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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 INTEL'S TERMS AND CONDITIONS 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 FITNESS FOR A PARTICULAR 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, SUBCONTRACTORS AND AFFILIATES, AND THE DIRECTORS, 
OFFICERS, AND EMPLOYEES OF EACH, HARMLESS AGAINST ALL CLAIMS COSTS, DAMAGES, AND EXPENSES AND REASONABLE ATTORNEYS' FEES ARISINGOUT OF, DIRECTLY OR 
INDIRECTLY, ANY CLAIM OF PRODUCT LIABILITY, PERSONAL INJURY, OR DEATH ARISING IN ANY WAY OUT OF SUCH MISSION CRITICAL APPLICATION, WHETHER 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 without n 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.
ĔįĳĨĬĨĹĤģ ĎĭĳĤīŃ čĉ ČıĠįħĨĢĲ ĕ=::: Įĭīĸ ĠĵĠĨīĠġīĤ Įĭ ĲĤīĤĢĳ ĬĮģĤīĲ Įĥ ĳħĤ ĎĭĳĤīŃ ĝĤĮĭŃ įıĮĢĤĲĲĮı Ċ= ĥĠĬĨīĸ! ęĮ īĤĠıĭ ĬĮıĤ ĠġĮut Intel Xeon processors for workstation 
visit www.intel.com/go/workstation.
HD Graphics P4000 introduces four additional execution units, going from 8 in the HD P3000 to 12 in the HD P4000. Optimized IntĤīŃHD Graphics P4000 only available on select models of 
ĳħĤ ĎĭĳĤīŃ ĝĤĮĭŃ įıĮĢĤĲĲĮı Ċ=-1200 v2 product family. For more information, visithttp://www.intel.com/content/www/us/en/archite cture-and-technology/hdgraphics/hdgraphics -
developer.html
ĎıĨĲĻ ĦıĠįħĨĢĲ ĨĲ ĠĵĠĨīĠġīĤ Įĭ ĲĤīĤĢĳ ĲĸĲĳĤĬĲ!Consult your system manufacturer.
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 contact your Intel r eprĤĲĤĭĳĠĳĨĵĤ ĳĮ ĮġĳĠĨĭ ĎĭĳĤīœĲ ĢĴııĤĭĳ įīĠĭ Įĥ ıĤĢĮıģ įıĮģĴĢĳ 
roadmaps. 
ĕĤıĥĮıĬĠĭĢĤ ĢīĠĨĬĲ" ĘĮĥĳĶĠıĤ Ġĭģ ĶĮıĪīĮĠģĲ ĴĲĤģ Ĩĭ įĤıĥĮıĬĠĭĢĤ ĳĤĲĳĲ ĬĠĸ ħĠĵĤ ġĤĤĭ ĮįĳĨĬĨĹĤģ ĥĮı įĤıĥĮıĬĠĭĢĤ Įĭīĸ Įĭ ĎĭĳĤīŃ Ĭicroprocessors. Performance tests, such as SYSmarkand 
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 
*Other names and brands may be claimed as the property of others
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ĎēċĔėĒĆęĎĔē Ďē ęčĎĘ ĉĔĈĚĒĊēę ĎĘ ĕėĔěĎĉĊĉ ŕĆĘ ĎĘŖ! ēĔ đĎĈĊēĘĊ# ĊĝĕėĊĘĘ Ĕė ĎĒĕđĎĊĉ# ćĞ ĊĘęĔĕĕĊđ Ĕė ĔęčĊėĜĎĘĊ# ęĔ 
ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL 
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 t when 
combined with other products. 

ĈĮįĸıĨĦħĳ ł <:;C# ĎĭĳĤī ĈĮıįĮıĠĳĨĮĭ! Ćīī ıĨĦħĳĲ ıĤĲĤıĵĤģ! ĎĭĳĤī# ĳħĤ ĎĭĳĤī īĮĦĮ# ĝĤĮĭ# ĈĮıĤ# ěęĴĭĤ# Ġĭģ ĈĨīĪ ĠıĤ ĳıĠģĤĬĠıĪĲ Įf Intel 
Corporation in the U.S. and other countries. 

Optimization Notice

Intel ôs 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 I ntel 
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides fo r m ore 
information regarding the specific instruction sets covered by this notice.

Notice revision #20110804

Legal Disclaimer and Optimization Notice
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Overview
Algorithm
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Roadmap & Conclusion
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ÁNoise is inevitable with Monte Carlo ray/path tracing

ÁRendering fully converged, noise -free images is often too expensive

ÁDenoising partially converged images is getting more and more popular

ÁThe movie industry is already using denoising to reduce rendering times

ÁAbout 2 -10x overall speed improvement

ÁNegligible image quality loss

ÁDenoising is crucial for real -time ray tracing (e.g. games)

ÁTypically ~1 sample per pixels Ą extremely noisy

ÁEnables fully dynamic ray traced shadows, reflections, AO, and global illumination

5

Usage of Denoising Today
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ÁDenoising library for images rendered with ray tracing

ÁProvides a high-quality deep learning based denoising filter

ÁSuitable for both interactive preview and final -frame rendering

ÁėĴĭĲ Įĭ Ġĭĸ ĬĮģĤıĭ ĎĭĳĤīŃ ĆıĢħĨĳĤĢĳĴıĤ ĈĕĚ ßĘĘĊ>!; Ą AVX-512)

