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Involved CG techniques
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® Shadow Mapping: ERAFMRFMNITEERT ERILIFERT

® PCF(percentage-closer filtering): ITMREMEE T LXK, FUBEEHRNELD, >
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® 3f5l{k (Instancing): fERSLHI{LRINIRKEFREEAESR

® JE& (Blending): FRAERAXRIMFEERNEE
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Implementation
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ERROR::ASSIMP::BLEND: Expected at least one object with no parent

ABERT KBNS X2 fE, TA7 github F assimp ERY issue BEEHE T

‘@ kimkulling commented on 27 Aug 2019 Member (@) -+

Haven't start to investigate this issue, sorry. We need to update the database of blender for
the job in assimp... Hard job :-)
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extern "C" __declspec(dllexport) DWORD NvOptimusEnablement = 0x00000001;
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extern "c"__declspec(dllexport) int AmdPowerXpressRequestHighPerformance =
0x00000001;
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float ShadowCalculation(vec4 fragPosLightSpace, vec3 normal, vec3 lightDir)
{
I PATIER R
vec3 projCoords = fragPosLightSpace.xyz / fragPosLightSpace.w;
/1 AR B0, 1]17E
projCoords = projCoords * 0.5 + 0.5;
/- BAS Ik SR BE (0,118 L F Y fragPosLight 24 AL%5)
float closestDepth = texture(shadowMap, projCoords.xy).r;
/] BUAS AR BAE DGR AR T TR
float currentDepth = projCoords.z;
float bias = max(0.005 * (1.0 - dot(normal, lightDir)), 0.0005);
/1 A B SR T
float shadow = 0.0;
vec2 texelSize = 1.0 / textureSize(shadowMap, 0);
for(int x = -1; x <= 1; ++x)
{
for(inty =-1;y <= 1; ++y)
{
float pcfDepth = texture(shadowMap, projCoords.xy + vec2(x, y) * texelSize).r;
float curDepthDelta = currentDepth - bias - pcfDepth;
if(curDepthDelta > 0)
{
float param = (1 - curDepthDelta);



shadow += param * param;

!
s
!
s

shadow /= 9.0;

if(projCoords.z > 1.0)
shadow = 0.0;

return shadow;
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FFT Y83k B Jerry Tessendorf B912 3 Simulating Ocean Water (2001),

BEYINEEEZREEEMN, ERIENEREKRESMER, BtFELkEmiE, A
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FFT SEEEMTXEA:

® Gerstner ¥ HIESORRINAIKER ATEE, MIESLESZEHE M Gerstner ¥,
BIEE, FAE, BRAMRENRRE, BESEIVEE.

® Phillips L : RIBEFSITFEAR, BEXE. ENNMEESYIESITE B AL

o HRERMEEREMFELIR IFFT: HIUELHREZI, IFFT L IDFT ESE L.

H5 FFT SEMNEXRENT:

EFe¥gitEoaR, RBENE. EHMRESYESEEM Phillips i, FHAEXRIT

HE g A/K S 77 5 R NE . 53T R g IFFT, B2 x. y. z FE LR RFEE,
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BEES:

AIME S, EEAELFEA Blinn-Phong XEBERE!, KEEESNXE FangBHMNE.

BN RIBITE XKLL color = water_color * (1-fog_factor) + fog_color » fog_factor 3&

XM, Hp, BEF fog_factor AXTHRE z IRk, ERBRGENHEZAEEMNSL

BE®E, BHMHE fog_color AEE, MEMNKRTZEMELNEFHRE, MEEEEH

FEIBEBG AN AZTERERE, MRXRZEHCENARDARNEENE.

24k, (Instancing)

FELH—MEE K ELFIRS, MRRABAETEIAFIEHA glDrawArrays 5 glDrawElements Y
AR, REMSEALH AR ZmAR MBI, EAESRERA LR REEERFT CPU
3] GPU MBS, BALFIZAHREMRZARTIE SAMBTEEMRELIE.
MRRALGMLETTE, S DU SR — R RIS GPU, A—Na®l® L OpenGL F
RXEHIREH ZME, NATDEERESIR CPU 2| GPU RIB(E, 1RE TIERME,
SEEIETTEX N B9S8R Eh glDrawArraysinstanced 1 glDrawElementsinstanced
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FER—EEMT SR BENEEE Mz AR ESFE m_nx Ml m_nz 3k,
FRER TS E—Em#TER, B glDrawElements #4744, *<ERBUT:



for (int j =0; j < m_nz; j+t) {
for (int 1 = 0; 1 < m nx; i++) {
glm: :mat4 model = glm::translate(model0, glm::vec3(length * i + m offset.x, m offset.y,
length * —j + m_offset.z));
oceanShader. setMat4 (“model”, model) ;

glDrawElements (geometry ? GL LINES : GL TRIANGLES, indices count, GL_UNSIGNED INT, 0);

