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OpenCV FEEFR ATV

» HiAY ARM Cortex-A53

OpenCV dominates development.

100 An astonishing 89% of developers report it as
89% one of their top-three computer vision libraries
BARIGE ¢ > 30 FPS or APls. OpenCV 3.0 adds functionality (e.g.,
deep leaming), which is likely responsible for
H . % &5 2 4 EP S 80 some of its increase in popularity.
alfiISH R .
MRREE 2.1 FPS 60
'UE\ /uu, 0.1 FPS 40

20

OpenCV OpenGL OpenVX FastCV Other
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Zyngipi&EaICVINR
ARM Seoiestin AR sf:;;::‘;s]

Cortéx A53

64-bit Quad-Core Cortex R5 32-bit Dual-Core

Processing System

A Application Real-Time ‘ ' '
.mnll Processor Graphics Power Power Gating &
o - ARM Mali-400MP2 acassing Management ' Powerlslands

UltraScale+™ Security

FPGA Logic (a Y\ Information Assurance,
UltraRAM, PCle @ Gend, . \_) Trust Anti-Tamper, TrustZon
100G Ethernet, AMS Key & Vault Management

| Programmable Logic

Integrated Blocks Transcalvars
(PCle, Ethernet)

ISO Safety & Reliability

I EC System Isolation &
Error Mitigation, Lockstep

H.265 Video CODECs

EV 8Kx4K
tlu--g 4Kx2K
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ERRAHE /DL BREzU9 | EREzUS
- N CV:LiBM T 700 206 43
ereo
R I () 4.8 3.3 7.9
e | @108 —
eSS 145.8 89.7 5.4
H/REZU0 | ERBZUS
Cvi Gy 170 73 7
LKZES R
@720p I#E(F) 4.8 3.3 7.9
e TS 35.4 22.1 0.9

@

ZXREBEE BEXBEHE

:l-” LTS ‘T" S « eGPU = nVidia Tegra X1 : StereoLBM{&VisionWorks ; OpticalFlow{§FHOpenCV4Tegra
)\J I_Et I)\J-LIJE - FTEEENRENRTEEESHER GPU &R (~99%) FIRIJRIZIB1E(~70%)

© Copyright 2017 Xilinx i: XILINX ) ALI_ pROG RAM MABLE



TR ? BREETEOAS

|
><T
T1n
JH] 1]
=
=Mt

BB SoC ZYNQ™ ZYNQ

MPSoC

DSP/GPU

er || sohmE

BIE G St

MedZs - o=
G ) SRRE

Elis(& ks

© Copyright 2017 Xilinx & XILINX » ALL PROGRAMMABLE.



reVISION

Stack

OpenvX. Caffe

Vision Acceleration

CNN

GoogLeNet
SSD
FCN ...
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Environment

OperVX. Caffe

C/C++/OpenCL gl A
n CNN
&ug’ SgggLeNet
\ SDSoC™
.prototxt F1&
IERRIIE
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I P A B oG INEFR 2 OpenCV 3255

TR 4iE OpenCV a it \Wn&uﬁﬁu e T DS N | ° £ Zynq FRRIR HIEAT
RNZFEE Zyng (ARM ETNREERE (G, ﬁ%

A9/A53) SDSoCY®i%.
HW functions
Time e ] T Mame Clock Frequency (MHz)
oo 4504 ms (100%) stereoRectify 300
OpenCV 4500 ms (100 % stereoLBM 300
4370 ms (97,1 9%
4370ms (97,1 %
3474 ms (77,2%
maln() { 3473 mm‘?',:%- maln() {

3471 ms (77,28
3412 ms (75,8%
2597 ms (57,7 % xf:stereoRectify<line>(A,B,C,D) ;

2274 ms (50,5 % xf:stereolBM<win,n disp>(C,D,out);
1933 ms “3i%
1895 ms (421 %
1782 ms (39,6 %
1593 ms (354%
1567 ms (34.8%
1444 ms (321 %

cv: :imread (A) ; cv: :imread (A) ;
cv: :stereoRectify(A,B,C

cv: :stereolLBM(C,D,out)s

cv: :imshow (out) ;
}
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cv: :imshow (out) ;
}
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XX JH1FE Zyng
(ARM A9/A53)

5 Cv ThRe/EEElE:

IV

a £ C. C++ S BLTHEEE R, ° 1E Zynq FFEIR 51T,
OpenCL EPJH:'H'_'Z?%U {$5F SDSoC #®i%E.
CV IHgE,

