reV/IS|C

Responsive and Reconflgurab

& XILINX

ALL PROGRAMMABLE..

OpenCV on Zynq — Deep Dive :
Embedded Vision Acceleration with xfOpenCV

M E &b DSP Specialist
Mar 13, 2018




reVISION

Stack

Vision Acceleration

Openvxm C affe Frameworks

CNN

GoogLeNet
SSD
FCN ...

Libraries and Tools

SDSoC™

Environment

Development Kits

© Copyright 2017 Xilinx & XILINX » ALL PROGRAMMABLE.



Agenda

» Why Zyng SoCs for Traditional Computer Vision

» xfOpencv design flow quick review

» Revision Package installation & run example design
» xfOpencyv Library API

» Labl — Soble filter

» Lab2 — Add dilation and erosion after Soble filter

» Summary

© Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB |_E



Why Opencv with Xilinx
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Opencv Needs Acceleration in Embedded

> Typical ARM Cortex-A53

Typical Requirement > 30 FPS

Harris Corner
Stereo Depth Map

Dense Optical Flow

2.4 FPS
2.1 FPS
0.1 FPS

OpenCV dominates development.
100 An astonishing 89% of developers report it as
899% one of their top-three computer vision libraries
or APIs. OpenCV 3.0 adds functionality (e.g.,
deep leamning), which is likely responsible for
some of its increase in popularity.
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OpenCV OpenGL OpenVX FastCV Other

Source: Embedded Vision Alliance,
Embedded Vision Developer Survey, January 2017
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Zynq Offer Superior Performance, Latency

<10

ms latency

Real Time
Applications
Latency

Xilinx
Benchmark

42X

Frames/sec/watt

Computer
Vision

©)

Xilinx
Benchmark

CV::
StereoLBM
@1080p

CV::
LK Dense
Optical Flow

@720p

*« eGPU =nVidia Tegra X1 using VisionWorks for StereoLBM and Opencv4Tegra for OpticalFlow
* All benchmarks utilize as much resources as possible on GPU (~99%) and programmable logic (~70%)

eGPU*

Frames/s 700 296 43
Power (W) 4.8 3.3 7.9
Frames/s/watt 145.8 89.7 5.4
inczus | xiimeus | ecput
Frames/s 170 73 7
Power (W) 4.8 3.3 7.9
Frames/s/watt 35.4 22.1 0.9
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Zynqg Offers the Most Efficient cv Acceleration

» Application
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Zynq Offer Superior Performance, Latency
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Why So Good? Efficient Window-based Streaming cv
increases Performance

ARM/eGPU Traditional Data Streaming Lowers Latency

= < Rectify
(€0 StereoBM (€0 StereoBM
Camera Camera .

Rectify

xfOpencyv Library

Rectify

Remap
ereo

» xfOpencv directly infers pipelining functions from one to the next, avoiding
frame buffers and external memory
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xfOpencv design flow quick review
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Opencv Support with Automatic HW Acceleration

Cross-compile Opencv Profile and identify Minimal changes to the Run on a Zynq board
application to Zynq bottleneck functions code and set functions to
(ARM A9/A53) hardware.
Compile using SDSoC
HW functions
0 Time %] v ] e MName Clock Frequency (MHz)
co 4504 ms (100 %) stereoRectify 300
OpenCV 4aabms (o0 stereolBM 300
4370 ms (97,1 %)
B :omse71%
] 3474 ms (77,2 %)
main () { ] 3473 ms 77,2 % main () {
) o ] 3471 ms (77,2% . i
CV: :.1lmrea ; - CV: :.1lmrea H
! _ A2 me (75,8% !
cv: :stereoRectify (A,B,C,p) _ 2597 ms (57,7 % xF:stereoRectify<line>(A,B,C,D) ;
cv: :stereolBM(C,D,out) ; [ ] 2274 ms (30,5 %) xF:stereoLBM<win,n disp>(C,D,out) ;
cv: :imshow (out) ; . 133ims #iN cv: :imshow (out) ;
e 1895 ms 42,1 %
J [ ] 1782 ms (39,6 % )
] 1593 ms (354 %)
[ ] 1567 ms (34,6 %)
[ 1444 ms (321%
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xfOpencv: 50+ Most Needed Opencv Functions

