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Xilinx Vision with Precision Webinar Series

» Monitoring Things: Surveillance

» Perceiving Environment / Taking Action

— ADAS and the Road to Autonomous Vehicles
— Drones & Other Vision Guided Robotics
— Augmented, Virtual and Mixed Reality

Survelllance

Differentiate by Design
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o Introducing The MathWorks
o The MathWorks Solutions

o Conclusion
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Enabling Embedded Vision

A mﬁ"

ADAS, Machlne Vision, Survelllance Drones Medical, ProAV, Displays...
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Rapid Growth of Vision Systems

Vision System Shipments

$ Billions
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Source: Synopsys, consolidated from multiple sources
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>200 Vision Customers Powered by Xilinx

POWERED

Industrial

ARRI” PN urthecast x: @ ‘ ;m PE TAIHO photon ?6c'us

Auél ACURA
>30 Camera Brands 23 Auto Makers, 85 Models >50 Equipment Manufacturers

Broadcast Drones
BIB|C) IM‘ %@‘ ) P MultiDyne Haivision ¢) ©Ie¥m 3 pico piarmac pheﬁ83

8 Major Broadcasters >70 Equipment Makers >5 Drone Companies

sphericam

surRGlicaL®

@AIRBUS @ mindray INTUITIVE W BARG® PRYSM Panasonic skreens
ogic

8 VR/AR Companies >10 Medical Companies >30 Major Brands
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Best Platform for Embedded Vision

ARM Processor

Sub System

Safety and Security
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Best Platform for Embedded Vision

Real Time \;(—)n\ ARM Processor

. Analytics at the Edge % Sub System

Safety and Security

Sensor Fusion
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Best Platform for Embedded Vision

Real Time \E(—)n\ | ARM Processor

. Analytics at the Edge Sub System

Safety and Security

Sensor Fusion

IIIIII

CoadPress LVDS
Litile Homr
USS [ oizplaypan
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© 5 Differentiating Advantages

Vision and ADAS "Vision with Precision"
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@ Surveillance
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Enabling Smarter Surveillance Systems

©

f ~Multi-Sensor Fusion
, .g:_::_ ______

- Real-Time Intelligence

"~ Compute at the Edge
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Differentiating Advantages in Surveillance

(0] 5 Differentiating Advantages

Vision and ADAS "Vision with Precision"

Real-time Image Recognition and Analytics \/

6 All Programmable Platform Reuse

' Scalable Sensor Fusion

° Highest Performance/Watt

Only Single Chip Safety and Security

> Very high frame rate, recognition and analytics enabled through massive parallelism
» Scalable sensor fusion supports stereo to N vision pipelines + different sensor types
» Most computationally productive platform enabling highest performance per Watt

> ARM TrustZone & TRUST compliance for anti-tamper and information assurance
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Markets and Applications

Source: http://www.videosurveillance.com/apps/

Remote Monitoring ¢ ISR ¢ Event Surveillance ¢ Traffic Monitoring
Monitor Operations e Loss Prevention e Public Safety e Business Intelligence
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TECHNOLOGY TRENDS IN SURVEILLANCE

Multi Camera Vision

« Complete perspective with surround view

* Diverse sensor modalities provide enhanced vision
 Processing performance can now support dense fusion

Computer Vision (CV) Techniques
 OpenCV/OpenVX libraries increase productivity

« Optical Flow provides enhanced motion detection
« 3D/Stereo Vision enhances depth perception

Machine Learning Techniques = Building on CV

« Promises better recognition capability

« Object Detection & Classification thru Neural Networks

* Includes Convolutional, Deep and Recursive Neural Nets
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The Machine Learning Dichotomy
Training

>

>
>
>

Photo: NVIDIA

5555555555

How the model is formed and developed
Many approaches: DNN, CNN, RNN
Low volume application requiring HPC

DPfpu required to build models

Best Suited for GPGPUSs

Inference

Photo: US DOT

>

>

>

Requires efficient processing
Does not need the precision of training

High volume application targeting...
Automotive

VGR & Drones

Surveillance

Medical Imaging

Fixed point math used to deploy models

WP490

Best Suited for FPGA / FPGA SoCs
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reVVISION

Stack

Qpen\(xm ‘ Caffe Application Development

Algorithm Development

GoogLeNet
SSD
FCN ...

