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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS and with all faults, and all risk associated with such information is entirely
with Buyer. Buyer shall not rely on any data and performance specifications or parameters provided herein. Products sold by Lattice have been
subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test and verify the
same. No Lattice products should be used in conjunction with mission- or safety-critical or any other application in which the failure of Lattice’s
product could create a situation where personal injury, death, severe property or environmental damage may occur. The information provided in this
document is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any
products at any time without notice.

© 2018-2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

2 FPGA-UG-02074-1.1


http://www.latticesemi.com/legal

= LATTICE

Contents
ACTONYMS N THiS DOCUMENT ... . .iiiiiciiiiecieee ettt e e ettt e e ettt e e e sttt e e e s treeessasseeessaeeeassteeeaasssaeesssaeeeanssseesanseaeesssaneeanseeesanssnsesnssnens 4
R [ o T ¥ ot o o TR 5
B VY Vot o] g |l D I=TYol o o)1 [ o PP UUURRRRRRNt 6
R = 43 o T AU« TP PP PP PP PPTTN 8
3.1. HardWare REQUIFEIMENTS .......cccuviieeeiiie et e ettt e ettt e e ettt e e e tbe e e eeteeeesbaeeeesabeeesessaeeesstaeeeanssaseeassaseesasaseeanssaeesnnsaens 8
3.2. Software and FIrMWare REQUITEIMENTS .........ueiiiiuiieeeiiieeceieee ettt e e estteeeeeteeeestaeeeessteeeseasaeeesbseaeensseseeassaeaessenaaans 8
3.3. 2 Lo T T e BT =Y a 1o - 8
4. Programming The DEIMO ......ciicciieeiiiieecetee et e e ettt e et e e e st e e e e tt e e e eeseaee e st aeeaastaeesassaseessssaseasssseesnssseeassseeesansresesnnsnens 11
4.1. Programming the MicroSD Card FIrMWAIE .......ccccciiiiiiiieeeiieeeeeciee e eeree e e steeeesaee e e sssteesessteeeesnteessnaeessssseeesnnees 11
LT U1 oY Y[ =ak o TSN B 1T oo SRR 13
TECNNICAI SUPPOIT ..ottt et ettt et e e st e st e st e e sab e e st e e s a b et e bt e s abe e e bt e sabeeeabeesabeeeabeesabeesabeesabeesnneenane 14
REVISION HISTOIY coiiiiiiiiiiicic e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e eaeeaaeaaaaaens 14
Figures
Figure 2.1. Lattice EVDK with MicroSD Card Adapter BOard ..........cooueeieiiiiinieeiieeeeeree ettt 6
Figure 2.2. Package Detection DEmMO DIagIam ........cccuieeeiiieeeeiieeecitieeeesiteeeeeiteeeesitaeeeestteeeeesssessassssaasstesasassseesasseaasnsseeesnsns 7
Figure 3.1. Back View of ECP5 VIP INput Bridge BOArd ..........ccccueiiiiiiiieiiieeceiies e ctee et e e e ee e stae e e ente e e seasnee e sanaeesenraeeennns 9
Figure 3.2. Top View of CrossLink VIP Input BridgE BOArd ..........cceiciiieiiiiie ettt rtee e ree e sitee e e stae e e eate e e snnaee e sanaeeeans 10
Figure 4.1. Connecting the MICroSD Card.........cccuiiiiciieeeiiieeeeeiee e sctee e e st e e e s reee e e saeeeesataeeeesseeesnsseeeessseeesasseeesnnseesesseeasans 11
FIZUIE 4.2. WIN32 DSk M@ eI .. ueiiiiieiiee ettt e eetee e stee e ettt e e ettt e e s aae e e e sateeeesateeeaaaeeeesssaeeaassseeeansseeeeasseeeeansseeesnnsneeesnseeanans 12
Figure 5.1. Output Image With PACKage PreSENT ........coiiiiiiiiiiiiie ettt ettt ettt e st e st sareesane e sareesaee e 13

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Acronyms in This Document

A list of acronyms used in this document.
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Acronym Definition

CNN Convolutional Neural Network
EVDK Embedded Vision Development Kit
FPGA Field-Programmable Gate Array
LED Light-emitting diode

MLE Machine Learning Engine

SDHC Secure Digital High Capacity
SDXC Secure Digital eXtended Capacity
SPI Serial Peripheral Interface

VIP Video Interface Platform

usB Universal Serial Bus

NN Neural Network
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1. Introduction

This document provides technical information and instructions for setting up and running the EVDK Based Package
Detection Demo. This demo is designed to utilize the Lattice Machine Learning Engine (MLE) IP and implemented onto
the Lattice Embedded Vision Development Kit (EVDK). The EVDK Based Package Detection demo takes image data from
one of the cameras on the EVDK and feeds it through a CNN and outputs the input image with a bounding box overlay
through the HDMI Output.

Refer to the following documents for detailed information on Lattice development boards and kit:

e Lattice Embedded Vision Development Kit User Guide (FPGA-UG-02015)

e  CrossLink VIP Input Bridge Board Evaluation Board User Guide (FPGA-EB-02002)

e  ECP5 VIP Processor Board Evaluation Board User Guide (FPGA-EB-02001)

e  HDMI VIP Output Bridge Board Evaluation Board User Guide (FPGA-EB-02003)

© 2018-2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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2. Functional Description

The EVDK Based Package Detection Demo is designed to utilize the Lattice Embedded Vision Development Kit with
MicroSD Card Adapter Board, as shown in Figure 2.1.

