

guoooogd

tips

000000 springlldamper 00000000000 O0OCOO0ODOODOOOOODOO
gooboobooooboooboooobooboooboboobooobboooboooooDoog
o0oooO0oobOobOOooobocOooOooO0ooOoobOoOoOobocOoobOOobOOooOoO0ooOoOonDOg

gboboobooooboooboooobooobooooboooon

100000000

PH1DJointLimitDesc O 0O O

Vec2d range

000000000 Orangel0l] 0000Orangel1] 000000

double spring
double damper

ugoboboooooboboooobobbooooboobooon



7.5 00

61

PH1DJointLimitIf [J 0 [

IsOnLimit ()
00000000000 oUgolf true0 000000 ODOOOO true d
oo ooobogoooobooonooooootooo

ggoboboogooo

000000000o0o0ooO Figrhb)OOO Swing-Twist 0000000000
oo

oo0ooooboooooboo 20000b00O00ODODO0ObDOobObOODOoDbDObOO

e ConeLlimit U0 00D DODOODOUOUOUOUOUOUOUOUOUOOOOOODODDODDODDbDDODOO
goood

e Splinelimit OO OUDODOODODODOOOOOODODODODODD zOOUOUOOOOO
dobobooooboboooon

0000 ConeLimit 0O OO DDOOODO (Splinelinit 00000000 ODO)O

PHBallJointConelLimitDesc 0 0O 0

Vec2d limitSwing
ggooouoooooobbooobbboooobbbbbbbbbobooo
00000000 (0000000000000 0oUOo0oDUOoODOoUoOOO
0000000000000 0000000O00oO0OoDO)O
1limitSwing[0] OO0 0 O1imitSwing[1] 00000 O1imitSwing 0O 00O
0000000 APIO

PHBallJointConeLimitIf:: [Set|Get]SwingRange (range)
oo
limitSwing[0] > limitSwing([1] 00O 0OOO0OO0OOOOOOOODOO
00 limitSwing[0] > limitSwing(1] 00000000000 OO0OOO

Vec2d limitTwist
ggooouoooooobbooobbboooobbbbbbbbbobooo
ugobooooooo
limitTwist[0] OO0 0 01imitTwist[1] 00000 O0limitTwist 0000
0000000 APIO

PHBallJointConeLimitIf:: [Set|Get] TwistRange (range)
udn
limitTwist[0] > 1limitTwist[1] OO0 000000 OODODOOOO0O0O
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00 limitTwist[0] > 1limitTwist[1] O00OO0ODOO0OO0O0O0O00000O

double spring
double damper

goboobooboobooooboOoobOoboboooboobbooool1loooboobobooo
gooood

PHBallJointConelLimitIf OO O [J

IsOnLimit ()
0000000000000 00000 true0 000001 00000000
0o0oooon

gobbobouoooobboboood
goooood

gobggoooaad

(6 OJOoooooog

0000 (IK)ODODODO0D00D000O00o000o0o0ooo0ooo0oooooooooo
goood

Springhead 0000000000000 OODO IKOOOOOODOOOOOODOO
obooboo lobobooboobobooboboboobobobooobobobobog
0ooobooooboboooobbooooboboooobobooooboboooooo
gobobdoodbbbuooobobbuooobobboooboboboo

Springhead 00000000000 IKOOOOOODOODOODODODOODOOOO
OOoboO0300b0bobooooboobooboobooboooboobooboon

IKOODOODDODOoODOooDOo IKOODooooooooooooooooooooooo
gooboood
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// given PHScenelf* phScene

// given PHSo0lidIf* solidl, solid2, solid3

// given PHHingeJointIf* jointl (solidl <-> solid2)
// given PHHingeJointIf* joint2 (so0lid2 <-> so0lid3)

PHIKHingeActuatorDesc descIKActuator;
PHIKHingeActuatorIf* ikActuatorl

= phScene->CreateIKActuator (descIKActuator) ;
ikActuatorl.AddChildObject (joint1) ;
PHIKHingeActuatorIf* ikActuator2

= phScene->CreateIKActuator (descIKActuator);
ikActuatorl.AddChildObject (joint2) ;

PHIKHingeActuatorIf [ PHHingeJointIf 00U O UOODOOOOOOODOOOOO
gboboobooboobooboobooobooboboooboobooboooboobOoboooboo
oood

ikActuatorl.AddChildObject (ikActuator?2) ;

OO00IKOODODOOODOODODOoDOUOOobOobOoooooobooooboobooo
gooood

PHIKEndEffectorDesc descEndEffector;
PHIKEndEffectorIf* ikEndEffectoril

= phScene->CreateIKEndEffector (descEndEffector);
ikEndEffectorl.AddChildObject (solid3) ;

goooboobbodoodobbooouobuobobboooobbbooooboboo
gogobobooooboobooooooboooonoo

ikActuator2.AddChildObject (ikEndEffectorl) ;

00000 solidl -(jointl)-> solid2 -(joint2)-> solid3 00 O0OOODODO
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obodobdobbboobbodn selid3 0o noooobboooon
ooogobogoibibd joint20 0000000000 DOODOO0O ikActuator2

goobooooooo
gobdoogobooobbooobtooobboobobbooobbooobbooobba

goboboooobobooo
OO0DO00O0O00OO0DIKOODOOoOOOooOooo IKOooooooo

// solid3 goes to (2, 5, 0)
ikEndEffectorl->SetTargetPosition(Vec3d(2, 5, 0));

phScene->GetIKEngine () ->Enable (true) ;

phScene->Step(); // IK is calculated in physics step

Link System ikActuatorl “| ikActuator2
Parent-Child PHIKEndEffector
KOoOQoo ikEndEffectorl

PH%g?idC"_D_"D_"D"D PHST .ne HEN Dpﬁs%lic']ﬁ" aono .%HIOKE .gine) DPDHSO i(? goobooooon

solifl1] J 00 O [jeintl] O O U [ $olid20(J O U [ joini 2] solid3

phScene->GetIKEngine () ->Enable (true) ;

O00000000000000OOGetIKEngine() DOPHScene DO 0O IKOOOO
Oo0000 ApPIOODO

Springhead D000 IKOODOOOOOOODOODOOODODOOODODOOODOOOODOOO
0000000000000 D00000000 AADDDDODODOODODODODODOOOOO
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00000000 Ar000D0DODODOODOO JOOOO

Ar = JA0

oboo00O0obO0oOO0o0bOoOobOoOobOobO0oOb0 JoOooOoobDooDbDOoboObOooooo
Ar00000000000000DODODOODOOOOOOO0O000000OO0OODOOO

goooboobooooobobobo=000000ob0bbooooooobboooon
0o lgboobooboboobobooobobbooboobobooboboooo
ggobobooooooooodon

// 20 iteration per 1 physics step
phScene->GetIKEngine () ->SetNumIter (20) ;

gogobobboooobobobooooooon

PHScenelIf 0 0O 0

PHIKEngineIf* GetIKEngine()
IKODOODOoDoooo

PHIKEngineIf [0 0 [

Enable(bool b)
IKOODOODOODODOOOODO0O0O0OO00OO00DO trued00000O0O0Ofalse
OO00oO0oDbooooon

SetNumIter (int n)
IKOODOODOOOOoDOOoO 10000000 n000ooooooo

goboobogd

Springhead 00 0IKOOODOOOODOOOODODDOOOODOOOODIKOOODODOO
ggoboboooooboboboooooboooooo

ggobooboogooo

IKOODODOOoODOOooOobooooooooooooboooooobooobooooo
gooobobooooooobbodogooobobobbooooobbooboooooobooboo
ooooboooobOooooooboo IKOOoooooboIkKooooobooooo
0000000000 DO00O00O00DOO0DO0DIKODODODOOoOOoDOOooDoOoooDoo
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goo

goobooooboboooooo
O0000DOO000IKODOOOoOOOobOOooOoooobooooooboooooo
goobooobooboooobbuooooboboooboobuooan

e PHIKHingeActuator 0 PHHingeJoint U DU DO UODOOOOOO0OODOOOOO0O0O
0000100000000 ooog

e PHIKBallActuator 0 PHBallJoint UU D UODUODODNUODOUODOOODODOO
0000 3000000000000 0O00000O0O0000O0OoO0ooooooOg
(0000000000000 00000)000000DO0OU0DOOoDUoOOoUoOg
000000000 20000000000000 (0000 200000010
0000o00ooooOooo)o

// given PHSceneIf* phScene

PHIKHingeActuatorDesc descIKActuator;
PHIKHingeActuatorIf* ikActuator
= phScene->CreateIKActuator (descActuator) ;

00000000l OOnDPHScenelf 0 CreatelKActuator U U OO OON
OoOoOD0OD0OO0OD0O0000000000000DPHIKHingeActuatorDesc 00 0O 0O 0
0000000000000 0000000000O0ODOPHIKBallActuatorDesc U [
000000000 oo0ooooobooooobooooobooooooon

0000000 00oooooooooooboooooooooooooooooon
000000000000 oooooooooooooon

// given PHHingeJointIf* joint
ikActuator->AddChild0Object (joint) ;

goboboooobobooooan
gooboogoobobuooonoboooooboood
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O000IKOOODOOOOOOOOO0DODoOOO0oooOOoOoDO SpringheadJOOODO
ggoboboogobbbooooboboboooobobooooooo

// given PHIKActuator ikActuatorl, ikActuator2
ikActuator1->AddChildObject (ikActuator2) ;

actuators>—

AddChildObject O/ /000000000 00REEAAAIDDODOODOO

DDDDDDDDD[]DD]D gooooooooood
=/ actuator5

o000 O0Oopoopo #eieBo ooooooo

L> actuatord
actuatorl

D(Eb@tj] ooo Eé&u!;'t%m LactuatorS
O0000odKOOOoOOoooooooooooooooooo SetTargetVelocity

ggobbobooooboboooouobbooouobbbuddy damper OO OO
ggobbboooobbb damperddonooogoooboooonoobooon
0000000000 0bO0bO0o0 IKOODOobOoooooooboooo

oooo Ik
O00IKODODODODOOODOOoDOOoDOoooOoooooooOoooooooooboooo
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon
ggobobooooboboooobobbooooboood
Springhead 0 IK O OO OODOOOOO0OODOODOOOODOOOOOOO

// given PHIKActuator ikActuatorl, ikActuator2
ikActuator1->SetBias(2.0);
ikActuator2->SetBias(1.0);
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SetBias 00O O0O00O0ODOO0ODOODOOODOODOODOOODOODOODOBIasOO 1.0
OOob0ooo0OooOob0obo0ooooboboboooobuIKOoboooooobooooo
oo0oo0ooboobobooobob 1o0b0obbo0obDoobobDbobDoobooo

goboooood

gogobbobobobbobobbbbbtbbhododooooooooooUooOon
OO00DO000ODO00b0OOO0O0DbO0oO0o0obODO00O0DbOoOoObOoOoDOoIKOODOoOoo
gobobooooobuoooobobuoooobobboooobbboooobboooooboo
gooo

O00O0o0OOo00ooooo
O00O000000 PHScenelf 0 CreatelKEndEffector O OO OOOOOOOO
00 O PHIKEndEffectorDesc OO OOOO

// given PHSceneIf* phScene
PHIKEndEffectorDesc descEndEffector;

PHIKEndEffectorIf* ikEndEffector
= phScene->CreateIKEndEffector(descEndEffector) ;

gobogobooobbobooboobbooboobboboboobboobod
AddChildObject U O UODOOOOUOOOODOOODOOOOODOOOO

// given PHSo0lidIf* solid

ikEndEffector.AddChildObject (solid);

goboboooobobboooobboooobobobooooboboooobooboood
doboboooobobobooooooo

// given PHIKActuatorIf* ikActuatorParent

ikActuatorParent.AddChildObject (ikEndEffector) ;
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oObobOo0O0o0obO0bO0obOO0oobOOobDOobOU0oobOobDOobOOoOobOobDOobOoIKDOO
gogoobooooobouooon

goobbooooboboooobbuoooobbboooobbboooobboboooo
O0lKOOODOOOooOOoooOobOoooOoboooobooooooooooooooo
ggobobooooboboooobobboooboboboooooboooobobooon

ggooood
Udo0bDbO0o00bobbO0d SetTargetPositionU OO ODOOOOM

// so0lid3 goes to (2, 5, 0)
ikEndEffector->SetTargetPosition(Vec3d(2, 5, 0));

ggoboboooooboooobboooobbboooobbboooobLbooaoan
ggoboboooooooooon

ikEndEffector->SetTargetOrientation( Quaterniond::Rot(’x’, rad(30)) );
ikEndEffector->EnableOrientationControl (true) ;

00000 Quaterniond D000 0O0D0D0O0O0OO0OODO0OOOOOOOOOOOOO
00000000 EnableOrientationControl O OO OOOODODODOOOOOODNO

EnablePositionControl [0 U [0 EnableOrientationControl UL U OO OOONO
00ooobOooooobooooooboooooooooooono

// 000000000000 00000000
ikEndEffector->EnablePositionControl (true) ;
ikEndEffector->EnableOrientationControl (false) ;

// 000000000000 Qd
ikEndEffector->EnablePositionControl (false) ;
ikEndEffector->EnableOrientationControl (true) ;

// 0000000000000
ikEndEffector->EnablePositionControl (true) ;
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Fig. 7.7 Contact configuration

ikEndEffector->EnableOrientationControl (true) ;

(.7 0O
goood

Springhead 0000000000000 O00DOOOOOOO 73000000000
PHScenelIf::StepU 00 UO0OOO0OOOOOO 1000000D00O0DOO0ODLDOODOO
gobbogobobobuoooobboooobbboooobbbooobbboooobo
0000 Figv.r00D000000O0ODO0ODOOOOODOODODOOODOODOODOOOO
gogouoobobodooobbbooouoobobbbooooooobobboboooooobo
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goboboodoobobuoooobbuoooobobbooobbbooobbbooobo
gogogooobbodooobbboooouobobbboooooouobbbboooooobo
oo

goobbobodoooouobbbbooooobbbbooobooxbbbbooooo
gobobbooooobobbbodooooobbbooooobbbybbooooob b
gdddddddddddddddddyuyuUuUuUUuUU0UUUg z 0 xOd
yuoooooogooboooooo

goobboooobbbooobbtbooobobboodobbboooobbboon
goboboodobobbooooboboboooobobbooooobobooaon

<=V = ooooo
o> -V = Ogoooooo
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gobo»*000bd0bboo0obooboobDb xooboobooboboobobooo
000000000000Vt O0oo0oo000000000000000

0000000010000000000 v« 0000000 e000000O0O00O0
ggobobooooboboboooooboa

v = —ev® (7.1)

goobboooobbtboooobobbdooobobbuooobobboooubLbbooon
OO0000o0o00oDOoOo0oooo0oooOdolgooodoooogoooooooon
00000000000000100000000000 d 0000

d' = d — ymax(d — d**',0) (7.2)

