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PeweHuna Xilinx gna pewexHun Xilinx ans
CUCTEM MALUMHHOIO 3peHuns Ha
NPOU3BOACTBEHHbIX JINHUAX U B
POOOTOCTPOEHUU
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TpeHAbl B obnacTtu
MawwnHHOro 3peHus

» bonee BbICOKOE pa3pelleHne n bonee
BbICOKad YaCcToTa KagpoB =
BbICOKOCKOPOCTHbLIE MHTEPdEWUCHI

» PCs/lNnaTtbl Bugeo3axsata = “YMHbIe”
Kamepbl Anst MalMHHOIO 3peHns

» 3D, MNonapusauyma, MynstucnekTparnbHaga n
[MnepcnekTpanbHasa Bu3yanmsaums

» bypHoe passutue B obnactn NN u
MalunHHoro oby4eHmns (M COOTBETCTBYHOLLIETO
MO onsa o6paboTkn)

» [NoaBneHne cneundunyHbiX cdep ans
npumeHeHust MalmnHHoro 3peHus
(ManoobbeMHBIX, Y3KOCNeLunanm3npoBaHHbIX)

» YMeHbLUEHWe 3HepronoTpedneHus u
pasMepoB YCTPOWCTB
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MawunHHoe 3peHue:
Mukpocxembl U nnatdopmbl Xilinx

4 XILINX
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Acceleratici\Cards :

Programmable Systems Integration

MHCTpYMeHTbI VIVADO” UltraFAST. < Vitis and Vitis AI™

Design Methodology

ApxuTekTypa 7 Series UltraScale™ Architecture Versal™

Tex. npouecc 28HPL 20SoC 16FinFET+ 7nm
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Zynq UltraScale+ MPSoC

Memory

Subsystem
High Bandwidth
Low Latency

AR " Real-Time

i Processors
Cortex R5 32-bitDual-Core

 processing Syste™

ARM! Application :
\-Core )
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teK - Cortex - \
Cor AS3 Dual/Quad-Core i :

—"c; Fabric Acceleration
~&%* " Customizable Engines
3 * High Speed Connectivity

1
~#»  Platform & Power
. Management

Granular Power Control
Functional Safety

Machine Vision Recommended

o~ Graphics

i oo
)

ARM Mali-400MP2

~ High Speed
Peripherals
Key Interfaces

H.265
HEVC Video Codec
8K4K (15fps)

™ e
aBdsmd  4K2K (60fps)

Configuration &

Security Unit
Anti-Tamper & Trust
Industry Standards
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Apxutektypa Versal ACAP (apanTuBHasa nnartdgopma
YCKOpPEeHUSA BbIYUCIIEHUN)

» Scalar Engines
Arm® Cortex™-A72 APU
Arm Cortex-R5 RPU

» Adaptable Engines
CLBs
Internal Memory

» Intelligent Engines
Al Engine
DSP Engine

» Connectivity
PCle Gen4/5 w/CCIX
Ethernet, Interlaken and Cryptography
DDR Memory Controllers
Transceivers
I/O

Platform Resources
Network-On-Chip
Platform Management Controller

v
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Scalar Engines

Processing System

Platform
Management
Controller

PCle &
CCIX (w/DMA)

Adaptable Engines

Versal
Adaptable

Hardware

Block RAM
UltraRAM
Accelerator RAM

A
~ Programmable NoC

(and HBM

/

DDR S Multirate
GPIO

Intelligent Engines
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PeweHnsa n nHCTpyMeHTbl Xilinx
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bonblwe yemMm npocTo “xene3o”

Run-Time System
Software Software

A

Rapid
Reference | Development
Designs

Design Tools

Emulation
& Development
Kits
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NMnatdopmbl paspadbotku Xilinx ana BCEX pa3padbotTunkoB
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¥ XILINX Al & Data
& VTS agraa

| Al

XILINX Application
& VUlTis. ofware

Developers

Linux / Yocto

Hardware
Developers
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VITIS Al: oT moagenn HEMPOHHOU CeTU A0 Kpucrtanna

Frameworks . K/|Keras O PyTorch

Xilinx Pre-optimized | Open Source | Custom

Multi-task
. . Multi-Model
M Od e I S Classification Detection Semanng Multi-Layer Multi-Stream
Segmentation Perceptron

Al Optimizer

Vitis Al Al Quantizer
Development Kit Al Compiler
Xilinx Runtime library (XRT)

Profller
Domain Specific CNN DPU LSTM DPU MLP DPU
Architectures

ZCU102 ZCU104 Ultra96 custom Alveo %

Hardware
Cloud

Platforms
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Xilinx Deep Learning Processing Unit (DPU)

