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triangle.project().pixels.forEach((x, y) => {

   [u, v]  = getTextureCoord(x, y)

   color = sampleTexture(u, v)

   draw(x, y, color)

})
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https://en.wikipedia.org/wiki/UV_mapping#/media/File:UVMapping.png
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https://en.wikipedia.org/wiki/Mipmap#/media/File:MipMap_Example_STS101.jpg
https://en.wikipedia.org/wiki/Mipmap#/media/File:MipMap_Example_STS101.jpg
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https://threejs.org/docs/#api/en/materials/MeshPhongMaterial.bumpMap


 setup() {

...

   // TODO: create a directional light and an ambient light

   // using params in above

   // TODO: create a phong material that uses loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ map: this.assets.earth.texture })

   // TODO: create the earth using SphereBufferGeometry and

   // the created material, then add the earth to the scene

   this.earth = new Mesh(new SphereBufferGeometry(2, 1000, 1000), material)

   this.scene.add(this.earth)

...

 }
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 setup() {

...

   // TODO: create a directional light and an ambient light

   // using params in above

   const l = new DirectionalLight(params.light.color)

   l.position.copy(params.light.position)

   this.scene.add(l)

   this.scene.add(new AmbientLight(params.ambient.color, params.ambient.intensity))

   // TODO: create a phong material using the loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ map: this.assets.earth.texture })

   // TODO: create the earth using SphereBufferGeometry and

   // the created material, then add the earth to the scene

   this.earth = new Mesh(new SphereBufferGeometry(2, 1000, 1000), material)

   this.scene.add(this.earth)

...

 }
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 setup() {

...

   // TODO: create a phong material using the loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ 

     map: this.assets.earth.texture,

})

...

 }
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 setup() {

...

   // TODO: create a phong material using the loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ 

     map: this.assets.earth.texture,

     normalMap: this.assets.earth.normal,

})

...

 }
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 setup() {

...

   // TODO: create a phong material using the loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ 

     map: this.assets.earth.texture,

     normalMap: this.assets.earth.normal,

     displacementMap: this.assets.earth.displacement,

})

   material.displacementScale = 0.1

...

 }
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https://willterry.me/2017/05/05/specular-maps/

https://willterry.me/2017/05/05/specular-maps/
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 setup() {

...

   // TODO: create a phong material using the loaded earth texture,

   // normal map, displacement map, and specular map.

   const material = new MeshPhongMaterial({ 

     map: this.assets.earth.texture,

     normalMap: this.assets.earth.normal,

     displacementMap: this.assets.earth.displacement,

     specularMap: this.assets.earth.spec,

})

   material.displacementScale = 0.1

...

 }
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 setup() {

   ...

   const material = new MeshPhongMaterial({

     ...

     envMap: this.assets.env.texture,

   })

   material.reflectivity = 0.8

   ...

   // TODO: add a sphere that is big enough to fake the sky,

   // and map a environment texture to the inside of the sphere

   this.scene.add(new Mesh(new SphereBufferGeometry(50, 32, 32),

     new MeshBasicMaterial({ map: this.assets.env.texture, side: BackSide })

   ))

   ...

 }

 update() {

   // TODO: animate the rotation of the earth

   this.earth.rotation.y += 0.01

 }
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setup() {

...

this.assets.earth.texture.anisotropy = 16

...

}
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https://en.wikipedia.org/wiki/Anisotropic_filtering#/media/File:MipMap_Example_STS101_Anisotropic.png
https://en.wikipedia.org/wiki/Anisotropic_filtering#/media/File:MipMap_Example_STS101_Anisotropic.png
https://en.wikipedia.org/wiki/Mipmap#/media/File:MipMap_Example_STS101.jpg
https://en.wikipedia.org/wiki/Mipmap#/media/File:MipMap_Example_STS101.jpg
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https://www.medien.ifi.lmu.de/lehre/ss20/cg1/demo/6-material/earth/index.html
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 setupBunny() { // src/main.js
   ...
   for (let name in shaders) {
     const m = new Mesh(
       this.assets.bunny.geometry,
       new ShaderMaterial({
         vertexShader: shaders[name].vert, fragmentShader: shaders[name].frag, vertexColors: true,
         uniforms: {
           // TODO: pass the bunny's texture, light position,
           // Kamb, Kdiff, Kspec, shininess to custom shaders.
           bunnyTexture: {value: this.assets.bunny.texture},
           lightPos: {value: this.params.light.position},
           ka: {value: this.params.light.Kamb},
           kd: {value: this.params.light.Kdiff},
           ks: {value: this.params.light.Kspec},
           p: {value: this.params.light.Shininess},
         }
       }),
     )
     ...
   }
 }
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#version 300 es
precision highp float; // src/shaders/phong/blinn-phong.vs.glsl

// TODO: receive light position from three.js
uniform vec3 lightPos;

out vec3 N; // normal
out vec4 x; // shading point
out vec3 L; // light direction
out vec2 uvCoordinates; // uv coordinates

void main() {
   gl_Position = projectionMatrix * modelViewMatrix * vec4(position, 1.0);
   // TODO: compute the normal, position of shading point, light direction
   // and uv coordinates
   N = normalize(normalMatrix*normal);
   x = modelViewMatrix*vec4(position, 1.0);
   L = normalize(vec3(modelViewMatrix*vec4(lightPos, 1.0) - x));
   uvCoordinates = uv;
}
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#version 300 es
precision highp float; // src/shaders/phong/blinn-phong.fs.glsl