0000000004 00000000000000000dY' 0000000000
goobbooooboboooobbuoooobbboooobbboooobboboooo
OO000oo0oooooooxgoo f~o0

fr=0

O000000DOoO00oooo0 ydooD ffOzOOO f~00000000000O00O0O
ggoboboooobobbooooboobbooooboboboooooboboooobbooon
ggoboboooobooooogn

—po.f* <f¥ < pof* if —Vi<o¥ <V
wf* <f¥ < uf* otherwise

ggoboobodood wedobbbod pooobbbbooooobbbooog

0000000000000 0vVioooO0O0O0000000000000000dz0

ggobboooobobooooobod
ggobboooobbboooobbbooooooboooon

CDShapelf

void SetElasticity(float e) O0o0ooooooo
float GetElasticity() oooooooon
void SetStaticFriction(float mu0) oooooogo
float GetStaticFriction() oooooogo
void SetDynamicFriction(float mu) ooooooon

float GetDynamicFriction() oooooogo



72

O 70 Physics

PHSceneIf

void SetContactTolerance (double tol) gooogooooo
double GetContactTolerance() Ooooooooo
void SetImpactThreshold(double vth) ooooooooo
double GetImpactThreshold () oooooooog
void SetFrictionThreshold(double vf) Oo0Oooooooon
double GetFrictionThreshold() OoOooooooon

0

e IO DLDDDOUUOUODODLDUOUDLDDLDUUUULDbDbOOUOODLDLObOOOO

aoo

gooood

e I UIUUODDyOUzOUOOUDDOOUOUODODDDOOUOUODDOD yOUQO z0O
ggobobboooobobboooboouobbooouobbboooobbbooog
0000000 Springhead 00000000000 DOOOOOOODOOOOO

oo

gobgd

HEN

[

gdoboboooobbboooobbtbooobobboooobbboooobbobooon
gobboodooobuoooobobuoooobobboooobbboooobLbboooono

goooog

goobooooboobooooooo

// given PHScenelf* scene
// given PHSolidIf* solid

Vec3d fsum; //< sum of contact forces applied to "solid"
Vec3d tsum; //< sum of contact torques applied to "solid"
int N = scene->NContacts();

Vec3d f, t;
Posed pose;

for(int i = 0; i < N; i++){
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PHContactPointIf* con = scene->GetContact(i);
con->GetConstraintForce(f, t);

if (con->GetSocketSolid() == solid){
con->GetSocketPose (pose) ;
fsum -= pose.Ori() * f;
tsum -= pose.Pos() % pose.O0ri() * f;

}

if (con->GetPlugSolid() == solid){
con->GetPlugPose (pose) ;
fsum += pose.O0ri() * f;
tsum += pose.Pos() % pose.Ori() * f;

000000000 0bO0O0ODnO PHScenelf::NConstacts U 0O O 0O Ofor
00000 00000000000 PHScenelf::GetContact U O OO OOODO
PHConstraintIf::GetConstraintForce U OIUOOOD f00000O0 t0O0OO0O
0o0ooooooooooooboo  obbboooooboooooDooooooood
000/00000000000000000000O00/0000000000O00OO0
000000000 ooOoOo0o0o0ooobOooDo0ooooooDooDooooooooon
00000000000 oooooooDooDoooooood
ogdn

00000000 /o000o000

0o0oooooooooooooooooooooboooooDooooooooogn
O0oooOooooobOoOoooooOoOoooooooOoooooobOooooooooOon
000000000000 Springhead D000 O0O00OO0O0OO00OO0DOODOOOCOODOODO
0000000000000 nUd PHScenelf: :SetContactMode
goooog

PHScenelf

void SetContactMode (PHS0lidIf* lhs, PHSolidIf* rhs, int mode)
void SetContactMode (PHSolidIf** group, size_t length, int mode)
void SetContactMode (PHSolidIf* solid, int mode)

void SetContactMode (int mode)
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000000 1ns0d rhs 0000000000 0ODOOCODOOOODODOO [group,
group + length) OO0 OOOO0O0O0OODOOOODOOOOOOOOODOOOOOOO
solid D UUOUdObOUOOOUubLboooobobooobboooobobooobLbood
gobobooooboboooooooon

dobbooobbbooobbooaon

PHSceneDesc: :ContactMode

MODE_NONE ggbobobuooooboboooonboo
MODE_LCP goobbooobobooooobooog
MODE_PENALTY gobboboogoboboooobbogao

gobobboooobbbodoooobb MopELCPOODODDOOOOOOODOOOOOOnO
goboboooobbbooooon

// given PHSo0lidIf* floor

scene->SetContactMode (PHSceneDesc: : MODE_NONE) ;
scene—>SetContactMode (floor, PHSceneDesc: :MODE_LCP) ;

goood

(8 OD0O0O0OO0OO0ODOOOOOOO

T.B.D.

9 OO

T.B.D.
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(10 DOO0OoOooooooo

gogobobooooboboooobboooobbboooobbbooobbbooon
gogoooooooo

goboogoobd

gboboobooboboooboobooooboboooboobobooboobOoboooboo
U000b00bodbo0dbOO PHConstraintEngineIf U U D UODOODOOODO
oooobooooon

PHConstraintEngineIf U OO UOUOOODDOOOODODODOO

PHConstraintEngineIf

void SetVelCorrectionRate (double) O0o0ooOoooooooo
double GetVelCorrectionRate() O0O00ooOoooooono
void SetContactCorrectionRate(double) OO0 00O0O0OOOOOOO
double GetContactCorrectionRate() go000oooooooooo

00000000l 0ooo0o0ooOo0oooooooooooooooooo o,
0000000000000 00 1000001 0000000 o0o0ob oooOooooo
o0oooOooooooOooooooOoooooooooooooOooooooooon
0o0oooooooooboooooobooooooooooooboooooooooan
goooo

Jooboboooooboooobboooobbooooboboooobobooon
00000000 PHSceneIf::SetNumlIterationOODOOODOO 73000

PHScenelIf::SetContactTolerance U OO OO OO

PHConstraintEngineIf::SetContactCorrectionRate DO D DOODODOONO 7.100
0o






[J 80

Graphics

g.1 OO

Graphics 0 3D 000D 0OO00OOOOOOOOOOOOODO

8.2 Graphics SDK

Graphics 000 0DOO0O00OO0ODOOODOODO SDKOODO GRedkOOODOOODOO
gdboGersdk 0 ggoooooooooboogobobooooboooooooooon
oobobooooboboGersdk 000D OOOODDODDODOOOODDODOOOOODO

GRSdkIf* grSdk = GRSAkIf::CreateSdk();

0000000000000 000DOCOO000bOO0O000DOOOFramework 0000
godobbiboooobbboooo eredkggobbbooobobog
GRSdk U OOoOooooooon

e DO OODODO
e OOOODODO
e 0O OOO

O0oooOooooooOoooobobOoooooobOooooooOooooooooon
000000 GRRender O 0 [

0000000000000 00000000000D000000000 Springhead
OO0 OpenGLODOODOODOOODODOOODOOODOOpenGLOODOOODODOO
GRDeviceGL 00 0O O

JO00oo0Do00o0ooooog GRSk DO O0O000OoOOoOoOn

7T
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GRSdAkIf
GRRenderIfx* CreateRender () Oooooooo
GRDeviceGLIf* CreateDeviceGL() OpenGLODOODODOO
GRRenderIf
void SetDevice (GRDeviceIfx*) Oooooooo
GRDeviceIfx* GetDevice() Ooo0Ooooog

ERERE

Graphics 00000000000 DDOO0DOOOOOODOOODODOOODODOOOOOO

GRRenderIf* render = grSdk->CreateRender();

GRDevicelIf* device grSdk->CreateDeviceGL() ;
device->Init();

render->SetDevice(device);

GRRender U SetDevice U U UDUIUOUOO0OO0OOOO0OOOOOOUOOOOOOOGY
googuoobobobooogoobbbobbodoouobbooooobbboboooobo
0000000000000 000D000000O0Framework 000000 OOOOO
goboboogobobooonobooooooobooboood

8.3 LOO
oooooo

Graphics 000000000 DOOO0OOODOOOODOOOODOOODOOOOODO
U00doooooooobbobbibbl GRScene U OO OOOOOOOODODODOO
goooog

GRScenelf* grScene = grSdk->CreateScene();

GRScene DD ODUOODODOOODODOOOODODOUOODOODOFg81O00D0O0OO
GRSk U0 UOUODDOOOOUODbDDbOOOUOUObLbbOOOUOD
goboboooob eGredkddnnoooooonon
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Graphics SDK (GRsdk)
L»o scene O (GRScene)
~— world (GRFrame)
£ l~+o light (GRLight)
s § mesh (GRMesh)
> e
2 >
< « o frame (GRFrame)
? mesh
mesh
frame
(—+o frame (GRFrame)
— camera (GRCamera)
scene 1 (GRScene)
o scene N (GRScene)
Fig.8.1 Graphics data structure
GRSdKIf
GRScenelf* CreateScene() 0oooon
GRScenelf* GetScene(size_t) oooooo
size_t NScene () ooooo
void MergeScene (GRSceneIf*, GRSceneIfx*) oooooo
ggoodg

gogobbuoooobobtooouobbuoooobbboooobbbooobbboooo
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon
0000 FilelOOODDDODODOOODOOOOODODODODODODODODODODOOOOOOODOOO
U000 GRScene U OO OODOOO



80

0O 80 Graphics

GRSceneIf

GRFrameIf*  GetWorld() O0oo0oO0ooo0DoDoOoo

GRCameralf* GetCamera() ooo0ooOo

void SetCamera(const GRCameraDesc&) OOoDooon

GRVisualIf* CreateVisual(const goooooodn
GRVisualDesc&, GRFrameIfx)

void Render (GRRenderIfx*) oo

Fig.81 00000001 ODO00OO0ODOOO0 1O000O0OOODODO0OOOoDOobDObOOn
gobobobooooouobobobbodooobbbbbooooonobbobOd GetWorld
goooogd

gogoobbodooobobbooogobobbbooooobboboooobboo
O0O0O0OGRScene 00O OODDO (Fig.8.1) 000000 0DO SetCamera DI OO OO0
OO00000000 GetCamera 0D ODODOODDOOOOOODOODOODOOOO 1000
gootbbbbodobooodoobboooobobbobbooooobbbooooobo
gobboodooobuoooobbuoooobobboooobbboooobLbboooono
gobobooooooboooobbooogoo

googgd

OooooooooooOoooooOoobooooooGLUT O0oO0oO00O0a0
glutDisplayFunc O OO O0OO0O0OO0OD0ODODOOOO0OO0O0O0O0O0O0O0OO0O Frame-
work 000000 FWwApp OO OOODO Display 0000000 O0000000O0O0O
guobdoooogod

render->ClearBuffer(); // clear back buffer
render->BeginScene () ; // begin rendering
grScene->Render (render) ; // render scene
render->EndScene() ; // end rendering
render->SwapBuffers(); // swap buffers

ClearBuffer 0000 O0UOQU0QO0UOO0OoQOoUOoooOoooooooboooooog /D O
0O GRRender O GetClearColord SetClearColor OO OO OO

render->SetClearColor (Vec4f (1.0f, 0.0f, 0.0f, 1.0f));
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GRVisual #E7A4TL

— GRFrame JL—LA

— GRMesh RYTUAYS 2
— GRCamera HAZ

— GRLight Z4k

— GRMaterial <TI)T7IL

Fig. 8.2 Class hierarchy of visual items

render->ClearBuffer(); // clear back buffer in red

BeginScene [J EndScene UU U U DUDOUOUOULODDOOOOUDDODOOUSwapBuffers
dooooooooooooooonoobooobooobooobooboooooogn
aoo

GRScene J Render 0 00 U0 O O (GRCamera) 0 Render 00 000D O0OD
(GRFrame) 0 Render 0 D 00000 DD0OOODU0OO0OOOODOOOODODO
dooobooooooooogooobooooooooooooooboooooooon
agoo

8.4 0O0OO0OOOO

goggbobobbooooobbobibdoooobbbOd GRVisual U U UOGRVisual U0
00000000 Fig.820O0O00O0OO0O0O0ODOOO0O0ODOODODOOODOODODOODOO

GRVisualIf

void Render (GRRenderIfx*)
void Rendered (GRRenderIfx*)
void Enable(bool)

bool IsEnabled()

Render U O DOOUOODOOUOUOORendered DD OUOOOOOOOOOOODOMOO
gogobobboooobbboooobbboooobbbuooobobobooooono
Enable 00000000000 /00000000000O0OOOOOOOODOOO
O000O0OIsEnabled0 0000 /0000000000

UU0O0O0bD0OD0O0O0000D GRScene I CreateVisvwal O UOODOODODOOOOO
ggoboboogobooooo
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g.b OO0

gooboooobbbooobbboooobobboooobbboooobbbooon
oodbbobobobobbbb GRFrame U O OOOOOOOOOOOOOOODOOOO
gboobogoboobooaoon

GRFrameDesc desc;
GRFrameIf* frame =

grScene->CreateVisual (desc, grScene->GetWorldFrame())->Cast();

CreateVisual 0O 0O0O0OOOOOODOODOODODODOODOOOOOOOOOOOOOO
000o0oooooooooooDooooooooooooooooooooooon
O0000000000D0000000D0000 CreateVisual(desc) DO OOOOO
oooo

GRFrame [ Render 1 OO OO0 DOOOOO Render DO OO DOOOOONO

good

goboboooobobtoooobobooooboobobooooooo

GRFrameIf

GRFrameIfx* GetParent ()

void SetParent (GRFrameIf*)
int NChildren()

GRVisualIfx*x* GetChildren()

GetParent U U OO UOODOUOUODOOODOSetParent DO OO OLODOOODOOOO
gdddogoodgdddnthildren 0 00ddgooooooooooooobn
goboboobbooobbobobuoobboobbooobUoobbooboobbo
GetChildren U U UOOODOOOOOODOOOOODODO

good

goobooooobuooooboobuooooooboood
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camera frame
y

P4

world frame

(a) Perspective frustum

size.x

/////’

camera frame

Z 4—

size.x

size.y
center.y
y
camera| frame X

center.x front

back

(b) Front view of screen (c¢) Top view of screen

Fig.8.3 Camera parameters

GRFrameIf

Affinef GetTransform()

Affinef GetWorldTransform()

void SetTransform(const Affinef&)

GetTransform[ SetTransform OO0 OO 0O0O0OO0O0O0OO0OODODOOOOCOOOOOO
ooo0Ooooog /D oo0OoOoooog

frame->SetTransform(Affinef::Trn(1.0, 0.0, 0.0));

oooobobooobooboboooxbobo 1ob0boO0obOO
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8.6 OOO

gooboooobbbooobbboooobobboooobbboooobbbooon
gooboooooooo

GRCameraDesc

Vec2f size oooogoggg
Vec2f center goooogogogdg
float front oooogogg
float back oooogogg