Platform Development
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Typical Image Pipeline

== &

Acquire Process

GV =

Sensor Pre- _ Output
Interface processing J\/Jach{ne Interface
Learning
- LVDS - ISP / Debayer - OpenCV / OpenVX - HDMI
- MIPI - Color Space Conversion - Deep Learning (CNN) - GIgE Vision
- Scaling - Optical Flow - CoaXPress
- SLAM - Camera Link
- Stereo Vision - USB3
- SDI
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The Xilinx Embedded Vision Ecosystem

m (== & & D =

Sense Acquire Process Act Display Cloud
EMBEDDED SYSTEMS ECOSYSTEM FOR VIDEO / VISION
Sensor Video Analytics
Processing Processing CV /xNN Codecs Connect
s B inreviurn
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The Xilinx Embedded Vision Ecosystem

m (== & & D =

Sense Acquire Process Act Display Cloud
EMBEDDED SYSTEMS ECOSYSTEM FOR VIDEO / VISION
Sensor Video Analytics
Processing Processing CV /xNN Codecs Connect
% Technologics B inreviun
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= Omnitek MULTICORE e
“TieRIcKs” = mni ARV WARE PATHPARTNER ~gerso imog
""""""""""" £ XILINX HALCON rREXx .
et povar el rchie vigan m t‘ XlLINx
DESIGN ENABLEMENT
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The Xilinx Embedded Vision Ecosystem

m (== & & D =

Sense Acquire Process Act Display Cloud
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The Xilinx Embedded Vision Ecosystem

m (== & & <) =

Sense Acquire Process Act Display Cloud
EMBEDDED SYSTEMS ECOSYSTEM FOR VIDEO / VISION
Sensor Video Analytics
Processing Processing CV /xNN Codecs Connect
P Technologies inreviun
"’ [[D[[D{E|J"-T- Avviz Systems & fe frmales MEU @ NORTHWEST
e i Barcosilex __ A Locic
wpicel . MULTICORE SRR
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“Tfericks™ " AW WARE PATHEARTHER \m_«,-e‘;?—
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e provar el ke viskan m t‘ XlLINx
DESIGN ENABLEMENT MODULES & BOARDS DESIGN SERVICES
AT - f_’,u Evaluation Boards : ; faus OKI FUjiTsu
INSTRUMENTS OpenCy ﬁm i.. XI Ll NX w RICKS” /e Technalogies
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MATLAB® Image and Video Processmg Workflow

Sense Acqmre Process Act Display Cloud

: " 7 N
Acquire Process and Act

Hardware ,
Data Analysis

Ié‘y and Modeling

Software Outputs for DeS|gn
~ I Development
3 __t for k=1:max ~ E

E b x = fft(dat
Applications

Algorithm

Application
Files Development Deployment
o MATLAB Excel
5 s
\_/ ot Java <
S > “ J w o

Automate
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MATLAB® Image and Video Processing Workflow

==
- <) =l
Sense Acqmre Pror.:ess Act DISPIH}F Cloud

e\
M Processor
ub Sy=stem
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e
Frame vs pixel-stream processing

Random access to
any pixel in frame

- Concept

= Frame-based

= Pixel-stream
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Vision HDL Toolbox™

Hardware-ready streaming vision algorithms

Concept

~—

—

Bit-stream architecture
Hardware-ready blocks
Explore,
optimize,
generate HDL

—

» Convert frame-to-pixel, pixel-to-
frame

— Built-in frame sizes
— Generates control signal bus

» Popular image processing FPGA
building blocks

— Conversion, filters, morphology, edge
detection, statistics, etc

— Built-in line buffer management

» Optimized for FPGA hardware
— Generate HDL with HDL Coder
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HDL Coder™
Automatically generate synthesizable HDL

