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Integration of OpenGL Class
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Step 1. Multiple Object Management

Open has Three types of objects

1. Object

— Box, cylinder, sphere, plane, and so on

— Vertex buffer: Position, Normal, UV vectors
— Element buffer: face(or polygon)

2. Shader

— Phong shading, solid shading, and so on
— GLSL based vertex (.vsh) and fragment (.fsh) script

3. Texture
— Image (png or jpg) is mapped onto vertex by UV value

We need to handle multiple and dynamic objects ;4.
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Create Object and Close Object

* Principles of Programming for memory allocation
— Create(init or new or alloc ) Vs Destroy(close or delete or free)
— create(memory allocation)
— close(delete memory block)
— If you miss “close”, memory leakage occurs - critical problems

« uObj::Alloc(create) : create vertex, normal, UV, and VBO
* UODbj::Close: delete vertex, normal, UV, and VBO

« uShader::Load(create) : create GLSL program

« uShader:Close: delete GLSL program

« UTexture:.Load(create): create texture buffer

o uTexture::Close: delete texture buffer 4
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Dynamic Array for Object Management
Ex) uGL-26-Complete-GL objects

class uWnd : public uGL
{ uObj
public: CreateObj

uWnd () ;

A\ 4

objs

public:

// Basic GL functions uShader
virtual woid Draw();

virtual woid Loading{() ; CreateShader
virtual woid Bun () ;
virtual woid Close();

\ 4

shaders

uTexture

5L object _ CreateTexture »  txs
uCbj* CreateCbj () ;
uShadexr¥ Createfhader (char *wv=h,char *f=sh);

uTexture® CreateTexture (char *imgname) ;

public:
vArray<uCbj*, udbj*> obi=;
vAhrray<uShader*,uShader*> shaders;
vArray<uTexture*,uTexture¥*> t=xs;

IS o

« Each object is stored in Dynamic array, vArray.
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Robotics

New OpenGL Object Management
“Create()”

Iy E‘lbj sct creation uCbi* uWnd: :Createtb] ()
{

. W = 1 r
uCbyj *p CreateCbj () ; uobij* pNew = new uCbij();

p—>MakeBox (10,10,0.1) ; obis.add (pNew) ;
return pHNew;

p—>Update () ;

public:

vﬁrraxiuﬂhj*,uﬂhj*} obis;

vold uObj::MakeBox (float a,float b,float <)

{
Blloc{8,12);

/f object creation ) o
— _ . pVer[0] .v = uVectoxr(0,0,0);
LL':'bj B = Createﬂbj {} r pver[l].v = uVector({a,0,0);
) ;

p—>*MakeBox(10,10,0.1 . _ .
vold uCkbj::ARlloc{int nv,int np)
. {
p—}UpdatE {::l H Close();
nver = nv;
nPoly = np; 6 ci..
pVer = new uVertex[nv]; %




New OpenGL Object Management

“Close()”

int i; — | Pull1cC:

/- vArray<uObj*,uCbj*> obis;
{// remowve all object
for (1=0;i<cbjs.Getfiize () ;1i++)

vold uWnd::Close ()
{

I volid uCbj::Close ()
— — . — [
;i}zélcze 0 ?bjs 17 1f (pVer) delete pVer; Delete ve_rtex
delete p; — - if (pPoly) delete pPoly; memory In
} 1f (pTemp) delete pTemp; CPU
obj=.Removelll () ;
pvVer = NULL;
{/ remove all shaders pFoly = NULL;
for (i1=0;i<shaders.GetSize();1it+) pTemp = NULL; Delete VBO in GPU
{
uShader *p = shaders[i]; 1f (vs) glDeleteBuffer=(l, &vs); va = 0;
p—>*Cleose(); 1f (f=s) glDheleteBuffer=(l, &fs); f= = 0;

delete p; }

}

shaders.RemoveZll (] ;

{/ remove all textures

for (1=0;i<txs.GetSize();i++)

{
uTexture *p = txs[i];
p—-*Close();
delete p;

