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Microchip FPGA Portfolio

The World’s Most Power-Efficient FPGAs
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Everyone is Moving Intelligence to the Edge

Gartner
“The Intelligent ;
Edge exists when
real-time insights
and decisions

happen outside
the data center.”

EML {] 5G & Data Networks Gartner
“75% of enterprise-

L generated data will be
- .‘ created & processed
outside a centralized
data center or cloud by
BAIN (D
& COMPANY

: “The market for
% Autonomous Vehicles

intelligent edge
computing is as

Gartner much as $127

) . billion in spending
ML algorithm on embedded
growth will be silicon forecast
especially strong at through 2027

the intelligent edge.”
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Microchip FPGA Leadership
Most Power Efficient, Secure Mid-Range FPGAs

FPGA
+ SoC

FPGA

A Low End Mid-Range High End
MiCROCHIP A5\ MicrocHIP AMDZ £ XILINX
(] rm Cortex-M3 -
. intel /AOERYA)
SmartFusion®2 PolarFire® SoC FPGA _ Hteh S s
R0 in High-End Compute
Industry’s only non volatile = MRISC Data Center & Storage
FPGAs with hardened MCU Applications
Mid-Range Platforms Enabling
\ Intelligent Edge Apps
@ MICROCHIP With 30-50% Less Power
IGLOO®2
With 30-50% Less Power
PolarFire® FPGA
L L ATTICE R . gllost POW:I;‘ Ei;i_‘icti:lent,
. Secure and Reliable > .
Anchoring the Low-End of Market <z nVIDIA a rm
=
50 KLE 500 KLE 5000+ KLE

FPGA Logic Density
KLE= x1000 Logic Elements
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From the Intelligent Edge to the Depths of Space

Power & Thermal Efficiency, Pervasive Security, Exceptional Reliability

FR&EA

MicracHIP
RTAX™

MicracHIP

RTG4™
FRCA

MicracHIP

RT PolarFire®
FRGA

MicracHIP
RT Polarkire” SoC

Sol FPGA

Family >

SmartFusion, ProASIC3, IGLOO

Smallest Packages

SmartFusion2, IGLOO2

Low Density FPGAs with more

PolarFire
Mid-Range Density FPGAs

PolarFire SoC
Mid-Range Density SoCs

Description CPLD Replacements resources & lowest power Lowest Power, Smallest Form Hard 5-Core BISC-\( 64-bit CPU
Factors Realtime Linux
Logic Elements 100—30K 5K—150K 50K—480K 25K—460K
Transceiver Rates — 1—5 Gbps 250 Mbps—12.7 Gbps 250 Mbps—12.7 Gbps
667 Mbps DDR3 1600 Mbps DDR4 1600 Mbps DDR4 / LPDDR4
/O Speeds 400 Mbps LVDS 750 Mbps LVDS 1.6 Gbps LVDS/ 1.5 Gbps MIPI 1.6 Gbps LVDS / 1.5 Gbps MIPI
DSP (18x18 Multipliers) — 240 1480 1420
Max RAM 144 Kb 5Mb 33 Mb 32 Mb
64-bit Multi-CPU Cluster

- oot Hard 100 MHz A%?\;Idclfrfe':(’fr/f.ﬁ ot igf&'ﬁgﬁ';’x_Ml Hard 5-Core RISC-V CPU (600MHz)

rocessor Uptions ARM Cortex-M3 Hard Crypto Processor / 2MB L2

Soft RISC-V Hard Crypto Processor Cache

On-board Flash Up to 512 KB code store Up To 512 KB code store 56 KB secure NVM 26 KB secure NFI\z/a';/Ih/ 128 KB Boot
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Smart Embedded Vision




SEV: A Microchip One-Stop-Shop

A3 Power / LDO DDR ML
(& Ideal Diode Bridge) Oscillator

PolarFire Control Logic DDR Display
SoC FPGA (Custom) Controller
Encod [
‘ | e s uphy
ensor/ Sensor Image interface
ADC interface processing CoaXPress Phy
W iFi Controller
* Sensor Interfaces (Rx) * Image Processing * Deep Learning Inference e Transport Interfaces
*  MIPI CSI-2 Receive (1.5 Gbps / lane) *  Basic ISP: Color Space, Image * VectorBlox SDK v1.4 CoaXPress 6.25 / 12.5G
*  SLVS-EC (4.7 Gbps / lane) Enhancement, Edge Detection, SDI (HD/3G/12G)
* JESD204B (12.5G/lane) Exposure Control... e Encode (Decode) 10G MAC / 10G PHY