// TODO: receive coefficients and shininess from three.js
uniform float ka, kd, ks, p;
uniform sampler2D bunnyTexture;

in vec3 N; // normal
in vec4 x; // shading point
in vec3 L; // light direction
in vec2 uvCoordinates; // uv coordinates

out vec4 outColor;

void main() {
   // TODO: implement the Blinn-Phong reflection model
   // and compute the outColor
   vec3 V = normalize(cameraPosition-vec3(x));
   vec3 H = normalize(L + V);
   vec4 I = texture2D(bunnyTexture, uvCoordinates);

   vec4 La = vec4(ka, ka, ka, 1.0)*I;
   vec4 Ld = vec4(kd, kd, kd, 1.0)*I*max(0.0, dot(N, L));
   vec4 Ls = vec4(ks, ks, ks, 1.0)*I*pow(max(dot(N, H), 0.0), p);

   outColor = La + Ld + Ls;
}

41



#version 300 es
precision highp float; // src/shaders/gouraud/blinn-phong.vs.glsl
// TODO: receive light position, bunny's texture, coefficients and
// shininess from three.js
uniform vec3 lightPos;
uniform sampler2D bunnyTexture;
uniform float ka, kd, ks, p;

out vec4 vColor;
void main() {
   gl_Position = projectionMatrix * modelViewMatrix * vec4(position, 1.0);

   // TODO: implement the Blinn-Phong reflection model
   // and compute the vColor
   vec3 N = normalize(normalMatrix*normal);
   vec4 x = modelViewMatrix*vec4(position, 1.0);
   vec3 L = normalize(vec3(modelViewMatrix*vec4(lightPos, 1.0) - x));

   vec4 I = texture2D(bunnyTexture, uv);
   vec3 V = normalize(cameraPosition-vec3(x));
   vec3 H = normalize(L + V);

   vec4 La  = vec4(ka, ka, ka, 1.0)*I;
   vec4 Ld  = vec4(kd, kd, kd, 1.0)*I*max(0.0, dot(N, L));
   vec4 Ls = vec4(ks, ks, ks, 1.0)*I*pow(max(dot(N, H), 0.0), p);
   vColor = La + Ld + Ls;
}
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#version 300 es
precision highp float; // src/shaders/gouraud/blinn-phong.fs.glsl

// TODO: Receive color from vertex shader
in vec4 vColor;
out vec4 outColor;

void main(void) {
   // TODO: pass color from vertex shader to outColor
   outColor = vColor;
}
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#version 300 es
precision highp float;  // src/shaders/flat/blinn-phong.vs.glsl

// TODO: receive light position from three.js
uniform vec3 lightPos;

out vec3 x;  // shading point
out vec3 L;  // light direction
out vec2 uvCoordinates;  // uv coordinates

void main(){
   gl_Position = projectionMatrix * modelViewMatrix * vec4(position, 1.0);

   // TODO: compute the position of the shading point, light direction
   // and uv coordinates
   x = vec3(modelViewMatrix*vec4(position, 1.0));
   L = normalize(vec3(modelViewMatrix*vec4(lightPos, 1.0) - vec4(x, 1.0)));
   uvCoordinates = uv;
}



#version 300 es
precision highp float; // src/shaders/flat/blinn-phong.fs.glsl
// TODO: receive coefficients, shininess and
// bunny's texture uniform from three.js
uniform float ka, kd, ks, p;
uniform sampler2D bunnyTexture;

in vec3 L;
in vec3 x;
in vec2 uvCoordinates;
out vec4 outColor;
void main() {
   // TODO: implement the Blinn-Phong reflection model
   // and compute the outColor
   vec3 fN = normalize(cross(dFdx(x), dFdy(x)));
   vec3 V = normalize(cameraPosition-x);
   vec3 H = normalize(L + V);
   vec4 I = texture2D(bunnyTexture, uvCoordinates);

   vec4 La = vec4(ka, ka, ka, 1.0)*I;
   vec4 Ld = vec4(kd, kd, kd, 1.0)*I*max(0.0, dot(fN, L));
   vec4 Ls = vec4(ks, ks, ks, 1.0)*I*pow(max(dot(fN, H), 0.0), p);

   outColor = La + Ld + Ls;
}
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 setupShadow() {

   // TODO: activate shadow map

   this.renderer.shadowMap.enabled = true

   this.light.castShadow = true

   this.light.shadow.camera.far = 10000 // the light camera for creating depth buffer

   this.ground.receiveShadow = true

   this.bunnies.forEach(bunny => {

     bunny.castShadow = true

   })

 }
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https://www.medien.ifi.lmu.de/lehre/ss20/cg1/demo/6-material/blinn-phong/index.html
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this.light.shadow.mapSize
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https://doi.org/10.1145/15922.15902


64



⇒

⇒

⇒

65



66



67



68



⇒

69

https://en.wikipedia.org/wiki/Subsurface_scattering#/media/File:Skin_Subsurface_Scattering.jpg
https://en.wikipedia.org/wiki/Subsurface_scattering#/media/File:Skin_Subsurface_Scattering.jpg
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https://doi.org/10.1145/383259.383319
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