Basic Functionality

Geometric Transforms

Image Processing and Feature Detection and

3D Reconstruction

Motion Analysis and
Tracking

Absolute difference
Accumulate
Accumulate squared

Accumulate weighted
Arithmetic addition

Arithmetic subtraction
Bitwise: AND, OR, XOR, NOT
Pixel-wise multiplication
Channel combine

Channel extract

Color convert

Convert bit depth

Table lookup

Page 12

Scale/Resize
StereoRectify
Warp Affine

Warp Perspective

Remap

Filters Classifiers
Box Canny edge detection
Gaussian Fast corner
Median SVM (binary)
Sobel Harris corner

Histogram of Oriented
Gradients (HOG)

Custom convolution
Equalize Histogram
Dilate

Erode

Bilateral

OTSU Thresholding
Thresholding
Image pyramid
Color Detection
Integral image
Gradient Magnitude
Histogram

Gradient Phase

Min/Max Location

Mean & Standard Deviation

© Copyright 2017 Xilinx

StereoLBM

Mean Shift Tracking (MST)
LK Dense Optical Flow
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Revision Package installation & run example design
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Revision Package

oHe oj7| B0l

b=

28% Ot= T = CWtempWzeul02-es2-rv-ss-2017-4.zip = B R
24 A2k 00:04:23 HH 32 4091 M
e A2k 00:10:59 =0 4542 KB/
M- 40420 M 1166 M
s FE: 7% or=E 37| 433 M
SEEE
zeu102_es? rv_ssWewWsysroot Pusrilib Wstrace Wptest PestsWW
strace test

LAERR | | 2 2

[ w2zaz@ | |

CHat E0H 0/0] THE 0| EMELICH

ZMatl= e S
E:Mftempittzcul 02-es2rv-s5-201 74 W2cu 102 _es
ss'itawisysroot Musrilib YW strace Wptest tests W
stracet test

333 HIDIE
=ETH R 2017-09-30 04:50:55

OA=2 G2 S SLTE

z2cu102_es2 rv_ssWewWsysroot Wusrlib Wstrace Wptest Wests W
strace-T test

117 0| E

ZHEE S 2017-09-30 04:50:56

oM || 2EHe ]Em%egcn%mlmmﬂ

EET R EELRET) 2 &

E'II'EE _C =...

> xfOpencyv library

ALCAp AP File JEE

— Download from Github, htips://github.com/Xilinx/xfopencv

Page 14
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https://www.xilinx.com/products/design-tools/embedded-vision-zone.html#design
http://www.wiki.xilinx.com/reVISION+Getting+Started+Guide
https://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_4/ug1233-xilinx-opencv-user-guide.pdf
https://github.com/Xilinx/xfopencv

Getting Started

» Prerequisites

— Install SDx
— Download zcul02 [es2]rv_ss
— Before launching SDx

+ IMPORTANT: Before starting S0, set the SYSROOT environment variable to point to the Linux root file
system delivered with the EV platform, for example:

Linus:
export SYSROOT=<local =/zcul (Z_[es2_]rv_s=/sw/sysront

Windows -
Start —=Control Pane |-=Systemn—=bdvanced—=Env ironment Yariables
Create enviromnment variable SYSPOOT with walue <local #ftzcul (P_[es? ] rv_ssiswitsvsroot

- The very first time you do this for a new workspace, you must hit Add Custom Platform..., and
browse to ./zcul02_[es2 ]rv_ss, hit OK, note that "zcul02_[es2_ ]rv_ss (custom)" now appears in

the Name column. .
Page 15 ©Copyright 2017 Xilinx (A XILINX ) ALI_ PROG RAM MAB LEW



NN
Using reVISION Samples on the reVISION Platform

Platform

Choose a platform for your project

Templates

Select a template to create your project.