0000000 Fig.8.3(b),(c) 00000000000 OOOOOOODOOOOOO
gooo

GRCameraDesc desc;
grScene->GetCamera () ->GetDesc (&desc) ;
desc.front = 3.0f;

grScene->SetCamera(desc) ;

O00 Gethesc OO ODODOODOOOOOOOOOODOOOOOOfrontOOOOOOO
SetCamera U 00O O0OOOOOOOO
OOOGRCamera OO0 QOOOOOOOOOO

GRCameralf

GRFrameIf* GetFrame()
void SetFrame (GRFrameIfx*)

GetFrame[SetFrame 0 00000000000 DO/000000OFig.83(a) 000
goobooooobobooonobooooobooog

g./ OO0

gogoouoobbbbiboooooouooobbbbibodo0ooo0o0oUugOn GRLight
gobobooooboboooobobboooobooog
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GRLightDesc

Vecdf ambient agod
Vec4f diffuse oogd
Vec4f specular aono
Vec4f position goood

ggoboboooooboooobboooobboooobbboooobbooon
O000000OpenGLOOOOOOOpositiond0d 400 position.wD 0000
Oo0ooooooo(Gx,y,z) 000000000000 0O00OO0O0O0Oposition.wO 1
oooo x,y,z) 0000OODOOOCCDOOO

3.8 UUognd

ggobobboooobobboooboboboooobbboodobbO GRMaterial
goobboooobbtbooobbbdooobobbooooboboooubbboooo
goobbobodoooobbbodoodooobbbooooobbbbbooobobboboo
oobbbooodobbbououodubbOGRMaterial HODOUOOOOODOOOO
ugn

GRMaterialDesc

Vec4df ambient ggd

Vecdf diffuse ggd

Vecdf specular aoo

Vec4df emissive gogd

float power goon

UTString texname goobooooooo

ggoboboooooboooobboooobbboooobbboooobbooaon
ggoboboooobobbooooboobboooobbobooooobooooboobooon
JO00b0D0O0O00D0OD0 GRMateriallf Render U UOODOOOOO: DOOODODOO
U000 GRRender OO UOOODOOOOOODOOOOOOO

GRRenderIf
void SetMaterial (const GRMaterialDesc&) OgoUoooooog
void SetMaterial (const GRMaterialIfx) O000Ooooooon

void SetMaterial (int) gogoooooobn
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ooobooboboooboboo sguobobooboboobobobooboobobog
gooboogod

// given GRRenderIf* render, GRScenelf* scene
GRMaterialDesc md;

md.diffuse = Vec4f(1.0f, 0.0f, 0.0f, 1.0f);

// 1.

render->SetMaterial(md) ;

/] 2.

GRMateriallf* mat = scene->CreateVisual(md)->Cast();
mat->Render (render) ;

// 3.

render->SetMaterial (mat) ;

gobboodooobuoooobobuoooobobboooobbboooobLbboooono
goobooooboboooodgn

// 4.
render->SetMaterial (GRRenderBaseIf: :RED);

O00000000 X1lwebcolorOO0OO0OO0OO0OOOOODO SprGRRender.h 00O
oggooodg
GRRenderBaseIf DO 0OOOOODO 2400 Tableg. 1000000

39 OOOUOond

goboooooboooobobbooobbooobbooobbbooobbood
GRMesh LU UOO0OO0OOOOO0OODOOOO

e I UODLDOOUOUODLDLDOOOO
e MlelOODODOUODOOUODOOOUDOOODODODODOODOOO

0000000000 00000000000000000D000dDirect3DO XOO
ooobo0obobooobobooobobobooboobobDooboboo9uobUobog
gobobboooooobbodooouuobbbddudUl FWObjectIf: :LoadMesh [
gooooooon

gooboooobbbooobbboooobobboooobbboooobbboooa
goood
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GRMeshDesc
vector<Vec3f> vertices 00
vector<GRMeshFace> faces O
vector<Vec3f> normals 00
vector<GRMeshFace> faceNormals ood
vector<Vec4f> colors O
vector<Vec2f> texCoords oooogogg
vector<int> materiallist oooogoggg

vector C++ U 0000000 0O0O0OOOvertices O OUOOOOUOODODOODOONO
guobobbbooouoboboooooboboooobobobbboooobobbo
UOfaces 0O UUOUODDODOUOUOUODODOGRMeshFace U DO OUOUOODOOOOO

GRMeshFace
int nVertices ood
int indices[4] oooogoggg

nVertices 0 10000000000 0O0O0O30 400000004indices OO
nVerticesOOOOOOOOOOOOOO0OOOOOOO

vertices[faces[i].indices[j]]

000000 0000000000000

GRMeshDesc U OO0 OOOMO vertices facesUUO O OUOOOOOOOONON
O0o0o0oooooodbodbdbOdnomals D00 00O00OO0OOOOOOOOO
000 Onormals[i] O vertices[i] 00D OD0D0OO0OOOnormals 00000 OO0ODO
oo oooooouoooooooooooad
ogoooooad

normals 0000 faceNormals U OOO0OOOOOOOOOOOOOOOOOO
oogo

normals[faceNormals[i].indices[j]]

U.00000700000000b000bO00bOoobon

colors 000000 Ocolors[il] 000000 0OO0DOOOODOO

texCoords 00O O00OO0ODOOODO UVOOOODODOODOODOODODODODODO
goobbobodooguoobbbooouoobbobooooobobooooooobooo
ugn
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materiallist D0 00000 ooooooobobobooood
materiallist[i] 0 :0000000CO0OOCOOCOODOODOOOOCOOOOOOOO
gobobooobbbuoooobbouooobobboooobo

gobogoboooooboooo

goboboooobbbooobbtbooobbboooobbboooobbobooon
goboboooobobboooobobboooobobbuoooobobooon

Ub0b0bobd0bo0bdbUAddChildObject U OO OODOODOOOOO
goo

// given GRScenelf* scene, GRFrameIf* frame
GRMeshDesc meshDesc;

// ... setup discriptor here ...

// create mesh and attach it to frame

GRMeshIf* mesh = scene->CreateVisual (meshDesc, frame)->Cast();

GRMaterialDesc matDescO, matDescl;

// ... setup materials here ...

GRMaterialIf* matO scene->CreateVisual (matDescO, frame)->Cast();

GRMateriallf* matl = scene->CreateVisual(matDescl, frame)->Cast();

// attach materials to mesh
mesh->AddChildObject (mat0) ; //< material no.0
mesh->AddChild0Object (matl) ; //< material no.1

Ooobo0obobooob0obooo ooboboobOoboobobDboobOobobooog
goobooodobobuoooobobuooooboboooobbbooobboooan

.10 OO0

goboboooobobbooobbooooobobobooooboboooobbooaoad
gobbooooobuoooobobuoooobboooobbboooobbooogoboo
goboboodoobobuoooobbuoooobobbooobbbooobbbooobo
gobboodooobuoooobobuoooobobboooobbboooobLbboooono
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gogoooboood

goon

oboobobobooboobogs3uoubnuoobuoooon

GRRenderIf

void GetClearColor(Vec4f&) oooooo

void SetClearColor(const Vec4f&) ODoOoooo

void ClearBuffer() ooooooboooo
void BeginScene () ooooo

void EndScene () ooooo

void SwapBuffers() goooooooooo

gobooooobd

goooobobbbbbbob0ooddddGRMesh oo

GRRenderIf

int StartList () dooogoooboooagn
void EndList () gooooooooooog
void DrawList (int) oogoooooooog
void ReleaselList (int) doodoogoooogodg

gobggobuoobuoobuooonooond

goooobbbbbbboobooooo

GRRenderIf
void SetDepthWrite (bool) goboooobbdooon
On/Off

void SetDepthTest (bool) 0000000 On/Off

void SetDepthFunc (TDepthFunc) OoO00oooOoooooo

void SetAlphaTest (bool) 000000000000 On/Off

void SetAlphaMode (TBlendFunc, goboboooooobooooon
TBlendFunc)

void SetLighting(bool) 0000000 On/Off
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gobgd
GRRenderIf
int LoadTexture (UTString) Oo0oooogooo
void SetTextureImage (UTString, int, gobobooodon
int, int, int, charx*)
good
GRRenderIf
void InitShader () OO0oOoDooon
void SetShaderFormat (ShaderType) O000ooooooogooo
bool CreateShader (UTString, goooooogogogoggdg
UTString, GRHandler&)
GRHandler CreateShader () O000oooooogooon
bool ReadShaderSource (GRHandler, gooooooogogggdg
UTString)
void GetShaderLocation(GRHandler, O0OO0OOO0OOOOOO
voidx*)
good
GRRenderIf
void SetVertexFormat (const goboboooogooo
GRVertexElement*)
void SetVertexShader (voidx) O00o0ooooooo
void DrawDirect (TPrimitiveType, goboboooobbooaon
void*, size_t, size_t) 00
void DrawIndexed (TPrimitiveType, uooboooobobooan
size_t*, voidx, size_t, size_t) ooooooooo
void DrawArrays (TPrimitiveType, gpoboboooobbooan
GRVertexArray*, size_t) O0O00ooooooo
void DrawArrays (TPrimitiveType, gooboooobobooan

size_t*, GRVertexArray*, size_t)

gogoooooooobobobon
goono
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ggoodg
GRRenderIf
void DrawLine(Vec3f, Vec3f) ooooag
void DrawArrow(Vec3f, Vec3f, float, ooooo
float, float, int, bool)
void DrawBox(float, float, float, bool) oooooo
void DrawSphere(float, int, int, bool) ooooag
void DrawCone(float, float, int, bool) goood
void DrawCylinder(float, float, int, ooooad
bool)
void DrawCapsule(float, float, int, goooogd
bool)
void DrawRoundCone (float, float, float, oooooo
int, bool)
void DrawGrid(float, int, float) goooodgd
void SetFont (const GRFont&) ooooooog
void DrawFont (Vec2f, UTString) 2000000000
void DrawFont (Vec3f, UTString) 3000000000
void SetLineWidth(float) gooooooo
Ood
GRRenderIf
void SetCamera(const GRCameraDesc&) oooooo
const GRCameraDesc& GetCamera() oooooo

HRERN
GRRenderIf
void PushLight (const GRLightDesc&) oboobodod
void PushLight (const GRLightIfx*) oooooooo
void PopLight () O000ooo
int NLights () 00000
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good
GRRenderIf
void Reshape (Vec2f, Vec2f) O0O00ooooooo
void SetViewport (Vec2f, Vec2f) OoOooooooo
Vec2f GetViewportPos () Oo00o0O0o0oooo
Vec2f GetViewportSize() OoOoooOooobooo
Vec2f GetPixelSize() looooooooooooon
Vec3f ScreenToCamera(int, int, float, goooooodooodgod

bool) oooo

void EnterScreenCoordinate () OOooo0ooooooooog
void LeaveScreenCoordinate () OO00D00OO0O0Dooogoon
GRRenderIf
void SetViewMatrix(const Affinef&) ooooogo
void GetViewMatrix (Affinef&) Ooooooo
void SetProjectionMatrix(const Affinef&) OOOOOOO
void GetProjectionMatrix(Affinef&) oooooood
void SetModelMatrix(const Affinef&) Oo0oDooooon
void GetModelMatrix (Affinef&) oooooooad
void MultModelMatrix(const Affinef&) O0O0DoOooOoOoDon
void PushModelMatrix () Oo0oooooogon
void PopModelMatrix () gooooooon
void ClearBlendMatrix () O0O0DoOoooooDaon
bool SetBlendMatrix(const Affinef&, int) O000000OO0OOOO
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INDIANRED
LIGHTCORAL
SALMON
DARKSALMON
LIGHTSALMON
RED

CRIMSON
FIREBRICK
DARKRED

PINK

LIGHTPINK
HOTPINK

DEEPPINK
MEDIUMVIOLETRED
PALEVIOLETRED

CORAL
TOMATO
ORANGERED
DARKORANGE
ORANGE

GOLD

YELLOW
LIGHTYELLOW
LEMONCHIFFON
LIGHTGOLDENRODYELLOW
PAPAYAWHIP
MOCCASIN
PEACHPUFF
PALEGOLDENROD
KHAKI
DARKKHAKI

LAVENDAR
THISTLE

PLUM

VIOLET

ORCHILD
FUCHSIA
MAGENTA
MEDIUMORCHILD
MEDIUMPURPLE
BLUEVIOLET
DARKVIOLET
DARKORCHILD
DARKMAGENTA
PURPLE

INDIGO
DARKSLATEBLUE
SLATEBLUE
MEDIUMSLATEBLUE

GREENYELLOW
CHARTREUSE
LAWNGREEN

LIME

LIMEGREEN
PALEGREEN
LIGHTGREEN
MEDIUMSPRINGGREEN
SPRINGGREEN
MEDIUMSEAGREEN
SEAGREEN
FORESTGREEN
GREEN
DARKGREEN
YELLOWGREEN
OLIVEDRAB

OLIVE
DARKOLIVEGREEN
MEDIUMAQUAMARINE
DARKSEAGREEN
LIGHTSEAGREEN
DARKCYAN

TEAL

Table8.1 Reserved colors

(205
(240
(250
(233
(255
(255
(220

(139
(128

92 92)
128 128)
128 114)
150 122)
160 122)
00)

20 60)
34 34)
00)

192 203)
182 193)
105 180)
20 147)
21 133)
112 147)

127 80)
99 71)
69 0)
140 0)
165 0)

215 0)

255 0)

255 224)
250 205)
250 210)
239 213)
228 181)
218 185)
232 170)
230 140)
183 107)

230 250)
191 216)
160 221)
130 238)
112 214)
0 255)

0 255)
85 211)
112 219)
43 226)
0 211)
50 204)
0 139)

0 128)

(75 0 130)
(72 61 139)

(106
(123

(173
(127
(124

90 205)
104 238)

255 47)
255 0)
252 0)

(0 255 0)
(50 205 50)

(152
(144

251 152)
238 144)

(0 250 154)
(0 255 127)
(60 179 113)
(46 139 87)
(34 139 34)
(0 128 0)

(0 100 0)

(154
(107
(128

205 50)
142 35)
128 0)

(85 107 47)

(102
(143

205 170)
188 143)

(32 178 170)
(0 139 139)
(0 128 128)

AQUA
CYAN

LIGHTCYAN
PALETURQUOISE
AQUAMARINE
TURQUOISE
MEDIUMTURQUOISE
DARKTURQUOISE
CADETBLUE
STEELBLUE
LIGHTSTEELBLUE
POWDERBLUE
LIGHTBLUE
SKYBLUE
LIGHTSKYBLUE
DEEPSKYBLUE
DODGERBLUE
CORNFLOWERBLUE
ROYALBLUE