: 7

tx=s.ERemovelll () ;
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Step 2: Draw() in a New Structure

uShader uTexture uCam

pCurrentShader pCurrentTexture

P: Perspective projection matrix

A 4

T, R: Camera viewpoint

uObj::Draw

——{  VBO
—[ Color

void uObj::Draw()
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Step 2: Draw() in a New Structure
Step 2-1: Camera

uShader uTexture uCam

| BCurrentShader pCurrentTexture

P: Perspective projection matrix

T, R: Camera viewpoint

uObj::Draw

——{  VBO
—[ Color

void ulbj::Draw/()
{

{/ camera coordinate =etting
htdat h = pCam—>T*pCam—>E:; V
b = h*Hg“H*Hp;

1UniformMatrixd4{v ([pCurrentShader->screen, 1, 0, pCam—>E.v)§
glUniformMatrix4fv [plurrentShader->*model, |1, 0, h.v);




Step 2: Draw() in a New Structure
Step 2-2: Colors

uShader uTexture uCam

| BCurrentShader pCurrentTexture

P: Perspective projection matrix

T, R: Camera viewpoint

uObj::Draw

——{ vBO |
—[ Color ‘

// =set colors }
glUniformdf|pCurrentShader—->diffuse, |diffuse.r diffuse N diffuse. b diffuse_al;

(pCurrentShader->ambient, |ambient.r,ambient.g,ambhient.b,ambient.a);

glUniformdflpCurrentShader—>apecular, specuLar.r,specuLar.g,specular.b,specuLar.a};

O %=
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Step 2: Draw() in a New Structure
step 2-3: Vertex buffer(VBO)

uShader uTexture uCam

pCurrentShader pCurrentTexture

P: Perspective projection matrix
T, R: Camera viewpoint

— uObj::Draw
—{  VBO pp. 26,
Lecture 9
—[ Color
{/ call wvertex buffer
ngindBuffer{GL_ﬁRRﬁY_BUFFER, w3);
glEnableVertexAttriblrray (0) ;
glVertexAttribPointer (0,3, GL FLOCAT, FALSE, sizeof (uVertex), (void*)0); ff wertex,w
glEnableVertexAttriblrray (1) ;
glVertexhAttribPointer (1,3, GL FLOAT, FALSE, sizeof (uVertex), (void¥*)12); /f normal,n
glEnableVertexAttriblrray (2) ;
glVertexhttribPointer (2,2, GL FLOAT,FALSE, sizeof (uVertex), (void¥*)24); Jf texture uv
{/ call face buffer

glBindBuffer (GL. ELEMENT ARRAY BUFFER, fs);



Step 2: Draw() in a New Structure
step 2-4: Texture mapping

uShader uTexture uCam

pCurrentShader pCurrentTexture

v P: Perspective projection matrix
T, R: Camera viewpoint

— uObj::Draw

—{ vBO |
—[ Color ]

{/ call texture

if (pTX)

{
glEnakble (GL TEXTURE 2D} ;
glBindTexture (GL TEXTURE 2D,pTX->tid);

1
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Step 2: Draw() in a New Structure
step 2-5: Draw Element

uShader uTexture uCam

pCurrentShader pCurrentTexture

v P: Perspective projection matrix
T, R: Camera viewpoint

— uObj::Draw

B VBO s fs;

elemental

4[ Color ] VBO
(Polygon index)

|

glDrawElements (GL TRIANGLES, 3*nPoly, GL UNSIGNED SHORT, (wvo1d*)0) ;

13
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Step 2: Draw() in a New Structure
step 2-6: Finish Drawing

uShader uTexture uCam
pCurrentShader pCurrentTexture
v P: Perspective projection matrix
T, R: Camera viewpoint
— uObj::Draw
—{ vBO |
-———{ Color ]

glDisableVertexAttribArray (0);
glDisableVertexAttribArray (1) ;
glDisableVertexlAttriblrray(2) ;

ngindEuffer{GL_&RR&Y_BUFFER,:};

glBindBuffer (GL ELEMENT ARRRY BUFFER, 0);

if (pTX)

{
glDisable (GL_TEXTURE 20);
ngindTexture{GL_TEKTURE_EE,:};

Close VBO handle

/'