Available Templates:

Platforms (5 Filter

Find: &7 gaussian - File I/O
Find: /i cvtcolor-NV122IYUV - File /O o | | gaussian filter

cvtcolor-MyV122RGBA - File /O

. . evtcelor-NV122YUW4 - File /O

Name Board  Family  Par Version Vendor  Flow evtcolor-NV212IVUV - File /O
1. cvteolor-NY212RGBA - File /O

@ zc702 2702 7yng xc72020 10 xilinxcom  SDSoC cvtcolor-NVZ12YUV4 - File /O

@ zc706 €706 zyng XC72045 10 wlink.com  SDSoC cvicolor-RGBAZIVUV - File /O

- cvtcolor-RGBAZMY1Z - File /O

zeut o 700102 zynquplus  xczudeq 10 xilink.com  SDSaC cvtcolor-RGBA2NV21 - File VO

- o cvtcolor-RGBAZYUVA - File I/O

& zcu102_es2 v _ss [custom] ]zculﬂE zynquplus  xczudeg 10 xilinx 5D5oC cvtcolor-UYVY2IYUV - File /O
280 ed  yng xc72020 10 xilinccom  SDSaC evtcolor-UYVY2NV12 - File /O

cvtcolor-UYVY2ZRGEA - File I/'O
evtcolor-YUYW2IYUW - File 1/0

ovtcolor-YUYW2ZMW12 - File /O
evtcolor-YUYW2RGBA - File /O
dilation - File /'O

» Select revision platform erosion - File 10 a
Fast - File /'O
» Choose example design eesmteence - e U0 ‘ ‘

© Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB |_E

Page 16



Using the xfOpencv library

Folder Details
include Contains the header files required by the library.
) I n CI u d e h ead e r fi I e i n SO u rce COd e include fcommon ssal;Lr;sstg:LicgcrllrfhlI:il:'r:]rl?;_infraslructure headers, such
include/fcore Contains the core library functionality headers, such as the

math functions.

include/features Contains the feature extraction kernel function definitions.
For example, Harras.

include/imgproc Contains all the kernel function definitions, except the ones
available inthe £eatures folder.

examples Contains the sample test bench code to fadilitate running
unit tests. The examples / folder contains the folders
with algorithm names. Each algorithm folder contains host
files, . Json file, and dat a folder. For more details on
how to use the xfOpenCV library, see xfOpenCV Kernel on
the reVISION Platform.

» Include whole libraries in SDx project creation

e Limaries
“ru cw ket mevdakde bbewny reparsmeny Frans Tmstell ko s riall o Wernn o or Upeen oo chark Far B st upednin,
Euieviphie friia Watisiei will bet sutidiblic i tsiaalites ndei Civalgri o fiigmit
et | Denadt
Mires Kl xHgasl Y Liw sy
4 b Opanly Libines Dok tod
Cnatern  CoAbamevarroy A b (0E 1 atopmany "
Deirrghionn The dfOpeTV By i 3 000 of W+ knetll opfinaied for e FPGA: wed Soln, Mad on
For Ogane compainy wron iemey, Tha tr el ot f0pan iy ibrwy mir optereed wed
gt ik g Sre St Tascd st
L il e LTy b g gerecs gt
Pabsash, = | e e e i 11 ST L R O ]

Page 17 © Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB LEW



Using the xfOpencv Library on a non-reVISION Platform

» Generate empty project

» Add required libs = recommend libs in revision package
» Add sources (coding or importing)

» Setup Build settings

— Add directories
— Add libs(linker)
— Add lib search paths(linker)

» Define HW functions
> Build
» Runs SD_Card image (project/Debug(Release)/sd_card)
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xfOpencv Library API
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Xf::Mat Image Container Class —UG1233

f* Template class of Matc *=/
tenmplate<int T, int RONWS, int COLS, int HPC>
[Flcla==s Mat {

public:
unsigned char allocatedFlag: //flag to mark memory allocation in this class
int rows, cols,size:; S actual image size

[Sl#ifndef  SYNTHESIS
KF TNAME (T ,NPFC) *data:

felse

¥F TNAME (T ,NPC) data[ROWS* (COLS>> (XF BITSHIFT(NPC)))}]:
F#endif

HMat () : ff default constcructor

Mat (int rows, int _cols);