BLUE
MEDIUMBLUE
DARKBLUE

NAVY
MIDNIGHTBLUE

CORNSILK
BLANCHEDALMOND
BISQUE
NAVAJOWHITE
WHEAT
BURLYWOOD

TAN

ROSYBROWN
SANDYBROWN
GOLDENROD
DARKGOLDENROD
PERU

CHOCOLATE
SADDLEBROWN
SIENNA

BROWN

MAROON

WHITE

SNOW
HONEYDEW
MINTCREAM
AZURE
ALICEBLUE
GHOSTWHITE
WHITESMOKE
SEASHELL
BEIGE

OLDLACE
FLORALWHITE
IVORY
ANTIQUEWHITE
LINEN
LAVENDERBLUSH
MISTYROSE

GAINSBORO
LIGHTGRAY
SILVER
DARKGRAY

GRAY

DIMGRAY
LIGHTSLATEGRAY
SLATEGRAY
DARKSLATEGRAY
BLACK

(0 255 255)
(0 255 255)
(224 255 255)
(175 238 238)
(127 255 212)
(64 224 208)
(72 209 204)
(0 206 209)
(95 158 160)
(70 130 180)
(176 196 222)
(176 224 230)
(173 216 230)
(135 206 235)
(135 206 250)
(0 191 255)
(30 144 237)
(65 105 225)
(65 105 225)
(0 0 255)

(0 0 205)

(0 0 139)

(0 0 128)

(25 25 112)

(255 248 220)
(255 235 205)
(255 228 196)
(255 222 173)
(245 222 179)
(222 184 135)
(210 180 140)
(188 143 143)

(119 136 153)
(112 128 144)
(47 79 79)

(0 0 0)
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FilelO

9.1 OO

FilelOOODOOOOODODOOOOOOOODOOOOFramework OO OO OO0
ggoboboooobbooouobbboooooboooon

9.2 FilelO SDK

FilelOOOODOOOODOODOOOOOD SDKOODO FIsdkOOOOOODOOO
JOFIsdk D0 00oooooooonoboogooboooooooooooooon
gdobboogbobrisdkddbbooooboboooobboooooon

FISdkIf* fiSdk = FISdkIf::CreateSdk();

O000D0DDODOO000000000D00ODODODDODOO00000DDOFramework O
goobboooobbuooooobo FIsdkbnooogoonooooonoo
FIsdk OO OODO 20000000000

e O UIUOODDDOUOODO
e OO OODDOOODODOD

00000000000000000000000000000000000000
00000000000 FIFile00OOO0OO0OOO0OO0O0000000000000000
000000000 (Fig??)o

0000000000 FISdkOOOOOOOOOOOO
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FIFile T7AIL

— FIFileSpr Springhead A TH AT+ —< Wk
— FIFileBinary SpringheadHEH/N\AF) T+ —< vk
— FIFileX Direct X

— FIFileVRML VRML

— FIFileCollada COLLADA

Fig.9.1 Class hierarchy of file objects

FISdkIf

FIFileSprIf* CreateFileSpr()

FIFileBinaryIfx CreateFileBinary ()

FIFileXIfx* CreateFileX()

FIFileVRMLIf* CreateFileVRML()

FIFileCOLLADATf* CreateFileCOLLADA()

FIFileIfx* CreateFileFromExt (UTString filename)

CreateFileFromExt [0 filename U U U U UOU00O0O0O0O0OOOOOOOODOODOOO
dobobooobbbooobbooon

03 O00OOooooon

00000 Springheaed 0000000000000 DOOOOOODOOODOOOOO
goood

9031 spr0Og

000 spr 0000000Springhead 00000000000 0ODOODOOODOOO
O000Springhead 0000 0000000000000 O00O0O0O0ODO0ODOOOOOOO
goboboooobobboooobobbooooboboooaad

sprUddoonooogobobooogubbsprdgbbbogonooogd

PHSdk{ #PHSdk O O O
CDSphere sphere{ #1 00O0OO0O0O CDSphere DO O OO DO
material = { # CDSphere [0 material(PHMaterial ) O
mu = 0.2 #0000 ma O 0.2000



93 0000000000

radius = 0.5 # radius ] 0.5000
}
CDBox bigBox{

boxsize = 2.0 1.1 0.9
}

Spr 00 0000000000000 00O??0)0000000000U0O0ODOO0
goooboboooouoobobooooobbooooooobobbooooouooobooo
gbdgobdgoboobuobooboobooboobuobupEsdrk 0o
sphere(CDSphere J ) 0 O

CDSphereDesc desc;
desc.material.mu = 0.2;
desc.radius = 0.5;

Udobb0oOodnbob descUbbOOO0oooobboooonO
Spr0 0000000 BNFOODODOOODOOO

Spr = nodex*
node = node type, (node id)?, block
block = ’{’ (nodelrefer|data)* ’}’

refer = ’*’ node id
data = field id, ’=’, (block | right)
right = °>[’ value*, ’]’ | value

value = bool | int | real | str | right

Ud0b0D00right 00000 fieldODOOOODODOO

932 XOOOO

O XOODOO OOODirect3aDO0OOO0ODOOOOODOOOODODO xOOOODDOO
0000 XSIOOoOooOoOoooooooooooooooooooooo3booooo
0000000000000 0000D0O000O0000DO00D0O0O0Springhead2 000
0000 XOO0OO0OOO0OOoOOOOSpringhead200000000000000000O0O
0000000000000 000D000 SprO00D00D0ODOODOOOODOODOO
gogobobooooobooooon
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XO0Oooooooooooo

xof 0302txt 0064 #0O0OOOOOoooooDo

# oooono

# doooooo { dooooooooo oooo 3
# oooon

PHScene scenelq

0.01;0;; #0000 O O, oooo
1;0;-9.8;0;; #00 ODDOO0OOODOOoOoOooobOoo
PHSolid soFloor{ #0000 oooooooon

(o)
}

}
# 00000 #000 // 0ODOO

Oooooooo
Springhead2 0000000000000 O0O0OOOOOOOOO??00000000
bobooobooboboooobobooobooboboooboobobooooboboo
oobooboobooboooobooobooooobobooooboboooobobooo
Oob0oooooobooooogn
Oooooooboboboboobooboobooobooboboboobooboooo
SprPHScene.h U U0

struct PHSceneState{
double timeStep; ///< 000000
unsigned count; ///< 000000
Ig
struct PHSceneDesc:PHSceneState{
/// 000000000000 O0
enum ContactMode{ MODE_NONE, MODE_PENALTY, MODE_LCP};
Vec3f gravity; ///< 000000000000 00DOO00
(0.0f, -9.8f,0.0f)0
I8

dobobbooobobbioooubbbUdooubbbU00oUdn PHSceneDesc U U O
OO0 XOOOoOoooooo



94 000DO0OO0O0OODOO0O0O 99

PHScene sceneilq

0;; #PHSceneState: :count OO0 ; 0 PHSceneState OO OO O
ood

1; #PHSceneDesc: :ContactMode

0;-9.8;0; ; #PHSceneDesc: :gravity OO0 ; 0 PHSceneDesc U O OO OO O
gad
}

ggoboboooooboooobbooooboboooobbboooobbooon
gooboobooooboboooubboooobooooo
gooboboodoo TBU:dgdobbouoooobb oooboobodg

XOoOoooooo
Springhead2 00 000000000000 OD XOOODODOODODOOODODOOOOOO
XOooooooo

Frame{
FrameTransfromMatrix{ 1,0,0,0, 0,1,0,0, 0,0,1,0, 0,0,0,1; }

0000000000000 0D000D000Sprinhead2 0000000000000
Uboboooboobboobobdbuod0bobbO0dlGRFrame U PHFrame DO OO OO
O000000O0OTBWOOOOO0OO0OO0O0O (pageNodeDefList) DO OOOO0O

94 DODOOOOOOOOOO

Fig920 0000000000 DOO0ODOO0O0ODO0O0ODOOO0DOODODODOODO0O0ODOO
goobboooobbtboooobobbdooobobbuooobobboooubLbbooon
ggoboboooobobboooobobboooobobobooooooboooobobooon
gogobboooobbboooobbbooobobbooobooboooobbooon
godobobooooboboooobbboooooboo

ggoboboooooboooobboooobbboooobbboooobbooaon
gogoboboogobooboooooon

0.01


TBU: �f�X�N���v�^�ꗗ�̃y�[�W
TBW �m�[�h�ꗗ�̃y�[�W(pageNodeDefList)

100 090 FilelO

Fig.9.2 Overview of file operation

941 ODO0OOODLOODODODO

gooboood

00000000 0OFIFileSpr U FIFileX DO 00O FIFile OO ODODOOO
LoadImp() 00 OOCOO0ODOOOOO0O0OOOCODDOOOOODboost:spirit 00000
OO0000000mmitOUOO0OD0OOO00O0OC00DOOO0O0OOOO0D

goooogoooo

U000 FIlocadContext 0 0 0D UUOUODODDODODOUOODDODODOOODODODOOOO
fieldIts U0 OO0 booboooobobooooboobobobg
OO0000000D0O000O0000DO00Co0ooooDOoooDooooo SWIGoOooo
O0000000D0O00000DO??sSdk: :RegisterSdk() DO OO00OOOOODOOOO
U0000U0ouoouobbibb FlLoadContext::datasUUUOUOODODOODODOOOO
goboboodooobuoooobobuoooobobboooobbboooobbboooonoo
gobbogoooboooobobooon

gooood

O000000000000000 MoadImp() OODO0OOCFIFile: :Load(FILoadContext*)
0000000000000 (bOo0D0O000O00)00DO0ODO0D0ODO0O0OOOOO
gobbooooboboooon
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ooooboooo

000000000 OFILoadContext: :CreateScene() 0D DD OIODOODOODO
obooooooboobobooobooboooboobobooobooobooobooDn
gboobooobbooboboooboooobobooboboboooboboooboooboooon
OSbKODODODOOOoOooSbKOOOODODOOooOooooooooooooooo
0000000000000 DObO00DbDO000O0ODOO0OFIFile: :Load(ObjectIfs&
objs, const charx fn) 0 objs 00000 O0ODOOODO

O00O0OD0O0OO0000000D0D AddChildObject() DO OOOOOOOOOODODOO

gooood
ggobobooooobooooboboooobboooobbboooobbooon
goobboooobbtboooobbbooobobbooooboboooubbboooo
0000000000000AddChildObject() OO0 OOODOOOOOOO0O0OOOO
ggobobooooboboooobobbooooboboboooooboooobobooon
goooboooobobobooooobbooooboboooooobo

942 0O0OOOODOOOO

Framework OO0 O O0OO0OO0OO0O0OO

virtual void FWMyApp::Init(int argc, char* argv[]){
UTRef<ImportIf> import = GetSdk()->GetFISdk()->CreateImport();
GetSdk () ->LoadScene(fileName, import); // 00000000
GetSdk()->SaveScene("save.spr", import);// OOOOOOOOOCOO

FiISdkOODOOOoOOoOOOooOoooooooo

int main(){
// 000000000000000000 spkO0000000d
PHSdkIf: :RegisterSdk();
GRSAKIf: :RegisterSdk();
FWSAkIf: :RegisterSdk();
// 00000000
UTRef<FISdkIf> fiSdk = FISAkIf::CreateSdk();
FIFileIf* file = fiSdk->CreateFileFromExt(".spr");
ObjectIfs objs; // OO0O0O0O0OOOOOOOOO
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fwSdk = FWSAkIf::CreateSdk(); // FWSDK O OO
// 00000000000 fwsdkODOOOOOODO
objs.push_back(fwSdk) ;
// FWSDKOOOOOOOOOOOODOOO
if (! file->Load(objs, "test.spr") ) {
DSTR << "Error: Cannot open load file. " << std::endl;
exit(-1);
}
// 00000000000 O0000DOOOC0O00D0D0 objsODOOOOO
for(unsigned i=0; i<objs.size(); ++i){
objs[i]->Print (DSTR) ;
}

9043 0O0DOO0ODOOODOOO

O00000000FIFile0 000000000000 ooooooooooooon
O00000D000D00D0O GetDescAddress() 00 DOOO0OO0OODOOODOO GetDesc()
doooooooooooooooboooooooooboooooooooooood
0000000000 OO00000ooobOo0O0200000000000 200000
dooooooooooao

dooooooooooooooooobouooobooooboooooooooan
0ododoooooodouoooodoooodooooooooooooooon
FiFileSpr U0 FiFileUUUOOOOOOOOOO

944 0O0DODO0ODOODOO

Framework OO O0O0OOO0O0O0O0O
virtual void FWMyApp::Save(const char* filename){
UTRef<ImportIf> import = GetSdk()->GetFISdk()->CreateImport();

GetSdk () ->SaveScene (filename, import); // filename 000 OO
ooo

FISdkOOOOOOoOOoOooooooooooo
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void save(const char* filename, ImportIf* ex, ObjectIf* rootNode){
// 00000000
UTRef<FISdkIf> fiSdk = FISdkIf::CreateSdk();
FIFileIf* file = fiSdk->CreateFileFromExt(".spr");
ObjectIfs objs; // 00O0O0ODO0ODOOOODODOOO
objs.push_back(rootNode) ;
file->SetImport (ex);
file->Save(*objs, filename) ;

05 O0O0O0O0O0O0OOOO

TBW. Olmport 0000000000000 DODODODO0O0OOOOODODODODOO
Import 000000000 ODOOOOO0OODOODOODODOOODOOODOODODOO
00000000000000000000000 Import 0000000 Oby 00OO)
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Humanlnterface

10.1 OO

HumanlInterface 0000 0000000000000 0O0D00D0O0DOOOODOOO0O
ododDooooooooooooooon

00000000 HumanInterface 1000 Framework 0000000000000
00o00D00oo00o0ooDo0oooDOooooooDoooooooooooooon
odoodoDoooooooooooooooooon

10.2 Humanlnterface SDK

HumanlInterface 0000 0000000000000 SDKOOO HISdkO OO OO
ggbobbOOHIsdk b ooououboboogobbooobobbooooboboood
godobbuoooobbbooUoHIsdk 0o bbooooobboooobobobooog

HISdkIf* hiSdk = HISdKkIf::CreateSdk() ;

O000D0ODODO0O000000000DO0ODODDODDOO0O00000DDOOFramework O
gogobbooobobboooobboHIsdk O Ooooobooooonoo

103 OOOooooooood

HumanlInterface 000000000000 Fig.10.1 000000
g000OOo0o0oOooO00oooO0U0bDOoO00OoOooU0OooOoOOUoDboUOUbDooooo
00000000 Win320000OO0O0O0O0O0O0 A/DO0DOOO0OOODODOOOOOO
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HumanInterface

O 100
Sdk
|— HISdk Humanlnterface SDK
NamedObject
— HIBase Ea—<oAR3T7—X
I— HIPose CEMBEREA AF2TI—X
|— HIHaptic HERRAVEZTI—Z
'— HIDevice TINAR
|: HIRealDevice EFNAR
HIVirtualDevice #&RET/NAX