ÁWindows (64-bit), macOS, Linux

ÁClean, minimalist C/C++ API and library design

ÁStraightforward application integration (in hours)

ÁĉĤįĤĭģĲ Įĭīĸ Įĭ ĳħĤ ĎĭĳĤīŃ ęćć īĨġıĠıĸ

ÁFree and Open Source under Apache 2.0 license

Áhttp://openimagedenoise.github.com
6

Open Image Denoise
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ÁOpen Image Denoise is a stand-ĠīĮĭĤ īĨġıĠıĸ,

Á, ġĴĳ ĨĲ Ġ ĢĮĬįĮĭĤĭĳ Įĥ ĳħĤ ĎĭĳĤīŃ ėĤĭģĤıĨĭĦ ċıĠĬĤĶĮıĪ

ÁA collection of open source libraries developed by Intel for advanced rendering and 
visualization

7

ĎĭĳĤīŃ ėĤĭģĤıĨĭĦ ċıĠĬĤĶĮıĪ

ĕıĮĢĤĲĲĮı ßĎĭĳĤīŃ ĝĤĮĭŃ Ġĭģ ĎĭĳĤīŃ Xe Architecture GPU)

OpenSWR

Mesa3D

OpenGL Renderer

General Visualization / Rendering Stack

Embree

OSPRayRenderer

Open Image 
Denoise

Application
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ÁMultiple input buffers

ÁColor buffer

ÁOptional auxiliary/feature buffers

-Albedo

-Normal

ÁLDR and HDR images

ÁRobust HDR support

ÁHandles fireflies without pre -filtering

ÁHardware-agnostic API (CPUs and more)

ÁSupports querying denoising progress and cancellation

8

Open Image Denoise Features
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Example: Input and Output Buffers

Denoised Color

Albedo
(optional)

Normal
(optional)

Color

Scene by Evermotion .   
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Denoising Algorithm

11

ÁOpen Image Denoise currently uses a single denoising algorithm

ÁConvolutional neural network (CNN) based

ÁDirect-predicting autoencoder [Chaitanya et al. 2017]

ÁVariant of the U -Net architecture [Ronneberger et al. 2015]

ÁGood balance between quality and performance

ÁQuality suitable for final -frame rendering

ÁInteractive performance on many -core CPUs

ÁThe library ships with a set of pre -trained models

ÁInference implemented using the open source IntelŃ ĒĐđ-DNN library
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Denoising Pipeline

LDR input CNN Inverse transfer 
function

Transfer 
function

LDR output

12
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Denoising Pipeline

HDR input CNNAutoexposure Inverse transfer 
function

Transfer 
function

HDR output

LDR input CNN Inverse transfer 
function

Transfer 
function

LDR output

13
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Denoising CNN

14

3x3 convolution + ReLU*
2x2 max pooling
2x2 upsamping (nearest neighbor)
concatenation

* except final convolution
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Example: Crytek Sponza (16 spp) ÝOriginal

Scene courtesy of Frank Meinl# ģĮĶĭīĮĠģĤģ ĥıĮĬ ĒĮıĦĠĭ ĒĢČĴĨıĤœĲ ĈĮĬįĴĳĤı ČıĠįħĨĢĲ ĆıĢħĨĵĤ!
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Example: Crytek Sponza (16 spp) ÝDenoised

Scene courtesy of Frank Meinl# ģĮĶĭīĮĠģĤģ ĥıĮĬ ĒĮıĦĠĭ ĒĢČĴĨıĤœĲ ĈĮĬįĴĳĤı ČıĠįħĨĢĲ ĆıĢħĨĵĤ!
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Example: Amazon Lumberyard Bistro (16 spp) ÝOriginal

Scene created by Amazon Lumberyard, released publicly in the NVIDIA Open Research Content Archive collection.
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Example: Amazon Lumberyard Bistro (16 spp) ÝDenoised

Scene created by Amazon Lumberyard, released publicly in the NVIDIA Open Research Content Archive collection.
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Example: Corona Academy Interior(4 spp) ÝOriginal

Rendered with Corona Renderer. Scene provided by Chaos Czech a.s.
www.corona-renderer.com
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Example: Corona Academy Interior (4 spp) ÝDenoised

Rendered with Corona Renderer. Scene provided by Chaos Czech a.s.
www.corona-renderer.com
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Example: Corona Academy Exterior(4 spp) ÝOriginal

Rendered with Corona Renderer. Scene provided by Chaos Czech a.s.
www.corona-renderer.com
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Example: Corona Academy Exterior(4 spp)ÝDenoised

Rendered with Corona Renderer. Scene provided by Chaos Czech a.s.
www.corona-renderer.com



Example: Moana Island Scene(8 spp)ÝOriginal

ėĤĭģĤıĤģ ĶĨĳħ ĎĭĳĤīŃ OSPRay. Publicly available dataset courtesy of Walt Disney Animation Studios.   



Example: Moana Island Scene(8 spp) ÝOriginal

ėĤĭģĤıĤģ ĶĨĳħ ĎĭĳĤīŃ OSPRay. Publicly available dataset courtesy of Walt Disney Animation Studios.   



Example: Moana Island Scene(8 spp) ÝDenoised

ėĤĭģĤıĤģ ĶĨĳħ ĎĭĳĤīŃ OSPRay. Publicly available dataset courtesy of Walt Disney Animation Studios.   
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