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KHROS

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

Acceleration APIs
BY the Industry
FOR the Industry
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Well over a BILLIONpeople use Khronos APIs
Every Dayé
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Khronos Standards

penGL 3D Asset Handling

- 3D authoring asset interchange
- 3D asset transmission format
with compression

OpenCL

an . .
vy Visual Computing
R - 3D Graphics

@GLIES o - Heterogeneous Parallel Computing

KHRCONOS

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

Camera

Co}ntroIAPI . C\penvx" | @GL

Acceleration in HTML5

- 3D in browser &no Plug-in Fa‘[’a?;iég
i i - Heterogeneous computing for JavaScript on Google
Sensor Processing . o

N I - Vision Acceleration s BT N ’ ¢ ol

g — = - Camera Control £ AR R A
% - - Sensor Fusion ebCL
Streaminput.
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Sensors & Vision Driving Key Mobile Use Cases
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e Computational Natural Ul 3D Scene and Object Augmented Time

O Photography and with Face, Body and Reconstruction Reality
Videography Gesture Tracking
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Vision Pipeline Challenges-and Opportunities

Growing Camera Diversity
Capturing color, range
and lightfields

s, 380NN
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—

A Camera sensors >20MPix

A Novel sensor configurations

(7, 5 A Stereo pairs

OZ A Active Structured Light
E A Active TOF

2 3 A Plenoptic Arrays

required image stream
Camera Control API

O Flexible sensor and camera
control to generate

o g

-

e

Diverse Vision Processors
Driving for high performance
and low power

A Camera ISPs

A Dedicated vision IP blocks
A DSPs and DSP arrays

A Programmable GPUs

A Multi -core CPUs

Use best processing available
for image stream processing 0

with code portability

OSpenVX

Sensor Proliferation
Diverse sensor awareness of
the user and surroundings

A Light / Proximity
2 cameras

™

3 microphones
Touch

To o I

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

Accelerometer
Magnetometer

Gyroscope

Pressure / Temp / Humidity

To o o Do

Control/fuse vision data

by/with all other sensor data

on device
~

Streaminput.

St
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OpenVX o Power Efficient Vision Acceleration

AAcceleration API for real -time vision
- Focus on mobile and embedded systems

AEnable diverse efficient implementations
- From CPUs, through GPUs and DSPs
to dedicated hardware

AFoundational API for vision acceleration
- Can be used by middleware libraries or
by applications directly

AComplementary to OpenCV
- Which is great for prototyping

AKhronos open source sample implementation
- To be released with final specification
- Sample - not reference - spec remains the
definitive definition of OpenVX operation

Application |

0
Dpeg / \

OpenCV open Other higher -level
source library CV libraries

<

OSpenVX . «w RCINOS

)

Open source sample Hardware vendor
implementation iImplementations
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OpenVX Graphs 0 The Key to Efficiency

AVision 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

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

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

| |
| |
. Node I T
vave  (EGL L5 Openvx OpenVx _| Ga e
Camera I N Node Node I >
Control I OpenVX I OpenCL
: Node I ‘ '
|

Heterogeneous
Processing

Example OpenVX Graph

© Copyright Khronos Group 2014 - Page 8



O3S

KHRCON

OpenVX 1.0 Function Overview

A Core data structures
- Images and Image Pyramids
- Processing Graphs, Kernels, Parameters

Almage Processing OpenVX Specification
- Arithmetic, Logical, and statistical operations Evolution
- Multi(_:ha_nnel Color and BitI_Depth Extrgction and Conversion OpenVX 1.0 defines
- 2D Filtering and Morphological operations framework for
- Image Resizing and Warping creating, managing and
. ti h
A Core Computer Vision execUting grapns
- Pyramid computation
- Integral Image computation Focused set of widely
A Feature Extraction and Tracking _——"> used functions that are
. . . . _ readily accelerated
- Histogram Computation and Equalization Widely used extensions
. adopted into future l
B Canny Edge Detection versions of the core
- 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

—p  Camera 1 > Remap > Map » track objects coordinates
User Node User Node
OpenVX ( ‘ ) ( —~ )
Stereo