Fig.10.1 HumanlInterface class hierarchy

HISdk

Humaninterface SDK
Ea—xUAVBTT—RAT—)L
HIBase

Ea—UA(URTI—R

[ HIVirtualDevice ﬂ)ﬂéhéﬂ&%@v‘—‘/wxm

TINART—IL

-

HIRealDevice EFNAR N

[ HIVirtualDevice ?%{#énéﬂiﬁv‘—‘/wxm

N J
< J
A

J

Fig. 10.2 HumanlInterface module data structure

gobboodooobuoooobobuoooobobboooobbboooobLbboooono
0000000100 A/DODOODDOODOOOODOODOOODODOODOODOODOOOO
gobobdooobobuoooobbuoooobobboooobobbooobbboooooboo

gobboodobobboooobboooobbboooon

gooboooobbboooobbboooobobobooooboboooobobooon

goboobog

00 HumanlInterface 000000000000 Fig.10.200000 OHISdk OO
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gogoboboooobobbooobobbooobobobooooboboooobbooon
ggoboboooobobboooobobboooobboboooooboooobobooog
gooboboooboboboooon

gogobobooooooboooada

1. 00b0oobogoooo
2.00000000DbO0ODbOOobDOoOobOobobooog

000 20000000000000000O00D00O0 HISkDOODOOOOODOO

HISAkIf

HIRealDeviceIfx* AddRealDevice(const IfInfox ii, const void*
desc = NULL)

HIRealDeviceIfx* FindRealDevice(const char* name)

HIRealDeviceIfx* FindRealDevice(const IfInfo*x ii)

AddRealDevice UL 0O ii 00 0OO0OOODO descOUOUOUOUOOOOOOOOOOO
U0OFindRealDevice U0 OO OOODOOOODOOODODOOOODOOOOOODOOOO
000000 GLUTODODOODOO0OOO00DO0OODO0O0DO0oODDOoOooDooo

hiSdk->FindRealDevice (DRKeyMouseGLUTIf: :GetIfInfoStatic());

goooo
oooobobobbobbiboddooounonb HISdk DO OO 4O OO HIRealDevice O
ooooooboOobO 200000000

HISdkIf

HIVirtualDeviceIf* RentVirtualDevice(const IfInfo* ii, const
char* name, int portNo)

bool ReturnVirtualDevice (HIVirtualDeviceIf* dev)

RentVirtualDevice UU OO UOOODOOOOOOOODOOOODODOOOOOOOOO
gogoooooooooooobbbbibbibibbname 000 00O0O0O0O0OO0O0OOU
gboooodobobobobobooooobobuobobobobobobUoobo
portNoUUUOUOOOODOOODODOOOOO0OUOUOOOOODObOOOOOOOOOOUOn
gooboboboooouooboboooouobbooooooouooboboboooooobobooboo
000000000 U0did ReturnVirtualDevice U OO DOOONO
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gobobooooboboooaon

HIRealDeviceIf

HIVirtualDeviceIf* Rent(const IfInfo* ii, const char* name, int
portNo)
bool Return(HIVirtualDeviceIf* dev)

goboboodbobbuoooobbuoooobboooobbboooobboo

104 OOODOO

Springhead 00000000000 0D0O0OOO0OOODOOOOOOOODODOODOO
goboboodooobuoooobobuoooooboboooobbboooobbboooono
gobboooooboooobbooon

105 OOOODOOOO0OO

O0000o0b00ob0o0obobooobobD 1000bob00oobobDoobooDooo
0000000000000 00 DVKeyMouse DODODOODOOODOOOO Win32 APIO
000 DRKeyMouseWin32 [0 GLUT OO OO DRKeyMouseGLUT O OO O OOOOOO
oooO0O0O0O0O0O0000ooooooooooo

gooogogoo

Ascii0 00000000000 0DO00D0000O000O0D00O0DODO0ODOO0ODOOO
00000000 DO0000 DvKeyCode DD OUOUOODODOOOOO
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DVKeyCode

ESC ooogo
F1-F12 goooooooo
LEFT -

UP 1

RIGHT -

DOWN !

PAGE_UP Page Up
PAGE_DOWN Page Down
HOME Home

END End
INSERT Insert

ggoboboooobobooooboboooobboooobbboooobbooon
gooboboooooogd

gooogd

DVKeyMouse U U OO0 OOOOOOODOOO DVKeyMouseCallback U0 OO0 O OO
OO000b000o00b0000000OUDVKeyMouseCallback OO OOOOOOO
coboobooooooooooooooooboboobooboobooboobOoodn FWwApp
oooboooooo

DVKeyMouseCallback

virtual bool OnMouse(int button, int state, int x, int y)
ooooogogogg []/D gogd

virtual bool OnDoubleClick(int button, int x, int y)
oo0Oooooo
virtual bool OnMouseMove (int button, int x, int y, int zdelta)

000000000 /Oo0ooooooo

virtual bool OnKey(int state, int key, int x, int y)
000000 /0o000
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OnMouse DO O OUOUOUOOOOOODOOO0O0OOOODOODOOOOOOOOOLOO
button U0 UOOO0O0O0O0OO0O0OO0ODOODO0OOLOOO0OOO0OO0OOOO0OOOOOn
000000 DVButtonMask 000D OO0 ORODDOOODOODOOOstate0 0000
0dogooooibvButtonSt U U O OO DODOODOOO0O0OOOxUyOOOOO
gobobooooobuoooobobuoooobobooouobobboooobboooooboo
gooooooooo

// inside your class definition ...
virtual bool OnMouse(int button, int state, int x, int y){
if (button & DVButtonMask: :LBUTTON && state == DVButtonSt: :DOWN) {
// do something here

OnDoubleClick DO OO OO0 0O0O0O0O0OOOOOOODDODOOOOODODODOOO
000 OnMouse OO OO

OnMouseMove U0 OO D O0OOOOOOOODOOOOOOOOOODOOODOOOON
O00Obutton 00D 00D0O0OOO0OOODDODODOOOO OnMouse DO O OO OODOO
DO000000x,yOObOODOOODOOODOOzdeltaODOODOOOOOODOOODOODO

OnKey UUOODOOOOOOOODOOUOUOODODOOOODODOOOODDOOstate
O DVKeySt U DOOOODODOOOkeyODODOUOODOOOOoOoOooobOoooooOO
Oo0oooooooooaa

000o0o0ooooooooooooon

DVButtonMask

LBUTTON gogd

RBUTTON gogod

MBUTTON googd

SHIFT ShittOooogoQ
CONTROL CtrlOOOO0OO0OO
ALT AtOoQOQoQooog
DVButtonSt

DOWN gogogogogg

UP ggooobod
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10,56 000000000
DVKeySt
PRESSED gbogdaod
TOGGLE_ON ggooooon

APIDODODOODOODOO

OO0 DVKeyMouse U OO DO OODOO

DVKeyMouseIf

void AddCallback (DVKeyMouseCallbackx)

void RemoveCallback (DVKeyMouseCallbackx*)

int GetKeyState(int key)

void GetMousePosition(int& x, int& y, int& time, int count=0)

AddCallback DD DD ODODDODODOODODODOOOOOOODODOODODODODODODODODOODOO
0000000000000 0ORemoveCallback DO O DODDODODODOOOOODODODOO
goooo
GetKeyState U DVKeyCode U U U O DD OOONODNO DVKeySt O U OO DOOO
GetMousePosition Ul count JU OO D OOU0OOODUOOO0OOOOOOOODODOO
O0000OD0 count0 OO0 630000000000D000x,yOOOOODOOO
time 1000000000 ODOOOOO

gobggoouoood

gboooobooboooooboboooobobooooooobooooobooo

OnMouseMove U O DODODODOOOOOOOOOOODODODODOOOODDODDOOOO
DRKeyMouseWin32 0 0 0000 Ofreeglut 0O 0000 O0ODOODO Springhead OO
DRKeyMouseGLUT U D OO DOOOOOOOOO

OnKey DU DOODOOO0OO0O0OO0OO0OO0OOO0O0O0O0DOO0DOOOODOODO DRKeyMouseWin32
oooooooooboonog

GetKeyState [l DRKeyMouseWin32 DU OO OOOOOOONO

GetMousePosition U O UOUOOOUOUOODODOOOOOODDO DRKeyMouseWin32 [
gobooooboooo
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Fig. 10.3 Trackball

106 OOOOODOOO

O000000000000000 DVJoyStickDOODOODOOOOODDO GLUTO
U000 DRJoyStickGLUT OO OOD OO
T.B.D.

107y OOOOODOO

oOob0ooboboboobobooobobooobobobobebbOobOobobUobDbOoOO
gobobooooobuoooobobuooooboboooobbboooobbbooogooboo
doboobooooboboooobooboo

0000000000000 0000APIODODODODODODOOOODOOOOOOOOGOO
gobobooooobuoooobobuooooboboooobbboooobboooooboo
O0 APIO0O0O0ODOO00OODOO00ODOOOO0ODOOO0O0OOODOO0OODODOOOO
OO0D0000000DO000000 Fig.10.3000000
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gobogooobd

goobboooobobuoooobboooobbboooobbbooobbboooo
ggoo

HITrackballDesc
Vec3f target gooo
float longitude 00 [rad]
float latitude 00 [rad]
float distance oo
HITrackballIf
Vec3f GetTarget ()
void SetTarget (Vec3f)
void GetAngle(float& lon, float& lat)
void SetAngle(float lon, float lat)
float GetDistance()
void SetDistance(float dist)
gogo

ggoboboooobobuoooooboooboobooood

HITrackballDesc

Vec2f lonRange gooo

Vec2f latRange gooo

Vec2f distRange gogno
HITrackballIf
void GetLongitudeRange (float& rmin, float& rmax)
void SetLongitudeRange (float rmin, float rmax)
void GetLatitudeRange(float& rmin, float& rmax)
void SetLatitudeRange(float rmin, float rmax)
void GetDistanceRange(float& rmin, float& rmax)

void SetDistanceRange(float rmin, float rmax)
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goboooood

HITrackballIf

DVKeyMouseIfx* GetKeyMouse ()
void SetKeyMouse (DVKeyMouseIf*)
void SetCallback (HITrackballCallbackx)

OO0D0O0O000000D0000000 DVKeyMouse OO OOOOOOOOO0OO0DOO
0000000000000 00O0Ogd SetkeyMousel OO OOOOOODODODOO
OO0 GetKeyMouse U U DO O OO

000000000 DOoO000oo0bOo0o0oooooOooooooOo0oooooooon
000000000HITrackballCallback DO OO OOO O SetCallback OO OO0
00 0OHITrackballCallback OO0 OO OOOOOOOOOOOONO

HITrackballCallback

virtual void OnUpdatePose (HITrackballIf* tb)

OnUpdatePose U U U U OO DO0O0OOOOOOOODO0OOOOOOOOOOODODOOO
tb 00000000000 oooouoooo

goooooobd

HITrackball U 00 U O DVKeyMouseCallback [ U 0O 0O 0 0 U SetKeyMouse U U [
DVKeyMouse OO0 0OOOO0OO00OO0O0O0O0OO000C0O0O0O0O0O000O00O OnMouseMove
Oooooboooooooooooooboooooooooooooooooboooooan
Oooooodoooooooooooooooooooooooooooooooon
Ooooobooobooobooooooobooboon

HITrackballDesc
int rotMask Ooooooogoggg
int zoomMask Oo0ooooogogggdg

int trnMask goboboooopoobood
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HITrackballIf

void SetRotMask(int mask)
void SetZoomMask(int mask)
void SetTrnMask(int mask)

rotMask, zoomMask, trnMask 1 0 000000000 OOOOOOOOOOOOOO
J0000oooooboo0O0000d OnMouseMove I button DD OO OOOOOOOOM
ooooooooooo

goobooogo button [J goo

g rotMask RN

HEN rotMask HEN

g zoomMask RN

ud trnMask god xOn
0d trnMask god yoOo

ggobobooooobooooobobooan

rotMask LBUTTON
zoomMask RBUTTON
trnMask LBUTTON + ALT

0000000000000 000000000000000000U0O0O0O0[ALT|]OO +

ggobboooobobbooon
gooooobooooobbooouooboobobooouobbobooooobbboon

ggbobobooobbobooooobooobbbooobobbooonon

gobggoougobuod

goooobbbbbboooooooooouooobbobbooooouoo

HITrackballDesc
float rotGain 00000 [rad/pixel]
float zoomGain 000000 [rad/pixel]

float trnGain oooooogd
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HITrackballIf

float GetRotGain()

void SetRotGain(float g)

float GetZoomGain ()

void SetZoomGain(float g)
float GetTrnGain()

void SetTrnGain(float g)

gobbouooooboobod

gooboooobbbooobbboooobobboooobbboooobbboooa
gooo

// given GRRenderIf* render
render—->SetViewMatrix (trackball->GetAffine() .inv());

10.8 Spidar

Spidar 00000000 3006000000000000000DODO0O0ODO
T.B.D.
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Creature

Creature 00 0000000000000 DOO0ODOOOOODOOOODOOOOOOO
goooboooobobboooobobooon

Springhead 0000000000000 OODOOOODODOOOOOOOOOODOO
ggoboboooobobboooobobboooobobobooooooboooobobooon
OO00000DbOo0o0oOo0oU0oDoOobObo00oOOoooboOoOo IKOODOoooooooo
gooboboooobbtbooobbbooobbboooobboooubbboon
ggoboboooobobboooobobboooobobobuooooboboooobbooon
ggoboboooobboooobboooobobooon

gbobobobobobobouobobobUobUobobbUobobobooo
OCreature : 0000000000

11.1 Creature 00O OO0 O OO

000 Creature 000000000 OOOODO

CRCreature

+-- CRBody
| +-- CRBodyPart (CRObject)
+-- CREngine

+-- CRController

CRCreature U0 0OD0OUO0ODOODOO 100000DOODODOODO0ODODOODOO
ggoboboooooooooon
CRBody D DO OUOUOUOOOOOO0OO0ODDOOODLDDODOOOOOOOOOUOODODDOOD
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OO0D000000OCRBedyPart DU DO ODOOOOODOODOOOOOOODOODOODOO
ODoO0o0o0o0o0oboo0o0obD 2000000000 IKODODOOOOODOOODOOOO
O040000000000

CREngine U0 UO0OD0O0O0OO0OO0OOO0DOO0OO0OOO0DOOO0OOO0O0ODUOCRCreature U
StepU 00 100000000ODOCRCreature 100 UOOOMOMO CREngine [0 Step U
OO0000000O00O0OCRController [ CREngine U ODOUODOOODOODOODOO
Ob0bO0000bOb000b0b000000 CRControllerdddnnoooonononOng
OoboooobOoobooooboobooobooon
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Framework

121 OO

Framework 000 0000000000000 O0ODOOOODOOOOOOOODOOO
gogobooboooad

Framework 00000000 O0OOQO Fig.121000000000000D00O0OO
U0odo0olb FwApp U DD DOUOOUOUOO FWApp U OO DO DODODOOOOOOOO
00000000000 0OFWApp U00DUO0OOUOOUOOUOO (Fwwin) OO OO
Framework SDK (FWSdk)J OO OOO OO OOOOO (FWGraphicsAdaptee) 00O
oo