Off-Chip memory

HOST CPU |

INSTR Scheduler On-chip memory

]
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Conv Engine

I
g

o=
. Dwcv | UEE
= Engine

E | e WM Pe |
e | Pe PO e
-
--

d Pooling
i Engine

Element-

Misc Engine

'Mbkoe n koHdurypupyemoe |IP
aapo DPU

HacTtpanBaemasi annapartHas apxuTekTypa.
MacwTtabupyetca ot 72020 go 72100, ot
ZU2 no ZU11

cnonb3oBaHne RAM ans noBbIlLEHUSA
NPon3BOAUTENBHOCTU NN CHUXEHNA
NCNONb30BaHNA PECYPCOB

Nopaepykka AoONONHUTENBbHBLIX ONUUIA AN
MOBbILLEHNS NPOU3BOAUTENBHOCTU

[Toooepxka QyHKUNUM HU3KOro
9HepronoTpebneHns

https://www.xilinx.com/support/documentation/ip documentation/dpu/v3 2/pg338-dpu.pdf
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https://www.xilinx.com/support/documentation/ip_documentation/dpu/v3_2/pg338-dpu.pdf

e AOPOXKHaA KapTa ycTpouctB — Al MacwtabnpyemocTb

OPS ,

1s0T| T
NV Xavier, 30T
NV Xavi
NX, 2
o7 *
ZU11 Intel Keem Bay, 10T
B e S i S
NV TXL 1T NV TX2, 1.5T B512 20759 33572 695
B80O 21050 33752 87 102
o c T Z7030 Intel Myriad X, 1T B1024 29155 49823 1015 130
B1152 30043 49588  117.5 146
576G ZU2 B1600 33130 60739 123 202
B2304 37055 72850 1615 290
B3136 41714 86132 2035 394
* Intel Myriad 2, 150G B4096 44583 99791 2495 514
506( 77010 :
2014 2018 2020 v
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VITIS Al: N'oTtoBble peweHus B Model Zoo

e vV OTKpbITbI A58 BCeX Nofb3oBaTterieu Face detection
/ Mcnonb3OBaHMe OCHOBHblx Landmark Locanzation
CbpeVIMBOpKOB n ceten race Face recognition
v' PasBepTbiBaeMblie U nepeoby4vyaemsbie . -
Face attributes recognition
Moaenu
Pedestrian Detection
| Applications Pedestrian Pose Estimation
gi%igg W Person Re-identification

RAEE £ . :
zgﬁﬁ'fm = Object detection
, Pedestrian Attributes Recognition
[ Networks : iy
Car Attributes Recognition
(" classification | _ Model Video Analytics  Car Logo Detection
22 |
Vgg, Resnet, A Zoo ,. 7 Car Logo Recognition
Inception, Moblienet \
(Detection ] / N g \ | Pruning result | License Plate Detection
Light head renn, . | ot License Plate Recognition
SSD,YOLOVZ.YOLOV3 /_[ MOdel |nf0 ]_\ Network Backbone deployment Size OPs Parameters . -
Yolov2(modified) yolov2  support 448'448 346G 50.7M Object Detection
[ Segmentation | Backbone, Input size, Flops _
£ Yolov2(modified  yolov2 support 448'448 14.62G 19.TT™M 3D Car DeteCtIOn
Enet, Segnet, Esonet, ' pruned 57%)
FPN, DeeplabV3+ Pgrameters, Train set, Yolov2imodified yolov2  support  448°48 11566 14.2M Lane Detection
i ' validation set, Platform pruned 66%) ADAS/AD
[ Pose Estimation | Vooa(modfed yoioa  spport s 9556 1316N Traffic Sign Detection
Openpose Float acc, fixed acc, Test R _ _
\ Coordinates regression \codes, video demo, . / Tloauodbel: (e |auppart | dae| TAG | Semantic Segmentation

Drivable Space Detection
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» Classification

ResNet
Inception
MobileNet

SqgueezeNet

15

» Object Detection

- SSD

MobileNet
Inceptionv2
ResNet

- Yolov2 & Yolov3

- RefineDet

- Detection

DenseBox
RetinaFace

- Landmark
- Recognition

ResNet20
ResNet64

» Person 3

Detection

Reid

Pose estimation
Openpose

Tracking

SortReid
FairMOT

Attribute recognition

Crowd counting

Medical

- Detection
RefineDet

- Segmentation

FPN
UNet

& XILINX.



MalwunHHOe 3peHune: aBToMaTu3auma
npousBoacTtBa n PoboToTexHUKa

XILINX



CucreMbl MaWMHHOIO 3peHUNA AnNd aBToMaTmu3lauum
Nnpon3BoACTBa TpebyeT cBepxXHU3KOU 3aaepxku U

Connection accelerated and made deterministic by Xilinx SoC

Industrial Camera _ _ Grabber

!

