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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, with all faults, and all associated risk is the responsibility entirely of the Buyer. The
information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise rendered
inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. 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. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL SYSTEMS, HAZARDOUS
ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN WHICH THE FAILURE OF THE
PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL HARM (COLLECTIVELY, "HIGH-RISK
USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES, INCLUDING PROVIDING APPROPRIATE
REDUDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY OF
FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. 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.
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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

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

MLE Machine Learning Engine

NN Neural Network

NNC Neural Network Compiler

SD Secure Digital

SDHC Secure Digital High Capacity

SDXC Secure Digital extended Capacity
SPI Serial Peripheral Interface

UsB Universal Serial Bus

VIP Video Interface Platform

VVML Voice and Vision Machine Learning Board
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1. Introduction

This document describes the Barcode Detection Demo running process using the CertusPro™-NX Voice and Vision Machine

Learning (VVML) platform.

2. Functional Description

Figure 2.1 shows the top view of the CertusPro-NX VVML, Rev A, board used in this demonstration.

| o 58 o
"0 PROGRAMING

T g & 1T
= V1%ec10r 100 107 €n

Ry« ol : =
‘ rr_uss?_'ﬂacm
onaal i = oot g
FPGA-GSRN 8381 ATTICE hogunun

bt LI 2= oy G118

8 -
HICONOUCTOR. 1 &7.6 25

“R116
20 W
- U
2411
8

FIDILSCL® .

R98u
CBlires

®
1014®

()

ax’?

<
=1
-
=
-
™

96
()

o

‘ R102
s’ CONX Voige ond Vision

a Mochine Learning Board

= Rey A
B FINALEN  R1365 04,
P01 35 Designed iwysA  Riddam
X3 e B
o : |
CAMO ! b

oo, 8
«f Bankd g

@1P16 TRSTH

T
|
a
Yibeoc el

\

YaR3M... @IP14TD)

Qb **

SRR UsB VIDEO

4
Y

Figure 2.1. CertusPro-NX VVML Rev-A Board — Top View

.. @PISTCK AAAS,

. FX_PMODEO

) 27
“BeEag |

© 2023 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.

FPGA-UG-02182-1.0


http://www.latticesemi.com/legal

Machine Vision: Barcode Detection Demonstration .l.lLATTICE

User Guide

3. Demo Setup

This section describes the demo setup.

3.1. Hardware Requirements

This section shows the hardware required for this design and how they are connected.

e CertusPro-NX Voice and Vision Machine Learning Board, Rev. A

e USB3.0 Type A cable to Micro USB Type B (to load firmware in FX3 and to run demo using video visualizing tool)
e USB2.0 Type A to Type Micro B cable (to program CertusPro-NX VVML board)

e  SonylMX-214 MIPI Interface camera.

Figure 3.1. Sony IMX214 Camera

e Personal computer

3.2. Software Requirements
e Lattice Radiant™ Programmer version 2022.1. Refer to http://www.latticesemi.com/programmer.
e Cypress — EZ-USB FX3 Software Development Kit. Refer to https://www.cypress.com/documentation/software-and-
drivers/ez-usb-fx3-software-development-kit.
e Video Visualizing tool to see the output. User can use one of the tools below:
e VLC Media Player — https://www.videolan.org/vlc/download-windows.html
e Windows Camera Application — To use the windows camera app, user must change the default webcam if the other
camera device is connected to the system. For more information, user can follow the steps mentioned in
https://answers.microsoft.com/en-us/windows/forum/all/how-to-change-default-webcam-in-windows-
10/1e8377c8-4fd5-4e9c-8ab6-67913c5c8e0c.
e AMCap — http://noeld.com/programs.asp?cat=video.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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4. Programming the Demo

This section describes the Barcode Detection demo running the process using the CertusPro-NX Voice and Vision platform.
To run the demo, user needs prebuilt .mcs and .bit file to program the CertusPro-NX VVML board.

4.1. Package Folder Structure

Figure 4.1 shows the demo directory structure.

Figure 4.1. Demo Package Folder Structure

4.2. Load Firmware in FX3 I2C EEPROM
To load the firmware in the FX3 1°C EEPROM:

1. Connect the USB3 port of the CertusPro-NX Voice and Vision Machine Learning (VVML) Board, Rev A to PC using the
USB3 cable.

