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Khronos Connects Software to Silicon

Open Consortium creating
ROYALTY-FREE, OPEN STANDARD
APIs for hardware acceleration

Defining the roadmap for
low-level silicon interfaces
needed on every platform

Graphics, compute, rich media,
vision, sensor and camera
processing

Rigorous specifications AND
conformance tests for cross-
vendor portability

P

o Acceleration APIs
BY the Industry
FOR the Industry
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Well over a EILLION people use Khronos APIs
Every Day...

KHROS
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Khronos Standards

3D Asset Handling |

- 3D authoring asset interchange %
- 3D asset transmission format ==
with compression &

Visual Computing
- 3D Graphics
- Heterogeneous Parallel Computing C

KHRCONOS

GROUP
Over 100 companies defining royalty-free
APlIs to connect software to silicon

@eboL

We;re a
Favorite
Place

on Google

\_)Cpenvx Acceleration in HTML5

- 3D in browser - no Plug-in
- Heterogeneous computing for JavaScript

Sensor Processing

- Vision Acceleration A A et e e
- Camera Control e T R U R A
- Sensor Fusion
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A
Need for advanced sensors

Mobile Vision Acceleration = New Experiences

and the acceleration to
process them
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Computational Face, Body and 3D Scene/Object Augmented ]
Photography and Gesture Tracking Reconstruction Reality
Videography
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Visual Computing = Graphics PLUS Vision

Enhanced sensor
and vision
capability deepens
the interaction
between real and
virtual worlds

Vision
Processing

ate, R

Graphics
Processing

Real-time GPU Compute

Research project on GPU-accelerated laptop
High-Quality Reflections, Refractions, and Caustics in Augmented
Reality and their Contribution to Visual Coherence
P. Kan, H. Kaufmann, Institute of Software Technology and Interactive
Systems, Vienna University of Technology, Vienna, Austria
https://www.youtube.com/watch?v=i2MEwVZzDaA
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Vision Pipeline Challenges and Opportunities

Growing Camera Diversity Diverse Vision Processors Sensor Proliferation
Capturing color, range Driving for high performance Diverse sensor awareness of
and lightfields and low power the user and surroundings

« Light / Proximity
e 2 cameras

* 3 microphones

» Touch

» Position
- GPS
- WiFi (fingerprint)
- Cellular trilateration
- NFC/Bluetooth Beacons

e Accelerometer

0
. 2 . M
I~

« Camera sensors >20MPix
e Multi-core CPUs

» Programmable GPUs
« DSPs and DSP arrays

» Novel sensor configurations

« Stereo pairs
* Magnetometer

» Plenoptic Arrays

« Active Structured Light » Camera ISPs ) symSCOpjT . Humidit

. « Dedicated vision IP blocks ¢ Pressure / lemp / Humidity
« Active TOF

(EGL.. (EGL,.
Flexible sensor and camera Use best processing available Control/fuse vision data
control to generate for image stream processing - by/with all other sensor data
required image stream with code portability on device
p—
CpenKCam @pen\lxw Streaminput.
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Vision Processing Power Efficiency

« Depth sensors = significant processing
- Generate/use environmental information

« Wearables will need ‘always-on’ vision
- With smaller thermal limit / battery than phones!

« GPUs has x10 CPU imaging power efficiency
- GPUs architected for efficient pixel handling

e Traditional cameras have dedicated hardware
- ISP = Image Signal Processor - on all SOCs today

« SOCs have space for more transistors
- But can’t turn on at same time = Dark Silicon

» Potential for dedicated sensor/vision silicon
- Can trigger full CPU/GPU complex

But how to program specialized processors?
Performance and Functional Portability

N
X100

Power Efficiency

X10

%

Advanced
Sensors

Wearables

Dedicated
Hardware

N
7

Computation Flexibility
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OpenVX - Power Efficient Vision Acceleration

 Out-of-the-Box vision acceleration framework
- Enables low-power, real-time applications
- Targeted at mobile and embedded platforms

e Functional Portability
- Tightly defined specification
- Full conformance tests

« Performance portability across diverse HW

- Higher-level abstraction hides hardware details
- ISPs, Dedicated hardware, DSPs and DSP arrays,
GPUs, Multi-core CPUs ...