LVDS (1.6G/lane) USXGMII (1/2.5/5/10G)

H.264 (1080p60) HDMI 2.0 Rx (4K30) / Tx (4K60)

* Advanced: Defect Pixel Correction,

. ) «  H.264 (4K60) )
* Display Interfaces o e ATk
*  MIPITx (1.0 Gbps/ lane) *  mJPEG Encode, mJPEG Decode A ) é/lOb .64/66b
«  MIPITx (2.5 Gbps/ lane) * Soft DDR Controllers urora ’
*  MIPI DSI Tx (1080p60) * DDR4/DDR3/LPDDR3
* MIPI DSI Tx (40k60) * LPDDR4 (characterization)
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What does VectorBlox Enable’

PolarFire Video Kit Smart Camera
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The Deep Learning Construct

Training data

Network Training

Image Database:

et - In the data centre or workstation
 Large compute capacity
Caffe Training algorithm Evaluate & Learn ° NO power or Space COﬂStraintS
Ten:oFr' Networks:
‘T'torch Yolo, ResNet, SSD,

MobileNet...

theano
CPU/ GPU

Detection

Inference

[ ]
Z
@
9
Q
—
Q
=
—
Q
—t
)
>
3
<

Power & space constrained
Requires security and reliability

Edge, Fog CoordinatesClass Probabilities
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Many Challenges in FPGA Development

Models developed in the

software domain

Network

l—RTL—l

VHDL VERILOG

Many frameworks used by

Need out-of-box

Al/ML developers evaluation platforms

Tensor
41. MathWorks

€ ONNX

=2 PrThRCH %"

Calls o PCle Interface

@xnet otk 4

Enable evaluation before
choosing hardware

Network

1 B

Simulator

Translating models into
RTL requires expertise

Learning curve for new
developers

Custom Implementation
for each framework

Microchip Confidential

Validate CNNs before
investing in hardware

g\ MICROCHIP



Traditional FPGA Design Flow Challenges

Traditional FPGA Flow

f

Frameworks PR— Tensor
L 4\ MathWorks

RTL

A

NN Engine

Custom RTL

Code Generator

Placement

A 4

Not scalable, needs hardware expertise

Silicon H
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Traditional FPGA Design Flow Challenges

Traditional FPGA Flow Productivity Enhancement Tools VectorBlox Accelerator SDK
(SoftConsole)

.?

Frameworks PR— Tensor

A

RTL

L 4\ MathWorks

€ ONNX

-

Q_ PYTORCH %"
Cabte? Chaine
@:xnet Chik 4

Netlist

C/C++ Firmware |«
pa—— Code Generator
Placement
Routing Accelerator <
\/—\
Processor

4

A 4

A

Software abstraction for Neural Networks

Silicon
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VectorBlox in Short

Quick and easy setup

VectorBlox SDK and NN IP enables

* Software developers to run Neural Networks (NN)
without prior FPGA knowledge

PolarFire Video kit

e Utilization of most popular NN software frameworks

CNNs are written into external Non-Volatile memory
No need to reprogram, recompile the FPGA when updating CNNs

™
* Simulation in software without procuring hardware m!;,
J\ MathWorks| Wide framework
interoperability
€ ONNX
& e

From Customer VectorBlox Scope /—A—\ Embedded Design

e rmTmTmTmmmEmmmm T . IEEEmmm 1

" \ 1 | ! 1
! 1 ! 1
Cloud/ Workstation | | Linux PC | | FPGA/ MPU/ CPU 1 1 ! 1
! Neural Networks | VectorBlox ! > SPI DDR4
) (C/C++) ! \ SDK (Python) ' Write to Flash
Training Compress/ Calibrate Inferencing : : : : SPI Flash
L e e e L e e e A
. 8-bit Trained Execute on
32-bit CNN ’ CNN ’ FGA | oo , v
I :
1 . .
VectorBlox SDK’s scope is in “Compression” and “Inferencing” ! FPGADesign | ~ PolarFire e~ Other
] h > +——> .
: (Libero) : Program the FPGA FPGA Peripherals
! 1

Training Dataset
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VectorBlox Software
Development Kit

VectorBlox SDK is supported in Ubuntu & WSL
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VectorBlox™ Accelerator SDK

Enables developers to code in C/C++ and use
power efficient neural networks

* No prior FPGA design experience required.
* Works on Linux and Windows.

