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はじめに

Å

ï

ï
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Å

Å

Å ךּ
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講演内容

Å ṇ ṇ

Å ṇ

Å ṇ ṇ

Å

Å



4©Silicon Studio Corp., all rights reserved.

講演内容

Åディープラーニングの基礎知識

ïディープラーニングとは

ïディープラーニングとCG

ï弊社でのディープラーニングの取り組み

Å ṇ

Å ṇ ṇ

Å

Å
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ディープラーニングとは

ÅAIṕ Ṗ

ïṕSF Ṗ ḭ ︡ ḭפּךּ ︣ ךּךּ

ḭפּ ︣ נּ

ï צּ ךּ ṇ

AIṕ Ṗ

ṇ ṇ

ṇ ṇ
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ディープラーニングとは

Å

ï ṕ ṇ ךּ ︡ḭ ךּ צּ

לּ ︣ כֿ Ṗ

Å טּ

ï ṇ פּ ṕ ṇ Ṗ ךּ קּ לּ ︣

Å ︡

ï ṇ ṇ ︣

Å

ï ︡ ḭ ךּ קּ לּ ︣

Ḳ ṕ Ḳ ḭ Ḳ Ṗ

Ḳ ṕ ṇ Ṗ

Ḳ ṕ וֹ ￼ Ṗפּ
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ディープラーニングとは

Å

צּ שּ לּ
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ディープラーニングとは

Å טּ ṕ Ṗ

צּ שּ לּ

ṇ

,︣נּלּךּטּ

56184

ףּנּלּךּטּ

56789

,︣נּלּךּטּ

56184
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ディープラーニングとは

Å ︡ ṕ Ṗ

צּ שּ לּ

ṇ

Å ṇ

Å ṇ
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ディープラーニングとは

Å ṕ Ṗ

צּ שּ לּ

צּ

וֹ ￼
פּ
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ディープラーニングとは

Å ṇ ṇ

ï

ï ︢ ︣ ṕ ṇ Ṗ בֿ

ṇ

ï ṇ
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ディープラーニングとは

Å ṇ ṇ

ï ṇ ṇ

ïṕ לּךּ Ṗךּ

ï צּ ︡ ךּ ︡

[1] Quoc et al., òBuilding High-level Features Using 
Large Scale Unsupervised Learningó, 2012

[2] https://www.tdse.jp/service/analytics/deep_learning/
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ディープラーニングとは

Å צּ ךּ ṇ ḭ

ṇ ךּ

Å ṇ ṇ

Å ︣ ḭ ṇ ︣ ךּ

AIṕ Ṗ

ṇ ṇ

ṇ ṇ
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ディープラーニングとCG

Å CG

ï ṇ ṕ Ṗ ︢ ṕ Ṗ

ï ṇ (PBR)

Å ṇ ךּ ḭBRDF

ḭ ḭ

ṇ

ï צּ פּ

Å פּ ḭ ḭ

︡ ḭ צּ ךּ פּ קּ לּ ︡ קּ

Å ḭ ṇ פּ ḭ

ךּ ︡ לּ
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ディープラーニングとCG

Å ṇ ṇ CG

ï צּ קּ ṇ ṕ Ṗ ךּ

נּאל קּ ḭ ￼︡ ךּ

ï ṇ ṕ ︡ CGṖּפ ︡ḭ

ṇ ṕ Ṗ ︢ ṕ Ṗ

אל ṇ ṇ ḵ
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ディープラーニングとCG

Å ṇ ṇ ךּ ךּ

ï צּ

Å

ï צּ רּ︣

Å
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ディープラーニングとCG

Å ṇ ṇ ךּ ךּ

ï צּ

Å

ï צּ רּ︣

Å

Å ṇ ṇ ךּ ךּ

ï צּ ḭּפ ḭ צּ ךּ

Å

ïPBR כֿ טּצּ

ï

Å ṇ ṇ

ï ṇ צּ

ï צּ ︣ ךּ

Å ḭ

ï צּ ךּ

ï צּ
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弊社でのディープラーニングの取り組み

Å

ï

ï ḭ ︡ ṇ

ṇ ךּ וֹ כֿ ṕ

ṇ Ṗ

Å ṇ ṇ

ïライトプローブ

Å直接光のみのライティングから間接光を推定

ïAO

Å פּ AO [2]