CrossLink VIP
Input Bridge Board

ECP5 VIP
Processor Board

HDMI VIP Output
Bridge Board

Camera Sensor CN2

Camera Sensor CN1

MicroSD Card
Adapter Board

Figure 2.1. Lattice EVDK with MicroSD Card Adapter Board

The Lattice Embedded Vision Development Kit features a stackable modular architecture consisting of three boards:
e  CrosslLink Video Interface Platform (VIP) Input Bridge Board

e  ECP5 VIP Processor Board

e  HDMI VIP Output Bridge Board

Figure 2.1 shows Revision C of the Embedded Vision Development Kit. For earlier revisions, refer to the user guide of
the specific evaluation board. For more information on the Embedded Vision Development Kit, visit the Lattice website
Embedded Vision Development Kit page.

The firmware, which holds the CNN training results (from Caffe tool) is stored inside the SD card. The MLE breaks the
image into a 7 x 7 grid, and determines cells with a high probability of the presence of a package. A green boundary
overlay is created for these high probability cells.

As shown in Figure 2.2, the video data taken by the camera sensor (CN2) on the CrossLink VIP Input Bridge Board are
fed into the ECP5 VIP Processor Board where the MLE processes the image data. This data, with weights and biases
from the firmware, is used to create bounding boxes.

The implementation of this demo in ECP5-85 consists of 8 Neural Network engines (NN) engines.

© 2018-2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Figure 2.2. Package Detection Demo Diagram
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3. Demo Setup

This section describes the demo setup.

3.1. Hardware Requirements

Lattice Embedded Vision Development Kit (LF-EVDK1-EVN)

e Mini-USB Cable (Included in the kit)

e 12V Power Supply (Included in the kit)

HDMI Cable

HDMI Monitor (1080p60)

Machine Learning Adapter Card (ML-EVN-ADP)

e  The microSD Card Adapter (MICROSD-ADP-EVN) has been replaced by the Machine Learning Adapter Card
(ML-EVN-ADP). The Machine Learning Adapter card includes an optional microphone input, but is otherwise a
100% functional replacement for the microSD Card Adapter.

MicroSD Card (Standard only - less than 2 GB, not SDHC/SDXC and others)

3.2. Software and Firmware Requirements

Diamond Programmer (Refer to www.latticesemi.com/programmer)
Programming files for Embedded Vision Development Kit

e Dual_Camera_to_Parallel_Crosslink.bit (targets CrossLink)

e package_detection_ecp5.bit (targets ECP5)

MicroSD card Image writer software (Win32diskimager)

e URL link: https://sourceforge.net/projects/win32diskimager/
MicroSD card image

e package_detection.bin

3.3. Board Settings

Before programming the boards, perform the following steps:

1.
2.

On the ECP5 VIP Input Bridge Board, make sure the jumper settings are as shown in Figure 3.1.

On the CrossLink VIP Processor Board (see Figure 3.2), ensure that SW2 is ON to power the board (LEDs should be
ON).

Connect the 12 V power supply to the barrel plug J4.
Connect the mini-USB cable from the PC to the mini-USB connector J2.

www.latticesemi.com/legal
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Figure 3.1. Back View of ECP5 VIP Input Bridge Board
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Figure 3.2. Top View of CrossLink VIP Input Bridge Board
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4. Programming the Demo

Both the CrossLink VIP Input Bridge Board and the ECP5 VIP Processor Board must be configured and programmed.
Also, the demo design firmware must be programmed onto the MicroSD card which is plugged into the MicroSD Card
Adaptor Board.

For instructions on programming the ECP5 and Crosslink devices, refer to the Lattice Embedded Vision Development Kit
User Guide (FPGA-UG-02015).

4.1. Programming the MicroSD Card Firmware
To write the image to the MicroSD Card:

1. Download and install the Win32diskimager Image Writer software from the following link:
https://sourceforge.net/projects/win32diskimager/.

2. Use Win32diskimager to write the appropriate Flash image file to the SD memory card. Depending on your PC, you
may need a separate adapter (not described in this document) to physically connect to the card. See the
Programming the Demo section to determine the file for the specific demo.

3. Connect the MicroSD Card as shown in Figure 4.1.

Figure 4.1. Connecting the MicroSD Card

4. In Win32 Disk Imager, select the image file ~/Demonstration/package_detection_demo.bin as shown in Figure 4.2.
5. Select the card reader in Device.
6. Click Write.

© 2018-2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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%2 Win32 Disk Imager - 1.0 - O *
Image File Device
tBased Package Detection Bitstream,Demonstration package _detection.bin | | oy - |
Hash
Generate Copy
] read Only Alocated Partitions
Progress
Cancel Read || write || Verify Only | Eat

Waiting for a task.

Figure 4.2. Win32 Disk Imager
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5. Running the Demo

To run the demo:

1. Insert the configured MicroSD Card into the MicroSD Card Adapter, and connect it to the Embedded Vision
Development Kit.

2. Cycle the power on the Embedded Vision Development Kit to allow ECP5 and CrossLink to be reconfigured from
Flash.

3. Connect the Embedded Vision Development Kit to the HDMI monitor. The camera image should be displayed on
monitor.

4. Place test image in front of the camera. Bounding boxes should be displayed around locations with a high
probability that a package is present.

Note: The current demo has been trained to work best with white packages. By retraining the network, it would be
possible to support a variety of other package styles. Figure 5.1 shows an example output with a package present.

Since demo firmware/information is written to non-volatile Flash memory, it runs at power-up.

Figure 5.1. Output Image with Package Present
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Technical Support

For assistance, submit a technical support case at www.latticesemi.com/techsupport.

Revision History

Revision 1.1, June 2021
Section Change Summary

All e  Added Disclaimers page.
e  Updated the last page of this document.

Demo Setup Added a sub-bullet point for Micro SD Card Adapter in Hardware Requirements section.

Revision 1.0, September 2018
Section Change Summary

All Initial release.
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