- Enables low-power, always-on acceleration
- Can run solely on dedicated vision hardware

- Does not require full SOC CPU/GPU complex to
be powered on

I

‘ Applir:\finn

‘ ‘ Applirnﬁnn

‘ Applir:finn

] Application

‘ @penVX. KHRCONOS.

GGGGG

Vision |
Ac Vision
Ac

T Vision
Ac Vision
Accelerator
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OpenVX Graphs - The Key to Efficiency

« Vision processing directed graphs for power and performance efficiency
- Each Node can be implemented in software or accelerated hardware
- Nodes may be fused by the implementation to eliminate memory transfers
- Processing can be tiled to keep data entirely in local memory/cache

« VXU Utility Library for access to single nodes
- Easy way to start using OpenVX by calling each node independently

- EGLStreams can provide data and event interop with other Khronos APIs
- BUT use of other Khronos APIs are not mandated

I
I I
I I
Native (EGL : : R OpenVX Node OpenVX ‘ | (EGL . S Downstream
Camera | Node Node ‘ | Apphcat_lon
Control | OpenVX Processing
: Node :

Example OpenVX Graph
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OpenVX 1.0 Function Overview

o Core data structures
- Images and Image Pyramids

- Processing Graphs, Kernels, Parameters o
OpenVX Specification

« Image Processing Is Extensible

- Arithmetic, Logical, and statistical operations Khronos maintains extension registry
- Multichannel Color and BitDepth Extraction and Conversion OpenVX 1.0 defines

- 2D Filtering and Morphological operations framework for

- Image Resizing and Warping creating, managing and

. . i h
« Core Computer Vision executing graphs

- Pyramid computation

- Integral Image computation Focused set of widely
- Feature Extraction and Tracking P and used Ll.jpcuonsl thatt Zre
- Histogram Computation and Equalization Widely used extensions | oY AqCEIETALE
. adopted into future
- Canny Edge Detection versions of the core 1
- Harris and FAST Corner detection __ mplementers can add
- Sparse Optical Flow functions as extensions
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Example Graph - Stereo Machine Vision

OpenVX Graph

Stereo \

‘ Rectify with Compute Depth Detect and Object
—>{ Camera 1 | Remap Map track objects > .
CoerVX (User Node) (User Node) coordinates

| A

\\

Stereo Image —
Rectify with - ;
: _>‘ Camera 2 F Remap Pyramid »  Optical
n: OpenVX Flow
r OSpenVX :
P Delay ~ . OpenVX
O : \ o OSpenVX /

Tiling extension enables user nodes (extensions) to also optimally run in local memory

KHROS
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OpenVX and OpenCV are Complementary

Governance

Conformance

Portability

Scope

Efficiency

Use Case

0
O

OpenCV
Community driven open source
with no formal specification

No conformance tests for consistency and
every vendor implements different subset

APIs can vary depending on processor

Very wide
1000s of imaging and vision functions
Multiple camera APIs/interfaces

Memory-based architecture
Each operation reads and writes memory

Rapid experimentation

OOpenVX

Formal specification defined and
implemented by hardware vendors

Full conformance test suite / process
creates a reliable acceleration platform

Hardware abstracted for portability

Tight focus on hardware accelerated
functions for mobile vision
Use external camera API

Graph-based execution
Optimizable computation, data transfer

Production development & deployment
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OpenVX Announcement

- Finalized OpenVX 1.0 specification released October 2014
- www.khronos.org/openvx