2. Open the USB Control Centre application. Make sure the Cypress FX3 SDK is installed in the PC.

3. Use the CertusPro-NX Voice and Vision Machine Learning board (Rev A) and put the jumper on J13 to make it FX3
firmware programmable.

Connect the FX3 cable to PC.
Press the Push button and switch the SW2 on the board to reset the FX3 chip.

The screen shows the boot loader device as shown in Figure 4.2.

www.latticesemi.com/legal
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E'] USBE Control Center

File | Program | Help

URBStat Abort Pipe ResetPipe X & (@ 7

riptor INfo  Data Transfers  Device Class Selection

VICE>

- FX2 D
®- | Fx3 3 | RAM
| 12C EEPROM
SPI FLASH

FriendlyName="Cypress F3 |USB BootLoader Device"

Manufacturer="Cypress"

Product="WestBridge "
SerialNumber="0000000004BE"
Corfigurations
MaxPacketSize="64"
VendorlD="04 B4"
Product|D="00 F3"
Class="00h"
SubClass="00h"
Protocol="00h"
BedDevice="01 00"
BedUSB="02 00"
<CONFIGURATICON>
Configuration="0"
ConfigurationValue="1"
Attributes="80h"
Interfaces="1"
DescriptorType="2"
DescriptorLength="59"
TotallLength="18"
MaxPower="100"
<INTERFACE:
Interface="0"
InterfaceMumber="0"
AltSetting="0"
Class="FFh"

DescriptorType="4"

DescriptorLength="9"
</INTERFACE:

</CONFIGURATION:

Figure 4.2. Cypress USB Bootloader — Default Screen

Select the Cypress USB Bootloader

In the menu bar, select Program > FX3 > I2C E2PROM.
Browse and select the FX3 image file for the 640x480p60 16-bit configuration. The firmware is programmed in the 12C

E2PROM.

10. Wait for the programming successful message in bottom taskbar.

11. After successfully programming the files, remove the J13 jumper.
12. Power off and power on the board. The FX3 boots from the I2C E2PROM.

4.3. Programming the CertusPro-NX Voice and Vision SPI Flash

4.3.1. Erasing the CertusPro-NX Voice and Vision SRAM Prior to Reprogramming

Note: Erase the board if board is already programmed with different demo.

To erase CertusPro-NX Voice and Vision:

1. Launch Lattice Radiant Programmer with Create a new blank project.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Mew Programmer Project X

Project:

Location: | foit_files V|

Select New Project Source:

(®) Scan

Cable: HW-USBN-2B (FTDI) ™ Port: |FTUSB-0 b Detect Cable
(") Blank Programmer Project
[k ] conce
Figure 4.3. Radiant Programmer — Default Screen

2. Select LFCPNX for Device Family and LFCPNX-100 for Device as shown in Figure 4.4,

w

Enable Stahus
DOME

Davice Family

LFCPNX v

Generic ITAG Desoe
LAW-AT
LFsA0S

LFLRZN

LIFCL
LIFCL_EMG
iCE40 LiftraPlus
5P Serial Flash

Figure 4.4. Radiant Programmer — Device Selection

Right-click and select Device Properties.
Select JTAG for Port Interface, Direct Programming for Access Mode, and Erase Only for Operation as shown in

Figure 4.5.
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Q LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) w
Port Interface: JTAG w
Access Mode: Direct Programming v
Operation: Erase Only v

C] Password Protection Options (Provide key file if password protection enabled)

0K ] Cancel

Figure 4.5. Radiant Programmer — Device Operation

Click OK to close the Device Properties dialog box.

Press the SW5 push button and click the Program button. Keep it pressed until the Successful message in the Radiant log
window is displayed.

In the Radiant Programmer main interface, click the Program button to start the erase operation.

4.3.2.Programming the CertusPro-NX Voice and Vision Board

To program the CertusPro-NX Voice and Vision SPI flash:

1.

Ensure that the CertusPro-NX Voice and Vision device SRAM is erased by performing the steps in Erasing the CertusPro-
NX Voice and Vision SRAM Prior to Reprogramming.