{5/ HLS J9RB{HL

1€,

main () { CUSTOM CV(E, out) { HW functions
cv::imread(A) ; fpragma HLS PIPELINE Name Clock Frequency (MHz)
xF:stereoRectify<line>(A ,B,C,D); for(.){ stereoRectify 300
XxF:stereoLBM<win,n disp>(C,D,E); fipragma HLS UNROLL stereoLBM 300
CusToM CV(E,out) ; for (L.){ .. CUSTOM CV 300
cv::imshow (out) ; } —
] }
}
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main () {
Sk imread (B) ;
mﬁéﬁ/*ﬂ\ denseOpticalFlowPyrltr (A,B,out)
Ijj*%(ﬁ) . imshow (out) ; }
BI3E(ZRD)
R P
S D S O C SDSoC4f%,
Enveronment'
)
—>» DMA
o AXI-S
ZYNQ Vi

A

+ {5 CUDA OpenCV B nVidia £{=
REFN nvidia EENKIORE SEGLEMA

denseOpticalFlowPyrltr

HDMI/DP —
- LK BN, EEFE , IBER , EOKN
53x53
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¥ oy

-+ {§F CUDA OpenCV H nVidia #&

« EF SAD #937{&KlocalBM
« FERBF nvidia EENRHIIFRESBEGLBA
HDMI/DP &giH

SHRGY

main () {
imread (3) ;
imread (B) ;
stereoRectify (A,B,C,D) ;
stereolBM(C,D,out) ;

imshow (out) ; }

_____________ ==

SDSoC™

Environment

StereoRectify =3  StereoLBM
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SHE

OpenCV N FHZ! zyng

> {§F3 OpenCV API BiZE&H Cc/C++ IIEZ SDSoC 7
> 3 ARM 2HFTEWERY OpenCV Fmi¥/ §EEEINE

> RIFHEEMME |

o workspace_20171 - SDx - 20170420_bilateral/sre/examples/bilateralfilter/xd_dateral _filter_th.cpp - Xilnx SDx

File Edit Source Refactor Nevigate Sewmch Prpject Run Xl

Window. Help
v Sv&hvi O[T o
(o Project Explover S[E ¥ 7" O 20170420 biiateral | @ xt_bilateral_filter_1b.cpp
« |5 20170420 bitateral 10
o Binaries U if(argc 1= 2)
Ui Archives i1 {
5 Inclides a7 printf("Usage: <executable> <input image path> \n");
i Debug 43 return -1;
L 44 }
i Estimate ac
¢ @ A in_img = cv::imread(argv(1]), 1); // reading in the color image
4 s examples 47 Af(1in_img.data)
4 & bilateraifilter 48 {
= xf_baateral_filler_configh 45 printf(“Failed to load the image .., !11");
L5 ¥f bilateral filter thepp y return -1;
= xf_config_params.h 57 /evtColor(in_img, in_gray,(V_BGR2GRAY);
(& xf_hesdersh 3 cviiextractChannel{in_img, in_gray,1);
& Makefile o4
& include // reate menory for output image
& 51 ocv_ref.create(in_gray.rows,in_gray.cols,in_gray.depth());
K projectsdx

58 int max_max_error - 8;

int max_max_num_error = @;
) float sigma_color = rng.uniform(9.0,1.9)%255;
3 float sigma_space « rng.uniforn(0.0,1.9);

@ Turtie-Iandipg

[ Open{V bilateral filter function

«* Reports &2 =
& 20170420_bilaterat

4 U Fetimata

" cv:iimwrite(“output_ocv.png”, ocv_ref);

© Copyright 2017 Xilinx

cv::bilateralFilter(in_gray, ocv_ref, FILTER_WIDTH, sigma color, sigma_space, cv::BORDER_REPLICATE);
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% OpenCV FEERF G INREEiHET
— i RIEEK . “ovi” BB “xF:
— IR SEL , EREEE

> HEDEREINRESEN

uintle_t width = in_gray.cols;
uintle_t height = in_gray.rows;

xF::Mat<XF _8UC1, HEIGHT, WIDTH, NPCl> _src(height,width);
XF: :Mat<XF_8UCI, HEIGHT, WIDTH, NPCl> _dst(height,width);

_src.copyTo(in_gray.data);
xF::BilateralFilter<FILTER WIDTH, XF BORDER_REPLICATE, XF _8UC1, HEIGHT, WIDTH, NPC1>(_src,_dst, sigma_sp

out_img.data = _dst.copyFrom();
imwrite("output_hls.png", out_img);

absdiff(ocv_ref, out_img, diff); // Compute absolute difference image

//  Find minimum and maximum differences.

