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Acronym Definition

BLDC Brushless Direct Current

FPGA Field Programmable Gate Array

10T Industrial Internet of Things

IP Internet Protocol

OPCUA Open Platform Communications United Architecture
SPI Serial Peripheral Interface

UART Universal Asynchronous Receiver Transmitter

UDP User Datagram Protocol
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1. Introduction

The Lattice Automate™ Stack showcases a variety of solutions for industrial automation. The Automate demo uses an end-
to- end system for motor control and ML/Al powered predictive maintenance. However, the components of the Automate
Stack are flexible enough to be applicable for a wide range of industrial automation use cases.

There are two FPGA systems in the Automate Stack: the Main System and the Node System.

The node system controls a motor and collects the data from the motor for the predictive maintenance neural network to
use. The node system can connect to external sensors through three different protocols (SPI, UART/Modbus, and 12C), and
has two-way communication with the main system through Etherconnect.

The main system has a RISC-V CPU running FreeRTOS, a real time operating system often used in embedded applications.

All modules in the main system and the node system FPGA designs are connected to each other using an AXI4 bus interface.
This interface has high throughput and can run at a frequency of up to 100 MHz. It allows parallel data transfer, meaning a
read and a write between two modules on the AXI bus can happen simultaneously.

The main system acts as a central hub which passes commands to up to eight different node systems. The main system also
contains the Al/ML powered predictive maintenance system, which uses a neural network to analyze the collected data and
predict failure ahead of time. In the Automate demo, this collected data is the current signature of the motor, but the PDM
IP block can use any quantitative data for its input if the neural network is trained on the same type of data.

The Lattice Automate 3.1 solution stack uses the Golden System reference design (GSRD) developed on Lattice
CertusPro™-NX FPGA as a base starting template. For Automate 3.1, the key IP blocks like UDP and EtherConnect are easily
integrated into the GSRD template to build the entire Automate embedded system.

The Golden Software Reference Design (GSRD) is a comprehensive embedded system created by incorporating GHRD with
the necessary device drivers. GSRD is a thoroughly tested known good design showcasing a system using FPGA-based
RISC-V soft processor, intended to be used as a baseline project.

The GSRD comprises of the following components:
e GHRD (Hardware components designed by Lattice and can be easily build using the Lattice Propel™ builder
environment).
e Reference RISC-V software components:
e Bootloader
e  FreeRTOS device drivers for all IPs
e  FreeRTOS sample applications

Note: For more details on GHRD and GSRD, refer to the GHRD/GSRD Reference Design web page.

With the addition of these IP the total device usage is about 85% while still providing users with additional resource to
implement minor design customization.

Moreover, Automate Stack 3.1 supports OPC-UA based packet exchange between the Main and Node system for various
data transfers. OPC-UA, which stands for Open Platform Communications Unified Architecture, is a standardized
communication framework designed for industrial automation and the Industrial Internet of Things (IloT). This platform-
independent and service-oriented architecture facilitates secure data exchange among diverse industrial systems. OPC-UA
is known for its versatility, supporting various communication models and data types. With features such as platform
independence, robust security mechanisms, and extensibility, OPC UA has become a widely embraced protocol in industrial
communication. It plays a crucial role in enabling seamless connectivity and information exchange across different devices
and systems in a standardized fashion.

Note: For more details on the OPC-UA, refer to Automate Stack 3.1 Reference Design (FPGA-RD-02284).

In the Automate system, you interact with the main system through the user application running on a PC. The user interface
and main system are connected with an Ethernet cable and communicate with each other using OPC-UA, a machine-to-
machine pub-sub communication protocol frequently used in the 110T.
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2. Demo System Setup

The Automate demo uses one main system (running on a CertusPro-NX Versa board) and at least one node system (running
on a Certus™-NX Versa board). It can support up to 16 node systems. It is recommended only to run up to eight node
systems for best performance. Each node system is connected to a motor driver board, which is connected to a brushless
DC motor. The main system holds the predictive maintenance CNN co-processor.

The main system connects to the Host PC. The Host PC communicates through OPCUA with a PC running the user interface
(Lattice Automate 3.1), through which you interact with the motors and receives PDM data.

2.1. System Level Block Diagram

Figure 2.1 shows the system-level block diagram. The Host PC running the Automate 3.1 user interface is connected to the
main system over a standard 1G Ethernet cable. The main system running on CertusPro-NX is connected to the node system
over EtherConnect.

CertusPro-NX Versa Board Certus-NX Versa Board
Main Node 1
CertusPro-NX 100k Certus-NX 40k
™! 1se mac || upp OPCUA Ether || Jocua || Motor | 'g::":’
connect P | | Board
RISC-V (Free Rtos) PDM c:;:(:;:t
Certus-NX Versa Board
Node 2
Certus-NX 40k
L | Motor
—»|  Ether l pcual| MOtr oy Drive
connect IP Board
Certus-NX Versa Board
Node 3
Certus-NX 40k
Ffi*f*fi*f*fi*f*fi*ﬁ‘
| ! > Ether Motor |_ Motor
| Host PC i ‘ > OPCUA »  Drive
| os running ! connect IP Board
»! Automate 3.1 User |
1 Interface |
! ! Certus-NX Versa Board
L ! Node 4
Certus-NX 40k
Host PC connected to the
Main system through __: Ether || ooyall Motor | %:it::
Ethernet 1G i connect IP Board
v

Figure 2.1. System Block Diagram
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3. Communication Protocols (OPCUA)

Automate 3.1 uses OPCUA as a data exchange standard for communication between the host PC and the main system FPGA
board. This protocol is frequently used in IIOT settings.

3.1. Main System to Host PC Communication - OPCUA

OPCUA is a cross-platform open-source data exchange standard developed by the OPC Foundation. It is frequently used in
industrial applications for machine-to-machine communication. The OPCUA standard can be implemented on various
platforms and is independent of the communication protocol. It was originally developed for data collection and control for
industrial equipment, but it has now scaled to be appropriate for many more use cases, including building automation and
cloud applications.

OPCUA has two variations, client/server and publish/subscribe. Automate 3.1 uses the publish/subscribe version of OPCUA.

sends motor status info

> Host PC

. Running the
Main SVStem Automate User Interface
Certus-Pro NX Board 3.1

(OPCUA - Pubsub)

receives motor commands and configuration

Figure 3.1. OPCUA High-Level Block Diagram

3.2. Main System to Node System Communication — OPCUA

The Main system and Node system communicate using the OPC UA protocol (client server mode). The Main system acts as
the central hub for the system, receiving requests from the host PC and routing the relevant ones to the appropriate Node
system based on their intended purpose. The Node system is responsible for performing operations based on the requests
received from the Main system and sending the results back to the Main system for further processing.

Request to Node 1
g Node 1
_, Response to Host PC <
- Response from Node 1
Main System
CertusPro-NX Board
Request to Node 2
Request from Host PC
P Node 2
Response from Node 2

Figure 3.2. Main and Node System Block Diagram
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3.3. Node System to Node System Communication

Each node is connected in a chain of sequential nodes. It can communicate with the master using port 0 and can be
connected to another Node module using port 1 for the first node. For subsequent nodes, node 0 is connected using port 0,
and node 2 is connected using port 1, continuing in this sequential chain of nodes. Synchronization between different nodes
is required to drive each node simultaneously.

3.4. UDP Communication

User Datagram Protocol (UDP/IP) is a communications protocol used for establishing connections between applications on
the Internet. The UDP Protocol is a transport layer that operates atop the Internet Protocol (IP) Layer and is used for
connections where high sustained throughput is a requirement and some data loss is anticipated, such as video and audio
streaming. This UDP IP core for FPGAs offers minimal latency and bandwidth overhead since it transmits data packets
without verifying reception and it can support up to 1 Gbps for any low-cost FPGA operating at 125 MHz.

A simple AXI streaming interface is all that is required to start sending and receiving UDP datagrams, and only the user data
payload is exchanged between the application and the UDP core. The source UDP port, destination UDP port, destination IP
address, and MAC address can be configured through the APB interface. These components can be easily enabled or
disabled as needed by the user's application.

The core is delivered in a format that allows direct connection to the Lattice 1G TSE Ethernet MAC IP Core.

ETHERNET MAC | AXIStream ] UDPIP Core |q AXIStream,| SGDMA Core |g RISC-V

Figure 3.3. UDP IP Core Overview
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4. Hardware

To demonstrate the Lattice Automate Solution stack, the below hardware is required. In the current demo a brushless DC
(BLDC) motor is used from Anaheim Automation, but user can use any other BLDC motor which has a similar configuration.
For the demo to run successfully, the users need to connect at least one node system to the main system.

4.1. Hardware Requirements

This demonstration requires the following hardware components:

Main system:

e Lattice CertusPro-NX Versa Evaluation Board

e  USB Type-A (UART) cable for programming the bitstream and binary files
Note: One cable can be reused to program the main system and each node system, one at a time.

e Electrical 1G SFP(s) Model FS SFP-GB-GE-T to make an Ethernet connection on the main system board (Insert at J15
ports of CertusPro-NX Versa Board).

e Ethernet cable to connect the main system to the host PC

e 12V power adapter for board power

Node system(s):

Note: Demo supports up to 16 node systems. Requirements for 1 node system are listed:

e Lattice Certus-NX Versa Evaluation Board(s)

e 12V power adapter(s) for board power

e  Ethernet cable(s) to connect the node system to the main system, and daisy chain node system boards.

e  Aardvark I2C/SPI Host Adapter to test Node peripheral interfaces (optional)

Motor(s):

e Anaheim Automation Brushless DC Motor(s) Model GB-42 BLS 24 V, 5000 RPM

e Trenz TEPO002 motor control board(s)

e 24 V-10 Amp DC Power Supply for motor(s)

User interface (client system):

e  PCrunning Windows 10 Operating System of 1920 x 1080 resolution, 100% dpi

4.2. Hardware Setup

The details of the hardware connections are illustrated in Figure 4.1.
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Figure 4.1. System Setup with Host PC (Example with One Node)

4.3. Hardware System Readiness

4.3.1. FPGA Board Programming

To program the FPGA board:

1. Hardware should be connected properly as shown in Figure 4.1.
2. All boards should be programmed with. bit and .bin files.

a. If the user using a brand new CertusPro-NX Versa board, refer to the Appendix C. Programming a Fresh Main
System Board section for programming.

b. Otherwise, for main and node systems, refer to the Appendix A. User Interface Application Installation (PC) section
for board programming.

3. Power cycle every board after programming.

After the power cycle, reset the main system (press the SW3 button on the main system).

4.3.2. Power-up Sequence

To start power-up sequence:

1. Power on the Host PC.

2. Power on the node system, motor driver, and motors.

3. Power on the main system.

4.3.3. Status LEDs on Boards
1. Check the main and node system ready LEDs to check connections:
a. Main System:
e D67: Main System Power On
e D64: Main System Ready
e D63: Ethernet Connection Established

b. Node System:
e D32 and D34: Link up LEDs
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e D30: Illuminates if the next node in the chain is connected. (Not needed for the last node in the chain.)
e D18 -D25: Node system ready
e 7-segment LED: Node system ready

Note: Wait 60 seconds after power on for these LEDs to illuminate. If the above LEDs are not all illuminated, power cycle all
boards and/or refer to the Appendix F. Troubleshooting section.

C174mn

Figure 4.2. Main System Ready LEDs

Node system ready

7 segment LED  Link up LED LED D18 - D25
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Figure 4.3. Node System Ready LEDs
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5. Software Requirements

Lattice Radiant 2022.1 or later

Lattice Radiant Programmer 2022.1 or later (part of Radiant install). The following required software programs are
available here: www.latticesemi.com/en/Products/DesignSoftwareAndIP.

Lattice Automate demo bitstreams and binaries are available here under the Design File section:
https://www.latticesemi.com/en/Solutions/Solutions/SolutionsDetails02/Automate

Lattice Automate 3.1 Test Application Software

Note: Lattice Automate 3.1 is available in OPCUA to publish/subscribe version.

The software programs are available for download only if the user log in at www.latticesemi.com.

5.1. Optional Software

Total Phase Control Center 4.1 or later for testing node peripherals (purchase may be needed)
Wireshark 4.2.0 or later (open source)

Packet Sender 8.5.2 or later (open source)

Docklight v2.4 or later (open source)

5.2. Software System Readiness

To check the software system readiness:

1.

2.

Establish the Ethernet connection before connecting to the user interface.
a. Follow steps A through C in the Ethernet Connection section to establish the Ethernet connection.
User interface installation and running:

a. Refer to User Interface Application Installation (PC) section to install the user interface application on the PC (one
time).

b. Refer to the Running the Motor through Automate User Interface Application (PC) section to run the user interface
application on the PC (every time the user run the demo).
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6. Automate Stack File Directory Structure

All files can be downloaded from www.latticesemi.com/Solutions/Solutions/SolutionsDetails02/Automate.

6.1. Executables

These files are programmed onto the main and node FPGA boards.

6.1.1. Main System
The Main System has the following folders.

6.1.1.1. Golden Folder
Table 6.1. Golden Project Files

File Description File Name

Starting Address in Flash

Golden FW Image without CRC Golden_App.bin

0x02_000_000

Golden FW Image Golden_AppCrc.bin

0x02_000_000

Golden FPGA Image soc_main_system_impl_1.bit

0x00_000_000

6.1.1.2. MCS Folder

The MCS file has both the main system and the golden project files combined into one single file.

e soc_main_system_3_1 impl_1.mcs

6.1.1.3. Primary Folder

Table 6.2. Primary Project Files

File Description File Name

Starting Address in Flash

Primary FW Image without CRC ¢_main_system_3_1_cnn.bin

0x02_0A0_000

Primary FW Image c_main_system_3_1_cnnCRC.bin

0x02_0A0_000

Primary FPGA Image soc_main_system_3_1_impl_1.bit

0x00_000_000

6.1.2. Node System
e ¢ _node_system_3 1.bin
e soc_node_impll.bit

6.2. User Interface
Install the Automate3p1GUI.exe_user interface to the Host PC.
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7. Running the Motor through Automate User Interface
Application (PC)

The Lattice Automate 3.1 user interface is developed for users to easily control the motor behavior from the host PC. This
user interface allows you to update motor parameters and control the speed and directions of all the motors. The motor
running procedure is defined in this section through a Graphical User Interface/Test Application.

Note: For Lattice Automate Stack 3.1 Application Installation on the PC, refer to Appendix A. User Interface Application
Installation (PC) section. For programming the main system and node system boards, refer to Appendix B. Programming the
Automate Stack on Respective Flash section.

7.1. Starting the Application on Host PC
To start the application on host PC:
1. Open the Lattice Automate application.

H

ire disabled

=2 LATTICE

NN sEMICONDUCTOR.

Username ||

Password

Login Cancel

Figure 7.1. User Interface Application Login Screen

2. Enter the credentials and click Login:
e Username: lattice
e Password: lattice

After successful login, the Dashboard tab opens.
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[ Latice Automate 3.1 = e %

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

User Name: lattice]

Figure 7.2. User Interface Application Dashboard Tab

7.2. Connect to the Main System
To connect to the main system:
1. Click on the System Configuration tab.

Actions Help
192.168.1.4 | ™ Connect| Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

Frame Type Path Name an/Downloads/pdm | |l
Node Data Length Number of PDM Files | 10

IP Address 02.168.1 .4 PDM File Name a

Motor Config File in/Documents/pdm | | M8

Apply

Figure 7.3. User Interface Application System Configuration: IP Address

2. Type the IP Address in the IP Address field.
Note: Do not type leading zeros in the IP address, as shown in Figure 7.3.

3. Click Apply. The Updated Successfully pop-up displays. The updated IP address is visible on top of the IP Address bar.
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Actions Help

192.168.1.4

Connect |Disconnect| Refresh

Dashboard Motor Status Motor Configuration System Configuration MNode Peripherals

Frame Type Path Name an/Downloads/pdm

Node Data Length Number of PDM Files | 10
1P Address 92.168.1 . PDM File Name a

Motor Config File in/Documents/pdm

Apply
E3 system Configuration

Figure 7.4. User Interface Application System Configuration: Updated Successfully Pop-up

4. Click Connect.

5. Once the IP Address is configured, the connection status is green and the IP Address bar disabled.

Actions Help

Disconnect| |Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

Frame Type 5 Path Name et/Downloads/pdm | |l
Node Data Length | 64 Number of PDM Files | 10

IP Address 192.168.1 4 PDM File Name a

Motor Config File et/Documents/pdm | |

Apply

Figure 7.5. User Interface Application System Configuration: IP Address Configured Status
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7.3. Dashboard Tab

Click the Dashboard tab as shown in Figure 7.6. This displays the following details:
e Chain 1 Linkup status

e Active link status

e Check the Chainl — nodes synchronization delay

Actions Help

Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals OPCUA Client

Chaint Linkup :
Active Link 1

Chain1 Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Main System p==f

120
Target RP

Start/Update | Power Off

Figure 7.6. User Interface Application Dashboard: List Status

7.4. Refresh Button

Figure 7.7 shows the connected nodes. The Refresh button can be used to update nodes, if you are already connected and
need to add or remove a node. To test and demonstrate its functionality, follow the steps below.

Mot Configur alson System Cond Node Porigtees s

Figure 7.7. User Interface Application Dashboard: 2 Nodes Connected
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To use the refresh button:
1. Disconnect the last node of the chain.
2.  Wait for 10 seconds, then click Refresh button.

3. After Refresh completes, the dashboard reflects the actual connected node(s).

Figure 7.8. User Interface Application Dashboard: 1 Node Connected after Refresh

7.5. Motor Configurations
To configure the motor:
1. Click the System Configuration tab.

2. Click on the folder (EI) icon and select or create a location to save the motor config file. Save location can be anywhere
in the system except C: drive.

Actions Help

Connect| | Disconnect| |Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

Frame Type 5 Path Name et/Downloads/pdm |

Node Data Length | 64 Number of PDM Files

IP Address 192.168.1 .4 PDM File Name

Motor Config File et/Documents/pdm |

Figure 7.9. User Interface Application System Configuration: Motor Config File
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3. Click Apply.
Click OK on the Updated Successfully pop-up.

E System Configuration =

Updated Successfully.

OK

Figure 7.10. User Interface Application System Configuration: Updated Successfully Pop-up

Click on the Motor Configuration tab.
Select the number of nodes.

Actions Help

® Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration JvSystem Configuration  Node Peripherals OPCUA Client

M Select All

Number of Poles RPM PI Control Prop. Gain (kP) Torque PI Control Prop. Gain (kP)

Maximum RPM RPM PI Int. Gain (kI) Torque PI Int. Gain (kI)
Minimum Power RPM PI Int. Threshold Torque PI Int. Threshold

Power Gain RPM PI Int. Clamp Torque PI Int. Clamp

Breaker Amps RPM PI Control Delay

Torque PI Control Delay

Default

Figure 7.11. User Interface Application Motor Configuration: Node Selection

Either Select All to configure all the nodes at once or select one node at a time to configure it individually.
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Actions Help

Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals OPCUA Client

—_—-
| Node1

Number of Poles 4 RPM PI Control Prop. Gain (kP) 128 Torque PI Control Prop. Gain (kP) 128

Maximum RPM 4000 RPM PI Int. Gain (kI) Torque PI Int. Gain (kI)

Minimum Power 17 RPM PI Int. Threshold Torque PI Int. Threshold

Power Gain RPM PI Int. Clamp Torque PI Int. Clamp

Breaker Amps RPM PI Control Delay Torque PI Control Delay

Default Update

Figure 7.12. User Interface Application Motor Configuration: Node Selected

8. Change the Motor Configuration to the following values:
e RPI Pl Control Prop. Gain(kP): 90
e  RPIPlInt. Gain(kl): 10
e  RPI Pl Control delay: 200
e  Minimum Power: 190 - 200
e Powergain:22-24
e Breaker Amps:1.8-2.0
Note: These configuration values are for the GB-42 BLS 24 V, 5000 RPM Motors only. Modify them as needed for a
different motor.
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Actions Help

Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals OPCUA Client

Nodel

Connect Disconnect Refresh

Number of Poles 4 RPM PI Control Prop. Gain (kP) 90 Torque PI Control Prop. Gain (kP) 128

Maximum RPM 4000 RPM PI Int. Gain (kI) Torque PI Int. Gain (kI)

Minimum Power RPM PI Int. Threshold Torque PI Int. Threshold
Power Gain RPM PI Int. Clamp Torque PI Int. Clamp

Breaker Amps : RPM PI Control Delay 2 Torque PI Control Delay

Update

Figure 7.13. User Interface Application Motor Configuration: Configuration Value Changes

9. Click Save.

10. Click Default.

11. Click Update. A pop message appears.

12. Confirm the update action by clicking Yes. This displays a Authentication pop-up.

E Please Confirm X

Changing configuration parameters from
default values may result in unstable motor
control or damage to motor drive and/or
motor. Are you sure you wish to change the
motor configuration?

Yes| No

Figure 7.14. User Interface Application Motor Configuration: Warning Message

13. Enter the following credentials and click Login:
e Username: lattice
e Password: lattice

SEMICONDUC

Username | lattice

Password |eesesee

Figure 7.15. User Interface Application Motor Configuration: Authentication Pop-up

14. Click OK in the Successfully updated the configuration of the selected node pop-up.
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[ Motor Configuration x

Successfully updated the configuration of the
selected node.

OK

Figure 7.16. User Interface Application Motor Configuration: Update Configuration

15. Locate the motor_config.txt file. It is saved in the location that user selected in step 2.

Mame Date modified Type Size
|=| motor_config 27-12-2023 11:39 PM Text Document 1KE
Figure 7.17. Motor Config File Saved in Host PC

16. Open the motor_config.txt file and verify that the saved motor configurations match the values that user entered in
step 7.

;] motor_config - Notepad

File Edit Format View Help
number_of _poles-4
maximum_rpm-4000
minimum_power-195
power_gain-23
breaker_amps-1.8
rpm_pi_control prop gain-90
rpm_pi int gain-10
rpm_pi int threshold-64
rpm_pi_int_clamp-2048
rpm_pi_control delay-200
torque_pi_control prop gain-128
torque pi int gain-250
torque_pi_int_threshold-64
torque_pi_int_clamp-2048
torque_pi_control delay-150

Figure 7.18. Motor Config.txt file in Host PC

7.6. Target RPM, Voltage, and Drive Status Using the Dashboard Tab
To target RPM, voltage, and drive status:
1. Click the Dashboard tab.
2. Enter the Target RPM Value as 120.
Note: You can gradually increase the RPM up to 2000 RPM.
The following RPM increments are recommended: 120, 400, 800, 1400, 1600, 1800, and 2000.
Note: The target RPM value should not exceed the Maximum RPM value entered in the Motor Configuration tab.
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‘ Main System F

Target RP

Figure 7.19. User Interface Application Dashboard: Set Target RPM

3. Click Start/Update.

Actions Help
Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals OPCUA Client

Chain1 Linkup
Active Link 1

Chain1 Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Node 1

’ Main System F

Start/Update | Power Off

Figure 7.20. User Interface Application Dashboard: Start/Update

4. After the RPM Lock is achieved, the Node LED is green.
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Main System

Target RP

Figure 7.21. User Interface Application Dashboard: RPM Lock Achieved Status

5. Click the Motor Status tab to check the RPM, Voltage, and Current values.
6. Select the node that you want to check.

Motor Status:

7

Trenz TEP0OO2-3

Figure 7.22. User Interface Application Motor Status: RPM Lock, Voltage, and Drive Status

7. To stop the motor, click Stop on either the Motor Status tab or the Dashboard tab.
8. Click Power Off.
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Actions Help

Dashboard Motor Status

Start/Update | Power Off

Connect Disconnect Refresh

Motor Configuration System Configuration ~ Node Peripherals OPCUA Client

Chain1 Linkup
Active Link i

Chain1 Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Node 1

®

®

Main System ==
| &

Figure 7.23. User Interface Application Dashboard: Stop and Power Off Buttons

Note: The Power Off button disengages the motor power supply completely. This helps to prevent the motor from
continuously drawing current from the power supply.

7.7. Motor Status Test

To check the motor status:

1. Click the Motor Status tab.
2. Setthe Target RPM to 120.

Notes:

e You can gradually increase the RPM up to 2000 RPM.
e The following RPM increments are recommended: 120, 400, 800, 1400, 1600, 1800, and 2000.
e Target RPM should not exceed the Maximum RPM value entered in the Motor Configuration tab.

3. Click Start/Update.
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Adtions Help

Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

Motor Stat

lect PDM Data Browse

2PM Lock Status Clear S
RPM Lock Stal s: @  Clear Status

Q

Target RPM

Rotation

Voltage Status:

renz TEP0002-3

Batch Mode
Start

Figure 7.24. User Interface Application Motor Status: Start/Update

Once the actual RPM reaches the target RPM, the meter gauge displays 120 and the RPM Lock button becomes green.
To update the RPM speed, set the Target RPM to 500 RPM.
Once the actual RPM reaches the target RPM, the meter gauge displays 500 and the RPM Lock button becomes green.

Figure 7.25. User Interface Application Motor Status: RPM Lock Status When Target RPM is Achieved

7. To stop the motor, click Stop.
8. Click Power Off to stop the current withdraw.
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7.8. Forward/Reverse Rotation Test
To test the forward/reverse rotation:
Click the Motor Status tab.

2. Select the Forward option for the rotation.
3. Enter the Target RPM anywhere between 120 RPM to 2000 RPM.
4. Click Start/Update. The Motor starts rotating in a clockwise direction.

Motor Status: Nodel

RPM Lock Status

Target RPM 1000

Rotation: ® Forward Reverse

Power Status:

Voltage Status:

Motor Driver Trenz TEP0002-3

Drive Status:

| Start/Update | Power Off

Figure 7.26. User Interface Application Motor Status — Forward Rotation Status

Wait until the RPM Lock status becomes green.

Select the Reverse option to rotate the motor in the opposite direction.
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RPM Lock Status

Target RPM 1000

Rotation: Forward }

Voltage Status:

Motor Driver Trenz TEP0002-3

Drive Status:

1
Start/Update | Power Off

Figure 7.27. User Interface Application Motor Status — Reverse Rotation Status

Click Start/Update. The Motor changes the direction to rotate in a counterclockwise direction.
Wait until the RPM Lock status becomes green.
To stop the motor, click Stop, and then Power Off.

Motor Status: Nodel
RPM Lock Status

Target RPM 1000

Rotation: Forward

Voltage Status

Motor Driver Trenz TEP0002-3

Start/Update| Power Off ‘

Figure 7.28. User Interface Application Motor Status — Motor Power Off
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7.9. PDM Data Collection

7.9.1. Collect PDM Data
To collect PDM data:
1. Click the System Configuration tab.

2. Click on the folder (E ) icon and select or create a location to save the PDM images. Save location can be anywhere in
the system except C: drive.

Actions Help

Connect| | Disconnect| |Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals

Frame Type 5 Path Name et/Downloads/pdm | |
Node Data Length |64 Number of PDM Files
IP Address 192.168.1 4 PDM File Name

Motor Config File et/Documents/pdm | |

Apply
Figure 7.29. User Interface Application PDM Data: Path Name

3. Click Apply. Click OK on the Updated Successfully pop-up.

E System Configuration x

Updated Successfully.

OK

Figure 7.30. User Interface Application PDM Data: Updated Successfully Pop-up

Click the Motor Status tab.

Set the Target RPM initially to 120, then gradually increase the RPM as described in Motor Status Test section.
Click Start/Update. Wait for the RPM lock.

Click Collect PDM Data. Wait for the PDM data process to complete. It may take a few minutes.

N o u s
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Dashboard Mol 5 Motor Configuration Sys! Configuration Node Peripherals

Status: [Nodel

/ RPM Lock Status . . Extended

1 Target RPM 1500
Rotation ®Forward CR

Start/Update

Figure 7.31. User Interface Application PDM Data: Collect PDM Data

8. Choose Normal or Extended for the Packet type. Both Normal mode and Extended mode appear the same from a user's
perspective, but Extended mode is more efficient if there are many nodes in the chain.

Note: See Details about PDM Data Collection Process section for a description of Normal mode and Extended mode.

9. Collecting PDM Data from Node and Analyzing PDM Data from Node messages are displayed while the image is
captured.

Browse

Packet Type * Normal B Motor Status: Clear Status

=

Collecting PDM Data from Node 1 ‘

Figure 7.32. User Interface Application PDM Data: Collecting PDM Data from Node
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Browse

® Normal Extended

Analyzing PDM Data from Node 1

Figure 7.33. User Interface Application PDM Data: Analyzing PDM Data from Node

10. Once the Collect PDM Data process is complete, the PDM image appears on the screen.

Collect PDM Data Browse

Packet Type ® Normal Extended Motor Status: ®  Clear Status

=

Figure 7.34. User Interface Application PDM Data: PDM Image

11. To remove the image and clear motor status, click Clear Status. Motor Status becomes yellow.

© 2024 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-02207-1.1 36


http://www.latticesemi.com/legal

Automate Stack 3.1 Demo

User Guide ....LATTICE

® Normal Extended

Batch Mode

Figure 7.35. User Interface Application PDM Data: Clear Status and Motor Status

12. To fetch the previous images, click Browse.

13. To zoom in or zoom out the PDM image, move the cursor up or down on the zoom slider.

® Normal Extended

ﬁ

Batch Mode

Figure 7.36. User Interface Application PDM Data: Browse Button and Zoom Slider

7.9.2. Batch Mode

Batch mode allows you to collect multiple PDM images, one after another. First, you must choose how many PDM files you
want to collect. After that, the steps are like the standard Collect PDM Data process.

1. Click the System Configuration tab and enter the number of PDM files that you want to collect. The system supports a
range of 1-20 PDM files.

2. If you have not yet selected a location to save the images, click the folder image next to Path Name and browse for a
location, as described in the Collect PDM Data section, Step 2.
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Actions Help

Dashboard Motor Status

Motor Configuration

em Configuration
Frame Type 5 Path Name
Node Data Length 64
1P Address

192.168.1 4 PDM File Name

Motor Config File

Apply

Connedt: Disconnect Refresh
Node Peripherals

Figure 7.37. User Interface Application PDM Batch Mode: Number of PDM files

3. Click Apply.
4. Click OK on the Updated Successfully pop-up.

E System Configuration

Updated Successfully.

(0]¢

Figure 7.38. User Interface Application PDM Batch Mode: Updated Successfully Pop-up

5. Click the Motor Status tab.
6. Click on the Start button under the words Batch Mode.
Collect PDM Data Browse

Packet Type ® Normal O Extended Motor Status: ® |Clear Status

; m

Batch Mode

Figure 7.39. User Interface Application PDM Batch Mode: Start

7. Wait for some time to collect multiple images until the status bar reaches 100%. This takes a few minutes. The more

images that you are collecting, the longer it takes.
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Collect PDM Data Browse
Packet Type ®Normal O Extended Motor Status: ® Clear Status

o \

s

Batch Mode
Start 100%

Figure 7.40. User Interface Application PDM Batch Mode: Batch Mode 100% Status

8. If you do not want to capture all the images, click Stop to stop the image collecting.

Browse

Packet Type ® Normal O Extended Motor Status: ® Clear Status

a N

Analyzing PDM Data from Node 1

Batch Mode

Stop

Figure 7.41. User Interface Application PDM Batch Mode: Collecting Multiple Images

9. Click Stop to stop the motor.
10. Click Power Off.
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7.9.3. Details about PDM Data Collection Process

When you do a PDM data request in the user interface, the request is sent over OPCUA and a PDM Data command is sent
through Etherconnect to the main system’s RISC-V CPU. The main system first confirms that the motor is running, RPM is
locked, and calibration is done.

The main system creates a frame and sends a packet through the control/PHY to the node system.

When the node system receives the frame, the node system’s RISC-V CPU uses the PDM Data Collector to fill the FIFO DMA
with data collected from the motor. When the FIFO DMA is full, an Ethercontrol packet is returned to the main system,
using an interrupt to alert the main system that data is ready.

The ethernet packet continues making round trips. If the packet ID matches the request ID, then it contains valid data and is
processed. Otherwise, the packet is discarded.

In both normal and extended mode, PDM data is collected for one node at a time. The node to collect data on must be
selected in the user interface. In Extended mode, the number of transactions depends on the active nodes connected in the
chain. As the number of active nodes increases, the number of transactions decreases, hence the time to collect PDM data
also decreases.

Collect PDM Data Browse
Packet Type H Extended Motor Status: ® |Clear Status

.

@

Batch Mode
Start

Figure 7.42. User Interface Application PDM Data: Normal Mode

Node System
Main System RISC-V
Ethercontrol CPU
LB Ethernet L Wires Motor
Interface \ — RISC-V CPU RX
(Free Rtos) Ethercontrol FIFO PDM Data
DMA Collector

Figure 7.43. User Interface Application PDM Data: Components Involved in PDM Data Collection Process
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Main system

checks:
motor running,
RPM locked,
calibration done?

Data is processed by
main system and sent
to User Interface

User Interface
requests PDM Data

Node system receives packet.
Node system uses PDM Data Return ethercontrol packet sent
Collector to fill FIFO DMA with from node to main

data from motor

Main system
creates
ethercontrol
packet

Does
packet ID
match?

Packet is discarded

Figure 7.44. User Interface Application PDM Data: Process Flow for PDM Data Collection

7.9.4. Collecting PDM Data from a Simulated Faulty Motor Using the Switches

7.9.4.1. Introduction and Purpose of the Switches

Normally, all the motors in the Automate demo should be working well and not failing. To show the benefits of the PDM
data collection, the Automate demo setup includes three switches that control the power resistors connected to the motor.
By toggling these switches, the user can disable the resistors and simulate what the motor would look like if it were failing
or faulty.

Each switch is for one phase of the motor. When the switches are tilted towards the power resistors of the motor, this
means the power resistors are included in the circuit and the motor should behave normally. If any single switch is tilted
away from the power resistors of the motor, the resistor is disconnected, and the motor exhibits faulty behavior. This faulty
behavior may not be observable to a human, which is where the power of PDM data collection comes in.

PDM data collection collects the current signature of the motor. Inside the PDM module, there is a convolutional neural
network that has been trained on the current signatures of good and faulty motors. This setup can be extended to collect
data at regular intervals and send an alert if one of the motors starts to show signs of failing. It is easy to see how early
detection of a problem can save time and expense in an industrial automation scenario.

Safety Note: Only one resistor should be disabled at a time. In other words, only tilt one switch away from the motor at a
time. If two or three switches are tilted away at the same time, the motor does not rotate, and the motor can be damaged.
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Figure 7.45. Three Resistor Switches Tilted Towards the Resistors (Meaning All Three Resistors are Enabled and the
Motor is “good”)

7.9.4.2. Example Workflow to Collect Faulty PDM Data with the Switches

To collect faulty PDM data with switches:

Set the target initially to 120 RPM and start the motor.

Gradually increase the RPM as described in Motor Status Test section.
Continue increasing the RPM up to 1500.

Disable any one switch by tilting it away from the power resistors of the motor.

Follow the instructions in the Collect PDM Data section to collect PDM data in either Normal or Extended mode.

S A

When the PDM image appears, the lines in the image should look different than the image collected when all the power
resistors are enabled and the Motor Status icon should be red.

Collect PDM Data Browse

Packet Type ®Normal ©Extended | Motor Status: * | Clear Status

Q.

&

Batch Mode
Start

Figure 7.46. PDM Data collection: Example PDM Image of a Faulty Motor

7. Stop the motor and power it off.

8. Tilt the switch back towards the motor to re-enable the power resistor.
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7.10. Testing Node Peripherals

To test the node peripherals:

1. Connect the I12C/SPI Host Adapter between the Lattice Certus NX board and Host PC-1.

2. For I?C connection, connect the SDA to pin 1 of JP3 and SCK pin to pin 2 of JP2 on the Lattice Certus NX board.
a. The arrow printed on the board indicates pin 1, so the other pin in the jumper pair is pin 2.

643:1133100188108 149 O
(Y {

Lt

Figure 7.47. Certus NX Board — I*C Connection

3. For SPI Connection, connect the MISO, MOSI, SCK, and CS into J8 PMOD?2 pins in the upper slot of the Certus NX board.
Starts from the arrow:

a. Pin 1. MISO (PMOD 1)
b. Pin 2. MOSI (PMOD2)
Pin 3. SCLK (PMOD 3)
d. Pin4.CS/SS (PMOD 4)
e. Connect the GND pin to the GND port of the Certus NX Board as shown in Figure 7.48.

3
&

Figure 7.48. Certus NX Board - SPI Connection

7.10.1. Making the Connection in Total Phase Control Center
To make the connection in total phase control center:

1. Open Total Phase Control Center.

2. Click on the Adapter tab, and then Click Connect.
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f Total Phase Control Center va.1.0

File Help

12C + SPI Ctrl+1
L 12C + GPIO Ctrl+2
¥ SPI + GPIO Ctrl+3
GPIO Chrl+4

SPI Master Ctrl+5
r Batch Mode Ctrl+&

12C Pull-ups
Target Power (Pin 4, &) b

10 Power (Pin 22, 24) -

Lewvel Shift *
Metwork Preferences Ctrl+P
Version and License Crl+L
Disconnect Ctrl+D

Aute Connect

U|‘.gra.’|.=l cense/Finmwans Ctrl=L

Figure 7.49. Total Phase - Adapter Setting (1>C)

3. Configure the adapter page opens. Select a Mode: I1>C-SPI.

4. Click OK.
i Configure Adapter T x
Configure Adapter
Select a port or an [P address:
Name Pot  EW  HW I sPl GPIO Serial Number Select a Mode
Aardvark 12C/5P | Host Adapter 0 351 3.00 Y Y Y 2239-108479
) 12C -GPIO
() sP1-GPIO
) GP1IO Only
() SPI Master
() Batch Made
Direct Hostname or [P Address: | ] Refresh List
[oc ] cone

Figure 7.50. Total Phase - I>’C-SPI Selection

Select the Slave tab on the I>C Control page.
Click Enable.

Note: Make sure that the physical connection between the Aardvark and PMOD of the node board is correct.
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" Total Phase Control Center v4.1.0

- m] x
File Adapter Help
12C Control Bitrate |10 ~|kiz Set = SPI Control Bitate | 1000 ~|kHz  Set
Polarity: Phase: Bit Order:
Maste
= (®) RisingFaling (®) Sample/Setup ® msB
Current Status: Bl O relngrising O Setup/Sampie Os

—— Master  Slave
Slave Addr: |oxsa (For Hex: enter "0x....") m
S5 Polarity: (®) S5 Active Low () S5 Active High
Max Tx Bytes: |5 Max Rx Bytes: |5

MOSI Message
(0 indicates an unlmited number of bytes)

11223344 Send
Message
1234 SetResp.
Clear Load Save Clear Load Save

Figure 7.51. Total Phase - IC Control (I*C)

7. Select the Slave tab on SPI Control page.
8. Click Enable.

@ Total Phase Control Centervd.1.0

- o x
File Adapter Help
12C Control Bitrate | 100 |z Set | SPI Control Bitrate [ 1000 ~|kHz Set
Master  Slave Phase: it Order:
@® sampiejsetup (®) Mse
Current Status: (O setup/Sample Qs
Slave Addr:  oxsa (For Hex: enter "0x....")
Current Status: -
Max Tx Bytes: 5 Max Rx Bytes: 5
(0 indicates an unimited number of bytes) MISO Message
56 78 40 52 SetMISO
1234 SetResp.
Clear Load Save Ceear Load Save

Figure 7.52. Total Phase - SPI Control: SPI Enable

Once Enabled both I2C and SPI control, the display looks like Figure 7.53 and the connection status shows in the
transaction log.
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@ Total Phase Control Centervd.1.0 - o x
File Adapter Help
12C Control Bitrate | 100 iz  set  SPI Control Birate [ 1000 ~|kHz = Set
Polarity: Phase: Bit Order:
Master  Slave | .
® ® Sample/Setup ® wms
Current Status: Bl | O relnomisng O setup/sample Ouss
Master Slave
Slave Addr:  0xsA (For Hex: enter "0x....") Disable
Current Status:
Max Tx Bytes: 5 Max Rx Bytes: 5
(0 indicates an unimited number of bytes) IS0 Message
Mes:
= 56 78 40 52 SetMiso
1234 SetResp.
Clear Load Save Clear Load Save
Transaction Log
Time Mod RW M/  Feat BR.  Addr Length  Data =
2022-09-16 10:54:10.043 12c 12C Bitrate Set to: 100
2022-09-1610:5410114 Pl SP! Bitrate Set to: 1000
2022-09-1611:0008236 1€ s 06A 12C Slave Enabled - Max : 5 Max Ri: 5
2022-09-16 11:03:47.009 SPI S RSM SP1 v
Clear Log Save to File
Port 0 : Aardvark 12C/SPI Host Adapter 2235-108479

Figure 7.53. Total Phase - 12C and SPI Control Enabled

7.10.2.1%C

For write operation:

In the Automate 3.1 user interface, click the Node Peripherals tab.

Select the Node which is connected to the Aardvark I12°C/SPI Host Adapter.
Select the protocol: I1>C

Select the operation: Write

Enter the Slave Address 2 bit: 5A

Enter the Data 2 bit: 25 (User can write any data from 0x00 to OxFF.)

Click Write.

N o s wN e

Actions  Help

Dashboard

Motor Configuration ~System Configuration

Motor Status Node Peripherals

Select Node Node9 Select Protocol 12C Select Operation ' Read ® Write

Slave Address

0x SA

Figure 7.54. Application Software - Node Peripherals: I2C-Write

8. Inthe Total Phase tool, check the transaction log.

Connect Disconnect Refresh

Write

Transaction Log

Mod.
12c L3 5

B.R. Data

25

Time Feat.

2022-09-16 11:15:43.614

Addr.  Length
osA 1

Clear Log

Save toFile

Figure 7.55. Total Phase - Transaction Log-1>C
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For read operation:

1. Using the Aardvark user interface, write the value 12 in the message box and click Set Resp.

“ Total Phase Control Center v4.1.0
File Adapter Help

Master Slave

Current Status:

Max Tx Bytes: 5 Max Rx Bytes: 5

(0 indicates an unlimited number of bytes)

Message

12 Set Resp.

Clear Load Save

Figure 7.56. Total Phase Aardvark 1>C Control User Interface

2. Check the transaction log.

3. Inthe Node Peripherals tab of the Automate 3.1 user interface, select the Operation: Read.

Transaction Log

I2C Control Bitrate Wiz | set

Slave Addr: | 0x54 (For Hex: enter "0x....")

Time Mod.  R/W M/S  Feat E.R. Addr.  Length Data
12022-12-01 12:08:51.848 i12C 5 5 [EGTI 12

Figure 7.57. Total Phase - Transaction Log - I*C

4. Click Read. The data value read should be 12.

B tattice Automate 30

Actions Help

Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration  System Configuration  Node Peripherals OPCUA Client

Select Node Nod  Select Protocol |12C - | Select Operation ® Read

Slave Address
0x 5a

Figure 7.58. Application Software — Node Peripherals: 12C-Read
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7.10.3.SPI

For the SPI write and read operation:

In the Automate 3.1 user interface, click the Node Peripherals tab.
Select the Node which is connected to the Aardvark 12C/SPI Host Adapter
Select the protocol: SPI

Select the operation: Write

Slave Address 2 bit: Disabled

Enter the Data 2 bit: 25 (you can write any data from 0x00 to OxFF.)

Click Write.

N o s wN e

Actions Help
* Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals

Select Node Node9 Select Protocol SPI Select Operation /Read ® Write

Slave Address
Ox X Write

Figure 7.59. Application Software - Node Peripherals: SPI-Write

8. Inthe Total Phase tool, check the transaction log.
Note: Make sure that the physical connection between the Aardvark and PMOD of the node board is correct.

Transaction Log

Time Mod. R/W  M/S  Feat. BR  Addn Llength  Data
2022-09-16 14:49:22.368 SPI R s RSML 1 4
2022-09-16 14:49:22.368 5P W 5 RSML 1 00

Clear Log Save to File

Figure 7.60. Total Phase - Adapter Setting: Transaction Log -SPI

9. Write the value 22 in the MISO message box and click Set MISO.
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- O X

SPI Control Bitrate kHz | Set
Polarity: Phase: Bit Order:
(®) Rising/Falling (®) sample/setup (@ MsB
() Falling/Rising () SetupfSample [@FL::]

Master Slave

Current Status: Enabled

MISO Message

22 i SetMISO i

Clear Load Save

Figure 7.61. Total Phase - Adapter Setting: SPI Control

10. Check the transaction log.

Transaction Log

Time Mod.  R/W M/5  Feat. B.R.  Addr.  Length Data
12022-12-01 12:23:36.232 HE s s 1 2

Figure 7.62. Total Phase - Adapter Setting: Transaction Log-SPI

11. In the Node Peripherals tab of the Automate 3.1 user interface, select the Operation: Read,
12. Click Read. The value in the field Data should match the value that was entered in step 9.

Actions Help

Connect| Disconnect| Refresh

Dashboard Mator Status Configuration System Configuration Node Peripherals

Select Node |Noc'| Select Protocol |SPI el Operation ® Read > Write

Slave Address
0x

Figure 7.63. Application Software - Node Peripherals: SPI-Read

7.10.4. Modbus

Note: Connect the UART cable from the UART port of the Node system to the PC/Laptop.
Note: Required tool: Docklight v2.4 or later.

For the Modbus write operation:

1. Inthe Automate 3.1 user interface, click the Node Peripherals tab.

2. Enter the Slave Address: 06 (you can enter 1-10).
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3. Enter the Register Number: 07 (you can enter 0-9).
4. Enter the Data: 1285 (you can enter O-FFFF).

[ Lattice Automate 20
Actions Help

Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration = System Configuration ~ Node Peripherals

Select Node Nodel Select Protocol MODBUS Select Operation © Read ® Write

Reg Type Slave Address Register Number Data

Holding Register 0x 06 Ox 07 Ox 1285

Figure 7.64. Application Software - Node Peripherals: Modbus-Write

5. Open Docklight.
6. Double-click COM.

Colorsé&Fonts Mode COom4 9600, None, 8, 1

Communication

Figure 7.65. Docklight COM Selection

7. Select the last USB serial port in the list, as shown in Figure 7.66.

Send/Receive on Comm. Channel
COM4 (USB Serial Port) ~

--- Serial Ports ---
COM3 (USB Serial Port) .
COM4 (USB Serial Port)

Figure 7.66. USB Serial Port Selection

8. Select the Baud Rate: 9600.
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3 Project Settings x

Communication \ Flow Control I Comm. Filter / Aliasl

Communication Mode

1 2 Monitoring |l 2
@) Send/Receive E_'—,_B O (receive =
only)

Send/Receive on Comm. Channel
| com4 -]

Choose a COM port from the list of available devices, or type a
COM port from COM1 to COM256.

COM Port Settings
Baud Rate 9600 w Data Bits 8 i

Parity None ) Stop Bits 1 ~
Parity Error Char. | 63 (7)) ~

Use Docklight Scripting  for TCP, UDP, USB HID, Bluetooth HID

oK Cancel Help
Figure 7.67. Docklight - Project Settings

9. Click Run.

File Edit Run Tools Help
DS » PR Fas
Figure 7.68. Docklight - Run

10. In the Automate 3.1 user interface, click Write.

Actions Help

® Connect| Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration ~ Node Peripherals

Select Node Nodel Select Protocol MODBUS Select Operation ' Read ® Write

Reg Type Slave Address Register Number Data

Holding Register 0x 06 ox|07 o0x|1285 E te I

Figure 7.69. Application Software- Node Peripheral: Modbus-Write

11. In Docklight, click the HEX tab. You can see the transmitted message printed in red.

ASCIl EHEx ' Decimal | Binary

08-09-2022 11:54:49.767 [RX] - @6 06 @0 07 12 85 F4 BF

Figure 7.70. Docklight Prints

© 2024 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-02207-1.1 51


http://www.latticesemi.com/legal

Automajce Stack 3.1 Demo ....LATTICE
User Guide

Appendix A. User Interface Application Installation (PC)

Note: This installation process is done on the PC to run the user application, such as a laptop or desktop PC.
To install the user interface application on a PC:
1. Download or locate the Lattice Automate 3.1 Installer.

2. Double-click on the installer to install the application.

Mame Date modified Type Size
SV 12-12-2023 05:34 PM File folder
setup 12-12-2023 05:34 PM Application 72,053 KB

Figure A.1. Installer Directory

3. Wait for the installation to complete.

Lattice Automate 3.1 - Installshield Wizard

Preparing to Install...

Lattice Automate 3.1 Setup is preparing the InstallShield
Wizard, which will guide you through the program setup
process, Please wait.,

Configuring Windows Installer

Cancel

Figure A.2. Automate 3.1 Initial Installation Setup

4, Click Next.
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ﬁ Lattice Autornate 3.1 - InstallShield Wizard oo

Welcome to the InstallShield Wizard for
Lattice Automate 3.1

The Installshield(R) Wizard will install Lattice Automate 3.1on
your computer. To continue, dick Next.

VWARMIMG: This program is protected by copyright law and
international treaties.

<Back | MNext> | = Cancel

Figure A.3 Automate 3.1 Next Step

5. Click Next.

ﬂ Lattice Autormnate 3.1 - InstallShield Wizard pod

Destination Folder
Click Mext to install to this folder, or didk Change to install to a different folder,

Install Lattice Automate 3.1 to:

C:\Program Files (x88)Lattice Semiconductor Y attice Automate
3.1\

Installshield

<Back || Next> |  Cancel

Figure A.4. Automate 3.1 Next Step
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6.

7.

Click Install.

ﬁ Lattice Automate 3.1 - InstallShield Wizard

Ready to Install the Program
The wizard is ready to begin installation.

Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

Installshield

coak [ Gl || conce

Figure A.5. Automate 3.1 Click Install

Wait for the installation to complete. Click Yes to allow permission.

User Account Control X

Do you want to allow this app from an
unknown publisher to make changes to your
device?

C:\Users\Lattice\AppData\Local
\Downloaded Installations\{8D51114E-
CA65-4C18-B947-4CAA45622E202)\Lattice
Automate 3.1.msi

Publisher: Unknown
File origin: Hard drive on this computer

Show more details

Yes No

Figure A.6. Allow Permission Window
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#7 Lattice Automate 3.1 - InstaliShield Wizard —

Installing Lattice Automate 3.1
The program features you selected are being installed.

[d] Please wait whie the InstallShield Wizard installs Lattice Automate 3.1, This
may take several minutes.

Status:

InstaliShield

Figure A.7. Automate 3.1 Installation in Progress

8. Click Finish.

ﬁ Lattice Automate 3.1 - InstallShield Wizard o

InstaliShield Wizard Completed

The InstallShield Wizard has successfully installed Lattice
Automate 3. 1. Click Finish to exit the wizard.

Figure A.8. Automate 3.1 Installation Finish
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Appendix B. Programming the Automate Stack on Respective Flash

B.1. Main System
This section provides the procedure for programming the SPI Flash on the CertusPro-NX Versa board for the main system.

Two different files should be programmed into the SPI Flash. These files are programmed to the same SPI Flash, but at
different addresses:

e  Bitstream (FPGA SoC Design)

e Binary (RISC-V Firmware)

Board Jumper Connections

The following jumpers must be connected on the board:
e Pin1and 2 ofJ32and J33 must be shorted to select UART.
e Pin1and 2 of J58 should be shorted to select the 3.3 V as Flash I/0.

il

Figure B.1. Main System Jumper Connection

If the user programming the main system board for the first time, refer to the Appendix C. Programming a Fresh Main
System Board section for more details. Once done, go back to this section to follow further steps.
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B.1.1. Programming NV Register — Enabling 32-bit SPI Addressing

To program the NV register:
1. Apply the settings as shown in Figure B.2. This is a one-time step required to configure the NV Register 1 to enable
32-bit SPI addressing. Click OK.

£3 LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Mon Volatile Configuration Memory w
Port Interface: ITAG -
Access Mode: Feature Rows Programming ~
Operation: Program Control NV Register 1 ~

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

Cancel

Figure B.2. Radiant Programmer — Configure NV Register 1 Setting

2. Click the Program Device icon < or go to Run > Program Device.

3. Change the bit 0 to 1 as shown in Figure B.3.
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Figure B.3. Radiant Programmer — Configure NV Register 1 Setting: Change Chip Value

4. After changing the bit, click Program.

5. Power cycle the CertusPro NX versa board.
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B.1.2. Primary Main System

B.1.2.1. Programming the FPGA Bitstream

To program the FPGA bitstream in external SPI Flash using Radiant Programmer:

1. Connect the CertusPro-NX Versa board to the PC using a USB cable.

2. Start Radiant Programmer. In the Getting Started dialog box, select Create a new blank project.

n Radiant Programmer - Getting Started ? X

New Project:

Project Name:  |Automate_Stack_Motor_Contro] |

Project Location: | C:/ v| | Browse...

(@ Create a new project from a scan

Cable: HW-USBN-2B (FTDI) ~  Port: FTUSB-0 v Detect Cable
TCK Divider Setting (0-30x): [4 |5
(O Create a new blank project

Open Project:

(O Open an existing programmer project

C:/Users/Public/Automate_Stack_Release_1_0_1/Project_File/main_system/soc_main_system/impl_1/Untitled.xcf Browse...

e

Figure B.4. Radiant Programmer - Default Screen (Main System)

3. Click OK.
8 Radiant Programmer - Automation_Stack_Master_System.xcf * = o X
file Edit View Run Tools Help
. i 3 2 0w B
Enable Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE Cable Setup 8 x
1= Generic JTAG Device  JTAG-NOP Bypass Cable Settings
Detect Cable
Cable: HW-USBI-28 (FTDD)  ~
Port: FTUSB-0 -
Custom port:
Frogramming Speed Settngs

) Use default Clock Dwider
@ Use custom Clock Divider

TCX Divider Setting (0-30x): [16 &
1O Settings

® Use defeult 1O settings
O Use custom YO settings

Figure B.5. Radiant Programmer - Initial Project Window (Main System)

4. Inthe Radiant Programmer main interface, select LFCPNX for Device Family and LFCPNX-100 for Device or detect
automatically as shown in Figure B.6.
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8 Radiant Programmer - Untitled.xcf * = a X
file Edit View Run Tools Help
16 @ s B
Enable Status Device Family Device Operation File Name file Date/Time Checksum USERCODE Cable Setup L
1 LFCPNX LFCPNX-100 Fast Cable Settings
Detect Cable
Cable: HW-USBN-2A
Port: EnsE-0
Custom port
Programming Speed Settings
) Use default Cock Dvider
® use custom Clock Dder
TEX Dmder Setting (0-30x): |7 3]
1O Sattings
@ Use default 1O settngs
| o0 ) Use custom VO settings
s
oK THS
] LrEPRA00
o o0
neser 155N
v
< >
Output 8 x

Lattice VM Drivers detected (HVW-DUN-3C (Parallel))
Frogrammer device etzbase ioaced

Figure B.6. Radiant Programmer - Device Selection (Main System)

5. Right-click and select Device Properties.

£ LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) v
e Static Random Access Memory (SRAM)

Port Interface: Non Volatile Configuration Memoi

Access Mode: External SPI Flash Memory (SPI FLASH)

Operation: Fast Configuration v

Programming Options

Programming file: | l

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

Figure B.7. Radiant Programmer - Device Operation (Main System)

6. Before programming, apply the settings below to erase the flash memory:

a. Under Device Operation, select the options below:
e Target Memory — External SPI Flash Memory (SPI FLASH)
e Port Interface — JTAG2SPI
e  Access Mode — Direct Programming
e Operation —Erase all

b. Under SPI Flash Options, select the options below:
e  Family — SPI Serial Flash
e Vendor — Macronix
e Device — MX25L51245G
e Package — 8-land WSON
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u LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: JTAG2SPL ~
Access Mode: Direct Programming e
Operation: Erase All ~
SPI Flash Options
Family: SPI Serial Flash w0
Vendor: Macronix W
Device: MX25L51245G o
Package: 8-land WSON w0

SPI Programming

Data file size (Bytes): 2230262 Load from File
Start address (Hex): 000000000
End address (Hex): 0x03FFO000

[] Turn off addresses auto updating
|:| Erase SFPI part on pregramming error
] secure SPIflash golden pattern sectors

Figure B.8. Radiant Programmer - Erase All (Main System)

7. Click OK and then click the Program Device icon * or go to Run > Program Device. This erases the flash memory if
any other data is already present in it.

8. After erasing the flash, power cycle the board and apply the settings below:

a. Under Device Operation, select the options below:
e Target Memory — External SPI Flash Memory (SPI FLASH)
e Port Interface — JTAG2SPI
e Access Mode — Direct Programming
e  Operation — Erase, Program, Verify

b. Under SPI Flash Options, select the options below:
e  Family — SPI Serial Flash
e Vendor — Macronix
e Device — MX25L51245G
e Package — 8-land WSON
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9. To program the bitstream file, select the options as shown in Figure B.9.
£3 LFCPNX - LFCPNX-100 - Device Properties ? >

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) e
Port Interface: ITAG25PT w
Access Mode: Direct Programming =
Operation: Erase,Program, Verify =
Programming Options
Programming file: |aluﬁ|:|n;"F‘rimary_MainfsDc_main_systemj_1_im|:u|_1.|:|itl| e |OXCFOB
SPI Flash Options
Farnily: SPI Serial Flash e
Vendor: Macronix -
Device: Mx25L51245G w
Package: g-and WSOM e

SPI Programming

Data file size (Bytes): |262III589 Load from File
Start address (Hex): 0x00000000 e
End address (Hex): Ox00270000 e

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure 5PI flash golden pattern sectors

Cancel

Figure B.9. Radiant Programmer - Bitstream Flashing Settings (Main System)

a. Under Programming Options, select the soc_main_system_impl_1.bit bitstream file in the Programming file.
b. Click Load from File to update the Data file size (Bytes) value.

c. Make sure that the following addresses are correct:
e  Start Address (Hex) — 0x00000000
e End Address (Hex) — 0x00280000

10. Click the Program Device icon “ or go to Run > Program Device.
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B.1.2.2. Primary Main System Firmware
To program the firmware, perform the following steps:
1. Select the options as shown in Figure B.10.
a. Under Programming Options, select the c_main_system_3_1_cnnCrc.bin binary file.

b. Make sure that the following addresses are correct:
e  Start Address (Hex) — 0x20A0000
e End Address (Hex) — 0x020D0000

£3 LFCPNX - LFCPNX-100 - Device Properties ? ot

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SP1 FLASH) -
Part Interface: JTAG25PI ~
Access Mode: Direct Programming e
Operation: Erase,Program,Verify b

Programming Options

Programming file: Lua|uﬁDn,|"F‘rimary_Mainfc_main_systemj_l_mnCrc.I:nin|... Ox4BC0

SPI Flash Options

Family: SPI Serial Flash w
Vendor: Macronix e
Device: Mx 251512456 ~
Package: 8-4and WS0M w

SPI Programming

Data file size (Bytes): |262144 Load from File
Start address (Hex): 002040000 W
End address (Hex): 002000000 w

[ Turn off addresses aute updating
|:| Erase SPI part on programming error

[] secure 5PI flash golden pattern sectors

Cancel

Figure B.10. Radiant Programmer - Binary Flashing Settings

2. Click the Program Device icon ** or go to Run > Program Device.

3. Power cycle the CertusPro NX versa board.
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B.1.3. Golden Main System
To program the firmware in the SPI Flash in Radiant Programmer:
1. Select the options as shown in Figure B.11.
a. Under Programming Options, select the Golden_AppCrc.bin binary file.

b. Make sure that the following addresses are correct:
e Start Address (Hex) — 0x02000000
e End Address (Hex) — 0x02030000

B3 LFCPMX - LFCPNX-100 - Device Properties ? x

General Device Information

Device Operation

Target Memary: External SPI Flash Memory {SPI FLASH) v
Port Interface: JTAG2SPT ~
Access Mode: Direct Programming e
Operation: Erase,Program, Verify ~

Programming Options

Programming file: Iain_wiH'u_ip_EvaIutinn,."Gnlden_MainfGnIden_AppCrc.bin | 0xD987

SPI Flash Options

Family: SPI Serial Flash w
Wendaor: Macronix ~
Device: MX25L51245G v
Package: 8and WSO w
SPI Programming
Data file size (Bytes): |262144 Load from File
Start address (Hex): 0x02000000 w
End address (Hex): 0x02030000 w

[] Turn off addresses auto updating
D Erase SPI part on programming error

] secure SPI flash golden pattern sectors

Cancel

Figure B.11. Radiant Programmer - Binary Flashing Settings

2. Click the Program Device icon * or go to Run > Program Device
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B.1.3.1. Golden Main System Bitstream

Note: The bitstream steps below are only valid for standalone projects. No need to program the bitstream while
programming the MCS file.

After erasing the flash, perform the steps below:

1. Power cycle the board and apply the setting s below:
a. Under Programming Options, select the soc_main_system_impl_1.bit bitsream file.
b. Click Load from File to update the Data file size (Bytes) value.

c. Make sure that the following addresses are correct:
e  Start Address (Hex) — 0x00000000
e End Address (Hex) — 0x00240000

d. To program the bitstream, select the options as shown in Figure B.12

B3 LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memary: External SPI Flash Memory (SPI FLASH) w
Part Interface: JTAG2SPI A4
Access Mode: Direct Programming ~
Operation: Erase,Program, Verify ~

Programming Options

Programming file: L’aluﬁonqu:uIden_Mainfsnc_main_svstem 31 impl_l.bit”... 0xC548

SPI Flash Options

Family: SPI Serial Flash w
Vendor: Macronix W
Device: MX25L51245G e
Package: 8-and WS0ON w

5PI Programming

Data file size (Bytes): |262|:I589 Load from File
Start address (Hex): 0x00000000 w
End address (Hex): 0x00270000 w

[ Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure SPI flash golden pattern sectors

Cancel

Figure B.12. Radiant Programmer - Bitstream Flashing Settings
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2. Click the Program Device icon “ or go to Run > Program Device.
3. Power cycle the CertusPro NX versa board.

B.1.4. Programming the MCS File
To program MCS file in the SPI Flash in Radiant Programmer:
1. To program the MCS file, select the options as shown in Figure B.13.
a. