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#define FBOWIDTH 512 /] TL—LI)\WwI7ATZ1T0 DR
#define FBOHEIGHT 512 /] JL—LI\wI7ATZT O DS
GLuint cb; /] PT—=I\VI7HDTIRAF V&

GL_RGBAZ& [0,1] (95> T N3 H GL_RGBA32F

glGenTextures(1, &cb); ISR (BEEE) MERD (FENERTIATF V)
glBindTexture(GL_TEXTURE_2D, cb);

glTexImage2D(GL_TEXTURE_ 2D, ©, GL RGBA, FBOWIDTH, FBOHEIGHT, O,
GL_RGBA, GL_UNSIGNED BYTE, nullptr);
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- (ZOMDFHIZF T EE) LDV DL TESRABDT

glBindTexture(GL_TEXTURE_2D, 0);
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GLuint db; /] TITXINY I 7HDODFTIORAFvE

/] TTRAINY T 7RADTIORAF v ZRARIT D

glGenTextures(1l, &db); - .

glBindTexture(GL_TEXTURE_2D, db);

glTexImage2D(GL_TEXTURE 2D, ©, GL DEPTH COMPONENT, FBOWIDTH, FBOHEIGHT, O,
GL_DEPTH_COMPONENT, GL_UNSIGNED BYTE, nullptr);

.. (ZEOMDFTDRAF7EEIE)
glBindTexture(GL_TEXTURE_2D, 0);
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GLuint fb; /] L=\ IF7ATZT O RE

/] TL—LINY TP AT NalFkd D
glGenFramebuffers(1l, &fb);
glBindFramebuffer(GL_FRAMEBUFFER, fb);

/] IT—)\wI7EUTCTIRFvZEZETD
glFramebufferTexture2D(GL_FRAMEBUFFER, GL COLOR ATTACHMENT®, GL_TEXTURE_2D, cb, 0);

/] TIZINY I7EUTCTIORFv=EFEETD
glFramebufferTexture2D(GL_FRAMEBUFFER, GL DEPTH ATTACHMENT, GL_TEXTURE_2D, db, 0);

/] TL—LI\Y I 7 AT 0 NOEEZ/RERT D
glBindFramebuffer(GL_FRAMEBUFFER, 9);
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GLuint rb; /] TITXI)I\ IT7HDL > —)\v IJ7%&

/] TR\ IT7RDL A —)\y I 7ZRAETD

glGenRenderbuffers(1, &rb);

glBindRenderbuffer (GL_RENDERBUFFER, rb);

glRenderbufferStorage(GL_RENDERBUFFER, GL DEPTH COMPONENT, FBOWIDTH, FBOHEIGHT);

/] L=\ I 7 DWEEZRIRT D
glBindRenderbuffer(GL_RENDERBUFFER, 0);
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/] TL—LINYT7ATZT D Netekd D
glGenFramebuffers(1, &fb);
glBindFramebuffer (GL_FRAMEBUFFER, fb);

/] PS—I\WI7EVUTTORFvZEET
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT®, GL_TEXTURE_2D, cb, ©0);

/] TITXI)\wI7ELTLIA—)\Ww I 7=EET S
glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_ RENDERBUFFER, rb);

/] TL—LI\Y IT7 AT 1D MOIEEZREIRT D
glBindFramebuffer (GL_FRAMEBUFFER, ©);
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/] TL—LINYT7ATZT D Netekd D
glGenFramebuffers(1, &fb);
glBindFramebuffer (GL_FRAMEBUFFER, fb);

/] TL—LINYIF7ATZTONITTRINY TJ7DFIORXF v =iEET
glFramebufferTextureZD(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_TEXTURE_ 2D, db, @);
// HN>— /\‘Jjj (FEVDTHEAIEET UL

glDrawBuffer (GL_NONE); =~ I 122
glReadBuffer (GL_NONE); T ITRFTORF v ERIRE

Sy ROYYESDICES

/] D=L\ IT7 AT 1O SOIEEZREERT D
glBindFramebuffer (GL_FRAMEBUFFER, ©);
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/] D=L\ IT7ATZT U NZEETD
glBindFramebuffer(GL_FRAMEBUFFER, fb);

/] E2—IR=—BETL—LI\NITFZ7ATZT O DY AXLUTICTS
glViewport(0, 0, FBOWIDTH, FBOHEIGHT);

/] = — > DiEHE
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glFlush(); // FBO "DIEZIAHFT T ZFDIRS glFinish();

/] TL—LI\Y IT7 AT 1D MOIEEZREIRT D
glBindFramebuffer(GL_FRAMEBUFFER, 9);
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Multiple Render Target
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GLint cb, sb, ab;