Concept » Explore micro-architectures

_/_,_,.7-—-

p—

- "'1-\\_1_1- —

> High-level target-independent
optimization

. . » Eliminate manual coding errors
Bit-stream architecture

HardwarEi-éf;gy blocks » Connected to Simulink model for

optimize, full traceability

generate HDL ]
» Readable, rule-compliant code

» Quickly adapt to changes
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Example: Corner Detection for Barge Surveillance

’i ColorCornerDetectionHDLExamplel6b - Simulink E‘m
File Edit View Display Diagram Simulation Analysis Code Tools Help
mvkjv <:| %S@VV@ v 15 Rapid Accelerator '] va
ColorCornerDetectionHDLExamplel6b > | FPGA Corner Algorithm |
® CDIDrCc:merDetectionHDLExampIelﬁb » v
Q
Ed 1 |uint8 [240x320x3] Video
» Z » Image, .
— [240x320x3] [240x320x3] Viewer
= Delay
m Match the one frame delay in the HDL stream Input Video Viewer
[240x320x3]
a
oixel [ 113 »| pixelin HDL Video Viewer
. [1x3] with Enable
Image P frame Frame To Pixels .
[240x320x3] pixelcontrol N I
Source ctrl ¥ ctriin uint8 [1x3] uint8 [240x32
pixelOut 4[137 pixel frame 240x320 37] In1
i uint8 X ; Xa£LUX
Frame To Pixels 180 —»] SliceLevel Pixels To Frame boolean J;L
........... Ctrl Validout
uintd
255 P OverlayR Pixels To Frame
uint8
0 [ OverlayG
ol
uint8 ctriOut :
0 P OverlayB
1 uint8
B} 128 —| OverlayTransp
> FPGA Corner Algorithm
Ready View 1 warning 140% FixedStepDiscrete .:
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Example: Frame-to-pixel gateway blocks

’i ColorCornerDetectionHDLExamplel6b - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
= ]| — / oy
-O-@ @ O -2-0 " -
ColorCornerDetectionHDLExamplel6b > |FPGACOmerAlgorithm |
® CDIDrCc:rnerDetectionHDLExampIelﬁb »
&
3
=
5]
(&) [240x320x3]
O
pixel
frame Frame To Pixels
Image [240x32086]
Source ctrl FlF=
Frame To Pixels
Info
»
Ready

rﬁl Block Parameters: Frame To Pixels u‘
Frame To Pixels (mask) (link) — =
Converts a full frame image to pixel stream.
Parameters
Number of components: 3
Video format: -
240 =
480p
480pH Video
576p | 'Ma%8 yiewer
720p
768p
1024p Input Video Viewer
1080p
1200p
2KCinema
4KUHDTV
8KUHDTV HDL Video Viewer
Custom ¥ with Enable
A t8 [240x32(|
" > Active pixels per line > 40x320x3] o
g|| Back Front lean i
< w A
= Porch ¥ Active Porch
[+] —
:E | f— E . e
z 2| Video
] >
s
<y
Ending active line J
9 OK ] l P— l l Help l Apply FixedStepDiscrete .:

Page 29
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Example: FPGA design