 Full conformance test suite and Adopters Program immediately available
- $20K Adopters fee (S15K for members) - working group reviews submitted results
- Test suite exercises graph framework and functionality of each OpenVX 1.0 node
- Approved Conformant implementations can use the OpenVX trademark

« Khronos working on open source sample implementation of OpenVX 1.0
- Expected release on GitHub by end of 2014
wm
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Khronos APIs for Vision Processing

Pervasively available on almost any mobile device or OS

Easy integration into graphics apps - no vision/compute API interop needed
@GL Program in GLSL not C

Limited to acceleration on a single GPU

GPU Compute Shaders (OpenGL 4.X and OpenGL ES 3.1)
GoonGLES

General Purpose Heterogeneous Programming Framework
“5? Flexible, low-level access to any devices with OpenCL compiler
) Single programming and run-time framework for CPUs, GPUs, DSPs, hardware
Open standard for any device or OS - being used as backed by many languages and frameworks
Needs full compiler stack and IEEE precision

Out of the Box Vision Framework - Operators and graph framework library

Can run some or all modes on dedicated hardware - no compiler needed

.( 7 )penvx Higher-level abstraction means easier performance portability to diverse hardware
Graph optimization opens up possibility of low-power, always-on vision acceleration
Fixed set of operators - but can be extended

It is possible to use OpenCL or GLSL to build OpenVX Nodes on programmable devices!
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NVIDIA VisionWorks is Integrating OpenVX

« VisionWorks library contains diverse vision and imaging primitives
- Will leverage OpenVX for optimized primitive execution

- Can extend VisionWorks nodes through GPU-accelerated primitives
 Provided with sample library of fully accelerated pipelines

Object

Classifier

-t ’{Lh-

. B

S ‘. » — !
ag \ b ;e | pr e : T, s "‘.,4
Vision Pipeline Samples W e §h* E R 1 S LY
p p 3rd Party N s y % [llznt . y - S . - S 3 v 3
SLAM Pipelines - . Y N (M W MW USS - T
VisionWorks = -

Object tracking

VisionWorks Primitives Framework

Corner
Detection

Dense optical flow Active Shape Model [ Denoising
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Khronos APIs for Augmented Reality

AR needs not just advanced sensor processing, vision
acceleration, computation and rendering - but also for

~ — ~
penSL ‘Z:J

all these subsystems to work efficiently together | Reﬁlcjlillgng
~
Streamlinput.
MEMS Aol
Sensors pplication
> Is:i';f:; P on CPUs, GPUs
and DSPs | .- A4
$ f‘
(EEL \_):penvx OpenCL
TN Bracic : Vision
) Precision timestamps .
Processing
on all sensor samples
Advanced Camera EGLStream - 3D Rendering and Video
Control and stream stream data > Composition
generation between APIs On GPU
o g——
OpenkCam  (EGL CrenGLES

© Copyright Khronos Group 2014 - Page 16



NOS

KHROS

Summary

« Khronos is building a trio of interoperating APIs for portable / power-efficient
vision and sensor processing

« OpenVX 1.0 specification is now finalized and released
- Full conformance tests and Adopters program immediately available
- Khronos open source sample implementation by end of 2014
- First commercial implementations already close to shipping

« Any company is welcome to join Khronos
to influence the direction of mobile and embedded vision processing!
- $15K annual membership fee for access to all Khronos APl working groups
- Well-defined IP framework protects your IP and conformant implementations

e More Information
- www. khronos.org
- ntrevett®nvidia.com

- @neilt3d K H RON O S

GROUP
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Need for Camera Control APl - OpenKCAM

« Advanced control of ISP and camera subsystem - with cross-platform portability
- Generate sophisticated image stream for advanced imaging & vision apps

« No platform API currently fulfills all developer requirements
- Portable access to growing sensor diversity: e.g. depth sensors and sensor arrays
- Cross sensor synch: e.g. synch of camera and MEMS sensors
- Advanced, high-frequency per-frame burst control of camera/sensor: e.g. ROI
- Multiple input, output re-circulating streams with RAW, Bayer or YUV Processing