_— Close Texture buffer handle

14 =
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Step3 Drawing Multiple Object in uWnd

{

vold uWnd: :Draw ()

glClearColor (info.r,info.g,info.b,1info.a);

glclear (GL COLOR BUFFER BIT | GL DEPTH EBUFFER EIT);

// draw objects
for (int 1=0;i<ocbjs.GetSize () ;i++)
objs[i1]->Drawl) :

glFinish () ;

public:

vArray<uObj*,ultbj*> obis=;

Robotics

void ulbj::Draw/()
{

{{ camera coordinate setting
hMat h = pCam->T*pCam—>R;
b = h*Hg“H*Hp;

glUniformMatrixd4fv (pCurrentShader->screen,
glUniformMatrixd4fv (pCurrentShader->model,

1s
1,

-
=

F

plam—->B.v) ;

h.v);

L 2



Step 4: Object Transform

ex) uGL-27-Complete-object-transform

« We used to modify H matrix of an object
— See uGL-26-Complete-GL objects

vald uWnd: :RBun ()

{

S Where box?

uthi *p = obij=s[0];

p->g.y+=1;
p—>H = p—*H.Rot¥ (p->q.y)*p->*H.Tran=s(-53,0,0);

Eedraw () ;

}

« We will uses uObj::Trans and uObj::Rot
— Extra information is required for storing position and rotation

S/ Transform
hMat Hg;
hMat H;

struct coord

uObj {

uvVector oj; -
uWVector g; - 16
} coord;

1
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uObj::Trans and uObj::Rot

void uCbj::Trans=s({float x, float y,float =) void uCbj::Rot(float x,float y,float =z)
[ {
coord.o = uVector (x,y,z) coord.q = uVector(x,y,z);
H.v[12] = =x; hMat £t = H.RotZ{z)*H.Rot¥(y)*H.RotX(x):;
H.v[13] = w;
H.v[14] = z; ff copy 0 1 2, 4,5,6, 8,5,10,
1 H.w[0] = t.w[0]; H.v[1l] = t.v[1]; H.w[2] = t.w[2];
H.wv[4] = t.v[4]; H.v[5] = t.v[3]; H.w[e] = t.w[&];
H.w[8] = t.v[8]; H.v[%] = t.v[%]; How[10]= t.w[10];
1

« Sometimes, uObj::Trans(x,y,z) Is boring,

 How about using uObj::Trans(uVector)?
— Use C++ overloading.

vold uObj::Trans (uVector v) vold uObj::Rot (uVector w)

{ {

Trans(v.X,vV.Y,v.-2Z); RBot(v.X,Vv.Vy,v.-2Z);

} }

Overloading in C++ is very helpful. 17 @=



Step 5: Pivotal Rotation (Hp)
ex) uGL-28-Complete-object-transform-pivot

A A

- = [ H=H

Pivotal rotation pp.28 in lecture 5

« New function, uObj::Pivot requires : H 0 — HTrans

void uCbhj::Pivot (float x,float y,float =)
{

H Rot H —Trans

Trans

Hp = Hp.Trans|(-x,-y.—2);

1
« Changes in Draw()

vold ulbij::Draw()
{

/{ camera coordinate setting

hMat h = pCam—>T*pCam->E;

h = h*H*Hp;

glUniformMatrixd4fv (pCurrentShader->screen, 1, 0, pCam->P.v); 18 4=
h.v) >

glUniformMatrix4fv (pCurrentShader—>model, 1, 0,



Comparison Pivot

uGL-27-Complete-object-transform uGL-28-Complete-object-transform-pivot

void uWnd: :Loading ()
{

vold uWnd: :Loading ()

{
SetBE (RGB(253,255,2535) ) ;

m cam.T = m cam.T.Trans(0,0,-20);

SetBE (RGEB (255, 255,255) ) ;
m cam.T = m cam.T.Trans(0,0,-10);

/{ =shader and texture
pCurrentShader = CreateShader ("Ph
pCurrentTexture = CreateTexture ("H

{/ shader and texture
pCurrentShader = CreateShader ("Fh
pCurrentTexture = CreateTexture("h