Executes models in TensorFlow and ONNX
* Offers the widest framework interoperability

Includes a bit accurate simulator

* Users can validate the accuracy of the hardware while in
the software environment.

Pre-trained Neural Networks demos included

* Users can load different network models at run time on
supported hardware

r Microsoft

CNTK
© Caffe?

7(.:'/.)' PaddlePaddle

€ ONNX

M l

O PyTorch
‘¥ TensorFlow

Q‘ Chainer

o 2ly
Libero

-
Dev Kit

CoreVectorBlox IP in Libero® Model Optimization and
Software (Al Engine) Calibration

VectorBlox™ x86 Quantization and Runtime
Simulator Generation Tool

Pre-trained, Pre-optimized CNNs
Framework Support

S

Network Software & Binaries

MPF300-VIDEO-KIT-NS

MPFS250-VIDEO-KIT

ﬁ\ MICROCHIP
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VectorBlox™ Accelerator SDK User CNN

@

—
CoreVectorBlox IP in Libero® el Gt / MODEL /
Software (Al Engine) P
VectorBlox™ Calibration and Runtime Optimizations
Simulator Generation
Pre-trained, Pre-optimized CNNs / MODEL OPT /
Framework Support Calibration
Reference Hardware / MODEL INT8 /
Network Software and Binaries ST

Model Optimization and Calibration o

Vector Graph @ MICROCHIP
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VectorBlox™ Accelerator SDK /

CoreVectorBlox IP in Libero® Model Obtimization
Software (Al Engine) P

VectorBlox™ Calibration and Runtime

Vector Graph /

v

Simulation

v

Simulator Generation

Pre-trained, Pre-optimized CNNs

Framework Support

Network Software and Binaries

Using the Simulator

Running Simulation...

265 toy poodle 0.6151123

266 miniature poodle 0.11071777

155 Shih-Tzu 0.07495117

bandwidth per run = 32002180
estimated 0.0400075 seconds at 100MHz

Use
Hardware?

YES

A\ 4

SPI Flash

265 toy poadle
266 minicture poodle
155 Shih—Tzu

@ MICROCHIP



VectorBlox™ Accelerator SDK

Tutorial Name Source Framework Task Accura-cy Accuracy V1000
Metric Score kcycles
mobilenet-v1-1.0-224 caffe Classification topk 65.4 1623
mobilenet-v2 caffe Classification topk 70 2037
CoreVectorBlox IP in Libero® e : mobilenet-v1-1.0-224-tf tensorflow Classification topk 68.8 1613
: Model Optimization ' o
Software (Al Engine) mobilenet-v2-1.0-224 tensorflow Classification topk 69 1710
mobilenet-v2-1.4-224 tensorflow Classification topk 74.8 2625
. . . .
Vec?torBIOX Calibration and, Runtime resnet-50-tf tensorflow Classification topk 75.2 8786
Simulator Generation -
squeezenetl.0 caffe Classification topk 58.2 2326
_ e squeezenetl.1 caffe Classification topk 58.4 1301
Pre-trained, Pre-optimized CNNs
Sphereface caffe face_compare 3784
onnx_resnet18-vl onnx Classification topk 71.4 3304
Framework Support mnist onnx Classification 21

torchvision_resnet50 pytorch Classification topk 75.2 8909

torchvision_wide resnet50 2 pytorch Classification topk 76.2

Reference Demos Reference Hardware _ _ _

yolov2-tiny-voc darknet Object Detection VOCmAP 54.06 8907
yolov2-tiny darknet Object Detection COCOmAP 27.02 9056
Network Software and Binaries yolov3-tiny darknet Object Detection COCOmAP  39.71 10147

yolov2-voc darknet Object Detection VOCmAP 69.99

. . yolov3 darknet Object Detection

CNNS are Supported WIth TUtorlals yolov2 darknet Object Detection 43905
BlazeFace pytorch Classification 470