Å ḭ ḭ ︣

CEDEC 2020 [1]

[1] Heltzberg , ¬ ḱ ḱ AI -
ṇ ṇ

²º, CEDEC2020
[2] Zhang et al., òDeepAO : Efficient Screen Space 

Ambient Occlusion Generation via Deep Networkó, 2020
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講演内容

Å ṇ ṇ

Å住宅プレゼンテーションシステム

ï住宅プレゼンテーションシステムの紹介

ïライトプローブによるグローバルイルミネーション

ïディープラーニングの適用方法

Å ṇ ṇ

Å

Å
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住宅プレゼンテーションシステム

Å

ï ḭ ︡ ךּ

ï וֹ ṇ ︡ ךּשּ

Å ṇ

ï צּ לּ

פּ CG

ï VR ṇ ṇ

ï

ï אל
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住友林業様との取り組みについて

Å2018 3DCG ṇ

ṕPhotoreal 3D Ṗ ṇ Mizuchiּצ אל ךּ

ÅMizuchi וֹ ḭשּ ḱ

ךּ
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レンダリングエンジン”Mizuchi ”

Å ṇ

ï

Å VR

Å HDR

ï

Å ḭ ḭ ḭ ḭetc.

ï ṇ

Å Nintendo Switch ĤḭPlayStationÚ4ḭSTADIAḭLinuxṕOpenGLṖ

Å Windows ṕDirectX 11/12 ḭOpenGLḭVulkanṖḭ

Å Android ṕOpenGL ES3ḭVulkanṖḭiOSṕOpenGL ES3ḭVulkanṖ

ï Yebis

ï Enlighten ṇ ṇ

Å CEDEC

ï ṇ (2014)

ï ṇ (2015)

ï HDR (2016)

ï HDR Ṍ Ṍ(CEDEC+KYUSHU2017)

ï ṇ Ḵ ṇ ḴṌ אל︡ ︣ Ṍ(2019)

ï Mizuchi for DCC Tool ּך (2019)

https://www.siliconstudio.co.jp/rd/presentations/

https://www.siliconstudio.co.jp/rd/presentations/
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Mizuchi 搭載の実施例

(2D)
CAD
(3D)

ễDCG

ṇ

ṕPBR Ṗ

ṇ

( PBR )ṇ ṇ

Mizuchi に置き換え

ṇ

קּ

קּ
+

ךּ

︣

3D
ṇ

︡

ךּ

Å Mizuchi קּ נּ

Å PBR
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Mizuchi 搭載後の比較

Å

אל ṇ ṣMizuchiṤ אל 3DCAD ṇ
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旧レンダリングエンジンで描画したイメージ
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Mizuchi で描画したイメージ
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ライトプローブによるグローバルイルミネーション

