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http://www.dmprof.com/d/jp/whatsnew.html#0511

OpenGL ES 10 %
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»/4 SIGGRAPH2012
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NETDHH
* SIGGRAPH 2002
- OpenGL EST—* 2455 )L—TIb EIF

e SIGGRAPH 2003
- OpenGL ES 1.0 API{E#J1)—X

* SIGGRAPH 2004
- OpenGL ES 1.1 APT{L#1Y)—X

* GDC 2007
- OpenGL ES 2.0 API{E#11)—X

e SIGGRAPH 2012
- OpenGL ES 3.0 API{E#1)1J—X

QrerGLES
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Where it all began..

2 ‘ »
. Three Requirements “Vectors
_ ( Converging on a need for open, OS-agile visual APIs
[ ro n Os : Accelerated “Ul" 3D
i L “Dashboard" Full 3D acceleration in manimum footpant Line-powered
g rou P Displays Appliances
High-quality “ UI" 2D Settop
lani For compellng user interfaces
Aviohics Sub-pixel AAing Boxes
Internet
/ Automotive Terminals Games API
3 Advanced mult-textures
DO::S_ ;e:;;;zi;c:g ;C;’ life- New Visual Programmable pixel &
- Absa'u.'c; mmnm.um code size Processmg YaEweuc
. APls
» / Video - Tightly
‘n, R / Small =3 Integrated with 2D/3D
s Eoot;:.lnt Minimize cost and power. Cell Integ;aled dicompc:sxt{ed
o - rapnics Gates AND bytes §a Phones nch media conten
: E m bed d ed VlS ua I A P I S Portable Display Management ~ Webpads  Fast & Small “Visual Internet"
z % Buffening control, context creation PDAs Imaging mode! optimized
Presentation to Khronos 28Nov00 cursors, font handing fo Postscrpt& Flash
O Hand-held
e 1 Appliances
Neil Trevett & Randi Rost
oz 3Dlabs, Inc « .
The best way to predict the
-+ Strictly Khronos Confidential . . ce 9y
v future is to invent it” Alan Kay
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Where we are today..

Well over 1 BILLION people are using what we
all created together - every day...

ES

We are fortunate that the graphics community benefits
from an enlightened spirit of cooperation.
“It’s the OpenGL Way” Kurt Akeley

U

NOS

KHRO
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Fellow Travelers on the journey...
__q OpenGL ES

Working Group
Austin 2005

OpenGL ES BOF
SIGGRAPH 2007
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& TR %0penGL ES 3.0
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ETC2/EAC T4 A F v [T Ha

o ETC2IEACIZ &K BB ML ET IV AF Y EHFYR— K

640y — X THY
— 0.8 db higher quality than S3TC/DXTC ~ Original _ S3TCDXTC
~ 1.0 db higher quality than ETC1 ‘ N
- 1.8 db higher quality than ATC

COMPRESSED_R11_EAC RED 4
COMPRESSED_SIGNED_R11_EAC RED 4
COMPRESSED_RG11_EAC RG 8
COMPRESSED_SIGNED_RG11_EAC RG 8
COMPRESSED_RGB8_ETC2 RGB 4
COMPRESSED_SRGB8_ETC2 RGB 4
COMPRESSED_RGB8_PUNCHTHROUGH_ALPHA1_ETC2 RGBA 4
COMPRESSED_SRGB8 PUNCHTHROUGH ALPHA1 ETC2 RGBA 4
COMPRESSED_RGBA8 ETC2_EAC RGBA 8
COMPRESSED_SRGB8_ALPHA8_ETC2 EAC RGBA  Source: wwy.Khronos.org
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Percentage Closer Filtered (PCF)

Shadows |
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No PCF PCF

Smoother & Realistic Dynamic Shadows without Ladder Effects
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Hardware InstanceJ’ Particles




Render multiple instances of the geometry with a single draw call
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f(ay Texture For Tiled Anim‘a{ﬁun
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Transparency For Deferred Shadin