@ MICROCHIP



https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/caffe/mobilenet-v1-1.0-224/mobilenet-v1-1.0-224.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/caffe/mobilenet-v2/mobilenet-v2.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/tensorflow/mobilenet-v1-1.0-224-tf/mobilenet-v1-1.0-224-tf.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/tensorflow/mobilenet-v2-1.0-224/mobilenet-v2-1.0-224.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/tensorflow/mobilenet-v2-1.4-224/mobilenet-v2-1.4-224.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/tensorflow/resnet-50-tf/resnet-50-tf.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/caffe/squeezenet1.0/squeezenet1.0.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/caffe/squeezenet1.1/squeezenet1.1.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/caffe/Sphereface/Sphereface.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/onnx/onnx_resnet18-v1/onnx_resnet18-v1.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/onnx/mnist/mnist.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/pytorch/torchvision_resnet50/torchvision_resnet50.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/pytorch/torchvision_wide_resnet50_2/torchvision_wide_resnet50_2.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov2-tiny-voc/yolov2-tiny-voc.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov2-tiny/yolov2-tiny.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov3-tiny/yolov3-tiny.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov2-voc/yolov2-voc.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov3/yolov3.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/darknet/yolov2/yolov2.sh
https://github.com/Microchip-Vectorblox/VectorBlox-SDK/blob/master/tutorials/pytorch/BlazeFace/BlazeFace.sh

VectorBlox™ Accelerator SDK

CoreVectorBlox IP in Libero® Model Obtimization
Software (Al Engine) P
VectorBlox™ Calibration and Runtime
Simulator Generation
Pre-trained, Pre-optimized CNNs

¥ Microsoft

CNTK
O Caffe?

1(.:'/.:5 PaddlePaddle

€ ONNX

rl‘].’l )

Framework Support
Network Software and Binaries

v

O PyTorch
¥ TensorFlow

Q‘ Chainer

Supports TensorFlow and ONNX (Caffe, CNTK, mxnet, PyTorch etc.)

@ MICROCHIP



VectorBlox™ Accelerator SDK

Smart Camera
Reference Design

CoreVectorBlox IP in Libero® Model Optimization
Software (Al Engine) P
VectorBlox™ Calibration and Runtime
Simulator Generation
Pre-trained, Pre-optimized CNNs
Framework Support
Network Software and Binaries

CNNs are supported with Tutorials

@ MICROCHIP



VectorBlox™ Accelerator SDK

CoreVectorBlox IP in Libero® Model Obtimization
Software (Al Engine) P
VectorBlox™ Calibration and Runtime
Simulator Generation
Pre-trained, Pre-optimized CNNs
Framework Support

}
Network Software and Binaries

Switch CNNs without “Re-programming”
or “Place and Route”

model_desc_t models []={
{ “MobileNet V1”, 0x259000, 224,
{ “Tiny Yolo V3 COCOQO”, 0xed5000, 416,

2
vbx_cnn_t* the_vbx_cnn;
logo_width = 420;
logo_height = 264;
*logo = 0;

clear_frame ( * draw_frame) {

draw_rectangle ((1920-1080)/2,0,1080, 1080, 0,

Load Bocd Process
Vector Y CNN

, 10, 0x6926fe 18, 30},
, 30, 0xf640b794, 30},

Done

A8\ MicrocHip
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Hardware Supported in VectorBlox

MPF300-VIDEO-KIT-NS MPFS250-VIDEO-KIT

@ MICROCHIP
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VectorBlox GitHub And Model-Zoo

(M) Overview ] Repositories 3

Popular repositories
VectorBlox-SDK

®c w9 Yo

VectorBlox-SoC-Video-Kit-Demo

Verilog

Microchip-Vectorblox

[ Projects @ Packages

Public

Public

A People

VectorBlox-Video-Kit-Demo Public

Verilog

Vectorblox Automated Publish

app_notes

docs
drivers/vectorblox
example

fw

lib

python/vbx
tutorials
.gitattributes
README.md
install_dependencies.sh
install_venv.sh