ÅMizuchi ︡

ï CAD ṇ פּ 3D ︡

Å ṇ ḭ ṇ קּ ךּ

Å פּפּצּ רּ︣

ÅEnlighten UI צּ

ï ṇ

Å ṇ קּ

Å Ṍ

Å

ï ṇ

ï ṇ

ï צּ ︡ ︣
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ライトプローブの自動配置

Å CAD ṇ פּ ṇ ṇ

Å ṕ Ṗ

ï

Å ךּ ḭ

Å ךּ

ï ḭ אל לּ

ï צּ צּ קּ

Å
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ライトプローブの自動配置

Å CAD ṇ פּ ṇ ṇ

Å ṕ Ṗ

ï

Å ךּ ḭ

Å ךּ

ï ḭ אל לּ

ï צּ צּ קּ

Å
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ライトプローブの自動配置

Å CAD ṇ פּ ṇ ṇ

Å ṕ Ṗ

ï

Å ךּ ḭ

Å ךּ

ï ḭ אל לּ

ï צּ צּ קּ

Å
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ライトプローブの自動配置

Å CAD ṇ פּ ṇ ṇ

Å ṕ Ṗ

ï

Å ךּ ḭ

Å ךּ

ï ḭ אל לּ

ï צּ צּ קּ

Å
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ライトプローブのベイク

1. ṇ

ï6

ï

ï ṇ

2. ṇ SH( Ṗ

3. ṇ SH ṇ

4. ṇ

ïSH ךּ

5. ṇ SH( Ṗ

6. ṇ SH ṇ

7. 4~6 ︣
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ライトプローブのベイク

1. ṇ

ï6

ï

ï ṇ

2. ṇ SH( Ṗ

3. ṇ SH ṇ

4. ṇ

ïSH ךּ

5. ṇ SH( Ṗ

6. ṇ SH ṇ

7. 4~6 ︣
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ディープラーニングの適用方法

צּ ḭ צּ אל

1. ṇ

ï6

ï

ï ṇ

2. ṇ ṇ

3. ṇ SH( Ṗ

4. ṇ SH ṇ
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講演内容

Å ṇ ṇ

Å ṇ

Åニューラルネットワークの学習

ï学習データの収集方法

ïニューラルネットワークの構築

ï住宅プレゼンテーションシステムへの組み込み

Å

Å
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学習データの収集方法

Å ṇ

ï 100

ï 10

Å

ï צּ

Å100 ṇ

ï

Å / /

Å

ï ṇ
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収集データ

Å ṇ

ï ṕ Ṗ

ÅR11G11B10

ï

ÅR16G16

ï

ÅR32

ï ṕ ṇ ṇṖ

ÅR8G8B8

Å ṇ

ï3 ṕ Ṗ

ÅR11G11B10
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収集データ量

Å

ï 100 x 50~250 ṇ / x 100 ṇ

ïTotal : 1,371,710

ÅTraining : 1,369,710

ÅValidation : 2,000

Å

ï 10 x 100~250 ṇ / x 100 ṇ

ï206,877
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

ï

ï ṇ
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣

Å (0) ︡ ḭ

צּ ךּ לּ ︣ כֿ

טּ
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣

Å (0) ︡ ḭ

צּ ךּ לּ ︣ כֿ

טּ

Å צּ ḭ

3צּ
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣

Å (0) ︡ ḭ

צּ ךּ לּ ︣ כֿ

טּ

Å צּ ḭ

3צּ
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ニューラルネットワークの基本構造

Å ṇ ṇ
(Convolutional Neural Network)

ï ṇ

Å

וֹ ︣

Å (0) ︡ ḭ

צּ ךּ לּ ︣ כֿ

טּ

Å צּ ḭ

3צּ

Å ︣ ḭ צּ



47©Silicon Studio Corp., all rights reserved.

ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

Å ︣ ṇ

ï טּ כֿ ḭ ךּ קּ

https://data -analysis-stats.jp/
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

Å ︣ ṇ

ï טּ כֿ ḭ ךּ קּ

ÅReLU (Rectified Linear Unit)

ï0

ï 0 ︣

ï ḭקּ צּ אל ḭ 0צּ

https://data -analysis-stats.jp/
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

Å ︣ ṇ

ï טּ כֿ ḭ ךּ קּ

ÅReLU (Rectified Linear Unit)

ï0

ï 0 ︣

ï ḭקּ צּ אל ḭ 0צּ

https://data -analysis-stats.jp/

︣שּ
ṇ פּ פּךּךּ פּ ךּ
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

Å ︣ ṇ

ï טּ כֿ ḭ ךּ קּ

ÅReLU (Rectified Linear Unit)

ÅLeaky ReLU

ï0

ï ͠ וֹפּ

ï צּ אל ḭ טּצּ

https://data -analysis-stats.jp/
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

Å ︣ ṇ

ï טּ כֿ ḭ ךּ קּ

ÅReLU (Rectified Linear Unit)

ÅLeaky ReLU

ÅSigmoid / tanh

ï0Ṍ1 -1Ṍ+1 אל

ï צּ פּ

ï צּ ךּקּ קּ צּ 0 צּ כֿ

ï צּ ךּ

https://data -analysis-stats.jp/
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

ï ṇ

Å ︣

https://github.com/tuanavu/Stanford -CS231/blob/master/lectures/winter1516_lecture7.pdf
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