/{ object creation
utbj *p = CreateCbij|();
p-*MakeBox (10,10,0.1);

{f object creation
uchj *p = Createchi();
p—->MakeBox (10,10,0.1);

p—=pTXx = pCurrentTexture;
p—}p':!:'x = pCurrentTexturE; p—Z}difEuse = uColor {1; 1, 1} :
p->diffuse = uColor(l,1,1); p-rambient = uColor(0.1,0.1,0.1);
p->ambient = uColor(0.1,0.1,0.1); p-rspecular = uColor(0,0,0);

p—Fspecular uColoxr (0,0,0);

p—>Update() ;

p—>Pivot (5,0,0);

p->Update () ; \\\\
1

vold uWnd: :RBun () 10
{

}

wvold uWnd: :Bun()

{

/f Where box?
utkhj *p = obj=[0];

/f Where box?

Obi *p = obis[0];
// Previous code uCb] “p ob]s [0]

10

p->q.y+=1; . 4 .
p—>H = p—>»H.Rot¥ (p—>g.¥y) *p—>H.Trans (-5,0,0); pr-coord.q-y s
p—>Bot (p—rcoord.q) ;
Redraw () ; >

Eedraw () ; (5,0,0) »




Robotics

Step 6: Hierarchical Aspect of Objects

« Think Robot Manipulator (pp. 18 in lecture 5)

H,=H,"
g g
1
I:)current o Hg P
I
Ccurrent o Hg HC
e
% Parent
If parent moves,
Child also moves If a parent object rotates,

20

‘

%
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Robotics

All Complex Coordinates in uObj
uGL-31-Complete-object-Hierarchy-Final

Hg has a rotation

|Hi:>

Hg has a pivotal translation

Parent’s coordinate Child

L.

« Define Hg is a combination of Translation and Rotation
With respect to Parent’s coordinate o

=
<D



Robotics

For convenient usages,
Define Pivotal Translation, Hgp, from Parent

R(Hg) has only Rotation

|Hi:> )

Hgp has only Translation

Parent’s coordinate Child

| Tpivot — ng

— R'ng

Hg — RTpivot N

%



Robotics

uODbj in Hierarchical Structure

class ulb]
{
* uObj has children objects puRlEe:
~ulb] () ;
public:
|
G— \ Q // child object
——— \ vArray<uObi*,uCbij*> child;
\\\ child . T

e uObj::Draw also draws children

void uCbj::Draw()
{

for (int 1=0;i1i<child.GetSize () ;1++)
child[1]->Draw() ;

23

1
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uODbj::Rot Iin Hierarchical Structure

vold uClbj::Rot(float x,float y,float =)
{

coord.q = uVector (x,vy.z);

hMat r = H.RotZ(z)*H.Rot¥(y)*H.RotX(x);

/f copy O 1 2, 4,5,6, 8,9,10, H p
H.v[0] = r.w[0]; H.wv[1l] = r.w[1]; H.w[2] = r.w[2];

H.v[4] = r.v[4]; H.v[2] = r.w[3]; H.v[&] = r.wv[E&];

H.wv[B8] = x.v[8]; H.v[9%] = x.v[5]; H.v[1l0]= x.w[10];

hMat h;

h = Hg*H;

He =(HPHP)H;
for {(int 1=0;i1i<child.GetSize () ;1++) 9 g gp
{

child[1] }Hg = h*child[1i] }ng,

child[1] }Rﬂt{chlld[l] —>coord. q},

}
Why child[i]2>Rot is called here?