In the Radiant Programmer main interface, right-click the CertusPro-NX Voice and Vision row and select Device
Properties.

In the Device Properties dialog box, configure the options as shown in Figure 4.6.

a.

b
c.
d
e

Select SPI FLASH for Target Memory, JTAG2SPI for Port Interface, and Direct Programming for Access Mode.

In Programming File, browse and select the CertusPro-NX Voice and Vision bit file (*.bit).

For SPI Flash Options, select the configurations as shown in Figure 4.6 to select the Macronix 25L12833F device.
Click Load from File to update the Data file size (Bytes) value.

Ensure that the following addresses are correct:
e  Start Address (Hex) — 0x00000000
e End Address (Hex) — 0x002A0000

www.latticesemi.com/legal
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88 LFCPNX - LFCPNX-100 - Device Properties ? X
General Device Information
Device Operation
Target Memory: External SPI Flash Memaory (SPI FLASH)
Port Interface: JTAG25SPI ~
Access Mode: Direct Programming v
Operation: Erase,Program,\Verify W
Frogramming Options
Programming file: 2ction/BitFile/wwml_barcode_detection.bit ... 0x29BA
SPI Flash Options
Family: SPI Serial Flash w
Vendor: Macronix w
Device: MX25L12833F v
Package: 8-pin SOP w
SPI Programming
Data file size (Bytes): 2771806 Load from File
Start address (Hex): 0x00000000 ~
End address (Hex): 0x002A0000 w
(] Turn off addresses aute updating
C] Erase SFI part on programming error
(] Secure SPIflash golden pattern sectors
0K Cancel
Figure 4.6. Radiant Programmer — Selecting Device Properties Options for CertusPro-NX Flash
4. Click OK.

5. Press the SW5 push button and click the Program button. Keep it pressed until the Successful message in the Radiant log
window is displayed.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Figure 4.7. CertusPro-NX Voice and Vision Flashing Switch — SW5 Push Button

6. Inthe Radiant Programmer main interface, click the Program button to start the programming operation.

7. Successful programming is displayed in the Radiant Programmer Output console as shown in Figure 4.8.
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Output 8 x

Disabling... s
Enabling...

Programming...

Disabling...

Verifying...

INFO - Execution time: 00 min : 14 sec

INFO - Elapsed time: 00 min : 15 sec

INFO - Operation: successful

Output Tcl Console

Figure 4.8. Radiant Programmer — Output Console

4.3.3.Programming sensAl Firmware Binary to the CertusPro-NX Voice and Vision SPI Flash

4.3.3.1. Flash sensAl Firmware Hex to CertusPro-NX SPI Flash
To program the CertusPro-NX SPI flash:

1. Ensurethat the CertusPro-NX device SRAM is erased by performing the steps in Erasing the CertusPro-NX Voice and Vision
SRAM Prior to Reprogramming before flashing bitstream and the Lattice sensAI™ firmware binary.

In the Radiant Programmer main interface, right-click the CertusPro-NX row and select Device Properties.
Select SPI FLASH for Target Memory, JTAG2SPI for Port Interface, and Direct Programming for Access Mode.
In the Device Properties dialog box, configure the options as shown in Figure 4.9.

a. For Programming File, browse and select the CertusPro-NX sensAl firmware binary file after converting it to hex
(*.mcs).

b. For SPI Flash Options, select the configurations as shown in Figure 4.9 to select the Macronix 25L12833F device.
Click Load from File to update the Data file size (Bytes) value.

d. Ensure that the following addresses are correct:
e  Start Address (Hex) — 0x00300000
e End Address (Hex) — 0x00330000
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8 LFCPNX - LFCPNX-100 - Device Pro ? X
General Device Information
Device Operation
Target Memory: External SPI Flash Memory (SPI FLASH) -
Port Interface: JTAG2SPI w
Access Mode: Direct Programming w
Operation: Erase,Program,Verify A
Programming Options
Programming file: :ction/MCS/prog_barcode_detection.mecs ... OxFFBC
SPI Flash Options
Family: SPI Serial Flash ~
Vendor: Macronix ~
Device: MX25L12833F v
Package: §-pin SOP w
SFI Programming
Data file size (Bytes): 203796 Load from File
Start address (Hex): 0x00300000 w
End address (Hex): 000330000 w
[] Turn off addresses auto updating
C] Erase SPI part on programming error
[] Secure 5P1flash golden pattern sectors
OK Cancel
Figure 4.9. Radiant Programmer — Selecting Device Properties Options for CertusPro-NX Flash
Click OK.

