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Embedded Vision Processor

CNN acceleration engine

Programming tools: OpenCV, OpenVX, C/C++
Reference applications and libraries

Speed sign detection demo

Summary
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Embedded Vision

* Innovation in computer vision accelerated by availability of
high-performance processing at lower costs

—General-purpose processors (GPPs) and
General-purpose graphics processing units (GP-GPU)

* New era of “Embedded Vision” =
Computer Vision on Embedded Systems

—Low-cost, low-power products

—But with high vision-oriented
computation capabilities

—Targeted to wide range of
applications in consumer,
security, industrial, automotive
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Embedded Vision is Coming Fast
Estimated $300B+ Market in 2020, 35% CAGR

... in cars to improve safety Vision Systems Shipments
350

* ... in cameras for detection 300

and tracking -

* ... in game consoles for a
better interactive experience

200

150

Billions of Dollars

»Driven by specialized 100
processors that offer high 50
vision processing at much .
lower power and cost levels 2013 2014 2015 2016 2017 2018 2019 2020
Sources: ABI Research, Insight Media, Transparency
Market Research, Markets And Markets, Synopsys
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Vision Pipeline Example
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Target Embedded Vision Applications

Security/ Gesture Object Detection
Surveillance Recognition IR & Classification
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— ke ' Home

' ﬁ Automation

i detection,
i classification

Facial Recognition

Car Infotainment

[ sky

- \ -
Video uilf‘ﬂ&;
e

Games | 3
L Scene classification
o / o\ /

© 2015 Synopsys, Inc. 6 SY"UPSYS

29/06/15



DesignWare EV5x Processor

5X the Power Efficiency of Existing Vision Solutions

* Multicore architecture optimized

MetaWare for vision pr in
OpenCV, OpenVX Development of vision processing
libraries and API Tools — Dual-core (EV52) and quad-core (EV54)
\_ CPU based on latest ARCv2 ISA
{} {} — Object detection engine implementing
convolutional neural network (CNN)
EV5x Processor e
+ Flexibility of software-based
ol " solutions with the performance
Memory and power efficiency of dedicated
oo
32-Bit 32-Bit|
retee A + >1000 GOPS/W - 5X better power
efficiency than existing vision
< AXIl Interconnect > solutions
o J

PE - Processing Element

* OpenCV and OpenVX software

programming environments speed
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High Performance Multicore ARC CPU

Based on Proven ARCv2 Instruction Set Architecture

ARC CPU
32-bit 32-bit
Core Core
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oo race

l Cache Coherency Unit l
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MAC &
SIMD
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plier

AL

Divider

10-stage pipeline

Instruction
Cache

Data
Cache

Instruction
ccm

0 Licensable Option

» Each 32-bit ARC HS core incorporates
— ARCv2 High-speed 10-stage pipeline

— Support for up to 64KB | & D cache and 16MB
closely coupled data memory

IEEE 754-compliant floating point unit

— Support for custom instructions that enable
integration of user-defined H/W accelerators

» Power-efficient design optimized for high-end
embedded
— Out-of-order instruction retirement
64-bit load-double/store-double
— 64-bit multiply, multiply-accumulate
— Hardware integer divider
Native AXI, AHB-Lite, BVCI interfaces

» Dual (EV52) and quad (EV54) core
configurations
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Acceleration of Vision Processing
Fast and Accurate Object Detection Based on CNN

Object Detection Engine * CNN = Convolutional Neural Network
< > — Deep learning approach for high-quality and
ﬁ ﬁ ﬁ high-accuracy object detection
’ PE1* ‘ ’ PE3 | | PE4 ‘ — Attempt to replicate how our brains see
ﬁ ﬁ ﬁ — Outperforms other algorithms such as Viola-
Jones, HOG, SIFT, SURF
Reconfigurable Streaming
Interconnect + EV Processor’s Object Detection Engine
ﬁ ﬁ ﬁ — Runs CNN executable
’ PE2 ‘ ’ PE4 ‘ ’ PES ‘ — Design-time configurable with up to 8 processing
U U U elements (PEs) and interconnect
< > — Dynamically reconfigurable streaming
Frm interconnection network to support different CNN
DMA M
em graphs
ﬁ — Can be trained to recognize any object
< Subsystem (AXI, 64bit) >
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CNN: Motivations and Benefits

 Convolution Neural Networks

—Deep learning based approach for
high-quality object detection

—CNNs attempt to replicate how
biological systems see

—Recognizes visual patterns directly
from pixel images with minimal
pre-processing

—CNNs can recognize patterns with
extreme variability

—Robustness to distortions and simple image sourte:
geometric transformations Ot Sl loaming Secpmaight doomar
(esonance /

—OQutperforms classical vision
algorithms since 2012
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CNN for a Wide Range of
Vision Applications

* Image classification, search similar images
* Object detection, classification & localization

