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Ocean
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2. RTR techniques
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Figure 4: Sampling pattern example. The sample density decreases
and the sample weights (visualized by the disk radius) increases
with the distance to the center.
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vec3 projCoords=FragPosLightSpace.xyz/FragPosLightSpace.w;
projCoords=projCoords*0.5+0.5;

vec3 indirect=vec3(0.0,0.0,0.0);

for (int i=0; i<sample_num; i=i+1){
vec3 r=texelFetch(randomMap, ivec2(i, 0), 0).xyz;
vec2 sample_coord=projCoords.xy+r.xy*sample_radius;
float weight=r.z;




vec3 target_normal=texture(normalMap,
sample_coord) .xyz;

vec3 target_worldPos=texture(worldPosMap,
sample_coord).xyz;

vec3 target_flux=texture(fluxMap, sample_coord).rgb;

vec3 dis=FragPos-target_worldPos;
vec3 indirect_result=target_flux*max(0,
dot(target_normal, dis))*max(@, dot(Normal, -dis));
indirect_result
*=  weight/max(1.0,pow(length(dis),4.0));
indirect+=indirect_result;
}

indirect=clamp(indirect/sample_num, 0.0, 1.0);

return indirect * RSM_INTENSITY;
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glm: :mat4 projection = glm::perspective(glm::radians{camera.Zoom), ( JSCR WIDTH / ( JSCR_HEIGHT, @.1f, 1e@.ef);
shader. setMat4("projection”, projection);

glm: :mat4 view = camera.GetViewMatrix();

shader. setMata("view", view);

shader. setVec3("cameraPos", camera.Position};
shader.setVec3("1ightPos", glm::vec3(0.0f, 400.0f, 0.0f));
shader.setFloat{ "offset", ( YelfwGetTime());

1 Vertex shader #1, &5 NBILLARTEIN view 4B [E B9340 FE1S 2 X &7 A 5L AR %R

layout (location = @) in vec3 aPos;
uniform mat4 model;
uniform matd view;
uniform mat4 projection;
out vecd worldPos;
out wecd bgColor;
QO

{

vecd const_bk = vec4(0.53f, 0.8f, 1.0f, 1.0f);

worldPos = inverse({view) * vec4(aPos, 1.0f);

gl Position = projection * vecd{aPos, 1.0f);
bgColor = const_bk;

S FARFR =4 % EE1E Fragment shader 5231, getCloud &%+ E 523 Ray Marching
FERFRESFANEE (AT=ER, Bid ERFARRERIR=HEE, SUREER



FragColor = bgColor;

vecd cloud = getCloud{worldPos.xyz};
FragColor = vecd{{FragColor.rgb*(1.® - cloud.a) + cloud.rgb),1.0f);
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wE, BAEEN YAML X —MEE, BB ITRE TR MHER
BOEAT, MM ERRBUER BN AERER. A, BTIBHAT C++#4T YAML
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"scale”: [
8.61,
8.01,
8.e1

"MeshFilter":

ial.albedo”
E) ial.
“material.nor
"material.ao”

b
“shader”: "pbr"”,
"drawmode”: "triangles”

“isDeferred”:
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OpenGL TEAEZNELBEFRNBRIERESY, XBERELEZESNEETROUE
VAO,VBO % buffer object. &/a, FMNMARA T EMBBERNTTN, BRFNEK
IR R json FILEMIRFD 4 16 B, FHA—MEEMNE

M RUESE

EEBMERBEIAMB FE, FIEANRGFESBY T LR, TEMERE
#HE, SAAENFTESERMAMREE, HTEFEANERERER R0
I, ERFESRITZ. F{11EH NVIDIA Texture Tools Exporter ¥ png #& A9 NG
El4%#k A OpenGL Tl TR ARSI dds, MM KIEREIR T AFE4BE.
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renderer
shader
system
utils
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| main.cpp

»: out.ppm

|| test.cpp
Bl 12 BB

buffer X, #3E7T SSBO, UBO, FrameBuffer % Buffer 2543, FEFAFEA.

Component X h 77657 KFh4EE, B3F transform: EEEYWAEMALEES S, Model 1K
BIS AN, Lights AXTFEEE, Cloud. Atmosphere 2 Sky 43ZkE94B 4, LI ZFIASR
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Atmosphere.cpp Atmosphere.h

Cloud.h Component.h
GameObject.cpp GameObject.h
Grass.cpp Grass.h

Lights.cpp Lights.h

Meodel.cpp Model.h

Ocean.cpp Ocean.h
TerrainComponent.cpp TerrainComponent.h
transform.cpp transform.h

&% 13 Component
Object X3 & Terrain, Sky. Camera F455k3,
Renderer {43 i AIE £ 48X B BEF AR S, B1E renderManager, MeshFilter (J1
{a7{5 2 4814) , MeshRenderer (22%I4044) , RenderPass (£13% deferred pass Z) RenderScene
(=), Texture (FFERKER), Material (FFE—KMR).
Shader X &R H XA shader.