© Copyright 2017 Xilinx

% SDx Project Settings

General

Project name: 20170420 bilateral
Project type: sDSoC

Platform: zcul0Z es? B
Runtime; OpenCL

System configuration: Linux SMP (Zyng UltraScale+) B
CPU; A53_0A53_1A53 2A533
0s: Linux SMP

Hardware Functions

Name Clock Frequency (MHz) Path
xFBilateralFilter 300.00 src/src/imgproc/xf_bilateral_filter.hpp
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Details

4 Project Explorer 2
4 (5 20170420 bilateral

Performance estimates for 'xFBilateralFilter 3 1 0 1080 1 ...

Hardware accelerated (Estimated cy

Resource utilization estimates for Hardware functions

Resource Used
DSP 22
BRAM 3
LUT 7061
FF 6627

30185245
Total % Utilization
2520 0.87
912 0.33
274080 2.58
548160 1.21
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» 4% Binaries
» B Archives
v w Includes

4 = Debug

I (= _sds
4 (= cd_card
I = _sds

BOOT.BIN
=l image.ub

README.txt
[ [= 5rC

EE Y T <

ARMETHATI

i % 20170420 bilateral.elf - [none/le] EE{L-FI:KEF%:)IL
- T,

Linux %% , Rootfs

=
i+ %# 20170420 _bilateral.elf - [none/le] *Dg |‘_-"SZ1¢
= 20170420 _bilateral.elf.bit

& makefile
L& objects.mk
| & sources.mk
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Send command to

accelerator to start

Wait for core to be

started

X

iz

Timeline units are in
seconds

1-08) & | & mmultadd_sw ’ “& mmult

B AXI State View (SDSoC_AXI|_Trace_Nov-09/
0,000 000

\ i= SDSoC_AX!_Trace_Nov-09_11-08

/

= e B v &S = 0O

0.000 DOS 0.000 010 0.000 D15 0.000 020 0.000 025 D.000 030 0.000 035 0.000 040

B SDSoC_AXI_ e_Nov-09_11- |
mnwlt_acc-::-l:mdSend / [ Start data transfer e
mmuit_accel-cmdWait / from PS 1 ]
mmult_accekin_A-send i | = { |
mmuit_accel:in_B-send — Start data re_celve :
mmuit_accel:out_C-receive #— Vx] from PS side ‘
mmult_accel_D:in_A-wait | — !
mmult_accel 0.in_B-wait —— ‘-
mmuit_accel_D:out_C-wait T ¥ }
mmuit_accel 0 — |
mimult_accel_0:in_A —— %
mmuit_accel 0.in_B (— a
mmuit_accel_D:out_C Wait for data _———==

transfers to complete
Accelerator active |
l Data transfer active | ||

I*)
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>» ¥KiBi5ia] reVISION FEAREKX :
https://china.xilinx.com/products/design-tools/embedded-vision-
zone.html#computer

Featured Videos

View More Videos

introducing reVISION
3:01

reVISION Stack Demo
2:06

4K60 Dense Optical Flow Demo
2:08

\BLE.



https://china.xilinx.com/products/design-tools/embedded-vision-zone.html#computer

1521HSCBIEDD : Xilinx.com/revision

Computer Vision Design Examples

Board & SOM

. : - ' —
Design Example Provided by Xilinx Latest SDSoC Version Supported Stpporied rovider

ical Fl
.LK Depse Optica (?W . _ . . ZCU102, ZC702, -
iterative and pyramidal based implementation doing motion 20171 7C706 Xilinx
segmentation -

Stereo Disparity Map . R
’ , : ) ZCU102, ZC702, .
Calculates disparity map from two sensor inputs using local block 20171 20706 Xilinx
JO
matching

ZCU102, ZC702, -
Warp Transform 20171 7C706 3 Xilinx

ZCU102, ZC702, o
Harri rner 17.1 Xilinx
arris Corne 20 7C706 '

ZCU102, ZC702, s
ilateral Filter 17.1 Xilinx
Bilateral Filte 20 7C706
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https://www.xilinx.com/support/documentation/white_papers/wp490-embedded-vision-int8.pdf
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