FwwinOOQO4OoOooOoooobobooooooboooobboooobbooooo
ggobobooooboboooobobbooooboboboooooboooobobooon
000000000000 000o0O000DOOoD0O0UOoDOoDO GUIDDODDODOODODOO
gooboboood

Fwsdk 0000000000000 0OO0O0O0OO0O0OO0OO0O0OOOOODOOO SbKOO
00 Framework 000 (FWScene) 000D DD D0ODOO

ggobbuoooobobtoooobboooobbboooobbbooubbboooo
ggoboboooobobboooobobbooobobboooboboboooobLbooon
gooboboboooouoobobodoodooobbbooouooobbboooooobooboo
oo

gogobbboooobobboooobobooooonoo
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FWApp 77Ur—avy3&

FWGraphicsAdaptee FWSdk  Framework SDK
GRDevice TITARTINAR PHSdk Physics SDK
DRKeyMouse — %—#—f-w9x¥r (x| GRSdk Graphios SDK
DRJoyStick CAMATAVITINAR FISdk Filel0 SDK

e ! HISdk Humanlnterface SDK
U OFWWIn ek N |/ :
GRRender Z;;I;m:&ﬁi%’ﬁh‘%ht FWScene Frameworks—> ||
FWScene SRR PHScene Physics>—>
g GRScene Graphics>—>
DVKeyMouse g B O

DVJoyStick RABSIA R T8
HITrackball  t5vo®—uL

HIDragger kSyH

Fig.12.1 Framework data structure

12.2  Framework SDK

Framework 000 0000000000000 O SDKOOD FWwSdk OO OOOOO
ddrwsdk OO Ooooooooooooooobbbbbbbooooooogog
gobboooobbOodrwsdk DO OO0ooooboooobbooooboobog

FWSdkIf* fwSdk = FWSdkIf::CreateSdk();

dobbooobbbooobbboooobbboooobbOorwsdk oo
00O PHSdk[ GRSAkU FISdkU HISdk DU O OO ODOOOOUOUOOOOOOOOoOoooO
gobobooooobuoooobobooooboboooobbboooobbooooobo
SbKOOOoooo
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Framework SDK (Fwsdk)

,,,,,,,,,,,,,,,,,,,,,,,,,,

£ Physics SDK (PHsdk)

¥ Graphics SDK (GRsdk)

o scene (GRScene)

world (GRFrame)

b
.

Lao frame (GRFrame)

frame (GRFrame)

Fig. 12.2 Data structure of Framework, Physics and Graphics modules

FWSdkIf

PHSdkIf* GetPHSdk()
Physics SDK OO OO OO

GRSAkIf* GetGRSdk()
Graphics SDK OO OOODO

FISdkIf* GetFISdk()
FilelO SDKOOOOOO

HISdkIf*x GetHISdk()
HumanlInterface SDK OO OOOO

12.3 Framework (0 00 0O

Framework 00000000000 100 Physics 0000 GraphicsOOOOOO
O00000Fig. 1220 300000000 SDKOODOOOOOODOODOOOFWSdk
0000000000OFWScene DO OOOOOODOODOOOODODOODOOODOOODO
OOOOOFWObject OODODODOOOODOFg 12200000000000000O
Physiecs OO OD0OO000O0O GraphiecsOOODODODOODODOODOOODOODOODOO
dooooooobooooooooooooooobbobbooooooooooooon
dooooooooooooooooooooooobobbooooooooooooon
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O0000000000000 GraphiecsOOODOODOOOOODOOODOODOOOOO
goobooooooo
dobobo00o0o0ob FwsdkOOOoooooooooo

HITrackballIf

FWScenelIf* CreateScene(const PHSceneDesc&, const GRSceneDesc&)

gogobooboooad

int NScene()
gooogoooogno

FWSceneIf* GetScene(int i)
id00o0gooooogoogo

void MergeScene(FWScenelf* sceneO, FWScenelf* scenel)
scenel DO ODODODODODODO scene0O 0O OO

gobboooooboboooobobooon

FWSceneIf* fwScene = fwSdk->CreateScene();

FWScene 0 0 OO DOOOON PHScene U GRScene J 0 00 OFWScene 00000
OO00O0O0OCreateScene 0D UIOOOODOOOOOOOOOODOOONScene OO0
0oo0oooooobooo

J00O0000D00O0 GetSceneU O DODOOGetScene D OOOOODOOOOO
000o0o0oooooooooooogn

fwSdk->CreateScene() ; // create two scenes
fwSdk->CreateScene() ;

FWScenelf *fwSceneO, *fwScenel;

fwScene0 = fwSdk->GetScene(0); // get 1st scene
fwSdk->GetScene (1) ; // get 2nd scene

fwScenel

MergeScene U U0 20000000000 1000000O00O0ODOO
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fwSdk->MergeScene (fwSceneO, fwScenel);

000000 scenel 000 FWObject O sceneO DU UOODOOODOOOOODOO
U0 PHScene 1 GRScene U0 0O DOD0OOOOON MergeScene UL O UOUOUOOOONO
oon

UOO0OFwWScene OO OODOOOOOOODOO

FWSceneIf

void SetPHScene(PHSceneIfx*) PhysicsO OO OO0
PHSceneIf* GetPHScene () PhysicsD OO OO0
void SetGRScene (GRScenelIf*) Graphics OO O OO0
GRSceneIf* GetGRScene() Graphics 00 OO0 OO
FWObjectIf* CreateFWObject() ODoOooooooo
int NObject()const OoOoooogo
FWObjectIf** GetObjects() goooooooooo
void Sync(bool) 00

[Set|Get] [PHIGR]Scene 00D OODODODOOODODONO PHScene O GRScene [0 [
gododoooooooooooouooooooooooo

CreateFWObject UU D FWObject U OO OOOUOOODOOODOOO0OOOODO
U000 FWObject U0 PHSolid O U GRFrame U OO UOODOOOOOOODOOOO
doooobobobobooooooddddoooooobboooouoooobo 1ooooo
agooon

FWObjectIf* fwObj = fwScene->CreateFWObject();

fwObj->SetPHSo0lid (fwScene->GetPHScene () ->CreateSolid());

fwObj->SetGRFrame (
fwScene->GetGRScene () ->CreateVisual (GRFrameDesc())->Cast) ;

Sync U U0 PHScene [l GRScene U U IO DDOONI

fwScene->Sync (true);
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0000 bbO0lb PHSceneUUUUOUOUOUOUOOUOOooooooond
U000l GRSceneUUUUUOUOUOUOOOOOO0OOOOOOOOOODLDODODODOO
gbboboooobobbooofobi Fwobject OO UOOUOOOOO

g

fwScene->Sync(false) ;

goboboooobbbooobobbooooobobooooboboooobboood
gooo

124 0O0O0O0OO0ODOOOOOO

FilelOOOOOOOOODODOODODODOODODODDODOUOODDOOODODOOODODDOOOODOOO
goboboooobobboooobbboooooboo

FwSdkIf

bool LoadScene(UTString path, ImportIf* imp, const IfInfox ii,
ObjectIfs* objs)
gboboobogooboooon

path 0O OOOOOODODODODODOOOOOOO0O00000imp 0 ODODOOODODOO
Uoboboodd Import DO OOUOOODDOOOOOOODOOOODLOODOOOOOO
gdod NLLggooobbiigooooooboboboooooooooooobo
OOONLLOODOO0ODODOO0ODOO00O0O0bO00b00b0O00epjsO0bOOO0OOOO
gobobooodobobboooobobboooobobbooooboobooboa

0oobo0oodon truel 00000 falseUUOODOODOUOOouoooooooOon
Fwsdk 00000 Ooooooobooooan

gobbooobobbuoooobbuooobobbood

FWSdkIf

bool SaveScene(UTString path, ImportIf* imp, const IfInfox ii,
ObjectIfs* objs)
gboobogoboon
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UU00000 LoadScene 1 OO U Oimp U OODODOOOOOOO0O0O0OOOOOQO
ggoboboooobbboooobbboooobbbouooobooboooo
gooooobibD true 00000 falseOOODOOOO

125 Framework OO O 00O O

FWObject U PHSolid 00 GRFrame U U DU ODOOOOOODOOOOOOODOOOO
ggoboboooobooooo

126 O00000ODODODOOOO

Springhead 00 0000000000000 OCODOOODOOOOODOOODOOODOO
U000 FWApp U D OOOODOOO260 FWApp OO OO ODOODOOODOODOOODO
goobboooobbtboooobbtbooobbbuoobobboooobo

O0000000D0OSpringhead 000000 O0ODO0OOOOOOOCODOOODO
Create 0000000000000 FWApp ODODOODOC++000D00000ODOO
gooboboooobbtbooobobboooobbboooobboooubbbooon
ggobobooooboboooobbbooooboobooga

ool FwAappU O ooooooooboooobbboooobbooooooo

gon

FwApp OO O OUODOD0OOO0O0O Imitdgonoono

FWApp

virtual void Init(int argc, char* argv[])

U0 Inmitddooooooooooooooo

void FWApp::Init(int argc, char* argv[]){
// create SDK
CreateSdk () ;
// create a single scene
GetSdk()->CreateScene();
// initialize window manager
GRInit(argc, argv);
// create main window
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CreateWin();
// create timer
CreateTimer () ;
}
ooono
CreateSdk() ;

OSbKOODOOOoOooooo

GRInit (argc, argv);

0000000000000 000O00D0O00DO00D0 GLUTODOoOOOoOoooon
gooboooooooboooon

GetSdk()->CreateScene();

O FWScene [ 10 0000O0O0O0DOODO

CreateWin() ;

gobbooobbbooobbooaon

CreateTimer () ;

goobooooooo
goboboooobobboooobbooooooog

virtual void Init(int argc = 0, char* argv[] = 0){
// select GLUI window manager
SetGRAdaptee (TypeGLUI) ;
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// call base Init
FWApp: :Init(argc, argv);

// do extra initialization here

Oo0bOO0OFwApp:Init U0 0OOOOOO0OOOOOOODOOOOUOOLDOOOn
ggoobobboooooobbbbtbdod Init 00000 oooobobooooon
gooboobooooono

e O UOUOUODLDDLODOOODLDDOD
e OO UOOODLDOOOODLDLDOOOODLDOO
e O UIUOODDOUOODDOD

ggoobbobboddd mit00ooooooobooooooooobooooon
ggooobod
ggoboboooobbbooouobbbooobobog

MyApp app;

int main(int argc, char* argv[]){
app.Init(argc, argv);
app.StartMainLoop() ;
return 0;

U000 MyApp U0 D0OO0OO00OO00OO FWwApp U OO OOOOOOOOOOOOOOODOO
Ub00MMyApp U OOD0OOO0DOOO0DOOODOOOOO0OO0DO0O0main 000 InitQd
StartMainLoop UU OO UOOODODOStartMainLoop U OO OOOOOOOOOOOO
oooobooooon

gon

OJO0000000 CreateTimer 0O O0O0OO0O0O0OOOCreateTimer O Init 0O OO
ooo0o0ono
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FWApp

UTTimerIf* CreateTimer (UTTimerIf: :Mode mode)

OO0 mode 000 0OODOODO UTTimer O SetMode DD OO0 O0S400000000
ooboboobobobo uTTimer U000 ooooooobobobobobobobobobbn
gobboooobobbooodan

OO0Oo00o0obo0ob0obbo0 20000b000b0OO0bO0ODOoObDOODbO

UTTimerIf *timerSim, *timerDraw;
timerSim = CreateTimer (MULTIMEDIA) ;
timerSim->SetInterval (10) ;
timerDraw = CreateTimer (FRAMEWORK) ;
timerDraw->SetInterval (50) ;

0000000000000000000 10ms)] 00000000000 OOODOO
000000 K0ms] 00000000000 0GLUTOO0OO0OOOOOOOO
gobboooobbboooobboooobbboooooo

FWApp

virtual void TimerFunc(int id)

00000000+« 0O000on

TimerFunc U0 00000000 D0O0O0O0O0O0O0OO0OODOO0O0O0O000 Step O
00000 PostRedisplay UU DO UOOUOOOODOOO0O0OO0OO0OO0DOO DisplaydO
gogooobobbomuoobbboooooobbbbuddd TimerFunc OO oo O
gooboood

void TimerFunc(int id){

// proceed simulation of scene attached to current window

if (id == timerSim->GetID()){
GetCurrentWin () ->GetScene () ->Step();

}

// generate redisplay request

else if(id == timerDraw->GetID()){
PostRedisplay() ;
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ooooboboooboobobooob0ob0 20b00booDoOobDOoobOo

0o

ggobobooooboboooooboo

FWApp

virtual void Display()

DisplayUUDO0ODOUOOOUOODODODOOOUOODODODOOOOND PostRedisplay
oooooood

FWApp

virtual void PostRedisplay()

DisplayUUOUODODODODOOOOOUOOODODODODLDOOOOOOO bisplayUd oo
ggoo

gobouooooooobd

Fwapp U OUOUOOO0OOOO0ODODOOOO0ODODOOO0OLOOO0O0ODDOD DVKeyMouse
gogobboooobbboooobbbooobobbooobooboooobbooon
goobboooobbboooobbooon

FWApp

virtual bool OnMouse(int button, int state, int x, int y)
virtual bool OnDoubleClick(int button, int x, int y)
virtual bool OnMouseMove(int state, int x, int y, int zdelta)

virtual bool OnKey(int state, int key, int x, int y)

gboooboboboboobooboo 1os0b0obbobOoOoD
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127 OOO0OO

0000000000 GUIOODOOO0D0O0000 Framework 000000000
goouoobobooboooouobibFwApp 000000 ooooooono
goo

128 Framework OO0 O OO OOOOOOCOOO0O

Framework 0000000000 ODODOOO0OOOOODDODODOOOOOODOODO
goo

FwSdkIf

void Step()
FWwSdk O Step0 0000000 0ODO Stepd0ODOODOOOODO GetScene()->Step()

UO0O0O0O0O0D0O0 FWScene I StepU U UUUON PHScene U StepUUOOODONO
0000 GetPHScene(O->Step() OO OODODOOODODOOOOOODDOOODOOOO
OOob0oooooOoboboooobooboooogon

Framework OO O O0O0O00 200000000000100 GraphiecsOOOOOO
0000000000 100 PhysiesOOOOOOOOOOOOOO0OO0O0O0OOOOOO
OOobO0oboooogoog

FwSdkIf

void Draw()
void SetDebugMode (bool)
bool GetDebugMode ()