FDhEZE7OpenGL ES 3.0¥#5E

SRGB7 #—<Vw k
Framebuffer Discard

tiling architectureZ E TCURTLAFTYIZZINY D7 R EFESTH I L
=D YLK

Uniform Buffers
I—SBTNY I 7DHEET
Transform Feedback
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OpenGLES v x—

IEEE Floating Point — 32-bit

Integers — 32 bit signed and unsigned
Appendix A: Limitations — deleted

©2013 Khronos group All rights reserved
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Vertex Specificotion

Virtax Shoding

Tessellotion

Ceometry

" Rosterizotion

COMPUTE @

x
w
w
w
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@0
w
=
&
w

SHADERS
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OpenGL 4.4 T Hifee

e ARB_buffer_storage
- INYIF—A TV HUrRITEIE RN —D
- OpenGL 4.2 CTORFrA T HrHEITIZGL_ARB_texture_storageMBINESh =AY, T DN AR
- INYIFEE - BMEICDWTEATRMGHIEHA T EE => ETA AR D RXTLAEY, Fryl 1 8E
- BEEEAH/ N\ IT7EGPULME A A
e ARB_enhanced_layouts (GLSL)
- LA7OMEERFICREH SHILER
OV INAILEFAV R AU D ERAMNETEEIC

- const int start = 6;
- layout(location = start + 2) int vec4 v; penGL 4.4
DI—H A B—TIAREHDOHED /) T— 3B
ADZ—HERNT. RIMLDOENIZ/ XY
DI—HFRATDISVRITA—LT4—E1\0939T77IZx L Toffset’i & DIETE
 ARB_query_buffer_object
- DIVEEREN\YIFAT O IMRNICHE AT EE
- GL APIRSA/N\EBHTORMBFZH JaHE & TCPUE TR R
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OpenGL 4.4 T Hifee

* ARB_clear_texture
- BESNFETTIRFYED)T
* ARB_texture_mirror_clamp_to_edge
- BDSLIARTES—(—EEFTOIFYIRL) DT IRAF v EZEEZ Y HR—k
e ARB_texture_stencil8
- ATV DHDTIRF ¥ IA—IIEDIERK., 2TV
e ARB_vertex_type_10f_11f 11f rev
- 10f.11f.11fD32bit/ N\ ¥ > 5 &Y

e ARB_multi_bind
- RIWVFINAO T4 T 1A OEHFUHLTRR (BHaAYUFO—FK1L)

- CPUD & KR :
penGL 4.4

© Copyright Khronos Group, 2010 - Page 22
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$TARB#L5E (ARB only extension)

e ARB_bindless_texture
- DI NNVRSTEET IVAFYSENAEE (APIZTELALY)
* ARB_sparse_texture
- B AERYH A XL LEDTIORF YA XEHR—k
- RIRICSRBR T 587 EL TER
* ARB_seamless_cubemap_per_texture
- Fa—TIVTDTHIRFFZEIZ—LLU RADZER I
* ARB_indirect_parameters
- Y ILFHindirect drawlZ# 1+5T—4= (Transform feedback#& D7) 2747 #1741
E)DN I IGEEZBMALT=INTA—=Z/\Y T 7D ERK

0enGL 4.4
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$TARB#L5E (ARB only extension)

 ARB_compute_variable_group_size
- AVE A=A TARINYFRITT—IT IL—T DY A XIEE
* ARB_shader_draw_parameters
- $IGLSLEJLbM>: gl Baselnstance, gl BaseVertex and gl DrawlID

* ARB_shader_group_vote
- BRI A ERTHERDIZVICOVWTIT—IILit EEE
- N TSAV A= LR

penGL 4.4
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Bindless Textures

o ETERMRELLTWATIRAFEOEM
o 1V—VAT, SYVYFODIZLDTIRAFY. ITUZIWNEFERESNTETIVS

texture #0 g
Shader code_ texture #1 — @ Shader COd/' st

~ texture #2

—_E\

HFEDTIXRFINATATETIL INMIRLRTORF4
IMB L EDA=—0 T IO Fr{&H

&

texture #16 —l
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Bindless Textures

o LARLOTRNVREBLUA) T E4To1-38EYH. TORFYOA—F#E RV
BT EEMITAAHENME

»:

5
rl
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Bindless Textures

WFDTIRF v/ VAR

CPU

Load texture A

Load texture B

Load texture C

Bind texture A to slot |

Bind texture B to slot J

Draw()

\GPU
" Read from texture at slot |
Read from texture at slot J

ou

CPU
Bind texture C to slot K
Draw()

N\

NOS

GPU
Read from texture at slot K

KHROO

IR TIRF+

CPU
Load textures A, B, C
Draw()

GPU
Read from texture A
Read from texture B
Read from texture C

CPUDEFREHBIZLY, GPU MEER]_L Z
B#5t3
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graphics library
Transmission Format

© 2013 Digital Media Professionals Inc. All rights reserved. Page 28



ID7yhmITEERN)—LTFH—TVE
« 3D7YrRITIEMRE. AN)—LITF—IVFDOLEMY
BN RYVNEBDTINM AT, RELGT7 YRS =—X DO #E NN
« IDIFXME—REEBGEAN) —LATATEH4T
- BTV T EYNEIAT A —R 5 —RAD SR
e AALX)T4')—
- FYRETAITA—TYNERFE DS A E BT =0
o RARBIZ/N—F O 7REHNTTRE
- BHEEMNDIEEEE DML

Uupe

NOS

: Audio Video Images 3D
MP3 H.264 JPEG ?

O napster (11 Tube !

KHROS
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gITFD BE

« 307y MERERITHEMNGNAFI)ITF—T YL
- FYRT =N URBOIER RS, 9547 TOREF—/N\—Ay DR
e IBA L=a—FT)L
-T) . SR L(WebGLEEE)DWLWThTHEZ S
« RF—Z T NVIEERE - FEEMMAR)—LDNIR)T
- Baseline (profile) ClIZEMmBE S F4LD
« WebGLTOEMNGZA AL VA—F
- WebGLYSAT7URTIRIFEAENIBE T GITFDFHAIAAFLT-LY
A —HYL T IF—T I DDT—FE
- TOMATRUREILZCOLLADAT7 £y b S D EH TEE

CCOLLADA f? I'F @GL.

Authoring p Playback
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COLLADA / gITF TaAL AT L

OpenCOLLADA vy— LR &Y COLLADAZGLTF

Importer/Exporter

—@ CCOLLADA @ it
T v

@ Autadcs]c-
Web-based aya F } _r

Tools {e)blender \_‘j
@ ebGL @GL
& 1 WebGLIEES @GL\ES

Three.js gITF Importer.
, Rest3D initiative
R@ a.l
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gITFDIRK

« COLLADAD—*2 55 N—FI2&BL=T7F14T
o EHREED - EXLTHEHREIESE
o O—F, K ELXRIBFICHSHTIVS

- RE, ZFDFR . AS=TADBDTH—F N\ IZHLHRE -V N—E2REICRRZELT
L3,

« T4—F 7395 GitHubh 524 oh
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gITF Pipeline - overview

Converter

COLLADA2GLTF

Author Interchange
Maya
Blender | «—{COLLADA

u

NOS

KHROO

COLLADA2GLTF

command line tool

Rest3D

transactions & access to 3D assets

- ngF - WebGL

COLLADA2GLTF C++ Library

OpenCOLLADA

Rapidjson

Compression

Delivery API

OpenGL ES

OpenGL

© Copyright Khronos Group 2013 - Page 33



gITF Pipeline - COLLADA2GLTF
- BWADERETIST4T

- Triangulate
- Unify indices
- Split meshes
- Generate shaders
- Axis up conversion
- FtEROZELL. BETISTA1T
- Minify shaders
- Flatten hierarchy & combine meshes
- Convert images
- Compress meshes
- Interleave vertices

. REZEZMH

Uupe

NOS

KHROO
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Aa—7

1.0
- Node hierarchy
- Cameras
- Lights
- Key-framed animations
- Skinning
- Morphing
- Medias (images & videos)

o Ay o EHE (WRER)
e TILFINRYR—FDORE

© Copyright Khronos Group 2013 - Page 35
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Open3DGC

