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Legal

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED,

BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEIASODERMDITIONS OF SALE FOR
SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS

OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNEFBRORULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

A "Mission Critical Application" is any application in which failure of the Intel Product could result, directly or indirectl 'y, in personal injury or death. SHOULD YOU PURCHASE OR USE INTEL'S
PRODUCTS FOR ANY SUCH MISSION CRITICAL APPLICATION, YOU SHALL INDEMNIFY AND HOLD INTEL AND ITS SUBSIDIARIES, SUBCONTRAID@REIIAATES, AND THE DIRECTORS,
OFFICERS, AND EMPLOYEES OF EACH, HARMLESS AGAINST ALL CLAIMS COSTS, DAMAGES, AND EXPENSES AND REASONABLE ATTORNEY SINGE®/ARIS, DIRECTLY OR
INDIRECTLY, ANY CLAIM OF PRODUCT LIABILITY, PERSONAL INJURY, OR DEATH ARISING IN ANY WAY OUT OF SUCH MISSION CRITICALIA®RIWHETHER OR NOT INTEL OR ITS
SUBCONTRACTOR WAS NEGLIGENT IN THE DESIGN, MANUFACTURE, OR WARNING OF THE INTEL PRODUCT OR ANY OF ITS PARTS.

Intel may make changes to specifications and product descriptions at any time, without notice.

All products, dates, and figures specified are preliminary based on current expectations, and are subject to change withoutn otice.

Intel processors, chipsets, and desktop boards may contain design defects or errors known as errata, which may cause the prod uct to deviate from published specifications. Current
characterized errata are available on request.
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HD Graphics P4000 introduces four additional execution units, going from 8 in the HD P3000 to 12 in the HD P4000.  Optimized Int A THD Graphics P4000 only available on select models of
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Any code names featured are used internally within Intel to identify products that are in development and not yet publicly an ~ nounced for release. Customers, licensees and other third parties
are not authorized by Intel to use code names in advertising, promotion or marketing of any product or services and any such  use of Intel's internal code names is at the sole risk of the user.

Intel product plans in this presentation do not constitute Intel plan of record product roadmaps. Please contactyour Intelr  eprAIJAT ij Gij T T H ij] ] gijGT 7 DV ijHT el GJi 1 AY
roadmaps.
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MobileMark , are measured using specific computer systems, components, software, operations and functions. Any change to any of those fact ors may cause the results to vary. You should
consult other information and performance tests to assist you in  fully evaluating your contemplated purchases, including the per formance of that product when combined with other products.
For more information go to : http://www.Intel.com/performance
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Legal Disclaimer and Optimization Notice
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DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR

OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmarkand MobileMark , are measured using specific computer systems, components, software,
operations and functions. Any change to any of those factors may cause the results to vary. You should consult other inform ation
and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that produc  twhen
combined with other products.
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Optimization Notice

Intel & compilers may or may not optimize to the same degree for non - Intel microprocessors for optimizations that are not unique to In tel
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not g uar antee
the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microproc essor-
dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific t o | ntel
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides fo rmore

information regarding the specific instruction sets covered by this notice.
Notice revision #20110804
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Usage of Denoising Today

ANoise is inevitable with Monte Carlo ray/path tracing
ARendering fully converged, noise -free images is often too expensive
ADenoising partially converged images is getting more and more popular

AThe movie industry is already using denoising to reduce rendering times
A About 2-10x overall speed improvement
A Negligible image quality loss
ADenoising is crucial for real-time ray tracing (e.g. games)
A Typically ~1 sample per pixels A extremely noisy
A Enables fully dynamic ray traced shadows, reflections, AO, and global illumination
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Open Image Denoise

A Denoising library for images rendered with ray tracing

AProvides a high-quality deep learning based denoising filter

A Suitable for both interactive preview and final-frame rendering
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AWindows (64 -bit), macOS, Linux

A Clean, minimalist C/C++ API and library design

A Straightforward application integration (in hours)
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AFree and Open Source under Apache 2.0 license

A http://openimagedenoise.github.com
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A A collection of open source libraries developed by Intel for advanced rendering and
visualization

General Visualization / Rendering Stack

intel'

RENDERING OpenGL Renderer OSPRayRenderer
FRAMEWORK )

Open Image

OpenSWR Denoise
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Open Image Denoise Features

AMultiple input buffers
A Color buffer

A Optional auxiliary/feature buffers
- Albedo
- Normal

ALDR and HDR images
A Robust HDR support

A Handles fireflies without pre -filtering

AHardware-agnostic APl (CPUs and more)

A Supports querying denoising progress and cancellation




Example: Input and Output Buffers

Color

Albedo

(optional)

Normal P Denoised Color
(optional)

Scene by Evermotion .
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Denoising Algorithm

AOpen Image Denoise currently uses a single denoising algorithm
A Convolutional neural network (CNN) based

ADirect-predicting autoencoder [Chaitanya et al. 2017]
A Variant of the U-Net architecture [Ronneberger et al. 2015]

AGood balance between quality and performance
A Quiality suitable for final -frame rendering
A Interactive performance on many -core CPUs

AThe library ships with a set of pre -trained models

AInference implemented using the open source IntelN  E-DNN library
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Denoising Pipeline
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Denoising Pipeline
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Denoising CNN

= 3x3 convolution + ReL U
= 2X2 max pooling

= 2X2 upsamping (nearest neighbor)
==p concatenation

* except final convolution
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Example: CrytekSponza (16 spp) Y Denoised
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Example: Corona Academyinteriof (4 spp) Y Denoised
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Example: Moana Island Sceng8 spp) Y Original




Example: Moana Island Sceng8 spp) Y Original
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Moana Island Sceng8 spp) YDeno
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PRay Fubligly-hvallable dataset courtesy of Walt Disney Animation Studios.
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