requirements.txt

RirEErEirEi-rRir-rEl S BN NS BN BN BN BN |

setup_vars.sh

Automated Publish

Automated Publish

Automated Publish

Automated Publish

Automated Publish

Automated Publish

Automated Publish

Automated Publish

initial commit

Automated Publish

Automated Publish

Automated Publish

Automated Publish

Automated Publish

aifeecl 3 weeksago &) 21 commits

last year
3 weeks ago
3 weeks ago
3 weeks ago
3 weeks ago
3 weeks ago
3 weeks ago
3 weeks ago
3 years ago
2 years ago

last year
2 years ago
3 weeks ago

last year

Tutorials
This directory contains scripts that will generate vectoblox compatible Binary Large OBjects (BLOBs) for networks from various sources. The
scripts are intended as examples to be read and understood by users. Users can then modify the scripts to generate their own networks.
Below is a list of included tutorials. Frames per Second (FPS) assumes the cores are running at 137 MHz (V1000), 143 MHz (V500) and 154
(V250).
S A Accuracy V1000 V500 V250
Tutorial Name ource Task ccurz?cy Score FP32
Framework Metric . fps fps fps
/ 8-hit
. Object
ultralytics.yolovin.relu pytorch . mAP{COCO) 32437321 46.42 3242 16.48
Detection
[tralyti lov5s.rel torch Object AP(COCQ) 48.9/48.61 18.36 10.22 486
ultralytics.yolov5s.relu pytorc Detection m . : : L 4
ultralytics.yolovam.relu torch Object mAP(COCO) 54.6/54.38 6.68 3.56 1.85
ytics.y ' kY Detection ' ' ' ’ ’
License Plate
Ipd 42 torch
et pytore Detection
License Plate
Ipr_eu_v3 pytorch o
Recognition
Object
yolo-v3-tf tensorflow i 2.35 1.22
Detection
Object
yolov2-voc darknet Ject MAPVOC) 7479/7413 613 3.38 161
Detection
Face
scrfd_500m_bnkps onnx . 79.37 63.25 33.25
Detection
Gender Age
genderage onnx . g 8602.19 850.06 584.32
Estimation

@ MICROCHIP



Reference Design

Camera CSI
Rx

Debayer

Image
Enhancement

Image Scaler
(integrated frame
reader/writer)

25

Inputs and Outputs

A

A 4

Image WarpAffine
(integrated frame Mi-V Soft Processor
reader/writer)

CoreVectorblox IP
CNN Accelerator

Control/Status (AXI4lite)

* Inputs (1080p60)
*  MIPI CSI-2 Camera
* HDMI

« Output (1080p60)
* HDMI

e Supported in
* PolarFire Video Kit

* PolarFire SoC Video Kit

PolarFire Video Kit

PolarFire SoC Video Kit

@ MICROCHIP



FPS Performance Summary

DemoMode  [FPS* |
FaceDemo w/ Gender Age 31

32

License Plate Reader 16

MobileNet 50
YoloV5

YoloV4
Measured using V1000 on the P

26
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Switching CNNs in Real-Time




ok wnNE

Camera MIPI CSI-2 Debayer Scaler

Sensor Receiver (Raw to RGB) (Planer RGB)

IMX334
1080p30

DDR Write DDR Read
(Video frames) (Video frames)

DDR Write (R)
DDR Write (G)
DDR Write (B)

DDR Read Alpha Blend Inference

(Video frames Results

Inference
results

5
CoreVectorBlox

Al Engine

DMA Read

AXI-4

HDMI

MI-V

(Soft RISC-V) Connection

RGB to HDMI

Video frame is received via MIPI CSI-2

And stored in the DDR via AXI-4 interconnect

Before inference — the frame is read back from the DDR

Converted from RAW to RGB, RGB to planer R, G, B and written back into DDR
CoreVectorBlox engine runs inference on R, G, B arrays and writes results back into DDR

PolarFire Video Kit Image

Mi-V (PolarFire FPGA) sorts probabilities, creates an overlay frame with bounding boxes, classification results, fps etc., and stores the frame in DDR

1. PolarFire® SoC FPGA uses the Linux running on the RISC V cores for this task
The original video frame is read and blended with the overlay frame and sent out to an HDMI display

@ MICROCHIP
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Switching CNNs in Real-Time

Resnet 50 99 ms — 10.1 fps

hbrary 0.47
power drill 0.45

@ MICROCHIP



30

Facial Recognition

@ MICROCHIP
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Solving Complex Problems with CNN Pipelining

processing
Crop _
Frame nl Resize Infer CNN2 Rk :
Warp processing
Crop .
Frame n2 Resize Infer CNN3 Post :
- processing