ï ṇ

Å ︣

ÅMax pooling

ï ךּ

ÅAverage pooling

ï ךּ

https://github.com/tuanavu/Stanford -CS231/blob/master/lectures/winter1516_lecture7.pdf
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ニューラルネットワークの基本構造

Å ṇ ṇ (Convolutional Neural Network)

ï ṇ

ï

ï ṇ

https://github.com/tuanavu/Stanford -CS231/blob/master/lectures/winter1516_lecture7.pdf
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ニューラルネットワークの構築

Å U-Net [1]

ï ︡

ï ︡

ï טּ

Å ṇ

Å

כֿלּ צּ קּ

[1] Ronneberger et al., òU-Net: Convolutional Networks 
for Biomedical Image Segmentationó, 2015
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ニューラルネットワークの構築

Å [1]

ï ︣

ï ṕ Ṗ ︣

ï ךּ ṇ צּ ︣ כֿ כֿתּ צּ קּ

[1] He et al., òDeep Residual Learning for Image 
Recognitionó, 2015
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ニューラルネットワークの構築

ÅHourglass Model

ï טּ U-Net

ïDeep Single Image Portrait 

Relighting [1] ︡

[1] Zhou et al., òDeep Single Image Portrait Relightingó, 2019
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ニューラルネットワークの構築

ÅNon-Local Block [1]

ï

ïGI

ï Non-Local Block

[1] Wang et al., òNon-local Neural Networksó, 2017
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ニューラルネットワークの構築

Å L-G Net

ïHourglass Model ṕ

צּ ךּאל Ṗ Non-Local 

Block

ïGI 2

ï Lighting ṕfirst, albedo Ṗ

Geometry (normal, position)

Ṅ Non-Local Block
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ニューラルネットワークの学習

Å

ï ṇ ṇ : Pytorch

ï OS: Linux

ï GPU: Nvidia Titan RTX

ï : 16GB

Å ṕ ṇ Ṗ

ï SSIM (Structural Similarity Index Measure [1] )

ï MSE ( Ṗ

Å

ï Adadelta [2]

Å

ï 16

[1] Wang et al., òImage Quality Assessment: From Error Visibility to Structural Similarityó, 2004

[2] Zeiler, òADADELTA: An Adaptive Learning Rate Methodó, 2012

Original MSE = 210
SSIM = 0.9168

MSE = 210
SSIM = 0.9900

MSE = 210
SSIM = 0.6949

MSE = 210
SSIM = 0.7052

MSE = 210
SSIM = 0.748
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住宅プレゼンテーションシステムへの組み込み

Å ṇ ṇ

ïLibtorch (CUDA )

ÅPytorch ︡ jit.trace ︡

Ålibtorch ṇ ︡ ṇ

ṇ

ï

1. ṇ

2. פּ

3. ṇ

4. SH
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住宅プレゼンテーションシステムへの組み込み

Å

CPU Intel(R) Xeon(R) CPU E3-1225 v6 @ 3.30GHz 3.31GHz
GPU NVIDIA Quadro P2000 5GB
メモリ 16GB

1 2 3 4

ꜝ▬♩ⱪ꜡כⱩ[ᾤ] 132 110 235 473

ꜞⱨ꜠◒◦ꜛfiⱪ꜡כⱩ[ ] 44 44 91 167

ⱬ▬◒(3ᵕ)[ ] 35.0 89.0 147.0 441.0

ⱬ▬◒ (CUDA) [ ] 17.0 41.0 52.0 195.0

( / ) 49% 46% 35% 44%
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住宅プレゼンテーションシステムへの組み込み

Å

CPU Intel(R) Xeon(R) W -2123 CPU @ 3.60GHz   3.60 GHz
GPU GeForceGTX1070 8GB
メモリ 32GB

