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Self Introduction
● Avnet – 12 years
● Global Products & Emerging Technologies Team
○ Technical training courses
○ Reference designs
○ PetaLinux BSPs
○ Dev board development
○ Embedded Linux & software development for Zynq, Zynq MPSoC, and 

MicroBlaze
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What is PYNQ?
● Open-source project from Xilinx
● Makes it easy to design 

embedded systems with Zynq
● Python language and libraries
○ Exploits both PS & PL

● Create high performance 
embedded applications
○ Parallel hardware execution
○ High frame-rate video processing
○ Hardware accelerated algorithms
○ Real-time signal processing
○ High bandwidth IO
○ Low latency control

http://avnet.me/pynq_info

(PL)

http://avnet.me/pynq_info


What is an Overlay?
● Python wrapper around an underlying PL Hardware Design
● Access hardware co-processors and peripherals as function calls
● Analogous to highly-accelerated and customized software libraries
● Image processing example using PL for hardware acceleration
○ SW programmer uses a library to run image processing functions on the 

co-processors
■ edge detect, thresholding, etc

○ Hardware co-processors are loaded to the PL dynamically, as required, just 
like a software library

○ Using Pynq, separate image processing functions could be implemented in 
different overlays and loaded from Python on demand.

https://github.com/Xilinx/PYNQ-ComputerVision

https://github.com/Xilinx/PYNQ-ComputerVision


Image Processing Example



Set up for PYNQ
● Download PYNQ image and write to 

microSD card
○ Ultra96: http://avnet.me/ultra96-pynq

● Connect all the hardware
○ Ultra96-V1 or Ultra96-V2
○ 4A Power Supply
○ Internet

■ Wired USB-to-Ethernet 
■ WiFi
■ USB Gadget Ethernet also available

○ Terminal through Click Mezzanine 
USB-UART in mikroBUS #2
■ Not required

http://avnet.me/ultra96-pynq


Getting Started with PYNQ
http://avnet.me/ultra96-pynq-setup

● Boot the board

● Open browser to IP Address of the board (turn off any VPN)
○ Wi-Fi: 192.168.2.1
○ USB Gadget: 192.168.3.1
○ USB-to-Ethernet: Depends on what router assigned.

■ If Terminal connected, use ifconfig command to determine IP address

http://avnet.me/ultra96-pynq-setup


Experiment with Getting Started



Available Overlays
● Most are on the Xilinx GitHub

https://github.com/Xilinx
○ Sort by Language: Jupyter Notebook

● Support for Ultra96:
○ Quantized Neural Networks

https://github.com/Xilinx/QNN-MO-PYNQ
○ Binarized Neural Networks

https://github.com/Xilinx/BNN-PYNQ
○ OpenCV vision pipelines

https://github.com/Xilinx/PYNQ-ComputerVision
○ Extended Kalman Filter on GPS data

https://github.com/sfox14/pynq-ekf
○ PYNQ Helloworld image resizer

https://github.com/Xilinx/PYNQ-HelloWorld

https://github.com/Xilinx
https://github.com/Xilinx/QNN-MO-PYNQ
https://github.com/Xilinx/BNN-PYNQ
https://github.com/Xilinx/PYNQ-ComputerVision
https://github.com/sfox14/pynq-ekf
https://github.com/Xilinx/PYNQ-HelloWorld


What Are Neural Networks?
● Modeled after nerve 

cells in the brain, 
called neurons

● Neuron consists of:
○ Inputs and 

weights (synapses 
and dendrites)

○ Summation and 
Activation (cell 
body)

○ Output (hillock --
firing across a 
membrane through 
the axon)

*Credit: Sacha Barber, Neural Network for beginners, 

https://www.codeproject.com/Articles/16419/AI-Neural-Network-for-beginners-Part-of

https://www.codeproject.com/Articles/16419/AI-Neural-Network-for-beginners-Part-of


What Are Artificial Neural Networks?

Perceptron (Rosenblatt, 1962)



Install Neural Networks Notebook Into PYNQ

● Binarized Neural Network (BNN)
○ sudo pip3 install git+https://github.com/Xilinx/BNN-PYNQ.git



BNN Road Signs Example
● Binary Neural Network on Pynq
● Image recognition with a 

binarized neural network inspired 
by the VGG-16 model
○ 6 convolutional layers
○ 3 max pool layers 
○ 3 fully connected layers

https://neurohive.io/en/popular-

networks/vgg16/

Recorded Example (Sahaj Sarup):

https://youtu.be/ptzrg9dPI3w

https://neurohive.io/en/popular-networks/vgg16/
https://youtu.be/ptzrg9dPI3w


Instantiate a Classifier

Explanation

Operation



List the Available Classes



Open Images To Be Classified



Launch BNN on Co-processor (PL)



Launch Same Thing in Software (PS)

● Processed at rate of 1.77 images per second
● Co-processor is 1850x faster 









How Can You Get Started?
● PYNQ Experience not required

● Xilinx design experience not required

● You need hardware and an internet connection

● Learn more about PYNQ at http://avnet.me/pynq_info

● Get the Ultra96 image at http://avnet.me/ultra96-pynq
○ Also contains information about overlays

● Watch the Getting Started Video on YouTube
http://avnet.me/ultra96-pynq-setup

● Watch the BNN Example Video on YouTube
https://youtu.be/ptzrg9dPI3w

● Run a Neural Network PYNQ example yourself

http://avnet.me/pynq_info
http://avnet.me/ultra96-pynq
http://avnet.me/ultra96-pynq-setup
https://youtu.be/ptzrg9dPI3w


Deeper Dive Learning
● Avnet Technical Training Courses On Demand for Ultra96
○ http://avnet.me/TTC_on_Demand

○ Software Development (Bare Metal), Hardware Development, PetaLinux, SDSoC, 
Artificial Intelligence, and PYNQ (2-day course)

http://avnet.me/TTC_on_Demand
http://www.zynq-mpsoc-book.com/


Thank you
Join Linaro to accelerate deployment of your Arm-
based solutions through collaboration

contactus@linaro.org

mailto:contactus@linaro.org

