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Accelerating AI in Intelligent Video Surveillance
Accelerating AI Camera Development 
with Xilinx VITIS
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Defining the Problem
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Jon Cory, ML Live Detroit
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Inference Compute and Memory
Across a Spectrum of Neural Networks
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1. Inference is hard
2. Huge Variation in Compute and Memory  Requirements, 

even within subgroups
3. Models typically don’t fit into cache
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Rybalkin, V., Pappalardo, A., Ghaffar, M.M., Gambardella, G., Wehn, N. and Blott, M. "FINN-L: Library Extensions and Design Trade-off Analysis for Variable Precision LSTM Networks on FPGAs."

FPGA

ASIC

2/3

3/4

2/4
2/8

4/4

3/8
8/8

3/3

4/8

Reducing Precision Inherently Saves Power

Source: Bill Dally (Stanford), Cadence Embedded Neural 

Network Summit, February 1, 2017

Target Device ZU7EV ● Ambient temperature: 25 °C ● 12.5% of toggle rate ● 0.5 of Static 

Probability ● Power reported for PL accelerated block only
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AI Compute Compared to CPUs and GPUs
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VITIS Unified

Software Platform

• Available in November

• Standards, Open

• Free!

Heterogeneous 
Computing

Cloud to 
Edge

AI 
Enablement
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Development Platforms for ALL Developers
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VITIS: Unified Software Platform
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VITIS Accelerated Libraries

˃ Open-source, performance-optimized libraries offering out-of-the-box acceleration

˃ Seamless deployment at the edge, on-premises or in the cloud
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VITIS Platforms Enable Composable Acceleration

˃ Static hardware

Fixed interfaces and acceleration components

‒ Custom SoC paradigm

End-user can deploy custom models trained for 
specific use cases – classification, detection, 
segmentation, etc.

‒ Supporting Python, C, C++ APIs

The perfect paradigm for Machine Vision, Retail 
Analytics, Smart Cities and other Smart Camera 
applications

˃ Dynamic hardware

All of the above, plus:

Dynamic acceleration components

‒ Eg: customized pre/post processing

▪ RTL, IP, HLS OpenCL, C, C++

The perfect paradigm for advanced acceleration  
models where user customization is desired

‒ Reconfigurable SoC paradigm
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Smart Camera Platform
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Concept credit: Parker Holloway
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VITIS AI

ZCU102

Domain Specific 

Architectures
CNN DPU

Platforms 

Xilinx Runtime library (XRT)

Vitis AI 

Development Kit AI Compiler

AI Quantizer

AI Optimizer

Models

Xilinx Pre-optimized | Open Source | Custom

Frameworks

ZCU104 Ultra96
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So What About the Hardware?
Xilinx Smart Camera Hardware Solutions
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Performance scaling by more than one order 

of magnitude 

with no architecture changes!

Performance scaling by more than one order 

of magnitude 

with no architecture changes!

Embedding Scalability Without Compromise

˃ Common CPU and 

Infrastructure scales from 

GOPs to TOPs

˃ Dual and Quad Core 

Options

˃ Metadata + JPEG 

forwarding for bandwidth 

limited networks

˃ High-Bandwidth, High-

Resolution Machine Vision

˃ Any sensor interface: MIPI, 

SLVS, SLVS-EC, USB, 

HDMI, DP, LVDS, TSN
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Scalable Video Compression
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Scalable Inference With 

Integrated 

Video Compression

Scalable Inference With 

Integrated 

Video Compression

˃ Multi-resolution multi-

stream encoding

˃ AI Appliances

˃ Multi-sensor cameras

˃ Smart City

˃ Smart Retail

˃ Smart Advertising

˃ 4k@60 Encode

˃ Any sensor interface: 

MIPI, SLVS, SLVS-EC, 

USB, HDMI, DP, LVDS, 

TSN
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New Scalable Platforms for Smart Cities, Retail
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GPU
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New Product Options for Smart City, Retail applications, 

based on the XCZU4EV-1SFVC784I
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CNN DPU Overlay IP

˃ Instruction Set
Tensor based instructions

Up to 268,435,456 MACs/instruction

˃ Hardware Architecture
Multi-dimension parallelism

Configurable and extensible

Highly optimized micro-architecture
‒ Smart instruction merging and splitting

‒ On-chip memory pool with high internal bandwidth

‒ Intelligent DMA engine optimized for CNN patterns

˃ Simple C/C++/Python API
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Arch LUTs Registers BRAM DSP

B512 20759 33572 69.5 66

B800 21050 33752 87 102

B1024 29155 49823 101.5 130

B1152 30043 49588 117.5 146

B1600 33130 60739 123 202

B2304 37055 72850 161.5 290

B3136 41714 86132 203.5 394

B4096 44583 99791 249.5 514

High Computational Cost?  No Problem…

>> 19

Please leverage the Vivado IP wizard for DPU configuration specific resource utilization numbers.
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Acceleration on Hardware – VGG-SSD
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Pruning Reduces Computational Cost 
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Recent DPU Performance Improvements
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VITIS AI Model Zoo
Application Module

Face

Face detection

Landmark Localization

Face recognition

Face attributes recognition

Pedestrian

Pedestrian Detection

Pose Estimation

Person Re-identification

Video Analytics

Object detection

Pedestrian Attributes Recognition

Car Attributes Recognition

Car Logo Detection

Car Logo Recognition

License Plate Detection

License Plate Recognition

ADAS/AD

Object Detection

3D Car Detection

Lane Detection

Traffic Sign Detection

Semantic Segmentation

Drivable Space Detection

✓ Open for all users
✓ Leveraging mainstream frameworks and 

networks
✓ Deployable and re-trainable
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✓ Multi-task

✓ Multi-model

✓ Multi-framework

✓ Cascaded inference

✓ One or more DPU instances 

✓ Custom layer types

✓ Graph segmentation

✓ One bitstream supports many CNNs

Single-chip Deployment of Multiple Models 
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Edge Deployment of Custom Models
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AI Tutorials

Slide credit: Clayton Cameron>> 26
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AI Developer Hub

Slide credit: Clayton Cameron>> 27
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Xilinx Smart Camera Demo Platform

Audio CodecUSB 2.0

HTTP, RTSP, 

TCP/IP, UDP

H.265/H.265/

MJPEG

microSD

Onsemi AR1335 13MP
1/3” Progressive Scan

4208x3120, 30fps

Onsemi AP1302
MIPI Image Signal Processor

13MP@30, 1080p@120

HDR, Clarity+, Bayer, JPEG, YUV, 

Gamma, Face Detection

eMMC
DisplayPort 

Output

Debug UART
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Next Steps & Conclusion
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˃ Learn more about VITIS at XDF2019

www.xilinx.com/XDF2019

˃ Evaluate AI inference deployment and test-drive Xilinx pre-optimized models:

https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html#edge

˃ Visit our booth at SPS Nuremberg, November 26-28, 2019

˃ VITIS available for download

https://www.xilinx.com/products/design-tools/vitis.html

˃ Contact your local Xilinx sales team for details of new ZU4EV domain-specific 

variants for Smart City and Retail apps

http://www.xilinx.com/XDF2019
https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html#edge
https://www.xilinx.com/products/design-tools/vitis.html
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Adaptable.

Intelligent.

© Copyright 2019 Xilinx

Building the Adaptable,

Intelligent World