*i ColorCornerDetectionHDLExamplel6b/FPGA Corner Algorithm - Simulink [ =n|/(S] g
File Edit View Display Diagram Simulation Analysis Code Tools Help
]!E}V'l‘jv < Q %S@VV\D) 'v 15 Rapid Accelerator -] va
| ColorCornerDetectionHDLExamplel6b | FPGA Corner Algorithm > |
® ColorComerDetectionHDLExampIe16b » FPGA Corner Algorithm P v
=
CE|
4,—bp|xel ]
B o i Filter RGBin
M winlB [1x3] o ) sfiad GySquared e — meas &2 W pinsin ot (31 wintd [1:3]
o 1| —— it Y + sfix38 o uindd [1x3) pixslOul1 - Einaryln mm‘gm{s’]@
[:] pixelln F P g P GaussianGy HarrisOutf——» PixelOut ——
ootk 12 » | pixel plest e GyGx ) s > varlayRGE
b = M el Image Filter S—— Convert Levels pixelOut2
inelconfbl i cin femre = . | OvertayTransp _ sielconisct
F 1 clrlO ] el ) | _ CHlOul | 2 )
ctrin SR Sl S GaussianGyGx 2 i cinout [iconiral] cirQut
inekconirol B
RGEZB Cradents SquareComp | P i ” Al Vioeo Overlay
L, -
GaussianGx
det_trace
a uintd
Slicalevel
:4 uintd o
OverlayR o JuintB (3)
. >
[acp S
Overlays
uintd
Owerlayd
e
CwerlayTransp
&
»
Ready View 1 warning 72% FixedStepDiscrete .:
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Example: Vision HDL Toolbox blocks

*i ColorCornerDetectionHDLExamplel6b/FPGA Corner Algorithm - Simulink E‘E‘g
File Edit View Display Diagram Simulation Analysis Code Tools Help
= @ Q%S@vv\b) v 15 Rapid Accelerator @D
|CodDrC0merDetecljonHDLExamplelﬁb | FPGA Corner Algorithm > |
® ColorCornerDetectionHDLExampIe16b » FPGA Corner Algorithm P v
®Q
E3
=
LE]
pixel RGE#
— Image Fllter o
Bl il [1x GySquared G2 ol ! wintd [1x
(A (g TP s [ G = Y ! o I N P T T pineiout [ B Binaryin MW‘LWS']@
[:] plxelin v i HarrisCut > PixedCul —
- f i | CvertayRGE
EIBIock Parameters: GaussianGy E Conver Levels _ siioutz [ :
> yTraneg o |ieicontr >
Image Filter O prevent
Perfarms two-dimensional FIR filtering of the input image using the specified filter coefficients. ] If Overia
H Align Video i
Main | Data Types |
Parameters
Filter coefficients: fspecial('gaussian’,[5,5],1.5)
Padding method: [Oonstant -
Padding value: 0 i
Line buffer size: 2048
o 'l
llh': | |
» 19 oK ] l Cancel ] [ Help Apply
Ready View 1 warning 72% FixedStepDiscrete .:
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Example: MATLAB function block

*i ColorCornerDetectionHDLExamplel6b/FPGA Corner Algorithm - Simulink

File Edit View Display Diagram Simulation Analysis
Pl v~ -

| ColorCornerDetectionHDLExample1l6b

| FPGA Corner Algorithm > |

Code Tools

L ERG-E-® » B

Rapid Accelerator

) @~ Ey

@®

ColorCornerDetectionHDLExample16b P . FPGA Corner Algorithm P

’i ColorCornerDetectionHDLExamplel6b/FPGA Corner Algorithm/Overlay -

M Editor - Block: ColorCornerDetectionHDLExample16b/FPGA Corner Algorithm/Ov... &I@g