Mat (int =ize, int _rows2, int _cols):;
Mat (int rows, int _cols, wvoid * _data):;
~Mat ()

f/ copy constructor
Mat (con=st Mathk =rc)

Ed {

S fhz=zignment operator
Mat& operator={const Matk =rc)

Ex {

vold init({int rows, int cols):;
vold copyTo({void* fromData) ;
unsigned char* copyFrom{) ;

template<int DST T
volid convertTo(Mat<DST T,RCOWS, COLS, NPC»> &dst, int otype, doukble alpha=!, double beta=0});

Page 20 © Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB LETM



BN
Xf::Mat Class Parameter Descriptions — UG1233

Table 4: xf::Mat Class Parameter Descriptions

Parameter Description
rows The number of rows in the image or height of the image.
cols The number of columns in the image or width of the image.
size The number of words stored in the data member. The value is calculated using
rows*cols/(number of pixels packed per word).
*data The pointer to the words that store the pixels of the image.
16
< WIDTH >
A
HEIGHT
8
\4
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Xf::Mat Member Function Descriptions — UG1233

Table 5: xf::Mat Member Function Descriptions

Member Functions Description
Mat() This default constructor initializes the Mat object sizes, using the template parameters ROWS
and COLS.
Mat({int _rows, int _cols) This constructor initializes the Mat object using arguments _rows and _cols.

Mat(const xf::Mat &_src) This constructor helps clone a Mat object to another. New memoaory will be allocated for the
newly created constructor.

Mat{int _rows, int _cols, This constructor initializes the Mat object using arguments _rows, _cols, and _data. The *data
void *_data) member of the Mat object points to the memory allocated for _data argument, when this
constructor is used. No new memory is allocated for the *data member,

convertTo(Mat<DST_T,ROW | Refer to xf::convertTo
S, COLS, NPC> &dst, int
otype, double alpha=1,
double beta=0)

copyTo(* fromData) Copies the data from Data pointer into physically contiguous memory allocated inside the
constructor.

copyFrom() Returns the pointer to the first location of the *data member.

~Mat() This is a default destructor of the Mat object.

Page 22 © Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB LEW



Xf::Mat Template Parameter Descriptions — UG1233

Table 6: xf.::Mat Template Parameter Descriptions

Parameters Description
TYPE Type of the pixel data. For example, XF_BUCT stands for 8-bit unsigned and one channel pixel.
More types can be found in include /commen/xf_params.h.
HEIGHT Maximum height of an image.
WIDTH Maximum width of an image.
NPC The number of pixels to be packed per word. For instance, XF_MFPCT for 1 pixel per word; and

KF_MPPCE for 8 pixels per word,

> Pixel Type

Table 8: xf::Mat Class - Available Data Types

Option Number of blts per ”“s'g';;f‘;i:i“”f Number of Channels
XF_8UCT i Unsigned 1
®F_16UCT i6 Unsigned i
XF_16501 16 Signed 1
KF_3Z2UC 32 Unsigned 1
KF_32ZFC1 32 Float 1
XF_325C1 32 Signed 1
XF_BUCZ B Unsigned 2
XF_8UC4 8 Unsigned -
HE 207 2 Unsigned 1
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Xf::Mat Template Parameter for Parallelism — UG1233

» Pixel-level Parallelism
Table 7: Options Available for Specifying the Level of Parallelism

Option Description
XF_NPPCI Process 1 pixel per clock cycle
XF_NPPC2 Process 2 pixels per clock cycle
XF_NPPC4 7t5 XF_NPPCE Process 8 pixels per clock cycle

» Macro to Work with Parallelism

o The XF_NPIXPERCYCLE(| flags ) macro resolves to the number of pixels processed per
cycle.

. XF_NPIXPERCYCLE(XF_NFFPC1) resolvestol
. ¥XF_NPIXFERCYCLE(XF_NFFCZ) resolves to 2
. XF_NPIXPFERCYCLE(XF_NFPCE) resolvesto 8

o The XF_BITSHIFTI flags ) macro resolves to the number of times to shift the image size to
right to arrive at the final data transfer size for parallel processing.