Vision
Controller IPC

- < |- \ 5
[0 [ ! . D |
s O000000C
Measurement Inspection Recognition Guide
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KntouyeBble hyHKUUM “YMHBIX habpuk”

A

O6nayHble BbluMCNEeHNs

CLQ.D
O'lg'c}g"ﬁ

ABTOMaTM3aUns

Po60T13npoBaHHbIE CUCTEMBI

</>

AHanmM3 gaHHbIX

N

Cucrembl 6e3onacTHOCTU

ckyccTBeHHbIN
NHTENneKT

Cucrembl
MaLLUWUHHOTIO

3peHust

CeTb gaTymMKoB

IT-OT
KoHBepreHuus

& XILINX.



lloT TpeHA — HeENPepbIBHOCTbL MeXAY KOHeYHbIMU

yCTPpOUCTBaMM U obnakom
aWs

Al Cloud
on all €D Alibaba Cloud A a .:‘%w
| aye rS Microsoft Azure Google Cloud
L]

-~ @ - Factory
- N Floor

+o[easell|n XaMIA

X
=
X
>
<
(9]
(@]

000.-buAz
DOSdIN +9[easenn bukz

£. EILIME

ZYNC
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CucrteMbl MalLMHHOIO 3peHuUs

—————————————————————

Manufacturing AOI

N
®
=
Q
o
o
®
-

________________

Measurement| Inspection |Recognitiony Guide

o> 20 £ XILINX.



ABTOHOMHbIe Pob6oTusanpoBaHHble Cuctemol (AMR/AGV)

NMpumMmepbl 3aKa34UKOB:

. FedEx
CnunaHne ceHcopoB: Preferred Networks
® TOF Amazon Robotics
® IMU Knightscope
Boston Dynamics
® Dual Camera Cat
® Structured Light co0dle

AvidBots
John Deere

RViz*

=g *  Hasurauus
gy 4
EXPRESS DELIVERY ® SLAM

® VSLAM
® W3beranue SR v
N npensaTCTBUI

QUERUREE®2 @ng




ACAP Versal Al pna ABToMaTU3NpPOBaHHbIX
YnpaBnsaembix TpaHcnopTHbIX Cpencts (AGV)

Scalar Engines

Arm Cortex-A72

Application Processor

* ROS2
Motion Planner

e Communication
Middleware + Cloud
Connectivity
Cybersecurity Stack

¢ GUI, Webserver

License Management

Arm Cortex-R5

Real-Time Processor
Safe Control (PLC)
Industrial Network
Master

Platform
Management
Unique ID

Adaptable Hardware Engines

otor ontro or I!I!| || |||II|I

Electric Drives network
(e.g. TSN)

Accelerator for

SENSOREESION Motion Planning

in Isolated Region

- . Safety channel
functional Integrity

Cypto IP

Intelligent Engines

Al Engines

Classification

Regression

Sensors

Data preprocessing
and
data reduction

DSP Engines

(Edge Analytics) _

‘ Analytics for
process data

Model Predictive
Control

Mogynu agantupyembix annapaTHbix cpeacTs (Adaptable Hardware Engines)
- [leTepmeHMpoBaHHOE ynpasneHne n KOMMyHUKauns B

pearibHOM BpeMeHMU

- Paborta co Bcemn Tnamm CEHCOPOB B pearibHOM BpeMEHU

- Mopgynu yckopeHus Bbl4MUCIIEHUN

Mopgynu BektopHon 06paboTku (Intelligent Engines)

- HenpepblBHasa aHanuMTMka gaHHbIX

- [pegBaputenbHas obpaboTka AaHHbIX 415 9P PEKTMBHOIO
NCnonb30BaHMs 00rayYHbIX BbIYUCIIEHUN

Mogynu cknsipHbIx BbluucrieHun (Scalar Engines)

OC ans poboTtos

L\Y

PCle Multi-rate Sensor + Actuator
M Interf
T

Engines

[loT ceTeBble PyHKLUMN

Varsal
Adaptable
Engines

[Monb3oBaTenbCckmMe NHTepdenchl

se
Engines

H B0 00 -Cni
] = i!.‘.‘ﬁ| UL I|I | °
— —_— i HE =|=: H — M m pis
|_oo IE: E:IE: 5800l | et
SCADA Intranet Camera DRAM
Fog Layer Server Internet Scanner/Radar/LIDAR Buses |
Gateway Real time Actuators s v
& XILINX.
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MpenmywectBa yctponuctB Xilinx agna MawuHHOro 3peHus

» [Mbkni BoiBog N ¢ HU3KOW 3a0EPXKKOW

- VIckycCTBEHHbIN MHTENSEKT Ha Kamepe obecrneymBaeT obHapyxeHne 0edeKToB B pexmme
pearnbHOro BPEMEHU C HauMeHbLLEN 3a0epPKKoN