| File  edit view Display Diagram Simulation Analysis Code Toj

- - - -

O E LB

EDITOR

L{'I? - E [ Find Files <H

. Compare v 0 GoTo ¥

VIEW

x EDIT . RUN SIMULINK
it 1) - & | ColorCornerDetectionHDLExample16b ‘ Overlay | Mew Open Save : Breakpoints
D" pimsll inta GradY . - - v s Print v \{ Find ¥ v
1] pexeiOLt pinal ® ColorCornerDetectionHDLExample16b b [P FPGA Corner Algorithm b [Pa - v| -
pixelin Gyex ufix | B FILE NAVIGATE BREAKPOINTS
oy oI | FPGA Comer Algorithm/Overlay/Overlay ML |+ |
¥ il double (3) [ [function RGBout = fen(RGBin, BinaryIn, OverlayRGB, OverlayTransp) T
pivelcontihl . 2 $#codegen il
1 o et e 1 3 RGBin 3 - W=uinté (255)
etrin = RGBiIn 4 - | W_ri=ri(255,0,16,8);
5
RGEBZEIN Gradients Saaneomp & uint8 & % set up persiscent varizbles to create registers on the output mults
Binaryln 7 - persistent Rout Bout Gouty
& uintd|
i s- | if Bineryln ~= 0 L
O Blnaryln ‘RGBOUt 10 - tranap=~fi{(CverlayTranap,0,8,0) -
uint8 (3) 11 else
=¥ .-3 >3 Overlaylﬁ?gl‘:‘: iz|= transp=£i(0,0,8,0);
13 end
ild
f OverlayRGB 4
Slicalawel 15 - norm=£i{l/N_fi,0,8,8);
- LinlE uint8 16 - transp normalized=fi(transprnorm,0,2,8);
D, a B @—P OverlayTransp 17 T
Overlayft o Juinie {33 18 % convert inputs from int to fixed-point for normalization
a uintd o OveﬂayTransp 19 - RGBinl_f£i=fi(RGBin(1),0,8,0):
0 I ML 20 - RGBin2_fi=fi(RGBin(2),0,8,0);
Cverlayls " verlay_| 21 - | RGBin3_fi=fi(REBin(3),0,2,0);
Y z2|= OverlayRGBl_fi=fi(OverlayRGB(1),0,8,0);
Overlayd & pixelcontrol 23 - OverlayRGB2_fi=fi(OverlayRGB(2),0,8,0);
iE - 5 24 - OverlayRGB3_fi=fi(OverlayRGE(3),0,&,0):
i ( )
7 » 25
OverlayTranss -H] Ctrlln 26 % first stage of multipliers, add one pipeline stage
27 % coder.hdl.pipeline - create registezs without affecting behavier
> 28 - RGB1_normalized=coder.hdl.pipeline (fi(RGBinl_fi*norm,0,8,8),1); -
|| Ready 166% n1 Col1
. T
»
Ready View 1 warning 72% FixedStepDiscrete .:
. - -
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Example: Simulate

File Tools Vi Simulati Hel o
’i ColorCornerDetectionHDLExamplel6b - Simulink e ef e
# o &
File Edit View Display Diagram Simulation Analysis Code Tools Help = ’ @ ‘ o l% ‘ aqy | E 100%
= = Hs = “» [y - —~ bid ..‘g}m
Q}V\jv <:] .E@vv@ v 15 Rapid Accelerator '] Ovv
ColorCornerDetectionHDLExamplel6b X | FPGA Corner Algorithm |
CDIDrCc:merDetectionHDLExampIelﬁb »
E3 4 |uint8 [240x320x3]
Z 1
— [240%320x3]
= Delay
= Match the one frame delay in the HDL stream
[240x320x3]
D Ready RGB:240x320 | T=7.000
uint8 [1x3]
i ixell
E To Pixel pixel [1x3] pxeiin File Tools View Simulation Help o
Image P frame Frame To Pixels ; :
240x320x3 pixelcontrol - o | @ C
Source [240x320x3] ctrl P! ctriin uint8 [1x3] @ ’ @ ‘ 0 ‘ ] Qq éﬂ? ‘ E 100%
pixelOut o pixel ® ® ‘ = @
i uint8 X
Frame To Pixels 180 "™ sliceLevel P'
............ ctrl
uint8
255 P OverlayR p
uint8
0 [—W OverlayG
ol
uint8 ctriOut :
0 P OverlayB
uint8
B} 128 —| OverlayTransp
> FPGA Corner Algorithm
Ready View 1 warning 140%
_NReady RGB:240x320 | T=7.000
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e
Example: Generate HDL