—Any type of object(s), depending on training phase
* Face recognition
* Scene recognition and labelling,

semantic segmentation

—Sky, mountain, road, tree, building, ...
* Visual attention
* Facial expression recognition
» Gesture recognition / hand tracking
* Recent advocates

—Nvidia, Microsoft, Google, Baidu, Adobe, Yahoo ...
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How CNN Works (Once Trained)

Input image Layer 1 Layer 2 Layer 3 Fully
Low level feature extraction Mid-level features High-level connected
Pooling & down sampling Partially connected features classification
» Multiple feature extraction layers
— Progressive refinement process
— Each successive layer extracts more complex features (higher level)
* Last layer performs classification
» Same computation (neuron) replicated multiple times
© 2015 Synopsys, Inc. 12 SY"UPSYS
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Moving CNN to Embedded Systems

» Graph Complexity
—Number of layers

(depth)

—Size of the convolutions

filters

—Number of connections
between the layers

Layer 1 Layer 2 Layer 3 Layer 4

Input

AV

e > f

=le
o fw
o |w

= B

Filter Feature

n maP

Compute requirements
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Implementation Comparisons

« Starting point:
—~10 million faces/non-faces generated from over
200 Hollywood and Bollywood full length movies

—Trained CNN to detect faces in those movies

Metric GPU-based Embedded
CNN graph version
Weight Space 400 MB 0.5 MB
*Cv: Convolution layers
Layers 10 5 (partially connected)
(7 Cv+3 FC)* (3 Cv+2 FC)* FC: Fully connected layers
Compute 200x 1x
Bandwidth 400x 1x
F1-Score .96 91
Accuracy .99 .98
VGA @30 fps 4800 GOPS 24 GOPS
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Detection Accuracy for Face Detection
- FDDB: F Detection Dat |
Setand Benchmark I
* Results shown for embedded 1 ”/ %
.

small & fixed point graph

* Localization can be improved
with pre/post processing
— Impacts F-1 accuracy scores
— Not done here

Type Accuracy | F-1

Best (CascadeCNN) 0.993 [0.91
Top 20 average 0.84
Embedded - 40% overlap 0.84
Embedded - 50% overlap 0.986 |0.82
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EV5x Programming Model

User-defined CNN
kernels (C/C++) kernels
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EV5x Programming Tools

High-level 0 Oout 0O
API e O

OpenCV OpenCV

Image Pyramid ‘ CNN Face Detect ‘ ‘ User defined node

Ope;‘VX API

-

Out

(@) O — Voo
penVX " IRPCtoCNN | .
standard kernel . engine K

OpenVX graph
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Easy Integration into Customer SoC

OpenCV, MetaWare Virtual
OpenVX libraries Development E> Platform
and API Tools

EV5x Processor
ARC CPU Shared Object Detection

3E 1
e
’> Reference

<1 AXIl Interconnect .
N 14 Designs

+ Designed for use with a host processor
— Portion of EV processor memory space visible to host
— Host and EV processor synchronization through message passing

« Virtual platform models available for early software development
* HAPS® FPGA platform support for prototyping
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Libraries & Reference Applications

* Ported to EV Processor:

— OpenCYV library of functions for vision 0 Openvx

— OpenVX standard kernel library OpenCV

* Object detection demonstrators
—Speed sign
—HD at 21 fps, 1 scale
—Face detection
—HD at 30 fps, 4 scales
* Video surveillance reference app
—Face detection and tracking
—VGA at 30 fps

© 2015 Synopsys, Inc. 19 SY"UPSYS"

Mapping Face Tracker with CNN to
EV5x Processor

* Face tracker application, 30 images, single face tracking
» Computation requirements for Face Tracker with CNN

0.5 GOPS
(was 1.5 GOPS for KLT tracker)

0.4

Context

0.0003 GOPS 1

Learning

T gl Trocker 1 l

Image A !

: 1

Greyscale AT 7 - 1 1
Conversion ld Detection Non-max |
1

Integral Cascade Suppression [l
Image (x2) 1

(reduced from 4.5 GOPS m
due to CNN filtering)

RISC scalar: 2.7 GOPS for VGA @ 30 fps
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Summary: DesignWare®©
Embedded Vision Processor

Integrated HW & SW Solution with Programmable Vision Accelerator

» Supports range of vision applications:

@ Embedded Vision security, gesture recognition, object
[ ‘D‘%@C‘D @ Libraries & Tools Y 9 9 ’ )

detection
2 « Vision accelerator : >1000 GOPS/W
ARC CPU ObIegn[;ie:‘zcm" delivers 5X better power efficiency

32-Bit

28| |32 » DesignWare®© EV processor with vision

RISC E+E H accelerator enables high-performance
rebeef- . 4]

s2.8it parallel processing

RISC

32-Bit
RISC

» Comprehensive software programming
environment speeds application SW
AXIl Interconnect > development

A
HIE
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