. XF_BITSHIFT(XF_NFFC1) resolvesto O
. XF_BITBHIFTI(XF_NPPCZ) resolvesto 1

. X¥XF_BITEHIFTI(XF_NPFPCZ) resolvesto 3

Page 24 © Copyright 2017 Xilinx 8 XILINX ) ALI_ PROG RAM MAB LEW



Additional Utility Functions for Software — UG1233
> xf:iimread
> xfrimwrite
> xf::absDiff

» xf::convertTo
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Lab1l — Soble filter
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Overall Code Flow

#include <stdio.h>
#include <stdlib.h>

#include
#include

"%f headers.h"
"xf sobel config.h"

Blint main({int argc, char** argv){
if(argc 1= 2)

=

{

char in[100];

/
/
{

Standard OpenCV Rerference ///// /0077007000070 0707777

image object define

!
{

image read

/
{

Parameter setup

v
{

create memory for output image

/
{

CV function call

/
{

Cutput image write

!
/
{

Xilinx openCV //// /1117000000000 00000000007 HE iy

image object define

v
{

image read

/
{

¥ilinx OpenCvV function call

!
{

Ccutput image write

/
{

Check correctness /[/// /7777000070000 70 0000000000070 70707

return return value;

© Copyright 2017 Xilinx

» Object Definition
—cv::Mat() / xf::Mat<T>()

» Image Read

—cv::imread() / xf::imread()
» Parameter Setup

> cv function call
—cv::Sobel() / xf::Sobel<T>()

» Output image Write

—cv::imwrite() / xf::imwrite()
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@S @ [devfttyUSBO - PuTTY

done.
Starting system message bus: dbus.

Starting Dropbear SSH server: Generating key, this may take a while...

Public key portion 1is:

ssh-rsa AAAAB3NzaClyc2EAAAADAQABAAABAQCDNDM1SMTETZz5csGMu+pLZASOYHrQkhmIpY9gD1SH(
/EqbAGGsHp1iSfhbpzcrb@bDoQnMKEqTXS rYZyPMCBr fNcpPHE+BREbUD L jXVsPhLFbUIVjuHlvxyA7D
L1peSV3jPURJIZbULIMHcCmbhBIL7X7UxDgmwhZhi8nXf3NeVB8DkobacUwyY39eIlzeEdW7 rzBtstYXF(
ySIppmweFPhfHX70UiBNPbre80cQBENSS5eupi9iCD/X86uhDpftévdIwPGFeFMuntYJ6JsdzQ1lmBU3kh
17q]2WBN/9vvq5Zybw++ovhHBOTWLkialASaWopol8zBXYbAdVwlyMe+jyDp root@zcul®2_base_ti
d

Fingerprint: md5 38:ed:13:8b:51:89:5f:3c:4c:14:fe:87:55:5f:23:ab
dropbear.

Starting syslogd/klogd: done

Starting tcf-agent: OK

Setting console loglevel to @

/binfautologin: line 1: -e: command not found

root@zcul®2 base trd:~# cd /media/card

root@zcull2 base trd:/media/card# ls

BOOT.BIN image.ub

README . txt im@.jpg webinar_labl.elf
root@zcule2_base_trd:/media/card# ./webinar_labl.elf im@.jpg
Test Passed

root@zculB? base trd:/media/card#

Run in HW

© Copyright 2017 Xilinx
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Lab2 — Add dilation and erosion after Soble filter
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Assign xfOpenCV functions in HW