Display
Output

@ MICROCHIP
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Solving Complex Problems with CNN Pipelining

Feature Points

Video Input Frame 1 Resize CNN1-SCRFD Post-
(HDMIRx) (320x320) R Draw Bounding Boxes

Detect face

Crop, _ _ '
Frame nl Resize (112x112), CNN2 Post _ Compare with
Warp ArcFace processing face database
Extract face mapping Name or ID

e CNN3- Post-
Resize (112x112), .
Warp Gender&Age Sl Gender & Age
FPGA fabric Soft Processor

Display

Output
HDMI Tx

Extract attributes
Kalman Filter

@ MICROCHIP



Face Recognition Demo

-66
65
HDMI 111
or 80 =&y HDMI
> > » L —
Camera 55 I~ output
LX)
102
VectorBlox Smart HLS VectorBlox Mi-V (C Code)
Face Detection Rotate, Resize, Face Recognition Kalman Filter
Model Crop Face Model Object Trackers

* Face detection and recognition models share VectorBlox accelerator
* CNNs in the pipeline (e.g., license plate detection and recognition)
* Object tracking common for video applications

33 ﬁ\ MICROCHIP
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Face Recognition - SCRFD, ArcFace

Running Face Demo 22 fps

@ MICROCHIP



Reference Design - Resource Utilization

CoreVectorBlox Configuration V1000 (MPF300) V500 (MPF300) V250 (MPF300)

FPGA Resources Total

158K/151K/348/1056/503 143K/130K/220/832/439 126K/111K/140/721/404
LUT/FF/DSP/uSRAM/LSRAM / /348/ / / /220/832/ / /140/721/

FPGA Resources Core
LUT/FF/DSP/uSRAM/LSRAM

Face Detection Network
Runtime
Face Recognition Net k
Runtime
Face Attribute Network
. 1ms 1ms 2 ms
Runtime

59K/69K/292/531/146 44K/48K/164/307/82 26K/28K/84/165/47

Total FPS
(including post-processing)

23 FPS (44 ms) 20 FPS (49 ms) 14 FPS (73 ms)

35 @ MICROCHIP
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License Plate Reading

@ MICROCHIP
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Solving Complex Problems with CNN Pipelining

(HDMI Rx) (1024x288) processing

Plate coordinates

Draw Bounding Boxes

Detect License Plate

Display
Output

HDMI Tx

Transform matrix

Crop, -
Resize (146x34), M CNN2-LPR Post-
Warp processing Characters

Read License Plate

Kalman Filter

@ MICROCHIP



License Plate Recognition

@ MICROCHIP



Reference Design - Resource Utilization

CoreVectorBlox Configuration V1000 (MPF300) V500 (MPF300) V250 (MPF300)

FPGA Resources Total

160K/153K/353/1061/507 145K/132K/225/837/443 128K/112K/145/726/406
LUT/FF/DSP/uSRAM/LSRAM / /353 / / /225/837/ / /145/726/

FPGA Resources Core
LUT/FF/DSP/uSRAM/LSRAM

Detection Network Runtime 51.83 ms 83.42 ms 188.34 ms
Reading Network Runtime 4.16 ms 6.74 ms 12.11 ms

60K/69K/292/531/148 45K/48K/164/307/84 26K/28K/84/16/47

Total FPS
(including post-processing)

14 FPS (56 ms)

39 @ MICROCHIP



CoreVectorBlox Neural Network Engine

e Multi-core Software Architecture

* Mi-V runs complete software-based application

* VectorBlox Matrix Processor (MXP)
* Elementwise tensor operations
(add, sub, xor, shift, mul, dotprod ...)
* Up to 8 32-bit ALUs
* Mixing precisions ok (int8, int16, int32)
* 256KB Scratchpad Memory and DMA Controller

* VectorBlox CNN
* Tensor multiply-accumulate operations
* Fixed at either int8 precision