/] IR CZASINT DT IAXF v Z2HET D

glGenTextures(1l, &cb);

glBindTexture(GL_TEXTURE_2D, cb);

glTexImage2D(GL_TEXTURE_2D, ©, GL_RGBA, FBOWIDTH, FBOHEIGHT, ©, GL RGBA, GL_UNSIGNED BYTE, nullptr);

// RERSINZIZINT DT IRXAF v ZHEIT D

glGenTextures(1l, &sb);

glBindTexture(GL_TEXTURE_2D, sb);

glTexImage2D(GL_TEXTURE_2D, ©, GL_RGBA, FBOWIDTH, FBOHEIGHT, ©, GL RGBA, GL_UNSIGNED BYTE, nullptr);

/] RSO CZISINT DT IAF v Z2HETD

glGenTextures(1, &ab);

glBindTexture(GL_TEXTURE_2D, ab);

glTexImage2D(GL_TEXTURE_2D, ©, GL_RGBA, FBOWIDTH, FBOHEIGHT, @, GL RGBA, GL_UNSIGNED BYTE, nullptr);

glBindTexture(GL_TEXTURE_2D, 0);




O R
IL—LI\y T F7AT =10 SRRk

/] TL—LINY T 7ATZT D NatEk
glGenFramebuffers(1l, &fb);
glBindFramebuffer (GL_FRAMEBUFFER, fb);

/] TL—LI\Y IT7 AT U MALBR B CDISINT DT IO A TF v ZiEE
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT®, GL_TEXTURE_2D, cb, ©);

/] TL—=L)\y TP AT MIRERSEEOBINTEDT I RAF v 7Z2iEEa
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT1, GL_TEXTURE_2D, sb, 0);

/] TL—=LI\y TP AT 21O MIRBH DRI SHOIGINTDT DX TF v ZhEE
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT2, GL_TEXTURE_2D, ab, 0);

/] TL—LI\y T7ATZ 10 SOWEEZ/ERR
glBindFramebuffer(GL_FRAMEBUFFER, ©);
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/*

¥k A —SF—5w rDUX ~

*/

const GLenum bufs[] =

{
GL_COLOR_ATTACHMENT®, /] A=)\ IT7 (HLEUREIE)
GL_COLOR_ATTACHMENT1, // EREIRSIE
GL_COLOR_ATTACHMENT2, /] RIBEDREISE

¥

« T IAIDTIL—/LJ\WT7 (GL_FRONT LEFT, GL_FRONT RIGHT, GL BACK_LEFT,
GL_BACK_RIGHT) & GL_COLOR _ATTACHMENTn &Z&IBIEUTIBEI D EIFTERRL

- #8#30D)\w J7%3&K9 GL_FRONT, GL _BACK, GL_LEFT, GL_RIGHT, GL_FRONT_AND_ BACK
HIBTEI D EIEITER
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/] D=L\ IT7ATZT O NZIEETD
glBindFramebuffer(GL_FRAMEBUFFER, fb);

/] L= —=GY NEIETETD

glDrawBuffers(sizeof bufs / sizeof bufs[@], bufs);
L > —5—4w N (bufs DERE)

/] >— > 0DHiH|

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glFlush();

/] LA —=EF—=5y hETICRYT
glDrawBuffer(GL_BACK); /] AN ITF7UTDESE

/] TL—LI\Y I 7 AT D SOEEZ/EFRT D
glBindFramebuffer(GL_FRAMEBUFFER, ©);
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#tversion 410

in vec4 iamb; // RIBIEDREE A
in vecd idiff; // ILEUREIE D
in vec4 ispec; // IREIREISE S

0) vecd diffuse; // bufs[e] (CIEEL/Z/Vw T
1) vecd specular; // bufs[1] [CIEELZ/ VW T
2) vecd ambient; // bufs[2] (CHEELZ/ VW T 7

out (layout
out (layout
out (layout

void main()

{
diffuse = idiff;
specular = ispec;
ambient = iamb;

}
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Post Processing Effect
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- Screen Space Ambient Occlusion (SSAO)
- 038R - TIL—L%R
- E—>3>T5—
- Motion Blur as a Post-Processing Effect (GPU Gems 3, Chapter 27)

- BBBOVFITITIIFE

- Morphological Antialiasing (MLAA)

- Reshetov, Alexander. "Mor 9pholog|cal antialiasing." Proceedings of the Conference on High Performance
Graphics 2009. ACM, 200

- Fast Approximate Anti Aliasing (FXAA)
- Lottes, T. "Fast approximate anti-aliasing." (2009).
- Subpixel Morphological Antialiasing (SMAA)

- Jimenez, Jorge, et al. "SMAA: Enhanced subpixel morphological antialiasing." Computer Graphics Forum. Vol.
31. No. 2pt1 Blackwell Publishing Ltd, 2012.