Results
B RS hRoR, IR EER,

Problems & Solutions

1. MEXHEA, @H 32GB
{55 DDS 483\, 248 T4 OPENGL fEA X HaIE A 4830, ¥ PNG. PG Tii4bIE A DDS,
BEAN, TUBEREEATES A

2. ATEBSRH#FAMRBRFTHESE, XBT compute shader, 18— Fisxt
compute shader BFEAURZEENEAARARHE, MRZBIABEE texture2D %
shader EMNEZEAAR, BEHEITEIFS,

#version 430 core
layout(local size x=8,local size y=8,local size z=1) in;

layout(rgba32f,binding=5) uniform image2D InputRT;
layout(rgba32f,binding=6) uniform image2D OutputRT;

3. lerp BB ZAISSHM M RLL Bl —ER KK, BBUERIXN— float #1777 noramlize Ky
BIE (RUAZIE—), EREETM 10, BRZE—HABKREER

vec3 lerp(vec3 a,vec3 b,float t)

I
L

return a+(b-a)*t;



. IFFT (BB D F I THEAR, TH# 718 IDFT 24 FREERENRIE
5 IRFEAM
NTHREXSNEEEMNKER, SAGRNEERNER 2D Perlin Noise & 2D
Worley Noise, 7Ey 77l E{XNigx BESAFERAREER/, FEEERAK, HIL~4/0
Ay AR EIEEEIMERENME, K EGEANEERAN TR, BItXEE 2D 1§
Bl 3D A,
BT 3D BEELEE B XEE R, ELEETE Fragment shader
i B S0 — MR IE xyz AR KR4 ALY 3D Perlin Noise, 1B/ 4 9 T —Mal B2 FF 8T K,
LBERYITEZEN, HIEEEN TR,
BEEXARE, HE MR RIS ELERERXR 20 BEERMNTREN
3D A, BN TE AR

(vec3 x)

vecd p = floor(x);
vec3 f = fract(x);
f = smoothstep(0.9, 1.0, f);

vec2 uv = (p.xy+vec2(37.9, 17.0)*p.z) + f.xy;

vl = texture2D(noisetex, (uv)/256.8, -100.8 ).x;

v2 = texture2D(noisetex, (uv + vec2(37.9, 17.0)) / 256.0, -100.0).x;
return mix(vl, v2, f.z);

i 2D M2 il KA texture 7 ASEEL, H noise AT HIFAR 2%, —IRIES
OIS AP BB HIAE 10ms BN, HBIAARBOR B AE .
N T FE RGN, R 7 e 2 TR

(vec3 pos) {
vec3 coord = pos;
mid = (cloud_bottom + cloud_top) / 2.0;
h = cloud_top - cloud_bottom;
weight = 1.0 - 2.0 * abs(mid - pos.y) / h;
weight = pow(weight, ©.5);
v = 1.0;

if(coord.y < cloud bottom) {

v = 1.9 - smoothstep(@.@, 1.9, min{cloud bottom - coord.y, 1.8});

}

else if(coord.y > cloud top) {
v = 1.0 - smoothstep(®.8, 1.8, min{coord.y - cloud top, 1.0));

¥

coord.z -= (offset) * 100;
coord *= gather_para;

n = noise(coord) * ©.5; coord *= 3.0;
n += noise(coord) * @.25; coord *= 3.01;
n += noise(coord) * @.125; coord *= 3.02;

n += noise(coord) * 8.0625;
noise = smoothstep(@.0, 1.9, pow{max(n - 9.5, @.0) * (1.0 / (1.0 - @.5)), @.4));
noise *= weight;

noise *= v;
return noise;

AILLE 3 getCloudNoise B 7 VUK noise pR#L, BIXTME S AT 1 VUJCREE, If
{1 smoothstep AT 1 -FigAb# .,
4. mHRNNTEREE

TELEHIS, R 2 S /N T A0 B, T S bR 1) 25 BT AR B K I B e i, B
B 23 8] PN 2 ZE AR R AR HL A b o NSt I il 83 ) i v 7 22 7E 138 getCloudNoise B
b, ¥ coord L — NS4 gather para HHATIEE, HSHGE/N, =ik, BERSE. ANFH
gather para Tz BIRIMBCERWT =K B Fi7R:



6. T Ray Marching [& Ray Tracing —#%, TE@MFEEHFENTTEEH ray, BELLFFHE
BKR, BEHTHML, EBREAEE.

% BRI Ray Marching

HT = Za B ACE R, B TRt s, (EREERENRERAERN, FHaZ
HMURIS N = JZHT 0 marching B2 TER0 . BT DS R 7 sse i1t :
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C.‘oua( ; 2 velid

B RN A ERTHIE, AT AR R AW S E = E R 7, WHTE direction ¥2P
R EE A = ERKE (cloud bottom):

if(point.y < cloud bottom) {

point += direction * (abs(cloud_bottom - cameraPos.y) / abs(direction.y));

}

RE RS BRNE 7, AR AR W AR BT D QA BT T R VEH, W EE break
LEAUD R -

for( i = @; i < march_times; i++) {

point += step * (step para + i);

if{cloud bottom>point.y || point.y>cloud top || -width>point.x || point.xowidth || -width>point.z || point.z>width) {
break;

TESKRH
Ray Marching RHRI—SE MU KHEAT N, SN, S0 ORI 2 10 T A8 5
FI S5 HE RS K TR RE T Ray Marching (TSI, 332 E, mAb 20 Tk 0 22
SRR, I FLA SR 2 25 B P AT 10 25 B9 5 M 9, BT AR A et A7
SRE, BUOMIEAESRAN NG KB, A D KT A3, 80 R FRFERS, B S OK
O, 3N, S KB

for( i = @; i < march_times; i++) {
point += step * (step para + i);

if{cloud bottom>point.y || point.y>cloud top || -width>point.x || point.xowidth || -width>point.z || point.z>width) {
break;
H

Roles in group

«  BKE#: Volumetric Cloud

«  ##124: Reflective Shadow map

«  ZT[ZK: Ocean

*  [RFFEA: Shadow

«  E#: Model Loading

*  KBJFE: Procedural Terrain, Physically-based sky, Grass, part of Model loading,
Framework design.
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