* Layer enhancements added with software update

256KB
Scratchpad

e
P
e
>

AXI Interconnect

Overlay implementation allows several
different networks to run on the same

FPGA design without the need to
resynthesize

@ MICROCHIP
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Resources V250 V500 V1000
Peak GOPs 79 146 279
ResNet-50 (fps) 4 8 14
Tiny Yolo v3 (fps) 5 10 28
MobileNet v1 (fps) 19 38 81
MobileNet v2 (fps) 17 34 76

Resource Utilization (LUT4)

MPF100 LEs 25% 43%

MPF200 LEs 14% 24% 32%
MPF300 LEs 9% 16% 21%
MPF500 LEs 6% 10% 13%
Fabric Clock 153 MHz 143 MHz 129 MHz

CoreVectorBlox v1.4.4 Utilization & Performance

core_vectorblox_0

— Clk
— clk_2x

= M_AX| =—
— resetn

— S_control

Configuration Options
Size Configuration: V250, V500, V1000
Memory Master Width: 256b, 512b

* Configurable performance based on size and power budget

@ MICROCHIP



2-3x More Power Efficient Inference

Total Power Consumption

Dynamic Static Total Total 4500 o— 333 350
Core Name Peak GOPs Power Power* Power Power 4000 279
(mw) (mW) (mW)  (mW/GOP) = 4 300
VectorBlox % 3500
279 1094 206 1300 5.1 — 250
V1000 S 3000
VectorBlox 146 698 127 825 6.4 [SR— 200 &
V500 ' S S
2 166
VectorBlox S 2000 146 150
o o
V250 79 387 65 452 7.1 L: s
Comp A 332.8 3072 976 4048 122 : 100
B1024 . ’ & 1000 & 79
fe 50
Comp A 166.4 2201 528 2729 16.4 S s00
B512 -
0 0
< N o o o )
§ n § E § B Static '
m < = = I Dynamic
= g g [ GOPs
>

e 2-3x more power efficient inferencing up to 280 GOPs

* Suitable for applications requiring
* Low power consumption, small enclosures and fan less designs

*Scaled for resource utilization
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Supported Layers in CoreVectorBlox IP

Abs Add AveragePool
BatchNormalization Concat Conv
Dropout Gemm Identity
LeakyRelu MatMul MaxPool
Mul PRelu Relu

e Additional layers can be added via software update
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VectorBlox Roadmap
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VectorBlox Roadmap

VBX 1.4.4

I
TensorFlow, PyTorch, 1

1 SDK
MXNet, Darknet, etc. \

Floating Point
Model

OpenVINO In-House

Convert Optimize Quantize Compile
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VectorBlox Roadmap

VBX 1.4.3

I
TensorFlow, PyTorch, 1

MXNet, Darknet, etc. '°PX  OpenVINO In-House
Floating Point : o . .
Convert Optimize Quantize Compile
|
|
[ Industry-standard
"""""""" -:S_D_K_—_____________ tools for quantization ||ty
VBX 2.0 ! and simulation
TensorFlow-Lite — ONNX Tools In-House

Floating Point

Convert Optimize uantize
Model P Q

Model _ Allows

quantized
46 ~___training
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VectorBlox™
VectorBlox SDK and NN IP enables

» Software developers to run power efficient Neural
Networks (NN) without prior FPGA knowledge

» Utilization of most popular NN software frameworks

e Simulation in software without procuring hardware

N

Summary

Quick and easy setup

PolarFire Video kit

From Customer

VectorBlox Scope

A

'

-

Training Dataset

VectorBlox SDK’s scope is in “Compression” and “Inferencing”

Cloud/ Workstation | | Linux PC | | FPGA/ MPU/ CPU
Training Compress/ Calibrate Inferencing
. 8-bit Trained Execute on
32-bit CNN — CNN — FPGA

. F\
Tensor
4\ MathWorks

______________

CNNs are written into external Non-Volatile memory
No need to reprogram, recompile the FPGA when updating CNNs

Wide framework
interoperability

______________

Embedded Design

! |

! 1 ! 1
1 1
i Neural Networks ! | VectorBlox ! SPI

L —] [ > DDR4
i (C/C++) ! : SDK (Python) ' yyite to Flash
i ' I \ SPI Flash
L e e e L e e e A
—————————————— \ v

1

1
1 FPGA Design ! _ PolarFire . Other
1 . 1 » D aan .
: (Libero) : Program the FPGA FPGA Peripherals
! 1
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Thank You
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