» IP aapa gnsa 3agad ISP (Image Signal Processor)

- bnbnnotekn Vitis Vision obecrneumnBatoT rubKyto 1 Nerkyro OTApaBHYH TOYKY NO CPaBHEHUIO C
ASSPs ISPs

» “KacTomHas” BugeoobpaboTtka
- Hanpumep, anropntmel cermeHTaumm moryT 06biTb YckopeHbl B INJINC

» [logaepkka MHTepdencoB Ons BMOeo-CEHCOPOB
- SLVS, SLVS-EC, MIPI, LVDS, HDMI, USB......
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Zynq® UltraScale+™ MPSoC nnatdopmbl Ana pa3paboTku

b
ZYNDQE
Kits and Boards Demo Platforms
Ultra96-Vv2 ZCU104 ZCU106 o _
Embedded Linux Embedded Vision Multimedia & Xilinx Smart Camera+ Demonstration Platform
Starter Kit Platform Connectivity Platform
Pl e —
$249 S895 $1,995

ZU3EG

AES-ULTRA96-V2-G

AVNET

H=ach Further

ZUTEV

EK-U1-ZCU104-G

& XILINX

ZUTEV

EK-U1-ZCU106-G

& XILINX

g ILNK
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https://www.avnet.com/shop/us/products/avnet-engineering-services/aes-ultra96-v2-g-3074457345638646173/
https://www.xilinx.com/products/boards-and-kits/zcu104.html
https://www.xilinx.com/products/boards-and-kits/zcu106.html

SmartCamera+ [lemoHcTpauunoHHas lNnartdopma

XILINX



SmartCamera+ leMmoHcTpauuoHHas [lnaTtdopma

H.264/H.265/
.i N eMMC 8GB MIPEG

Onsemi AP1302

MIPI Image Signal Processor
13MP@30, 1080p@120
HDR, Clarity+, Bayer, JPEG, YUV,

Gamma, Face Detectlon/-““ N o

Mini DP 1.2a Output

Ethernet
HTTP, RTSP, TCP/IP, UDP

USB 2.0

£ YUK

Audio Codec

[ N
Onsemi AR1335 13MP

1/3” Progressive Scan
4208x3120, 30fps

DDR4,2400MT/s,64bit,4GB

Xilinx ZU+
EV MPSoC
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SmartCamera+: 931o TOXe Al Box!

||

SmartCamera+

sV
C

\\\ Internal DisplayPort

- TR
s RN, G 3620601 Q@ ®
s = o [TII1]] ©

IP Cameras
0 e Ethernet Switch
N N USB Hub
L A—— = . )

» BO3MOXHOCTb NOAKMIOYEHUS NO
PoE nnn USB HecKonbKkux
“‘rmyneIx” kamep!

» BcTpoeHHbIn mini-DP nHTepdenc
Onsi nogknovYeHnss MmoHutopa!

» BO3MOXXHOCTb NogaepKku
MHOrFoOKaHanbHOW aHarnMUTUKn ¢
ncnornb3osaHnem NiA!
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NMpumep SmartCamera+ Bnaeo KoHBeunep

Processing System

PS DDR CTRL Encoded Video G-Streamer | Ethemet
- Stream RTSP 4\
BBOX Packetizer | V/
Coordinates

A

AR1335 AP1302 MIPl § e ) L X" VPss Lo
13MP Image Image Signal CS| RX .
Sensor Processor 4-Lane MIPI ngilgga/ce
1.2Gbps Conversion
xfOpenCV VCU DPU
r’ Resize Encode DenseBox
1080p 640x360

PL
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JHepronorpeodbrneHue meHble 4yem y GPUs

Measurement Condition:

DPU: B3136@300MHz

DPU Network: Dense_Box_640x360

Al feature: Face Detection, 1080P@30fps

Ambient Average Power |Peak Power  [ZU4EV Internal |Shell
Temperature |Consumption |Consumption |Temperature |Temperature
25C 8.6W 13.9W 48 C 37C
35C 8.7W 14.2W 59 C 47 C
45 C 9.1W 14.6W 69 C 58 C

AN 4.9W 78 C 67 C
15.1W 84 C 73C

& XILINX.



Cnacub6o 3a BHUMaHue!

KomnaHusa Avnet Silica:
v OcdbmumanbHbIXN NapTHEP U 3KCKNIO3NBHbIU NOCTaBLUUK
Xilinx Ha TeppuTtoputo PP
v KomnnekcHas noctaBKa 3/IeEKTPOHHbIX KOMMOHEHTOB
v TexHM4YeckKasi nogaepKka no BCem Bonpocam npuMeHeHus
npoaykuuu un MO Xilinx
OOpalwianTecs.

v’ Alexander.Vlasov@Avnet m
AVNET
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