It is a tactical method that rotation is propagated through every children in uObj 9



Extra Tip for Understanding Rot In
Hierarchical Structure

Super node [« Parent Child

vold ulbj::Rot (float x,float y,float =z)
{

coord.q = uVector(x,y.z);

hMat r = H.RotZ(z)*H.Rot¥(y)*H.RotX(x);

// copy 0 1 2, 4,5,6, 8,59,10

H.v[0] = x.wv[0]; H.wv[1l] = x.w[1]; H.v[2] = x.wv[2];
H.v[4] = r.w[4]; H.v[2] = r.w[52]; H.wv[&] = r.w[&];
H.wv[8] = r.w[8] H.w[2%] = r.w[5]; H.w[1l0]= r.w[10];
hMat h;

h = Hg*H;

for (int 1=0;1<child.GetSize();1++)

{
child[1]->Hg = h*child[i]->Hgp;
child[1]-»Rot (child[i] ->coord.q) ;

1



Extra Tip for Understanding Rot In
Hierarchical Structure

H Parent Child
g

void uCbj::Rot(float x=,ffloat y,float z)
{ J

coord.q = uVector(x,y,z);
hMat r = H.RutE{z[*H.RatY{y}*H.Rctx{x};
/
f/ copy 0 1 2, évﬁ,ﬁ B,59,10
H.v[0] = x.w[0]; H.wv[1l] = x.w[1]; H.v[2] = x.wv[2];
H.v[4] = r v[4];l H.v[2] = r.w[52]; H.wv[&] = r.w[&];
H.v[8] = r.v[81# H.w[2%] = r.w[5]; H.w[1l0]= r.w[10];
/
hMat h; /
h = Hg¥*H;
/
for (int i£E0;i<child.GetSize();i++)
{ /
child[1]->Hg = h*child[i]->Hgp;

child[1] -»Rot (child[i]->coord.q);

Robotics

1
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Extra Tip for Understanding Rot In
Hierarchical Structure

{

de i
super no H Pa rent\ Child
d
vold ulbj::Rot (float x,float y,float =z)
coord.q = uVector(x,y.z);
hMat r = H.RotZ(z)*H.Rot¥(y)*H.RotX(x);
// copy 0 1 2, 4,5,6, 8,59,10
H.v[0] = x.wv[0]; H.wv[1l] = x.w[1]; A7 [2] = x.w[2];
H.v[4] = r.w[4]; H.v[2] = r.w[52]; dv[Ee] = r.w[E];
H.wv[8] = r.w[8] H.w[2%] = r.w[5]; e [10]= r.w[10];
hMat h;
h = Hg*H;

for (int 1=0;1<child.GetSize () ;1++)

{

child[1]->Hg = h*child[i]->Hgp;
child[1]-»Rot (child[i] ->coord.q) ;

1
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Extra Tip for Understanding Rot In
Hierarchical Structure

Child
H g\l

vold ulbj::Rot (float x,float y,flpat =z)
{

coord.q = uVector(x,y.z);

hMat r = H.RotZ(z)*H.Rot¥(y)*H.RotX(x);

// copy 0 1 2, 4,5,6, 8,59,10

H.v[0] = x.wv[0]; H.wv[1l] = x.w[1]; H.v[2] = x.wv[2];
H.v[4] = r.w[4]; H.v[2] = r.w[52]; H.wv[&] = r.w[&];
H.wv[8] = r.w[8] H.w[2%] = r.w[5]; H.w[1l0]= r.w[10];
hMat h;

h = Hg*H;

for (int 1=0;1<child.GetSize () ;1++)

{

child[1]->Hg = h*child[i]->Hgp;
child[1]->Rot (child[1]->coord.q) ;

1
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uODbj::Draw
Parent Transform modifies Child’s Hg

vold uObj::Draw()
{

// camera coordinate setting
hMat h = pCam—>T*pCam—->R;
h = h*Hg*H*Hp;

glUniformMatrixd4fv (pCurrentShader—->screen, 1, 0, pCam—->P.v);
0, h.v);

glUniformMatrixé4fv (pCurrentShader->model, 1, 0O,

Parent ‘ Child
——

pivot: H |

Parent

=(HgH"-H, child : H HH

1
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Ex) Final Integration
of 3D Graphics in OpenGL

uGL-31-Complete-object-Hierarchy-Final

void uWnd: :Loading ()
{

// object creation A
utb] *f = Createtbj();

ft->MakeBox(10,5,5);

f->pTH = pCurrentTexture; . [:$> )
f->diffuse = uColer(l,1,1); object f —gbject f
f-rambient = uColeor{(0.1,0.1,0.1);

f->zpecular uColoxr(0,0,0);
f-»Piveot (0,2.5,2.5);
f->Update () ;

uCkh] *= = CreateCbj(); A
s—>MakeBox(10,5,53);
s—>pTX pCurrentTexture;

s—rdiffuse uColor{l,1,1); . [:$> .
s—>ambient ucolor(0.1,0.1,0.1); object s —agbject s
s—r>gpecular uColoxr(0,0,0);
s—>Pivot (0,2.5,2.5);
z->Update () ;

// = 13 a child of £.
f->=ndd (=) ;

ff =2 i= moved by length of £
g—>*Hgp = =—>*Hgp.Trans(10,0,0);

// £ and = move independently
t—->Trans (0,10,0); 30
=—>»Rot (0,0,30);

1

%



Ex) Final Integration
of 3D Graphics in OpenGL

uGL-31-Complete-object-Hierarchy-Final
void uWnd: :Loading ()
1

// object creation

utb] *f = Createtbj();
ft->MakeBox(10,5,5);

f->pTX = pCurrentTexture;
f->diffuse = uColor(l,l1,1);
f-rambient uColor{(0.1,0.1,0.1);
f->zpecular = uColoxr(0,0,0);
f-»Piveot (0,2.5,2.5);

f->Update () ;

uCkh] *= = CreateCbj();

s—>MakeBox(10,5,53); Parent, f
s—>pTX = pCurrentTexture;

s—>diffuse = uColor(l,1,1); é‘ -
z—Fambient = uColeor{0.1,0.1,0.1);

g—r»gpecular = uColeox(0,0,0);

s—>Pivot (0,2.5,2.5);
z->Update () ;

iect f
—fect's Child, s

// = 13 a child of £.
f->=ndd (=) ;

ff =2 i= moved by length of £
g—>*Hgp = =—>*Hgp.Trans(10,0,0);

// £ and = move independently
t—->Trans (0,10,0); 31
=—>»Rot (0,0,30);

1
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Ex) Final Integration
of 3D Graphics in OpenGL

uGL-31-Complete-object-Hierarchy-Final

void uWnd: :Loading ()
{

// object creation
utb] *f = Createtbj();

f->MakeBox (10,5, 5) ; Parent, f
f->pTX = pCurrentTexture;

f->diffuse = uColor(l,l1,1); yy
f-rambient = uColeor{(0.1,0.1,0.1);

f->zpecular uColoxr(0,0,0);
f-»Piveot (0,2.5,2.5);
f->Update () ;

Child, s

uCh] *= = CreateCb]();
s—>*MakeBox(10,5,5);
s—>pTX

s—>diffuse

pCurrentTexture;
uColor(l,1,1); A A

z—rambient uColor{(0.1,0.1,0.1);

s—r>gpecular uColoxr(0,0,0);

s—>Pivot (0,2.5,2.5);

s—>Update () ; —bject f —gbject s
/f 5 18 a child of £.

f->=ndd (=) ;

ff =2 i= moved by length of £ 10

g—>*Hgp = =—>*Hgp.Trans(10,0,0);

// £ and = move independently
t—->Trans (0,10,0); 32
=—>»Rot (0,0,30);

1
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Ex) Final Integration
of 3D Graphics in OpenGL

uGL-31-Complete-object-Hierarchy-Final
void uWnd: :Loading ()
1

// object creation

utb] *f = Createtbj();
ft->MakeBox(10,5,5);

f->pTX = pCurrentTexture;
f->diffuse = uColor(l,l1,1);
f-rambient uColor{(0.1,0.1,0.1);
f->zpecular = uColoxr(0,0,0);
f-»Piveot (0,2.5,2.5);

f->Update () ;

uCh] *= = CreateCb]();
s—>*MakeBox(10,5,5);

s—>pTX = pCurrentTexture;
s—>diffuse = uColor(l,1,1);
z—Fambient = uColeor{0.1,0.1,0.1);
g—r»gpecular = uColeox(0,0,0);

s—>Pivot (0,2.5,2.5);
z->Update () ;

// = 13 a child of £.
f->=ndd (=) ;

ff =2 i= moved by length of £ 10
g—>*Hgp = =—>*Hgp.Trans(10,0,0);

// £ and = move independently
t—->Trans (0,10,0); 33
=—>»Rot (0,0,30);

1

%




You have learned and finished
the Cores of 3D graphics

34
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Tl (A8, Semyinal

Test for Final Graphics Engine
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Ex) uGL-36-Complete-Car
step 1: Allocation
* Position 2194

e UV 2194
« Face 324

/J/ car creation

Car.obj utb] *p = CreateObj();
p—>Alloc(2154,324);

e Car_07.pn

e —/Png
= gl
Ll A
c'Il.
oIl
00
_
00

36

I
i
I
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Ex) uGL-36-Complete-Car
step 2: Position and UV Vector

{f load wertices
uVector sum;
for (1=0;1<21%4;1++)

{

carv[3*1]:

carv([3*1+1]1; | position
carv[3¥1i+2];

p—>pvVer[i] .v.x
p—rpVer[i].v.y
p—>pver[i] .v.=z

sum = sum+p->pVer[i].v; Get Center for pivot

cartx[2¥%1];
cartx[E*i+1]i

p—>pVer[i].tx.u
p—>pVer[i] .tx.v

Texture Mapping (UV)

}

sum = sum* (1l./215%4);

(]
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Ex) uGL-36-Complete-Car
step 3: Normal Vector

// load faces
uVector vf,vs,n;
for (1=0;1<324;1++)
{

unsigned short £,s,t;
f
=
t

carface[3*1]-1;;
carface[3*1+1]-1; Polygon indexing
carface[3%*1+2]-1;

p->pPaly[i] . £
p—>pPoly[1] .=
p—>pPoly[1] .t

i
]

vE = (p—>pVerxr[t].v-p—>pVer[s].v);

vs (p—>pVer[f].v-p->pVer[s].v]); | Get Normal of polygon
n = vi¥*va;

n = n.Unit({);

p—>pVer[f] .n = n;

p—>pVer[s].n = n; Semi Flat shading

p—>pVer[t] .n

(]




Ex) uGL-36-Complete-Car
step 4: Ground with Texture mapping

. MakeBox (3000,3000,1)

TR RN

Road.png

39
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Robotics

Ex) uGL-37-Complete-Car-bykey-Ans

40
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Ex) uGL-38-Complete-Car-byMouse-Ans

* Right button for moving a car

41
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Ex) uGL-38-Complete-Car-byMouse-Ans

/{ Projection matrix ° OpenGL uses
float n=1; _ _

float £=6£5535; — n=1and f=65535
float angle = 50; — Width=640

float aspect = £40./480.; _

float ct = 1./tan(RAD(angle)/2); — HElght:48O

* EX) uWnd-49-MC-Inv
— Refer to pp.28. in lecture 6

« Key input Message bypassing in testview.cpp

vold CtestView::OnFeyDown (UINT nChar, UINT nRepCnt, UINT nFlags)
{

gl.SendMessage (WM EEYDOWN, nChar, Q) ;

CView: :OnEeyDown (nChar, nRepCnt, nFlags);

1
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Multiple Objects Creation

Ex) uGL-32-Complete-MultiObject-A

volid uWnd: :Loading ()

L “Create 2000 boxes.
_,-'_: shader a;:i texture _Green COlor IS VarYIng.
pCurrentShader = CreateShader ("FhongTe: —TranSIate eaCh bOX along a
circular path

utb] *p = Createlb] ();
p->*MakeBox (1,1,1);
p->pTX = NULL;

float r=0,g9=0,b=0;

g = 17
g_= ﬂ.-"lz:::.;

Creating
p-rdiffuse uColor (2%r, 2%g, 2%b) ; and

p-rambient = uColeor(0.2,0.2,0.2);
p-Fspecular = uCeoleoxr(l,1,1);

Drawing
2000 boxes

p-*Pivot (0.5,0.5,0.5);

float B= 30;

float dg = (260./2000) ;
float ® = R*cos(BAD (dg*i));
float y = R*sin(RAD (dg*i));
p->*Trans(x,y,2);

p—>Update () ; 44 .,
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Think Everything in a Different Way

Ex) uGL-32-Complete-MultiObject-B

Ex) uGL-32-Complete-MultiObject-A Ex) uGL-32-Complete-MultiObject-B
for i=0 to 2000
Box
=] B 2000 Only . Only
1 Box| | @n 1 Box
Create, Create, Create, VS
Color Color Color " Create Color
setting, setting, setting, setting,
translate translate translate Translate,
and
for i=0 to 2000 DRAW
draw(i)

« What will happen?