5 2 3 4

ꜝ▬♩ⱪ꜡כⱩ[ ] 100 110 235 473

ꜞⱨ꜠◒◦ꜛfiⱪ꜡כⱩ[ ] 30 44 91 167

ⱬ▬◒(3ᵕ)[ ] 49.8 60.0 285.0 459.0

ⱬ▬◒ (CUDA) [ ] 25.7 23.0 73.0 210.0

( / ) 52% 38% 26% 46%
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講演内容

Å ṇ ṇ

Å ṇ

Å ṇ ṇ

Å結果

ï様々な入出力方式の比較

ï様々なモデルの比較

ï従来のベイクとの比較

Å
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様々な入出力方式の比較

Å ṇ

A) 6 2D

B) ︡ 2D

Å

ï(B) צּ פּ
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様々な入出力方式の比較

Å

ï HDRṕ cd/m 2, 100 Ṍ100,000 Ṗ

A) ṕ 10,000 Ṗ

B) ( -ͫ law transformation [1] )

Å

ï(A) צּ פּ

[1] Kalantari and Ramamoorthi , òDeep High Dynamic Range Imaging of Dynamic Scenesó, 2017
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様々な入出力方式の比較

Å Position

ï ṇ ︡ ḭצּ ṇ ḱ

ṇ 3D ︣ כֿ

A) (1ch)

B) ṇ (3ch)

ï

Å (B) ṇ צּ פּ

Å Color

ïGI ךּףּ R,G,B ṇ ︡ ךּ ḭ1 פֿ ︣

נּ

A) 1chֿפ

B) 3ch

ï

Å (B)3ch צּ פּ Ḯ(A) צּ ︢ ︡ Ḯלּ
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様々なモデルの比較

ÅBatch normalization

ï פֿ

ÅDrop out

ï תּ ḭ

Å
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様々なモデルの比較

Å

ï ︡ṕU-NetṖ

ï טּ ṕHourglass Ṗ

Å

ï SSIMּ0.8צ פּ 0.85

ï צּ ︣ לּ
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様々なモデルの比較

Å ṇ

ïBottleneck [1]

ïBasic-wide [2]

ïWide -dropout [2]

ïHighway network [3]

ïDense network [4]

Å

ïּט פּ

[1] He et al., òDeep Residual Learning for Image Recognitionó, 2015
[2] Zagoruyko and Komodakis , òWide Residual Networksó, 2017
[3] Srivastava et al., òTraining Very Deep Networksó, 2015
[4] Huang et al., òDensely Connected Convolutional Networksó, 2018
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様々なモデルの比較

ÅNon-Local block

ï ︡(Hourglass)

ïּט (L-G Net)

Å

ïSSIM 0.9 פּ 0.95 שּ

ï1 פּ 5 ṇ

︡ ︡
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従来のベイクとの比較

Å ︡

ṇ

︣

Å ḭSH צּ

ךּ

ÅSH ︣ טּ

צּ ךּ

GT

ṇ ṇ

ṧ SH



73©Silicon Studio Corp., all rights reserved.

従来のベイクとの比較

Å ṇ
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従来のベイクとの比較

Å ṇ
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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従来のベイクとの比較

Å Å
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講演内容

Å ṇ ṇ

Å ṇ

Å ṇ ṇ

Å

Åまとめ

ï発表のおさらい

ï今後の展望
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発表のおさらい

Å ṇ ṇ ḭ

ṇ ṇ

ï פּ

Å

Å ṇ ︡ ךּ

ï Ṅ ṇ ṇ

Å

Å

ÅNon-Local block
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今後の展望

Å ṇ ṇ

ï ṇ צּ ḭשּ טּ צּ ︡ טּ

Å נּ

1. ḭךּ

2. צּ טּ ḭ ṇ

3. ṇ ṇ

4. ︡

Å ṇ ṇ

ï

Å ṇ

ï

Å ḭ ךּ ḭךּ ṇ ṇ ṇ

ï GI

Å ḭךּ



©Silicon Studio Corp., all rights reserved.

ḭ Ṅ

︡ḭCG פּ CG ḭ

ḭ ḭ קּ ︡ Ḯ

3 ךּ אל ḭCGּצ

אל כֿ ḭ צּ ︣Ḯ

Ideas Art Technology

CG ṇ ︣ ṇ ṇ ︡ ḭ

ףּ אל ḭ טּ

ףּ ךּ ︡ ︣Ḯ
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