Defines control of Sensor, Color Filter Array
Lens, Flash, Focus, Aperture

Auto Exposure (AE)
Auto White Balance (AWB)

Auto Focus (AF) . (EGL -
:\ Image Signal | , Image/Vision
)  Processor (ISP) EGLStreams Applications

Yy OpenKCam
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OpenKCAM is FCAM-based S
« FCAM (2010) Stanford/Nokia, open source malnpc)el

« Capture stream of camera images with precision control Khronos coordinating with
. . . . MIPI on camera control and
- A pipeline that convert§ requests into image st.rgam data formats
- All parameters packed into the requests - no visible state
- Programmer has full control over sensor settings for each frame in stream

» Control over focus and flash

- No hidden daemon running \ FCam
Requests R Image Sensor
® COI‘ItI'OI ISP o - | / Configure
Application Devices | 1 )
- Can access supplemental :::ﬂ\
. . . . Actions| / Expose
statistics from ISP if available 2
/" Readout
» No global state é Metadata 3 )
- State travels with image requests g
- Every pipeline stage may have different state e | g'"’?"gﬁ;—ﬁ.ﬁ?"x
. . . 2 LISTICS ma E‘ f atls I.C5 \ 4
- Enables fast, deterministic state changes \Processing ) | Collection )

vy
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Sensor Industry Fragmentation ...

Openmn@

The standard framework for 3D sensing
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OpenNI 2.0 SDK
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Hillcrest Labs' Freespace® Motion Augments VENTURI Project

- Hillerest's MotionEngine™ Mobile Software Increases Accuracy and Usability of Groundbreaking VENTURIT Augmented Realit

Platform -

- Freespace®-enabled VENTURI Applications to be Demonstrated on ST-Ericsson's NovaThor™ Platform at Mobile World

Congress, February 25-28 in Barcelona -

K o (e

ROCKVILLE, Md. and BARCELONA, Spain, Feb. 21, 2013 PRNewswirel — Hillcrest Labs today announced the integration ofits
Freespace® liotionEngine ™ Mobile motion control software with the VENTURI project, the scientiic project developing a next-
generation augmentsd reality (AR) paradigm. MotionEngine Mobile's responsive and precise motion control enhances the
VENTURI user experience with smoother images, quicker response, and more accurate mafion tracking

"We are commitied to bringing fogether the besttechnology in the industry to move augmented reality from conceptto realit,
and ses Hillcrests Freespace WotionEngine as a ke part of that solution,” said Paul Chippendale ,researcher at the Biuno
Kessler Foundation and coordinator of VENTURI. "Whether exploring virtul reality worlds, enhancing mapping and indoor
navigation, or simply finding the nearest coffee shop, we believe Hillcrests high performance motion technology will enhance
our current data sst o create a pervasive, user-centric AR paradigm

WotionEngine Mobile, which is part of Hillcrest's market-leading Freespace motion productfamily, provides low latency and
high precision motion data, necessitated by AR applications. MotionEngine software increases the usabilty of the VENTURI
platform in real-world evironments, where temperature changes and magnelic interference have rendered ofher AR platiorms
lese reliable. Key features of the MotionEngine include: contextual smoathing for jtter-ree visualization, proprietary calibration
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howcase Moving Augmented Reality Forward 5§ Frecspace ecmlogysanfcantymproves suomeried ey prormance, a we areSemensiring i parinersi v !
Market-Ready Solutions b 4 i N VENTUR,” said Ghiad Lucien, senlor vice president of sales and marketing at Hilcrest Labs. “Our collaboraion with VENTURI  Eillcrest Labs Brings Motion
Y By Chad Lucien, Hillcrest Labs posted Apr 9 2013 9:43 am allows us to work with other thought-leaders in mobile technology, and ensures Hillcrest's highly accurate, drifidree mation Control tolntel's New Set-Top Beg
3 N technology will be a foundational element in the next wave of mabile platforms. Reference Kit
& share This o Twe or 15,2013, 0001 €7 <
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Hillerest Labs Introduces o-Axis
Freespace® Sensor Module
Hov 06, 2012, 00:01 ET