Press the SW5 push button and click the Program button. Keep it pressed until the Successful message in the Radiant
log window is displayed.

In the Radiant Programmer main interface, click the Program button to start the programming operation.

Successful programming is displayed in the Diamond Programmer Output console as shown in Figure 4.10.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Output 5 x
Disabling... ~
Enabling...

Programming...

Disabling...

Verifying...

INFO - Execution time: 00 min : 14 sec
INFO - Elapsed time: 00 min : 15 sec

INFO - Operation: successful.

Output Tel Console

Figure 4.10. Radiant Programmer — Output Console
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5. Running the Demo

To run the demo:

1. Power on the Voice and Vision Board.

2. Connect the Voice and Vision board to the PC through the USB3 port board.
3. Turn ON DIP Switch-4 as shown in Figure 5.1.
4

Open AMCap or other video visualizing tool mentioned in Software Requirements section and select the FX3 device as
source and USB port to the maximum number port available.

5. The camera image is displayed in the monitor as shown in Figure 5.2.

2 usp °
26 2 Jeees 8% PROGRAMMING
SVOIVOX"Z % 6 5 4 3 2 1 0 GND&BANK g o, rem2
c34'"3 D7 1FNP16T¢{ S ®/CCI01TD0 TDT EN 2 GND TCK
L
@TZW>§ 5,,5“!'@5
wofsE 36, E Bl -
5 R9Ox=
g3 (W) D4 1 [D03[D0Z [ohD)] FT_RESET
R8s [3V3MCLK(GND

: ﬂmmm
PAD1[ CS | DONE [ INITN

tin al ;1 .5

E Ros RS 2283
Rosmn 2 A8 SE5

TP2

R116

o LB

& u»

2R11
FT_USB2_SUSPENDN

~n

R98xw
C81mm

1015®

4@
FTDI_SCLS

FTDI_SDA

a«n
R17
129«

R
128w»

P6

@y
@T1P5

W7 PMOD3

oN Machine Learning Board

Rey A
& [FipNx- VVML-EVN  R136,
PMOD1 J5 Designed in USA R135¢2"
Cop,r.gm(ozou cl79em
o 15 c178 "

W a
o
T >

™ B

154 @ @TP15 TDO
50,0 @TP16 TRSTN
@TP14 DI
@TP18 TCK

¥ |

x3 R34

MIC

Figure 5.1. DIP Switching Setting
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Figure 5.2. Running the Demo

5.1. Ideal Conditions for Testing the Demo

Table 5.1. Distance Based Ideal Condition — Barcode is Static and at Distance

Barcode Size Max Detection Distance (cm — room Max Detection Distance (cm — Min Detection Distance (cm)
(cm) light) additional light)

11x5.5 185 200+ 40

9x4.5 190 200+ 40

7.5x%x3.5 150 170 35

5x4.2 150 180 40

Table 5.2. Motion Based Ideal Conditions — Barcode is in Motion and at Distance

Barcode Size (cm) Max Detection Distance (cm — Max Detection Distance (cm — Barcode Motion Speed
room light) additional light)

11x5.5 ~90 120-150 1 km/hr

9x4.5 ~90 120 -150 1 km/hr

7.5x3.5 ~90 120 -150 1 km/hr

5x4.2 ~50 <100 1 km/hr

Decent light is needed to run the demo. Too low and direct light on barcodes from the light source may reduce the
performance of the demo. Additional light refers to the extra light used to brighten the barcode region. White light table
lamps can be the best source for additional light.
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References

e  CertusPro-NX web page
e Lattice mVision web page
e Lattice sensAl web page

Other references:
e Lattice Insights for Lattice Semiconductor training courses and learning plans
e Lattice Radiant FPGA design software
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/Support/AnswerDatabase.
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