- BMTEFNR(CK DR R RECT U TDHMTD
- FTTRINY T EIC K BREHFME TR TSN TUE SRR ZETD
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Screen Space Motion Blur
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https://marina.sys.wakayama-u.ac.jp/~tokoi/?date=20120904
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/] =L\ I F7ATZT 0 NOWEEZRHIFT D
glBindFramebuffer(GL_FRAMEBUFFER, 0);

/] L2 —=F—=5vY NETICRY
glDrawBuffer(GL_BACK); // = >2)L)\w I 7 1J>72J7/25 GL_FRONT

// E1—R— hZEFRREFHDHT A X(CENDED
glViewport(0, 0, width, height);

HLIREFELTELSH 0S HBL(E
4> RO XFLANSEUET D

// BEREDHZEIR(IITHIR0N
glDisable(GL_DEPTH_TEST); GLint viewport[4];
glGetIntegerv(GL_VIEWPORT, viewport);
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/] FUwEDZERND (EWVDRERRU T
static const GLfloat pv[][2] = {

{ -1.ef, -1.0f },

{ 1l.ef, -1.of },

{ 1l.ef, 1.of },
{ -1.ef, 1.of },

}s
/] TRMEIBEES/R T ZHi <

GLuint vao;
glGenVertexArrays(1, &vao);
glBindVertexArray(vao);

GLuint vbo;

glGenBuffers(1, &vbo);

glBindBuffer(vbo);

glBufferData(GL_ARRAY_BUFFER, sizeof pv, pv, GL_STATIC DRAW);
glVertexAttribPointer(©, 2, GL_FLOAT, GL_FALSE, o, 0);
glEnableVertexAttribArray(9);

glDrawArrays(GL_TRIANGLE FAN, O, sizeof pv / sizeof pv[@]);
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#tversion 410

in vec2 pv; /] FEEDIERAIE
out vec2 tc; /] TTOA N T —HOXBDTIRATF v RBEIZ

void main()

{
tc = pv * 0.5 + 0.5; // (-1,-1)-(1,1)~(0,0)-(1,1)DZ#H
gl Position = vec4(pv, 0.0, 1.0);

}
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#tversion 410

uniform sampler2D diffuse; // HLEUSHEDTOAF v 1w
uniform sampler2D specular; // #REISEIEDOTIAFT v 1w H
uniform sampler2D ambient; // EELOTIUATF VI _w

in vec2 tc; // fEEISNETORTF v RIEE
out vecd fc; // T 50A b

void main()

{
vec4 d = texture(diffuse, tc);
vec4 s = texture(specular, tc);
vec4 a = texture(ambient, tc);

fc =d+s +a; // BEULTCDET
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#tversion 410

uniform sampler2D diffuse; // JLEUSHEDTOAF v 1w I~
uniform sampler2D specular; // SREISEIEDOTIAFT v 1w H
uniform sampler2D ambient; // JRELOTIAF v I _w

in vec2 tc; // WHREISNIETORAF v BEZE 0l-1] 0
out vecd fc; // T A DE
-1 5 |-1
void main() O|-1(0
{
vec4 d = (texture(diffuse, tc) * 5.0
- textureOffset(diffuse, tc, ivec2( 0, -1))
- textureOffset(diffuse, tc, ivec2(-1, 0))
- textureOffset(diffuse, tc, ivec2( 1, 0))
- textureOffset(diffuse, tc, ivec2( @, 1)));
fc = d + texture(specular, tc) + texture2d(ambient, tc);
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- FBO Z{#> CHEEADIRDIAHUEZZER U T TSN,
IRDOT OO0 S AESTHIRERRO DWW EED L ZYMANEE UE T .
- https://github.com/tokoik/ggsamplel3
- COTREERDO DWZFEE ITIEMNIRDIAD KD IC LTSI =0,
- JO0S LDOEFZFEANIES MBI EUNERA.
- ZEFBDIL ggsamplel3.cpp & ggsamplel3tile.vert / ggsamplel3tile.frag JE(FTHY.

ggsamplel3.cpp, ggsamplel3tile.vert , ggsamplel3tile.frag s
ZyvJO—kRUuTLZEL)
- [N BOTEEMRDIAFHZ(FNUTLSTEELN.
C EB(CI Y ROTY EEE D TEEMIT TR,
- 2 RO Y TFBECS FBO #fF> T IE&L.
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- CNICEKDRUT > DORENMRELLFEIT D C, IEUL < PBEETT 9 BICITIEREN
I NIV ERERT DENSHDFES

- ggsamplel3.vert #OE— U THRGERAD/\—5Fwv O X> 1T —4 ggsamplel3mirror.vert %&
VERR UiERRRT ML n ZkEx (B5%&DITD)

// EERADOT O S LAATZT UK
GgSimpleShader simple("ggsamplel3.vert", "ggsamplel3.frag");

[/ BEROITOPSLAT STV
GgSimpleShader mirror("ggsamplel3mirror.vert", "ggsamplel3.frag");

max(dot(n, 1), 0.0) Z abs(dot(n, 1)) (CITNIL simple.vert EHACTEDIFTE -
BEHAYVJEREE (REAZHVUD) UEXT

glCullFace(GL_FRONT);
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/] TL—LI\Yy T 7 AT 10 SOBREE
const GLsizei fboWidth(1024), fboHeight(1024);

CDHBEIFT 1 > RODOHY A XZKUC LR < TR

/] BT\ IF7HDFTIORXFvvZHRT D

GLuint cb;

glGenTextures(1l, &cb);

glBindTexture(GL_TEXTURE_2D, cb);

glTexImage2D(GL_TEXTURE_2D, @, GL_RGBA, fboWidth, fboHeight, 0,
GL_RGBA, GL_UNSIGNED BYTE, nullptr);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO EDGE);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO EDGE);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN FILTER, GL_LINEAR);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);
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/] TITZX)\w I 7REDL>SF—=)\v I 7ZHAET D

GLuint rb;

glGenRenderbuffers(1, &rb);

glBindRenderbuffer(GL_RENDERBUFFER, rb);

glRenderbufferStorage(GL_RENDERBUFFER, GL DEPTH COMPONENT, fboWidth, fboHeight);
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/] BROAFRADIL—LI\Y IT7 AT T O NZIERT D
GLuint fb;

glGenFramebuffers(1l, &fb);
glBindFramebuffer(GL_FRAMEBUFFER, fb);

// FBO DT —)\w I 7 (CFORXRFv=ZEDHITSD
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, GL_TEXTURE 2D, cb, 0);

// FBO DOF T X)\w I7(CL>AF—)\w I7=ZBDH113D
glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_RENDERBUFFER, rb);
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// [EBOE 1 —ZH#75%Z mv (C3K&DD
const GgMatrix mv(gglLookat(e.ef, 3.0f, 8.0f, @.0f, 1.0f, 0.0f, 0.0f, 1.0f, 0.0f));

/] RRBIRRDICFALIEZ KD D

mv.projection(lightProperty.position, normal);

// REDOE L —ZHTINE mr [CKRDS
const GgMatrix mr(mv * ggScale(l.0f, -1.0f, 1.0f));

// REORK[XBIRFRICH T B NIRAIE
GLfloat reflect[4];
mr.projection(reflect, normal);
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/] EdA—R—bZIL—LI\IT7ATZT O DY AX(CENDED
glViewport(0, 0, fboWidth, fboHeight);

/] D=L\ IT7ATZT U NZIEETD
glBindFramebuffer(GL_FRAMEBUFFER, fb);

/] =L\ IF7ATZT0 SOBEmEE
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

// RIEADS T —5 DER
mirror.use();
mirror.selectLight(light.get());
light->loadLightPosition(reflect);
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// BIEZAU>TTD
glCullFace(GL_FRONT);

/] HEEEIL—L)\Y D7 AT o MIHEE
drawObjects(mirror, mp, mr, object.get(), material.get(), objects, t);

// BEROAIVIICRT
glCullFace(GL_BACK);

/] TL—LINY IT7ATZT D SOEEZRRT D
glBindFramebuffer(GL_FRAMEBUFFER, ©);

// Ed—IR—KhED4 > RODBAXICRT
glViewport(0, 0, window.getWidth(), window.getHeight());
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// HEHEBEZE
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

// IEERADS T —4 DiEIR
simple.use();
simple.selectLight(light.get());
light->loadLightPosition(normal);

// 1EAROHEIE
drawObjects(simple, mp, mv, object.get(), material.get(), objects, t);
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// PREIRBDZ T —4 DEFER
floor.use();
floor.selectlLight(light.get());

// PREIDIHEIE|
floor.selectMaterial(tile.get());
floor.loadMatrix(mp, mv.rotateX(-1.5707963f));
glActiveTexture(GL_TEXTURE®);
glBindTexture(GL_TEXTURE_2D, cb);
rectangle->draw();
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