}

Sk La

RIEEHREENREETERGHEEN model 45fE, 7 matd 48, IEXNEEMER
MRfEE AT RERR, EMMSBERIFRE—X.

AL B 2a % & %L glDrawElementsinstanced, TN s & @2 E8EANEN LA ES
5 P SL (L BE T AR B HY model %6FE . F<EARAT:

/ /I A A
int index = 0;
for (int j = 0; j < m_nz; j++) {
for (int i = 0; i < m nx; i++) {
glm: :mat4 model = glm::translate (model0, glm::vec3(length * i + m offset.x, m offset.y,
length * —j + m offset.z));

modelMats[index++] = model;

}

//985E

unsigned int instanceVBO;

glGenBuffers (1, &instanceVBO) :

glBindBuffer (GL ARRAY BUFFER, instanceVBO) ;

glBufferData(GL ARRAY BUFFER, sizeof(glm::mat4) * m nz * m nx, &modelMats[0], GL STATIC DRAW) ;
g1BindBuffer (GL ARRAY BUFFER, 0);

/ /&t

glEnableVertexAttribArray (3) ;

gl1BindBuffer (GL ARRAY BUFFER, instanceVBO) ;

glVertexAttribPointer (3, 4, GL FLOAT, GL FALSE, sizeof(glm::mat4), (void#*)0);:
glEnableVertexAttribArray (4) ;

glVertexAttribPointer (4, 4, GL FLOAT, GL FALSE, sizeof(glm::mat4), (void%) (sizeof(glm::vec4)));




glEnableVertexAttribArray (5) ;

glVertexAttribPointer (5, 4, GL FLOAT, GL FALSE, sizeof(glm::mat4), (void%) (2 *
sizeof (glm: :vecd))) ;

glEnableVertexAttribArray (6) ;

glVertexAttribPointer (6, 4, GL FLOAT, GL FALSE, sizeof(glm::mat4), (void%) (3 *
sizeof (glm: :vecd))) ;

glVertexAttribDivisor (3, 1);

glVertexAttribDivisor(4, 1);

glVertexAttribDivisor (5, 1);

glVertexAttribDivisor(6, 1);

/ /4

glBindVertexArray (VAO) ;

glDrawElementsInstanced (geometry ? GL LINES : GL TRIANGLES, indices count, GL UNSIGNED INT, 0, m nz

* m_nx) ;

B4 (Blending)

BEE OpenGL F ARSI MAEREN—FMEARFBPHZE—MDERNEEEYERSH
BeNesREMYENEE IUEFLGIRE M.

AmMEH, SEMNBERFASBITENFNINN, MEBIIREFSENERESLIMN.
SEEREARE N glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA).
FERRTEMEMYE, BELREE (alpha < 1.0), BITRIAHFEEPEERR.

PBR

PBR FEFAHMMGERE X BB T
REBE: REBZAbedo)8EEAE—TMEEMNLE(Texel) (B83E4 %K) EERAACHER
iR EFE, XFE R STSIRE KL,

EE REMEERMNT NZE R RVIEEMFNES, RAKEHEHERTENERR.
ERE: £REMetalioliEENNENIEEZAER 2B,

THRER . HHHEE (Roughness) IHE o] IXINSUR A B AR ER D REH S, RKEFERMHE
REHESFWE— N REANMTEESITZ LR EE.

AO: INEFCE#R (Ambient Occlusion) G 4 R E B BB E N LT ERFEIEE 7 — 18
B EF.