« Open3DGC/ 15 1) [ZMPEG-SC3DMC (Scalable Compression 3D Mesh
Compression)[Z& 2R

« BZ M K. Mammou, T. Zaharia, F. Préteux, “TFAN: A low complexity 3D

mesh compression algorithm” Computer Animation and Virtual Worlds, Vol.
20(2-3), pp. 343-354, 2009

¢ 22DE—F: NAMFYRUTFTRE—
- Open3DGCNAFVIEBMA—R T a—rZE A
- Open3DGCT7 RE—IXGZIPEMBD=H7bit 7 AF*—Ioa—T 42 %#EH
- Open3DGCT7RA*X—BARDEMILGZIPEZ D EEFIFH

© Copyright Khronos Group 2013 - Page 36



[E %8
« 22D54TSYTTRb:

- Open3DGC: https://github.com/amd/rest3d/tree/master/server/o3dgc
- webgl-loader: https://code.google.com/p/webgl-loader/

U

NOS

KHRO
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https://github.com/amd/rest3d/tree/master/server/o3dgc
https://code.google.com/p/webgl-loader/
https://code.google.com/p/webgl-loader/
https://code.google.com/p/webgl-loader/
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COLLADA gITF gITF+0pe_|_13DGC gITF+C_)pen3DGC
ascii binary
Model XML raw zi raw zi raw -raw bin
gzip a 9zip a 9zip a .gzip JSON
. bin:102k . bin:81k . ascii: 29k . ascii:19k . bin:18k . bin:18k
.JSON:11k .JSON:2kb |.JSON:11k . JSON:2k .JSON:11k . JSON:2k
336k 106k 113k 83k 40k 21k 29k 20k
. bin:9220k .bin:3220k |. ascii:3080k |.ascii:1510k |.bin: 1622k . bin: 1622k
. JSON:75k . JSON:5k .JSON:151k |.JSON:11k .JSON:151k |.JSON:11k
19767k 3417k 9295k 3225k 3231k 1521k 1773k 1633k
. bin:25224k |.bin:5738k |.ascii:7793k |.ascii:1433k |.bin:3205k . bin:3205k
.JSON:183k |.JSON:8k .JSON:587k |.JSON:29k .JSON:589k |.JSON:29k
56763k 7378k 25407k 5746k 8380k 1462k 3794k 3234k
. bin:329k . bin:99k .ascii: 122k . ascii:61k . bin:71k . bin:71k
.JSON:255k |.JSON:10k |.JSON:267k |.JSON:11k .JSON:267k |.JSON:11k
794k 133k 584k 109k 389k 77k 338k 88k

eyt

ST 2ttt ieT



“webgl-loader” TOEHE

e Encoder in C++/Decoder in JS
 Fast decoding

Model COLLADA gITF+webgl-loader gITF+O0pen3DGC ascii gITF+O0pen3DGC binary
. . .raw bin
XML gzip raw gzip raw gzip raw .gzip JISON
|
— . utf8:42k . utf8:34k . ascii: 29k . ascii:19k . bin:18k . bin:18k
e .JSON:12k .JSON:2kb .JSON:11k .JSON:2k .JSON:11k .JSON:2k
3: ‘ 336k 106k 54k 36k 40k 21k 29k 20k
o]
z o V,‘l","’_':"' \ .utf8:8747k .utf8:1325k (. ascii:7793k |. ascii:1433k |.bin:3205k . bin:3205k
W W S .JSON:753k (.JSON:29k .JSON:587k |.JSON:29k . JSON:589k .JSON:29k
56763k | 7378k 9500k 1354k 8380k 1462k 3794k 3234k

KHROS
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4

TiHE: BHRELD

Total Size Compression Gain

(Mbytes) (%)
OBJ 377 0%
GZipped OBJ 106 72%
WebGL Loader UTF8 76 80%
Open3DGC-ASCII7 36 91%
Gzipped WebGL Loader UTF8 27 93%
OpenCTM 23 94%
GZipped Open3DGC-ASCII7 15 96%
Open3DGC-Binary 15 96%

