


01

02

03

04









Fundamental Cases for Marching Cubes



✓ Continuous 3D data : 숨겨진동굴같은지형에대한연속데이터를저장하는
효율적인방법

✓ Easy to modify : 쉽게수정가능







홀수와짝수세로줄로나누어번갈아가며저장



✓ 좀더쉽게사실적인이미지를얻기위해서
✓ 아티스트를위한간단한Material Interface

- 몇가지정해진매개변수입력으로물리적인표현가능
- 더이상아티스트가감으로작업하지않아도됨

✓ 누가작업하더라도일관되게할수있음.



Linear Space vs Gamma space



• real-world의 Dynamic Range는 100,000 : 1일수있음
1. Frame buffer of absolute luminance

✓ 실제 luminance space로렌더링
✓ 232이면모든범위 luminance를직접표현가능

2. Displayable image
✓ 28 Low dynamic range (LDR)

3. Frame buffer of relative luminance
✓ 렌더링시노출값에대한스케일적용
✓ 이상적으로, 215~16이상
✓ 게임에서는 212~13(4000~10000) 정도면적당

적은메모리소비
✓ 리마스터링에서 R16G16B16A16로수정

✓ 마찬가지로리마스터링에서수정



- 램버트반사에비해외곽경계반사, 명암경계의전환이부드러운것을
볼수있음

Lambert Diffuse vs Oren-Nayar Diffuse



✓ Microfacet Specular BRDF :

𝑓(l, v) =
𝐷 (h) 𝐹(l, h)𝐺 (l, v, h)

4(n ⋅ l)(n ⋅ v)
1. Fresnel [13]

- 𝑓(l, v) =
𝐷 (h) 𝐹(l, h)𝐺 (l, v, h)

4(n ⋅ l)(n ⋅ v)
- 입사각에따른반사와투과에대한함수



1. Fresnel(cont.) 
사용(상당히정확하고, 값싼근사)

- F(v, h) = F0 + (1 − F0) 2 (−5.55473(v·h)−6.98316)(v·h)
- F0를매개변수로입력.

- 𝑓(0o) =
(n – 1)2

(n + 1)2,  n은굴절률 (Index of Refraction , IOR)

- 일반적인유전체의 F0 는 0.02~0.05범위로그레이스케일
- 도체의경우 0.5~1.0범위로 RGB값을가짐



- 𝑓(l, v) =
𝐷 (h) 𝐹(l, h) 𝐺 (l, v, h)

4(n ⋅ l)(n ⋅ v)
- NDF는하이라이트의크기와모양결정
- Trowbridge-Reitz (GGX)[15] 사용

- D(h) =
α2

π ((n · h)2 (α2 − 1) + 1)2

- α is roughness

3. Geometric Shadowing

- 𝑓(l, v) =
𝐷 (h) 𝐹(l, h) 𝐺 (l, v, h)

4(n ⋅ l)(n ⋅ v)
- Microfacet에서일부 out-going beam 블럭됨(masking), 일부 incoming 

beam 블럭됨(self-shadowing)
- Cook-Torrance[16][17] 사용

- Gct(l, v, h) = min( 1, 
2(n · h)(n · v)

(v · h)
(Gmasking ), 

2(n · h)(n · l)
(v · h)

(Gshadowing))

GGX vs Blinn-Phong



Low memory consumption

SH projection of functions with increasing orders of approximation
(http://silviojemma.com/public/papers/lighting/spherical-harmonic-lighting.pdf)



Effects of GI Approximation







검은사막월드



✓ graphics commands를 command buffer에레코딩후
✓ render thread에서 play back하는방식



Bicubic upsizing





















검은사막 Black Desert Online Timelapse



검은사막커스터마이징



검은사막이벤트

















Look-Up Table (LUT)를이용한 Color Grading









✓ HDR Environment Map Filtering
▪ pre-computed -> runtime

✓ Fresnel, Metallic 개선

Runtime Environment Map Filtering[20]





• SH Lighting -> Full-size Lighting
• AO 

✓ HBAO

Screen Space Ray Tracing

✓ Outdoor Light Scattering by Egor Yusov



https://developer.nvidia.com/gpugems/GPUGems3/gpugems3_ch01.html
http://ab.cba.mit.edu/classes/S62.12/docs/Lorensen_marching_cubes.pdf
https://gamedev.stackexchange.com/questions/15573/heightmap-voxel-polygon-geometry-terrains
http://download.nvidia.com/developer/presentations/2004/6800_Leagues/6800_Leagues_Deferred_Shading.pdf
https://msdn.microsoft.com/ko-kr/library/windows/desktop/bb530104(v=vs.85).aspx
http://khayyam.kaplinski.com/2011/07/encoding-normals-for-gbuffer.html
http://renderwonk.com/publications/s2010-shading-course/hoffman/s2010_physically_based_shading_hoffman_b.pdf
http://www.gdcvault.com/play/1015174/Practical-Implementation-of-High-Dynamic


https://www.allegorithmic.com/system/files/software/download/build/PBR_Guide_Vol.1.pdf

http://blog.selfshadow.com/publications/s2014-shading-course/hoffman/s2014_pbs_physics_math_slides.pdf
http://blog.selfshadow.com/publications/s2013-shading-course/karis/s2013_pbs_epic_slides.pdf
https://seblagarde.files.wordpress.com/2015/07/course_notes_moving_frostbite_to_pbr_v32.pdf
https://hapzunglam.wordpress.com/2017/03/13/oren-nayar-reflection/
https://www.allegorithmic.com/system/files/software/download/build/PBR_Guide_Vol.1.pdf
http://blog.selfshadow.com/publications/s2014-shading-course/heitz/s2014_pbs_masking_shadowing_slides.pdf
http://www.ppsloan.org/publications/StupidSH36.pdf
http://www.ncorr.com/download/publications/keysbicubic.pdf
https://placeholderart.wordpress.com/2015/07/28/implementation-notes-runtime-environment-map-filtering-for-image-based-lighting