methods to reduce gyro drif, comprenensive automated calibration, and advanced magnetc el interference tracking and P
| reality will change the way we use technology and see the world around us. By USing an arr « S emiproefopengeostiigh S eot-apst gaesiipns, seth uibe b st P ISA A WD A L a0 s ud Pptbif 000 0
to intelligently interpret location, position, and context; augmented reality has the potential tw

ich our experience of the real world with timely and useful information. As our recent j

1ent at MWC showed, Hillcrest is excited to be working with ST-Ericsson and VE
1ext-generation augmented reality (AR) paradigm.
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Jumpstart and explore sensor fusion applications
with new Sensor Hub BoosterPack from Texas

WHAT IS OPENNIZ

Products

as Layar and Coogle Sky Map introduced the public to basic location awarenes:
iogle Glass and Kopin's Golden-i have expanded on the concept. However, per
augmented reality is hard. This blog has discussed some of these challenges be

illenges related to motion - including variable performance of motion sensors d InStru ments

'8, magnetic interference and sensar fusion ms_tahll\ty - require considerable ex SEVen on-board mOtiOn and environmental sSensors Enable
That's why Hillcrest is excited to be collaborating with 5T-Ericsson and VENTUE - - - - e
ders. applications ranging from GPS tracking, home and building

automation, and portable consumer electronics

e

The OpenN| framework is an open sou
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Home » FreelMotion™ Library
FreeMotion™ Library
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Market .
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perceptual computing

PO b 0 BEADNORER 0 40080, 45 D 2 00r A bn P LA 1 s 5

Mar 25 2013 at 9:51am
Intel booth #1016 will be hopping with demos and networking opportunities for GDC.
2013 attendees. What will you find in the booth?

Intel at GDC 2013: HD Graphics, Training Sessions,
and Perceptual Computing

Intel s presenting two fultraining days at GDC dedicated to broadening the
developer experience with sessions devoted to Perceptual Computing and
developing for Utrabook™.

Browse the magazine now »

INTEL SOFTWARE
ADRENALINE }

urate compass heading

s no “figure-8s” required
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Developers
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for MotionTracking

Register and gain accessto...

About Our Embedded MotionApps™ Platform
The Emoedded HolianApps Platform software and fhe companion 8-axis MotionTracking™
devices from InvenSense Druvme a EumD\Ete solution to embedded system developers that

Embedded

MotionApps™

Platform

Processor offload: WotionFusion processing runs
onthe IMUMPU Digital otion Processor (DWP™)
Lowers processing load by as much as 10X, and
reduces O banawidth by Up 1o 3x.

delivers 10-axis
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v announced the Sensor Hub BoosterPack for the Tiva™ C Series {
JESIGN West 2013. This new Sensor Hub BoosterPack (BOOSTXL-

ve, plug-in daughter card that allows ARME Cortex™-M4q MCU 3
ts with up to seven types of motion and environmental sensing }
e BoosterPack and accompanying TivaWare™ software enables P
wumidity, ambient and infrared (IR) light along with temperature and;

ion, orientation and compass). Developers can use the BOOSTXL-
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5 ; ding automation, portable consumer electronics, games and man;
. . . The new app forI0S, ¢ Why Register? Embedded MotionApps — Features and Benefits g 2 P ) & w
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Ultrabook™ at GDC Developer Days &Kindle { invenSense Registered Developers gain access (o our Knowladge Center, calioration and sensor fusion, a board support
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Sensor Data Types

- Raw sensor data
- Acceleration, Magnetic Field, Angular Rates
- Pressure, Ambient Light, Proximity, Temperature, Humidity, RGB light, UV light
- Heart rate, Blood Oxygen Level, Skin Hydration, Breathalyzer

e Fused sensor data
- Orientation (Quaternion or Euler Angles)
- Gravity, Linear Acceleration, Position

« Contextual awareness
- Device Motion: general movement of the device: still, free-fall, ...
- Carry: how the device is being held by a user: in pocket, in hand, ...
- Posture: how the body holding the device is positioned: standing, sitting, step, ...
- Transport: about the environment around the device: in elevator, in car, ...
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Low-level Sensor Abstraction API

Apps request semantic sensor information
StreamlInput defines possible requests, e.g.
Read Physical or Virtual Sensors e.g. “Game Quaternion”
Context detection e.g. “Am | in an elevator?”

e ’-..: .

Apps Need Sophisticated Str m I n -t
Access to Sensor Data ea p u »
Without coding to specific Advanced Sensors Everywhere

sensor hardware Multi-axis motion/position, quaternions,
Sensor Discoverabili context-awareness, gestures, activity

. ?y monitoring, health and environmental sensors
Sensor Code Portability '

Streaminput processing graph provides
optimized sensor data stream
High-value, smart sensor fusion middleware can connect
to apps in a portable way
Apps can gain ‘magical’ situational awareness

© Copyright Khronos Group 2014 - Page 23


http://www.google.com/imgres?imgurl=http://www.1800pocketpc.com/blog/wp-content/uploads/2009/03/cellvibrate.jpg&imgrefurl=http://www.1800pocketpc.com/2009/03/04/vibra-10-command-line-utility-to-vibrate-your-windows-mobile-phone.html&usg=__zXgm6oY3lUCJYgE81gZqjedXQ_Y=&h=180&w=200&sz=10&hl=en&start=1&zoom=1&um=1&itbs=1&tbnid=Qx-j3cJkkyiwjM:&tbnh=94&tbnw=104&prev=/search?q=mobile+phone+vibra&um=1&hl=en&lr=&rls=ig&biw=1208&bih=893&tbm=isch&ei=ZFYATqitAZGTswaW39z7DA
http://www.google.com/imgres?imgurl=http://www.sensorwiki.org/lib/exe/fetch.php/sensors/gyroscope_axes_crop.jpg?w=&h=&cache=cache&imgrefurl=http://www.sensorwiki.org/doku.php/sensors/gyroscope&usg=__3RYmBCLmbQcYOZIIqrDQb-A4zPQ=&h=281&w=435&sz=21&hl=en&start=10&zoom=1&um=1&itbs=1&tbnid=P9Ugo13KjtfNaM:&tbnh=81&tbnw=126&prev=/search?q=gyroscope+mems&um=1&hl=en&sa=X&rls=ig&biw=1208&bih=893&tbm=isch&ei=DKEATpuLJtH5sga3wLzEDQ

	Vision Acceleration�Launch Briefing October 2014
	Khronos Connects Software to Silicon
	Khronos Standards
	Mobile Vision Acceleration = New Experiences
	Visual Computing = Graphics PLUS Vision
	Vision Pipeline Challenges and Opportunities
	Vision Processing Power Efficiency
	OpenVX – Power Efficient Vision Acceleration
	OpenVX Graphs – The Key to Efficiency
	OpenVX 1.0 Function Overview
	Example Graph - Stereo Machine Vision 
	OpenVX and OpenCV are Complementary
	OpenVX Announcement
	Khronos APIs for Vision Processing
	NVIDIA VisionWorks is Integrating OpenVX
	Khronos APIs for Augmented Reality
	Summary
	Background Material
	Need for Camera Control API - OpenKCAM
	OpenKCAM is FCAM-based
	Sensor Industry Fragmentation …
	Sensor Data Types
	Low-level Sensor Abstraction API