¢ webinar_lab2 21 | [n] xf_sobel_config.h

#& Application Project Settings Active build cenfiguratior
General Options
Praject name: webinar lab2 Diata motien network clock frequency (MHZ):
Project flow: sbsec Generate emulation model | Debug
Platform: zcul02 es2 v ss E @] Generate bitstream
Runtime: C/C++ [¥] Generate SD card image
Systern configuration: AS3 SMP Linux E] [T]Insert AT performance monitor
Domain: 2530 [] Enable event tracing
o5 Linux 05 [] Estimate performance
Reot function: main m
Hardware Functions
Mame Clock Frequency (MHz) Path
Sobel 299.97 libs/xfopency/include/imgproc/xf_sobel.hpp
dilate 299.97 libs/xfopency/include/imgproc,xf_dilation.hpp
erode 299.97 libs/xfopencv/include/imgproc/sf_ercsion hpp
2@ fopyright (c) 2016, Xilinx, Inc.[]
&
1 #include “xf scbel config.h”
2
Z=woid sobel_accel(xf::Mat<IN_TYPE, HEIGHT, WIDTH, MPCl: & src,xf::Mat<OUT_TYPE, HEIGHT, WIDTH, NPCl:> & dstg
4 {
5
B xf::50bel<XF BORDER CONSTANT,FILTER_WIDTH,IN_TYPE,OUT TYPE,HEIGHT, WIDTH,NPC1l:{ src, _dstgx,_dstgy);
7 xf::dilate<XF BORDER CONSTANT,OUT TYPE,HEIGHT, WIDTH,MPCl:{ dstgx, dilation);
3 xf::erode<XF BORDER CONSTANT,OUT _TYPE,HEIGHT, WIDTH,NPC1:{ dstgy, _erosion);
9
o }
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Outputs

BN R

Y-raient output Erosion output
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Data Motion Network

Data Motion Metwork

o WOTKSPACE - SLX - WeDINar_1a0L/sre/x_s00e|_T0.Cpp - AN »UX Aocaierator | Argument Deciared oelbytes) ragmas
File Edit Source Refactor Mavigate Search Project Run  Xilink Window Help woxt_Seb=L1 | _sro_ma 1
i | &~ | -Rits-O-{Hv oo~ -
[ Project Explorer 52 ¥ ¥ = 8 € webinar_ -
5 Froj p 2 k
A I E s . _
> (2% iprepo 68 Earze0m . HysicaLconTalous | T
> @ po
4 I’/_é I —ast man 1
B data_metion.html -
B sobel_accel jou -
5’ ouT ED0T3600+1 . emimanonmeuous | remet
El’ — —ast_maty | podatmety_sliocetedmag | N 1
:5/ i ; pmal Mety_rows Jl 4
g a0 pgstmsty_cols ) 4
80
5’ 81 podsimaty_slze N 4
s (2% vhis 82 i
> = Sd_card a3 pogst mety_dats W ouT 20736001 . vmicaL_conmEUoUs | MEEE
84
> [ SIC - — -
h . a5 wixt digte 1 | _srcmat |p arc met slocstedFlsg | 1
<3 webln'ar_lab2.el - [none/le] . o <
| & makefile 87 N 2
|& objects.mk E 88 N 2
| & scurces.mk 89
[=TeY -
El webinar_lab2 elf bit 98 p_arc_met_dets v M OIS0 . e conTiEUoUs | MOXS00sL:
. a1 T
et lbs 92 CogElmetslocaedFisg | 1
a4 (3= 5C a3 ikl il
v (= data a4 _ -
> [W xf_config_params.h 1 — ~
> [ xf_headers.h o - ~
> [g xf_sobel_accel.cpp o our | sovsooe . S
; | ) o BOFIE0D . HSICAL_CONTIGUCUS T
> [m] xf_sobel_configh e iﬁiflu'lfugﬁ
[ @ X‘f_sDbELtb_Cpp Skipping k wE xT_erode 1| _sroma: | parc met elocatedFleg | M 1
W nroiect sy T Rewrite c:z p_arc_met_rowe M 2
< | LI | C cDmpile CE p-grc_met colz N <
parcmet.size N <
== Reports 53 = = B
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Summary

» Zyng SoCs offer superior performance and lower latency compared to
other SoC offerings

» reVISION stack on SDSoC introduces familiar software environment with
pre-optimized Opencyv libraries

» Available NOW

» Visit the reVISION developer zone
https://www.Xxilinx.com/products/design-tools/embedded-vision-zone.html

Featured Videos

View More Videos

Introducing reVISION
3:01

reVISION Stack Demo 4K60 Dense Optical Flow Demo
2:06 2:08
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