PBR SEIME A 7 shader 948 5+, PBR Y shader 20T :



const float P1=3.14159265359;
vec3 getNormalFromMap()

f
1

b
/I

vec3 tangentNormal = (texture(normalMap, TexCoords).xyz) * 2.0 - 1.0;

vec3 Q1 = dFdx(WorldPos);
vec3 Q2 = dFdy(WorldPos);
vec2 stl = dFdx(TexCoords);
vec2 st2 = dFdy(TexCoords);

vec3 N = normalize(Normal);

vec3 T = normalize(Q1%*st2.t - Q2*stl.t);
vec3 B = -normalize(cross(N, T));

mat3 TBN = mat3(T, B, N);

return normalize(TBN * tangentNormal);

float DistributionGGX(vec3 N, vec3 H, float roughness)

f
1

b
/I

float a = roughness*roughness;
float a2 = a*a;

float NdotH = max(dot(N, H), 0.0);
float NdotH2 = NdotH*NdotH;

floatnom =a2;
float denom = (NdotH2 * (a2 - 1.0) + 1.0);

denom = PI * denom * denom;

return nom / denom,;

float GeometrySchlickGGX(float NdotV, float roughness)

f
1

/

float r = (roughness + 1.0);
float k = (r*r) / 8.0;

floatnom = NdotV;
float denom = NdotV * (1.0 - k) + k;

return nom / denom,;




float GeometrySmith(vec3 N, vec3 V, vec3 L, float roughness)

float NdotV = max(dot(N, V), 0.0);
float NdotL = max(dot(N, L), 0.0);
float ggx2 = GeometrySchlickGGX(NdotV, roughness);
float ggx1 = GeometrySchlickGGX(NdotL, roughness);

return ggx1 * ggx2;
}
// ——
vec3 fresnelSchlick(float cosTheta, vec3 F0)

f
1

return FO + (1.0 - FO) * pow(clamp(1.0 - cosTheta, 0.0, 1.0), 5.0);
}

vec3 fresnelSchlickRoughness(float cosTheta, vec3 FO, float roughness)

f
1

return FO + (max(vec3(1.0 - roughness), F0O) - FO) * pow(clamp(1.0 - cosTheta, 0.0, 1.0), 5.0);
}
// -

void main()

f
1

vec3 albedo = pow(texture(albedoMap, TexCoords).rgb, vec3(2.2));
float metallic = texture(armMap, TexCoords).b;

float roughness = texture(armMap, TexCoords).g;

float ao = texture(armMap, TexCoords).r;

vec3 N = getNormalFromMap();
vec3 V = normalize(camPos - WorldPos);
vec3 R = reflect(-V, N);

vec3 FO = vec3(0.04);

FO = mix(FO0, albedo, metallic);

vec3 Lo = vec3(0.0);

for(inti=0;1<8; ++i)

{
vec3 L = normalize(lightPositions[i] - WorldPos);
vec3 H = normalize(V + L);
float distance = length(lightPositions[i] - WorldPos);
float attenuation = 1.0 / (distance * distance);
vec3 radiance = lightColors[i]| * attenuation;

/I Cook-Torrance BRDF
float NDF = DistributionGGX(N, H, roughness);



float G = GeometrySmith(N, V, L, roughness);
vec3 F = fresnelSchlick(max(dot(H, V), 0.0), F0);

vec3 numerator = NDF * G * F;
float denominator = 4 * max(dot(N, V), 0.0) * max(dot(N, L), 0.0) + 0.0001;

vec3 specular = numerator / denominator;

vec3 kS =F;
vec3 kD = vec3(1.0) - kS;
kD *= 1.0 - metallic;

float NdotL = max(dot(N, L), 0.0);

Lo += (kD * albedo / PI + specular) * radiance * NdotL;

vec3 ambient = vec3(0.03) * albedo * ao;
if(isIBL==1)
{
vec3 F = fresnelSchlickRoughness(max(dot(N, V), 0.0), FO, roughness);

vec3 kS =F;
vec3 kD = 1.0 - kS;
kD *= 1.0 - metallic;

vec3 irradiance = texture(irradianceMap, N).rgb;
vec3 diffuse = irradiance * albedo;

const float MAX REFLECTION_LOD = 4.0;
vec3 prefilteredColor = textureLod(prefilterMap, R, roughness *
MAX REFLECTION LOD).rgb;
vec2 brdf = texture(brdfLUT, vec2(max(dot(N, V), 0.0), roughness)).rg;
vec3 specular = prefilteredColor * (F * brdf.x + brdf.y);

ambient = (kD * diffuse + specular) * ao;

}

vec3 color = ambient + Lo;

// HDR tonemapping
color = color / (color + vec3(1.0));
// gamma correct

color = pow(color, vec3(1.0/2.2));



FragColor = vec4(color, 1.0);
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