Praw 000D 0OO0OO0ODOOOO0ODODODUOOOLDDODraw 0 O0O0OODDOOODOO
D00000000000000 [SetlGet]lDebugMode 00D O ODO OO (false) OO
00000000 (true) 00000000

bbbl praw 0o bboonbog
Sync(true) 0000000000 DOOO0ODOOO0ODODOOODOOOODODOOODOOO
UO00O0O00 GRScene l Render U DODOOODOOOOODOOOOODODODODODODOO
gobbogobobobuoooobboooobbboooobbbooobbboooobo
goboboodoobobobuoooobbuoooobbboooobbbooobbbooobo
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131

gogoboboooobobbooobobbooobobobooooboboooobbooon
goooo
gooboboooobobbooooboboo

129 OO0OOOOO

JUddUdd00o0oddd PHScenelbuouoowo
ggoboboooobobbooooboboboooobobobooooboboooobobooon
ggoboboogobbboooobobbooooboboboooooobooooobbooon
goobobboooooo

UO0O0b0DbO0O00000 FWwScene U DrawPHScene 1 OO UOOODOOOOODODOOO

FWSceneIf

void DrawPHScene (GRRenderIf* render)

DrawPHScene U U0 UOUOOODODOOODODODOODDOOOOODOOOOODDODODODO
goooobbbbbboooooooooooobbbbbbooooooooooooon
gogobboooooboogada

guoboooouoooooogo

Uoobb000bobb0Oo0nbbOd GRSceneUD D DOUOOUODODODO GRScene U
ggobboboodobbbouoodiub Renderdgdnonooooooobooond
UOOGRScene IO UOO0O0OODOOUOODDODDODOOOODDODOOOODOD

gogobobooooboboooobboooobbboooobbbooobbbooon
gooobdoboobooboobol1bobooboboboobooboboooboobooooo
goooo

gobogd

00000 brawPHScene UL U OO DO OOUOOOOODDODODOOOUOODODOOOOO
gooo
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FWScenelf

void DrawSolid(GRRenderIf*, PHSolidIf*, bool)
void DrawShape (GRRenderIfx, CDShapelf*, bool)
void DrawConstraint (GRRenderIf*, PHConstraintIfx*)
void DrawContact (GRRenderIf*, PHContactPointIfx)
void DrawIK(GRRenderIf*, PHIKEngineIfx)

good

000000000 On/OfO00ODOOOOO

FWScenelIf

goooo
goooo
goooo
goooo
IKODOOO

void SetRenderMode(bool solid, bool wire)
void EnableRender (ObjectIf* obj, bool enable)

void EnableRenderAxis(bool world, bool solid, bool con)

void EnableRenderForce(bool solid, bool con)
void EnableRenderContact(bool enable)

void EnableRenderGrid(bool x, bool y, bool z)
void EnableRenderIK(bool enable)

SetRenderMode U U U DO DOUODDODUOOOOLOODODOOOOODDOOOODOOOOO

O On/Off0000D0OO0O

EnableRender 000000000000 OODO On/Of00O00OOOOOOOOO
goouobbobooouobbbooouobboboogdbboepybboooono

(PHSolidIf*) [0 0 O (PHConstraintIfx) O[]

EnableRenderAxis U UUODO0OOUO0O0O0ODOOOUO0O0OOworld0OOOOODOOO

solidJ U0 00DconODOOOOOODOOO

EnableRenderForce U0 OO OUOOOOOOOOOOOOOs0lidOOODODODODODO

go0bbdodbobbibodobMcondgonboog

EnableRenderGrid D000 0O0OO0O0OODOOOOOODOOOOO

EnableRenderIKO IKOOOOOOOOOOOO
oo bonogn
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FWSceneIf

void SetSolidMaterial (int mat, PHSolidIf* solid)

void SetWireMaterial (int mat, PHSolidIf* solid)

void SetAxisMaterial (int matX, int matY, int matZ)

void SetAxisScale(float world, float solid, float con)

void SetAxisStyle(int style)

void SetForceMaterial (int matForce, int matMoment)

void SetForceScale(float scaleForce, float scaleMoment)
void SetContactMaterial(int mat)

void SetGridOption(char axis, float offset, float size,
int slice)

void SetGridMaterial (int matX, int matY, int matZ)

void SetIKMaterial (int mat)

void SetIKScale(float scale)

SetSolidMaterial U OUOOOOOOODOODODOUODOOOOOOmat 0000
000 880000000000 OsolidI NULLODODODDOODODDOODDOODDOODO
0000000000SetWireMaterial 000000 0OOOOOOOOOOOOON
agoo

SetAxisMaterial UL UUOUOUODN x,y, zUUOUOOOUODOOUSetAxisScale U 0 [
UO0bDbO0O00O0ODbDDSsetAxisStyleUU OO DODOUOOOODOOOOOO

SetForceMaterialll SetForceScale U U U UOUOUOOOODOOOOOOOODOOO
goooobboboon

SetContactMaterial DD OO O0OOOOOOOOOONO

SetGridOption U U U ODDODOOOOOOODODDODOSetGridMaterial U0 0O
gooooooobooon

SetIKMaterialldSetIKScale O IKOODOOODOODOOODOOODOO

1210 DOOoOoU0Ooooooobobbooooooo

Springhead20000000000000000O0O0O00OOODODODO PHHapticEngine
gooooobboboooooooggoooooobob oo ooooooon
Uo0o0odooobouoooobioibU Framework U OO OO OOOOOOOOOOO
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Uobobob00d Fwapp U O OO OO OOOOODLODOOOO0ODODOOInit OO

gobobooooobuoooobobooooboboooobbboooobbooooobo
goo

// given PHSceneIf* phScene,
phScene->GetHapticEngine () ->EnableHapticEngine (true) ;
phScene->GetHapticEngine () ->
SetHapticEngineMode (PHHapticEngineDesc: :MULTI_THREAD) ;

gooboooobbbooobbboooobbboooobbboooobbbooon
SINGLE_-THREADU O DD OUOUOODDOOUOUOODODOOOOODO MULTI_THREADOD O DO O OO
O000000D0O0 LOCALDYNAMICSO 3000000000 DOO0O MULTI_THREAD
U00000D0ODODOOMULTI_THREADO LOCALDYNAMICS OO UOUOOOOOODODOODOO
gobobooodooobuoooobbuoooooboboooobbboooobLbboooono
gobbooooobuoooobobuoooobboooobbboooobbooogoboo
gobboodbobbuoooobbuooobobbuoogobo
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// given PHScenelf* phScene,
int physicsTimerID, hapticTimerID // OO OO O ID
// FWApp: :TimerFunc 0000000000000 OOOO
void MyApp: :TimerFunc(int id){
if (hapticTimerID == id){
// 0000000000000
phScene->StepHapticLoop() ;
Yelsed{
// 0000000000000
phScene->GetHapticEngine () ->StepPhysicsSimulation() ;
PostRedisplay(); // 00

ooooooooooooooooooooobobbobooboboboboboooooo
PHHapticPointer OO DO O0OODOOODODOOOOOODODOOOOOOODODOO
U 0O O PHHapticPointer [ PHScene U0 U OO OODO OO O UPHHapticPointer [
PHSolid DO UODOODOODOO PHSolidU OO OOOOOOOOOOOOOOOOOOO
000000 00000oooO Spidar-G6 00 O0OOODODODODO

// given PHSceneIf* phScene,

// given HISpidarIf* spg,
PHHapticPointerIf* pointer = phScene->CreateHapticPointer();
/*

ooobOooobobobooooboboooon
*/

pointer->SetHumanInterface(spg) ;

O00OD0OD00ODO PHHapticPointer 0D OO0O0OO0O0OO0OOO0OODOODOODODOOOO
gogobooboooooood
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O 120 Framework

PHHapticPointerIf

void SetHumanInterface(HIBaseIf* interface)

void SetDefaultPose(Posed pose)

void SetPosScale(double scale)

void SetReflexSpring(float s)

void SetReflexDamper(float s)

void EnableFriction(bool b)

void EnableVibration(bool b)

void SetLocalRange(float s)

void SetHapticRenderMode (PHHapticPointerDesc: :HapticRenderMode

m )

SetHumanInterface 0 D0 DO O0O0OOODODODOOOO0OOOODOOOOODOODO
SetDefaultPose OO IOOODOOOOODOODOODOOODOOONOD SetPosScale
O0O00b0000b000bo0b0o0bobOo0obO0bDOOsSetReflexSpringd 000
OO000b0obo0oooobo0bboobbOo0bOdOsSetReflexbamper U0 OO
00dbbbb0000UdbbbbU0UdUUdUEnableFrictionD 00 0goonon
00000000000 OEnableVibration DO OO ODO0O0DO0DO0DO0OOOODOOOONO
O0OSetlocalRange U UODODOOODOOODOOODODOOODOODODOODODO
OO0D000000OOSetHapticRenderMode U0 OO OOOOOOODOOOOODODOOO

0O 0O 0O SetHapticRenderMode U [ PENALTYU CONSTRAINT U0 OO OODOOOO
PENALTY OO DO UOODODODOODODOODODOOODODOOOODODOODOOoOooOoOon
0doooooboooooobboboooooobbooooooooobboooooooo
OOCONSTRAINTO OO ODODUOODOODODOODODOODODOOODOO0OOooDooooo
000o0oooooooooooooooooooooooooooooooooon
ooo
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Python 000000

EmbPython 000000000 O0OO0OOOO0 PythonDODOODODODOODOOODOO
Python 0000 0O0O0O Springhead 00000000000 OSpringhead 00000
0000 PythonODOOOODOOOOODODOOODOODODOOODOODOODOOOOODO
goooooooon

EmbPython 000000000000 PythonO0ODOODOOOO Springhead API O
0000000000000 0D0000DbO00OD000OD PythonOODOODOOODOODO
00000 Springhead DO O DOO0O0OO0O0OOO0OOO0OPythonOOOODOOOOODOODO
000 Springhead 000 0OD0OO0OO0O0OOODO PythonOOOOOOOOODOOOOOO
goooo

131 00O

dooooooboooooooooooooon

0000C++ 000000 Springhead 00000000 OO0OOPythonOOOOO
00000000000 Springhead 000000000 00000O PythonOODOO
gooooooooooooo

O00000OPythonO0OO0OODO0OOOO0OOOO0OOOO0OO0OOOO (Python DLL, pyd) O
O00D0DDO Springhead 00000000 0OPythonO00OOODODDODOO Springhead
doooooobooooooo

00000000000 0EmbPython 00 O0OOO Python OO O Springhead O O
0000000000 00DO000DO00D000bO00O0Db0OD Figl3.1lOOOODOO

137
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Fig.13.1 Python 0O 0O EmbPython 0O OOOOOODODO

Springhead 0 00 Python O 0O O

Springhead 000000000 PythonOODODODOOOODOODOODOOODODOODOO
00000000000 Springhead 000000 PythonOOODOOOOODODOOODO
00000000000 000O0O00DO0O0000oD00DoOUn Pythono oo
goooooobobobooooboooooobooood

PythonSpr 00000000000

PythonOOOOODOOOODOOOOODO src\Samples\EmbPython\PythonSpr O [0
0000000000 PythonSpr.exe U O ODOO

RyssheonSpr-r-m-m-0- 1 0 0 0 [ SprmbhwdDDDDDDD]DDDDDDDDDD
Sprln%head Ilcatlon Pﬁt

ontdoodoooop¥ibooooooooodoo000oooooo

00000000000 Python [ O pRYthan intenprelgsdxk O fwSdk 0000000 O

SEngQGQMjQCE[]DE]DDD g iiiinooggooooood

PythomOooOooo OO

Embethon
I_ILEI) Oo0o00Qo000pnDOoEa8agSeenghead JJ0 000000 O0DOOO
Em P]ython
000 Python 100000 Byther B8 8¥MH 583810 000000000O0O
qoO Springhead Objects

Python Interpreter
SPRPYTHONPATH [0 [1 [

Springhead DLL (Spr.pyd)

Springhead 7P HgResd AT 0 O 0 O ®ytHonlT 0 O O bin\src\Python32\Lib 0 0 0O
PythonZ# A A IHE SpringheadZ &AL IB A
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OO0D0000000OPython3.20 c:\Python32 00000000 O0OOOOO
C:\Python32\Lib OO OOOOO OO

PythonSpr.exe U UOUOOUOOOOOOOOOOOOOO

ggoboooooooo

00 Springhead 000 0000000000DO PythonOOOOODODDOODODODODO
Springhead 00 0000000000000 0OOO0ODOODOODOODOOODODOO
ugoboboooooboooda

gogoboboogooooo

oo booodo bboooooo
g0 boodgg booooboobogo
ggoboobo oobbboooobbbooobobobuooooboooooo

PythonSpr 00000000

O00000PythonOOODOOODOOO Springhead 000000000 OOOOO
O000000Python 00O Springhead APIDODOO0OOD0OOOODOO 13.200
goooooooo

Python OO O OODOO Springhead OO0 OOD0DO0O0OO0OODOOOOODOODOODO
gooooooobooboooooououododoiodoooooooooooon
gooooooo

# 00000000 0OO0DOOO

>>> fwScene ~ U0O0OO0OO0OOO0OOODOOODOOOOOOOODOOODOOOOO
fwScene DO OO ODOOOO

<Framework.FWScene object at 0x05250A40>

>>> phScene = fwScene.GetPHScene()

>>> desc = Spr.PHSolidDesc()

>>> desc.mass = 2.0

>>> s01id0 = phScene.CreateSolid(desc)

000000000000 00O000O0D0O00D s01id0.AddShape(box0) OO OO
goobboooobbtboooobbbooobobbooooboboooubbboooo
ggoboboooobbboooobobbooobobbouoooboboboo
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# J000o0o0oooboooooobobooon

>>> phScene = fwScene.GetPHScene()

>>> phSdk phScene.GetSdk ()

>>> descSolid = Spr.PHSolidDesc()

>>> s01id0 = phScene.CreateSolid(descSolid)

>>> descBox = Spr.CDBoxDesc()

>>> descBox.boxsize = Spr.Vec3f(1,2,3)

>>> box0 = phSdk.CreateShape (Spr.CDBox.GetIfInfoStatic(), descBox)
>>> s01id0.AddShape (box0)

goboboooobbbooobobbooobbboooobboooo

>>> phScene = fwScene.GetPHScene()
>>> phSdk phScene.GetSdk ()

# 00000

>>> descSolid = Spr.PHSolidDesc()

>>> 501id0 = phScene.CreateSolid(descSolid)

>>> descBox = Spr.CDBoxDesc()

>>> descBox.boxsize = Spr.Vec3f(10,2,10)

>>> boxifinfo = Spr.CDBox.GetIfInfoStatic()

>>> s01id0.AddShape (phSdk.CreateShape (boxifinfo, descBox))
>>> 501id0.SetFramePosition(Spr.Vec3d(0,-1,0))

>>> s01id0.SetDynamical (False)

# 0000000000000
>>> solidl = phScene.CreateSolid(descSolid)
>>> descBox.boxsize = Spr.Vec3f(1,1,1)

>>> boxifinfo = Spr.CDBox.GetIfInfoStatic()
>>> solidl.AddShape (phSdk.CreateShape (boxifinfo, descBox))

goobooooooboood

>>> solidl.AddForce (Spr.Vec3d(0,200,0))