45
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Differences in Script
In Loading

Ex) uGL-32-Complete-MultiObject-A Ex) uGL-32-Complete-MultiObject-B

volid uWnd: :Loading/() void uWnd:: LDading ()
{ {
SetBE (RGE (235,2335,233)) ¢ SetBE (RGB (255,255,255)) ;
.T = .T.T 0,0,-100); _ -~ . o
m_cam m_cam rans ( ) m cam.T = m cam.T.Trans(0,0,-100);
// shader and texture
pCurrentShader = CreateShader ("FPhongTe: /{ shader and texture
pCurrentShader = CreateShader ("Fho:
for (int 1=0;1<2000;1i++)
{ 50T
uctby *p = CreateCbj(); f DoX
p—>MakeBox (1,1,1); utbj *p = Createlb]();
p—>pTX = NULL; p-*MakeBox(1,1,1);
float r=0,g=0,b=0; pP~>pPTX = NULL;
g = i;
g = g/2000.; p—>diffuse = uColox(0,0,0);
p—rambient = uColor(0.2,0.2,0.2);

p—>diffuse
p—rambient
p—*specular

uColor (2*r,2%g, 2%b) ;
uColoxr(0.2,0.2,0.2);
uColoxr(1,1,1);

p—Frspecular uColor(1l,1,1);

p—>Pivot(0.5,0.5,0.5);
p—>Pivot(0.5,0.5,0.5); p—}Update{]l;

float R= 80;

float dg = (360./2000);
float ® = R*cos (RAD(dg*i));
float y = RB*sin (RAD(dg*i));
p—>*Trans (x,v,0);

p~>Update () ;

(]

%



Differences in Script
iIn Draw

Ex) uGL-32-Complete-MultiObject-A Ex) uGL-32-Complete-MultiObject-B
vold uWnd: :Draw/() vold uWnd: :Draw()
t {

glClearColor (info.r,info.g, info.b, info.a); glCtlearColor{info.r,info.g,info.b,info.a);

glClear (GL COLCER BUFFER EIT | GL DEPTH EUFFER EBIT);
— — — — — — glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT);
/f draw cbjects

for (int i=0;i<cbj=.GetSize();i++) // draw objects

objs[i] —>Draw(); fffor (int 1i=0;i<cki=.GetSize () ;i++)
ffobj=[i]->Draw();
glFini=h{);
} utbkj *p = obijs[0];
float B= 80;
float dg = (3e0./2000);

for (int 1=0;1<2000;1++)
{
float r=0,g9=0,b=0;

g = i;
g = g/2000.;
p—>diffuse = uColor(2*r,2*g,2*b);

float ® = B*cos (RAD (dg*i));
float y = BE*sin(RLD (dg*i));
p—>Trans({x,v,.0);

p—>Draw() ;

}

glFinish () ;



Memory Usages

Ex) uGL-32-Complete-MultiObject-A Ex) uGL-32-Complete-MultiObject-B

Idling mode
|3% HER CPU mzz | S HER CPU H2g
> [m7) Antimalware Service Executable 0%  16B.28MEB >[5 Antimalware Service Executable
> @ test(32H|E)

0%  173.0MB
06% 1434MB D i test(32H|E)

1.0% 10.7MB

Rotation by Mouse move
[ .js test(32H| ) 28.8%% 143 AMB

b @ test(32H|E) 31.2% 11.0MB

| CPU(dle) | CPU (Work)

Ex) 32~A 0.6%

28.8% 143.4Mb
EX) 32~B 1.0%

31.2% 10.7Mb
« Case A uses more memory.

« Case B uses more CPU, which is slightly consumptioms
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