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* OpenCV for Embedded Vision Algorithm Development

 Vision Algorithm Optimization on a Processor
 Vision Algorithm Acceleration using ASIPs
« A Case Study: Canny Edge Detection

 Summary
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Requirements
— Sophisticated and Diverse DSP algorithms

— Specialized 1/O: cameras, lighting, stereo
— High Performance, Low Power and Programmability!
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£ Welcome - OpenCV Wiki

L C [7 opencv.willowgarage.com/wik

OpenCV Qverview:

> 500 functions

opencv. willowgarage.com

ﬁ E General Image Processing Functions |

‘ -‘ Segmentatlon

l.a.g

u.4.u"'
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 Very rich library with >500 algorithms
for Computer Vision

» BSD-style open source license

» Used widely for computer vision

applications

Data Structures

Learning:
+Detection,
* Recognition

« Difficult to implement in Embedded

Applications

o Requires C++ compiler
o Optimized for IA32 + high-end

GPU, not for embedded RISC or
DSP

o Requires Floating Point

» Difficult to meet performance and

power requirements
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Vision Applications on Processors ISIVN

A

Instruction
Fusion

Performance and Power Efficiency

Highly Specialized
Instructions

Custom Registers
and memories

Typically 10-100X performance
compared to RISC

* Specialized instructions

« filter operations
Avoid memory bottlenecks by storing

Typically 3-10X performance « sum-of-absolute-differences
compared to RISC
RISC / DSP P :
intermediate data in special registers

or local scratchpad memories.

>
General General purpose ASIP
purpose For highly data-parallel Optimized for applications / application
applications domains
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Vision Algorithm-level Optimizations VISION
SUMIVITT

* Pick and choose the algorithmic elements to fit
the characteristics of a given application
— Understand the fundamental of algorithms
— Understand the requirement of the applications
— Match the algorithms to applications

* Program level optimization, e.qg.,
— Replace 2D separable filter with two 1D filters

— Adapt floating point operations to fixed point
operations

— Loop unrolling / folding
— Memory alignment and reduction
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Vision Acceleration Utilizing Parallelism VISION

Operation Data Level | Pipeline Level
Level Parallelism | Parallelism

Parallelism

il
Crvseo

: : Very Long Instruction Word (VLIW
Applicaton specific ~ >Indle Instruction . S
Instructions Multiple: Data Programmable Accelerator

*

Configuration Configuration Configurationl Configuration3 = Configuration4

HW Function
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Vision Acceleration Flow using ASIP VISION
SUMMIT

-
« Compile, run and analyze OpenCV-based A'gomhﬁj
OpenCV based algorithmona . _______J [-_____
Design Kit '

embedded Processor Shared register file

« Move time critical code from for development.

Design Kit
. Abstract from
software into hardware by Processor communication

V. details first.

— Add necessary registers or

local memories

|
|
. . . s Instruction-set +
—_— / |
Add acce.leratlon. Instructions R ' | resources of
— Call new instructions from the nstructions | 1 | &cceleration
Software Al qo rith m : processor.
|
— Run and test the modified : :
. BUS . Accegs external
algorithm :< y bus directly from
: : acceleration
: B 1| instructions.
1 |
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A Case Study: Canny Edge Detection VISION

Canny Edge Detection: Robust Edge Detection in Greyscale Image

Example Applications in Vision:

-

Lane detection Iris-scan — iris detection

(a) (b) (c) (d)

(e) ® (2)

(h)
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Canny Edge Detection: the Algorithm VISION

JIVIIV

Gaussian Blur
/ Apply two-dimensional Gauss filter: —[ ]

Gradient Computation

and

Apply Sobel Operators: [

and compute magnitude and sector: ;.

Non-maximum Suppression
N~ Only retain pixels with highest gradient.
E!; Mark: - “Maybe is edge” O
- “Certainly is edge” W
\ Thresholding

Trace along the @-pixels
- staring from [l-pixels
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ASIP: Pipelined Exe_cution of &SR
Canny Edge Detection s

»]@

One Canny Instruction activates 9
operations in 6 stages.

Assembly code for the ASIP:

loadPixels8 po, [rl], r3 Load 8-lines of pixel data at address r1 with stride r3 in p0
loadPixels8 pl1, [r1,8], r3 Load 8-lines of pixel data at address rl + 8 with stride r3 in p1
loadPixels6 p4, [r2], r3 Load 2-lines of pixel data at address r2 with stride r3 in p4
loadPixels6 p5, [r2,8], r3 Load 2-lines of pixel data at address r2 + 9 with stride r3 in p4

CannyNonMax p3, ( p9, pl, p4, p5 ) Performs all on 16x16 image in p0,p1,p4,p5 and store in p3

© Synopsys 2012 11 SYNOPSYS ZQ:



Results for Canny Edge

A

Instruction

Detection

Highly Specialized
Instructions

Custom Registers

ASIP example:

1.4-3.4 Cycles/Pixel

~

and memories

Fusion

Performance and Power Efficiency

227 Cycles/Pixel

OpenCV-based on RISC processorJ

Optimized VLIB on TMS320C64x:
14-17 Cycles/Pixel

3 Texas
*y INSTRUMENTS Eé?..’?ii"""w”“’:.f’

Canny Edge Detection Implementation on
TMS320C64x/64x+ Using VLIB

¥ Santha Kumar

This apphcation note contains etnuctions for mramr q.ummmmmgvua
The general ideas given hore can ko b applied for an applcalion which

funcions In a biodk-ased manner.
Contusts
1 weucin 2

General General purpose
purpose For highly data-parallel
applications
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ASIP

Optimized for applications /
application domains
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embedded
Summary VISION

JIVIIV

 OpenCV library is a good starting point for embedded
vision algorithm development

* Further optimization and acceleration are required for
Implementation of the vision algorithm on an embedded
processor

« Application specific instruction-set processors (ASIPs) can
achieve the balance between performance, complexity,
and power

« Structured Design Methodology and Tools for ASIPs
simplify the design effort

© Synopsys 2012 13 SYNoPSYs 25