Data from rest3d SIGGRAPH 2013 BOF presentation, Khaled Mammou/Remi Arnaud

© Copyright Khronos Group 2013 - Page 40



EHE: SEBROFE

«EHEFDEILE
- IREERATYIORINYITFTIEAN\YI7ZR T 7HETWEWNREICIAES /YT 7
ZaE—)

« TA—FERRRUATIERAEORFI—Y
s F=A—av R—U AU TYIR-EHDERE

u

NOS

KHROO
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gIlTF!)V—X
« Specification

- https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
« Converter

- https://github.com/KhronosGroup/glTF/converter

 montagejs viewer
- https://github.com/fabrobinet/glTF-webgl-viewer

© Copyright Khronos Group 2013 - Page 42


https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md
https://github.com/KhronosGroup/glTF/blob/master/specification/README.md

Three.js

« Three.js [EH2EH AP ¥—EWebGLEIR S 1T 5
- INALARIILD—2FS5TAPI TWebGLEFEMN R 5 (2 A HE
- BEEEN DO EBEE
- ZLDEFELEWebGLT7 T ) r—3y TETHEDLN TN
- BT O T17155 0% ; 6000+ commits, 2500+ forks, 12,000 favorites
- https://github.com/mrdoob/three.js/

« Three.jsDAVTUIINL T4 (S FEILL TLVELY
- OV TIIEIDT YR IA— Yy EHR—EL TS (LOBJ, .STL). HIFIAZ LY

w: (e.g. no cameras, lights, scenes, animations...)

O: - COLLADAL Y R—FLTWVBIFEQ—F A HLM D, /N F—

Z° - Three.jsIZH B I7A—<VrELHHR—KLTWSH, PRI D, FFIZEHE

O - R HAREBEICHRBINNMTSAV, ATLOZADITA—IVNEBEL. LATOMN S

AT T A—2a37095<7I2&kb/N\VRa—F45

KHRC

© Copyright Khronos Group 2013 - Page 43


https://github.com/mrdoob/three.js/
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Three.jsmITgITFO—45—

 gITFIZBERNGTEENOA—T oM OERIBEENERNETA—TVE
- ED3IDT T FEhHhNLHEEEFMEEE : scenes; cameras; lights; animations
(articulated, skinned, morphs); shaders; multi-pass techniques.
- JSON+N\AFYR—=XF7TA—F[FE>THEIDTTILURY—
- AV ININE T A—T YR IEKYCOLLADAIZ LERO—R 2 A LJEME. INSTEAE) TV RT )
VN EATF
- COLLADA2GLTFaY /N\—AIZ &> TEEFCOLLADAO Y T Y M D E /N R Z 1R 4
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Aok

« gITF7AYTILTS52F on Github
- https://github.com/KhronosGroup/glTF
- Branch ‘threejsloader’

« £ IXBEFOBJ, COLLADAY V)LD T A H iE

- e.g. http://threejs.org/examples/webgl loader collada.html
cBRAIDEETTIXSESAEZ—TVE
- RE#GithublZa3IvhF5E
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https://github.com/KhronosGroup/glTF
http://threejs.org/examples/webgl_loader_collada.html

Status
o [FEAE DGITFEERZ Y R—MEH

- Triangle Meshes

- Materials - diffuse, specular, emissive, ambient, textures, environment maps
- Cameras - perspective and orthographic

- Lights - ambient, spot, point, directional

- Matrix transforms

- Scene structure

- Animation
- - Key frame/articulated only
02 - Shaders

- Uses “common profile” techniques - common lighting models such as Phong and
Lambert, and their parameters, are mapped to existing Three.js material types

O - SHRRETHHRE
a4 - Arbitrary GLSL shaders (via Three.js ShaderMaterial)

. - Skinned animations and morphs
g
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gITF in Cesium

e 60 ‘& Cesium Viewer ]

- c localhost: 3080 /cesium/Apps / CesiumViewer /index himiTsource = /cesium/Apps | CesiumViewer2 /Callery /model /mad

.

~Bx
Jul 16 2013 - A
200343 UTC N CESIUM . 1" \mageey data courtesy VT MAK
‘ I' ’ 2000000 Julls 201 500 000 2 16 2093 20:7000.000

http://cesium.agi.com/
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Thank you!
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