’i ColorCornerDetectionHDLExamplel6b - Simulink l |/ (S] g
. . . . . . . . 5 Past Lirf+V
File Edit View Display Diagram Simulation Analysis Code Tools Help 1S este r+
o - - Comment Through Ctrl+Shift+Y
l:a_“; < e | < %g @ h e \') v 15 Rapid Ac Comment Qut Ctrl+Shift+X
ColorCornerDetectionHDLExamplel6b > | FPGA Corner Algorithm | R =
® CDIorCornerDetectionHDLExampIelﬁb » Find Referenced Variables v
Subsystem & Model Reference ’
Q Test Harness '
&2 Format b > Image \{ideo
= [240x3  Rotate & Flip > [240x320x3) Viewer
=] Arrange b
& Match the on Mask v Input Video Viewer
uint8 '[240x320x3] Library Link 3
g
Signals & Ports b i
) Requirements Traceability r
pixel —>IJIHIB (] p Linear Analysis 4 HDL Video Viewer I
. 1%3 : i i
Image oAtA0 frame Frame To Pixels ixelcontrol (3] Design Verifier ’ with Enable
Source [240x320x3] PO L of  Coverage > uint8 2 40)(32('
; frame P n1
. Model Advisor b
Frame To Pixels 180 uint8 a To Frame [240x320x3] n
! Fixed-Point Tool... . boolean A
Inf validOut
nfo uint8
Model Transformer b
255 » O To Frame
C/C++ Code 4
uint8 T
0 o0 HDL Code ' Check Subsyster Compatibility
. PLC Code ' Generate HDL for Subsystem
uint8
0 » O Polyspace ' HDL Coder Properties ...
® uint8 Block Parameters (Subsystem) Riatiaclalianasis
128 —» O . -
-F| L Properties.. HDL Workflow Advisor
FF Hel
» P Navigate to Code
Ready View 1 warning 140% FixedStepDiscrete ..
— A
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Example: HDL Workflow Advisor

(&) HDL Workflow Advisor - ColorCornerDetectionHDLExample16b/FPGA Comer Algorithm L= S S
File Edit Run Help
Find: - A5

— 1.1. Set Target Device and Synthesis Tool
4 |3 HDL Workflow Advisor

- Analysis (~Triggers Update Diagram
4 |5} 1. Set Target ysis (~Triggers Upd gram)

[E5] ~1.1. set Target Device and Synthesis Tool Set Target Device and Synthesis Tool for HDL code generation
| =] ~1.2. Set Target Interface Input Parameters
4 |} 2. Prepare Model For HDL Code Generation Target workflow: [IP Core Generation -
.| 2.1. Check Global Settings
[ -] ~2.2. Check Algebraic Loops Target platform: [Genenc Xilinx Platform - Launch Board Manager

|| ~2.3. Check Block Compatibility

|| ~2.4. Check Sample Times
4 IE} 3. HDL Code Generation Femily: (Zyng v| Device: [xc7z045 ™
4 |3 3.1. Set Code Generation Options

|| 3.1.1. Set Basic Options

|| 3.1.2. set Advanced Options Project folder:  hdl_pr]

.| 3.1.3. Set Optimization Options
.| ~3.2. Generate RTL Code and IP Core Run This Task

Result: | | Mot Run

Synthesis tool: [Xilinx Vivado ~ | Tool version: |2014.4 Refresh

Package: [fbgﬁ?ﬁ '] Speed: [-l ']

Click Run This Task.

|_nep [[ ey |
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MATLAB and Simulink Image and Video Processing
- o RO =R =

Sense Acquire Process Act Display Cloud

Concept
Bit-stream architecture
Hardware-ready blocks

Explore,

optimize,
generate HDL -

Connected workflow from algorithm to FPGA fabric
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Conclusion

» The Embedded Vision market is growing fast

» Xilinx is the best platform for Embedded Vision for...
— Any-to-Any Connectivity
— Sensor Fusion
— Real-Time Analytics at the Edge

» Multi Camera Vision, OpenCV and Machine Learning key trends
> MathWorks & Xilinx Make Embedded Vision Development Easy

— HDL Coder for Zynq is a fast track to realize real-time vision systems
— SIMULINK + Vivado System Edition (System Generator) quicken system-level design
— Vision HDL Toolbox accelerates your development with commonly needed algorithms

Email: embedded-vision@xilinx.com for this presentation
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