Python O For O WhileOOODOOOOOOOOOOOOOOOOODO
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>>>
>>>
>>>
>>>

import time

for i in range(0,100):
solidl.AddForce(Spr.Vec3d(0,20,0))
time.sleep(0.01)

goooobbbbbbbooooooooouoooooo

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

import time
for i in range(0,500):

y = solidl.GetPose().getPos().y
dy = solidl.GetVelocity().y

kp = 20.0

kd = 3.0

solidl.AddForce(Spr.Vec3d(0, (2.0 - y)*kp - dyx*kd, 0))
time.sleep(0.01)

gogobbboooobobooooboboooobo

>>>
>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>

>>>
>>>
>>>
>>>
>>>

phScene = fwScene.GetPHScene()
phSdk = phScene.GetSdk()
descSolid = Spr.PHSolidDesc()

s01id0 = phScene.CreateSolid(descSolid)

descBox = Spr.CDBoxDesc()

descBox.boxsize = Spr.Vec3f(1,1,1)

boxifinfo = Spr.CDBox.GetIfInfoStatic()
s01i1d0.AddShape (phSdk.CreateShape (boxifinfo, descBox))
501id0.SetDynamical (False)

solidl = phScene.CreateSolid(descSolid)
solidl.AddShape (phSdk.CreateShape (boxifinfo, descBox))

descJoint = Spr.PHHingeJointDesc ()

descJoint.poseSocket = Spr.Posed(1,0,0,0, 0,-1,0)
descJoint.posePlug = Spr.Posed(1,0,0,0, 0, 1,0)

hingeifinfo = Spr.PHHingeJoint.GetIfInfoStatic()

joint = phScene.CreateJoint(solid0, solidl, hingeifinfo, descJoint)

PythonSprexe 0000 00000python 00000000000 OOOOOOOO
ooobobobbbbb0dd test.pyUddooogobbbbbbbooooon
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obogdboboodbobboddUtestpyddbogoobooooobooonoo
gobobogoobobboooobbbooooboboboooobooboon

C:\src\Samples\EmbPython\PythonSpr> Release\PythonSpr.exe test.py
>>>

PythonOOOOOOOOODOOOODOOOODO
PythonSpr 0000 00000OPythonDOODOO0OOOO0O0ODO0ODOOOOODODOOO
goooog

tips

Python DOOODOOOOOOOOOOOOOODOOOOO Springhead 00 0O O
Python0 CO0O APIDO0OUDOOOOODOOOOOOOOODDOOOOD Python/C
APIDOOOODDOOOD *'0o00O0D0OO0OO0OO0O0DD

*1 ... http://docs.python.org/py3k/c-api/index.html

PythonSpr 00000000 0OPython OO OO0OODOO0OODONO main.cpp OO0
gooooooooobobbboooooogoo

PythonOOOOOOOOOODOODOOOOOEmbPython. h OO0 ODOOOODODOO
agoo

#include <EmbPython/EmbPython.h>

PythonOOOOOOOOSpringhead 0000000000 ODOODOOOOOOO
OO0O00000000000DOO00DOO00O0OoDO00DoO0g PythonOOOGOOO
gobobdodbbbuooobobbuooobobbuooobobboo

virtual void OnStep(){
UTAutoLock critical (EPCriticalSection);

}
virtual void OnDraw(GRRenderIf* render) {
UTAutoLock critical (EPCriticalSection);

}

virtual void OnAction(int menu, int id){
UTAutoLock critical (EPCriticalSection);


http://docs.python.org/py3k/c-api/index.html
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EPCriticalSection U U O DD OUOUOOODODOOOOOOLODOOOUOUOOODODOO
EPCriticalSection U U0 0DUOOOOODUOODLDOOOOODOODLOOOOOODOOOn
O00000000000Python 00O Springhead 000000000000 ODOO
EPCriticalSectionU 0000 DUOO0ODO0OOODOO0OOODOOOODODOO OnStep
00000 PythonO Springhead 0000 0000000000000

OO0OPythonODOODODOOODOOOOOOOOODOOO

void EPLoopInit(void* arg) {
PythonSprApp* app = (PythonSprApp*)arg;

// Python OO0O0OOOOOOOO
PyRun_SimpleString("import Spr");

// Python OO COOOOOODOOOOOODOOO
PyObject *m = PyImport_AddModule("__main__");
PyObject *dict = PyModule_GetDict (m) ;

// Python 00 fwScene 0O OOOOOODO

PyObject* pyObj = (PyObject*)newEPFWSceneIf (app->fwScene);
Py_INCREF (py0Obj) ;

PyDict_SetItemString(dict, "fwScene", py0bj);

// Python 000000000 OOOOO
if (app->argc == 2) {
ostringstream loadfile;
loadfile << "__mainfilename__ =’";
loadfile << app->argv[1];
loadfile << "2 ";
PyRun_SimpleString("import codecs") ;
PyRun_SimpleString(loadfile.str().c_str());
PyRun_SimpleString(
"__mainfile__ = codecs.open(__mainfilename__,’r’,’utf-8’)");
PyRun_SimpleString(
"exec(compile( __mainfile__.read() , __mainfilename__, ’exec’)"
",globals()"
" locals())" );

PyRun_SimpleString("__mainfile__.close()");

*l0pD000000000000000000000000000000000000000000000
gooooooooboooobooboooobobooooooDo
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goboboooobbbooobbboooobbbooooboboooobboood
000000000000 Python OO Springhead 0000000000000 O0O0O
CcOdDOoOO00oOO00DOO0U0DOoOOOOU0ODOoUOoODOOOoOoOUOD.pyOOOOOOO
goobooooobooo

00000 app—>fwScene 000 Python OO DO ODOOODOODOOOOOOOCOOO
goboboodoobobdooooboboooobobbooooobooo

#define ACCESS_SPR_FROM_PY(cls, name, obj)

{
PyObject* pyObj = (PyObject*)newEP##cls((obj));
Py_INCREF (py0Obj) ;
PyDict_SetItemString(dict, #name, pyObj);

~ s s s s

// 000 :
// ACCESS_SPR_FROM_PY(O O, Python JOOOOO, OOOOOODOO)
ACCESS_SPR_FROM_PY (FWSceneIf, fwScene, app->fwScene);

000 PythonSpr 0000000000000 OO0ODOODOOODOOO PythonODO
goboboooobobooon
gooboodooobuoooobobuoooobobooooobooan

void EPLoop(void* arg) {
PyRun_InteractiveLoop(stdin, "SpringheadPython Console") ;
b

O000Omain 0000 PythonOOODOOOOOOOOO EPInterpreter 0000
Ooboooooobobooooboboooogon

int main(int argc, char *argv([]) {
app.Init(argc, argv);

EPInterpreter* interpreter = EPInterpreter::Create();
interpreter->Initialize();
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interpreter->EPLoopInit = EPLoopInit;
interpreter->EPLoop = EPLoop;
interpreter->Run(&app) ;

app.StartMainLoop() ;
return 0;

Python O O Springhead 0 0O O

Python 0 DLLOOOOOOOOOOOO Springhead O Python 00000000
gogooboood

Springhead 0000 Spr.pyd 00 DLLOOOOOOOOOOODODOQOO Spr.pyd
00 bin\win32\Spr.pyd 0 0 O bin\win64\Spr.pyd 0 OO Springhead DO 0000
000000 00src\EmbPython\SprPythonDLL.sln OO0 000000000000
ggoo

Spr.pyd 0 OO0

Spr.pyd 0OPython 0D O0OO0OOOOOOODOOOODLLsO0O0OO0O0OOODOOOO
ooon

mport 00 OOO0OOO

Python 3.2.2 [MSC v.1500 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more information.
>>> import Spr

Springhead 000000000000 OODOODODOOODOOOODOOODOO
gbodoboobobi0oobioOD pHSdk UOOODODO PHScene U D O ODOODOOU
PHSolidO DO OUOOOODODOOOO

>>> phSdk = Spr.PHSdk.CreateSdk()
>>> phScene = phSdk.CreateScene (Spr.PHSceneDesc())
>>> s01id0 = phScene.CreateSolid(Spr.PHSolidDesc())
>>> for i in range(0,10):
print (s0lid0.GetPose() .getPos())
phScene.Step()
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Vec3d(0.000,0.000,0.000)
Vec3d(0.000,-0.000,0.000)
Vec3d(0.000,-0.001,0.000)
(OO, ..
Vec3d(0.000,-0.011,0.000)
>>>

APIODOOODODODO Springhead 0000000000000 DDOOODODOOOOOO
ggobboooobbobooobbobooobboboooobboooobboood
000000000000 000D00O0Opyopengl 0000000000 OOOODOO
ggobooboogoooooo

aoo
Spr.pyd0 0000000 SprBlender 00 OO0 OO

SprBlender O
oooooood
Blender O Ul

1 Springhead OO 000 O
gboobon

0000 Python APIO O
er 0 0 Python O Spr.pyd
1Jogdoooooooon

D000 WebODODO*ODODOOOO0OOO

*2 http://springhead.info/wiki/SprBlender
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13.2 Python O 0O 0O Springhead API 0 OO

Python O O Springhead APID O 0000000000000 00OOODODOODOO
gooood

SprO000dOdooong
Springhead 000000 Spr 00000000 OO0ODOOOODOOOO

import Spr

0000000000 000O0O0O0Springhead 000000 OOO0OOODOOOO
EPLoopInit U UOOODOOOOODOOOM

Springhead 00000000000 Spr00000000O0O0O0OO0OODOSpring-
head 0000000000000 00000 HOODODO0 (kkkkkIf okxokxk) 00
gooooobboboooooooogooooooboboboooooo

0000000000 Springhead 0000 PythonOOOOODOOOOOOOOOO
O000000OPythonODOOODOOO Springhead 00000dir 0000000000

>>> import Spr
>>> dir(Spr)

gooboboood

C++ 0 Springhead D0 00000000 OO0OO SdkODOODODOOOOOODOO
Sdk 00 000000PHSdkOOOODOOOOOODOO CreateSdk 0O ODOOODOO
goooo

phSdk = Spr.PHSdk() .CreateSdk()
grSdk = Spr.GRSdk() .CreateSdk()
# ... etc.

0000 Create d Springhead 00 sdk OO0 OO0D0O0OOOOOOOOO



148 0130 PythonODOOOOO

phScene = phSdk.CreateScene (Spr.PHSceneDesc())
grScene = grSdk.CreateScene (Spr.GRSceneDesc())
# ... etc.

lfinfo0 000000000

O000000 Create 00 APIOO0OO0OO0OOODOOCOOOOOODOODOOOO
ddooooooboobbobobbbbobbbobbbb0O00 PHScene: :CreateJoint
U 0OPHHingeJointDesc U OO DO UOUOOOODOUOOODOPHBallJointDesc U0 O
OOoboOoboooooboobooog

0000 Create 000 Python OO ODOODOOOOODOOOOOOODODODOOOOO
Oo0o0O000CCOOOOO0O0000OoooOOOCOCOCODOOOO000000 InfoO
Ooboooooobooooobogn

# Hinge
phScene.CreateJoint(sol,s02, Spr.PHHingeJoint.GetIfInfoStatic(), desc)

# Ball
phScene.CreateJoint (sol,s02, Spr.PHBallJoint.GetIfInfoStatic(), desc)

IfinfoO0OOO0OO0OODODOO .GetIfInfoStatic(OO DOODOOOOOOOOODO
00000000000 0000000000D000D0D00D00D00O00 Create O
000000000 APIO0OOOO00ODOOO0O0ODOOOOOOOOOOOOOOO
O00Python APIODOODOO0D0OOOO0OOO Create 000000000000 DODOOO
IfInfox i1 00 O0O0OO0OODOOOOO0ODODOO

// in SprPHScene.h
PHJointIf* CreateJoint(PHSolidIf* lhs, PHSolidIf* rhs,
const IfInfo* ii, const PHJointDesc& desc);

template <class T> PHJointIf* CreateJoint

(PHS0lidIf* 1lhs, PHSolidIf* rhs, const T& desc){
return CreateJoint(lhs, rhs, T::GetIfInfo(), desc);

}

0000000000000 0000000000 APIODOOOOOC++ 000
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0000000000 (D000 PHJointIf 00 )0O00O0OO0DOO DCASTOOODO
OO00DO0O0O0O00O0oOOO0o0oDOdOPythonOOOOOODOOOOODODOOO
(PHHingeJoint, PHBallJoint 00 )0 0000000000000 0OO00OO0OOOOO
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon

enum 00O

PHScenelIf::SetContactMode I DD Henum OO0 O0O0OOOOOOOOOOO0O
000000000 enum 0000 PythonOOOOOOODOOOODOODOOODOODO
goooobobbobbtbooooooooooooo

# C++ 00 phScene->SetContactMode(sol, so2, PHSceneDesc::MODE_NONE) 00O
O
phScene.SetContactMode(sol, so2, 0)

gooooooo
Vec3d[ Quaterniond[d Posed 0 O Springhead 0000000000 OOOOOOO
Ud .x.yogdooboobooooobobooobbobooooobooaon

>>> v = Spr.Vec3d(1,2,3)
>>> v
(1.000,2.000,3.000)

>>> v.X

1.0

>>> v.x = 4.0

>>> v
(4.000,2.000,3.000)

Posed, Posef U0 UOU0O0O0Ow, x, vy, zUUOUOUOUOOOOOOOUOUOOUOOpx,
py, pz 0000000000 DODOOOCDOO0OOOO0O0O0DDDOOUOPosed::Pos(),
Posed::0ri() 00000000 ODO

e .getOriQ)
e .set0riQ)
e .getPos()
e .setPos()
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ggoboboooon
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(1 14 [

Jooooobboodd

141 OO

goobbooobobbuooouobbuoooboboboood

142 0O0OOOOOOO0OO0

00O Visual Studio 00 Springhead 000000000000 DOOOCOOOODODOO

ggooood

g Oinclude 000000000 OO0ODOOOO0ODOOOODOOOOOO

000 000000000 Springheaed 00000000000 OOOOOOODO
gooboooon

o ugobbooobobuooooboooobbooboooobbooono
0

000 000000000 Springhead 00000000000 OOOOOOODO
gooboogod

o goboboooobbuoooobbuoooobobooooobo

000 0O0000O000000000D0000000DO0O0D0O00000 Spring-

headOOODOOOOOOOOODOOODOOO



152

0140 00000000000

143 0O0O0OODODOOO0OOOOO

144 O0OOOOO

RN
ooo1

gono 2

oog 3

goobooooboobod
uoobooooooboooobboooobbooobooboooooboobooaon
goood

0000000 XO00oOoooooobooooobooboooobooo
ud
ggoobbbooouoooboooouobobobooooooooboog
gooogo
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o
ugn

o
oan

ggooogd
0000000000000 00D0000 svnupdateDOOOOOOOO
0000000 Springhead 0000000000000 OOODOOO

goobooon
000 (7)Springhead 000 0000000000000 0O0OOOOOO
gooood
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