Rectify with PIT:%? , Compute

— CAMEra 2 —m— Remap — y »  Optical
OOpenVX Flow
OpenVX. '
Delay . OOpenVX

\ —1 cpenvx. — /

Tiling extension enables user nodes (extensions) to also  optimally run in local memory
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OpenVX and OpenCV are Complementary

Governance
Conformance
Portability
w- Scope
00
2z Efficiency

O Use Case
(a4
==
T

0
O

OpenCV
Community driven open source
with no formal specification

No conformance tests for consistency and
every vendor implements different subset

APls can vary dependingon processor

Very wide
1000s of imaging and vision functions
Multiple camera APls/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 Participants and Timeline

AProvisional 1.0 specification released November 2013 for industry feedback
AAiming for specification finalization and conformance tests 3Q14

Altseez is working group chair (the convener of OpenCV)

AQualcomm and TI are specification editors
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OpenCL o Portable Heterogeneous Computing

APortable Heterogeneous programming of diverse compute resources
- Targeting supercomputers -> embedded systems-> mobile devices

AOne code tree can be executed on CPUs, GPUs, DSPs and hardware
- Dynamically interrogate system load and balance work across available processors

AOpenCL = Two APIs and Gbased Kernel language

- Platform Layer API to query, select and initialize compute devices

- Kernel language - Subset of ISO C99 + language extensions
- C Runtime API to build and execute kernels
across multiple devices

S a

OpenCL

OpenCL
Kernel
Code

O
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OpenCL as Foundation: for Parallel' Compute

A100+ tool chains and languages leveraging OpenCL
- Heterogeneous solutions emerging for the most popular programming languages

g ‘ R LN " y ‘ e S‘ i .u 5”"‘ .’]%
(intel) |+ @C Halide \AMDZl1  intel) =22 I
OpencL WebCL A parapi AT UHIVERSITY
C++ AMP SYCL JavaScript Languagefor (| o uage River Trail PyOpenCL Harlan Oe“ACC
Shevlin Park C++ syntax binding for 'mage extensions Language Python High level Compiler
i L processing and . L
Uses Clang compiler initiation of computational for extensions to wrapper language directives for
‘ and LLVM  extensions OpenCL C hotoaraph parallelism JavaScript around for GPU Fortran,
- \ kernels P grapny OpenCL programming C and C++
/

NQ

SPIR

Standard Portable

Intermediate Representation
(extending LLVM for parallel computation)

SPIR 1.2 Released in January 2014

KHROS

OpenCL provides vendor optimized,
cross-platform , cross-vendor access to
heterogeneous compute resources
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OpenVX and OpenCL are Complementary

LN
:‘

£ OOpenVX

OpenCL

General Domain targeted
Use Case : . )
Heterogeneous programming Vision processing
Architecture - LehoregElesse IOETHERE
I needs online compilation - no online compiler required
; A : . Abstracted node and memory model -
Target OExposedOd archit eic : : .
| : - diverse implementations can be optimized
- Hardware can impact performance portability
o for power and performance
Oo .. : . . .
) Precision Full IEEE floating point mandated Mlnlma_l fI_oatmg po_ln_t requirements |
2 optimized for vision operators
Generalpurpose math libraries with Fully implemented vision operators and
Ease of Use S ) |
no built-in vision functions framework o6out of t

It is possible to use OpenCL to build OpenVX Nodes

KHRO
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Need for Camera Control API

AWe have choice of APIs for image and vision image processing
- BUT no open standard API for camera control to FEED these APIS!

ANeed advanced control of ISP and camera subsystem
- Generate sophisticated image stream for advanced imaging & vision apps

ANo system API fulfills all developer requirements
- Advanced, high-frequency burst control of camera and sensor operation
- Portable support for diversity of sensors: e.g. depth sensors and sensor arrays
- Tight system integration: e.g. synch of camera and MEMS sensors

Scope of Camera Control API

3A - Auto Exposure (AE), Auto White Balance (AWB), Auto Focus ( AF)
‘1, Lens, sensor, aperture control

Ta

OpencCL

RGB/YU —
Post-processin Image/Visio
P 9 Applications

OOOOOOOOOOOO

Bayer
Pre-processing

Image Signal
Processor (ISP)

Array
Lens, Flash, Focus, Aperture
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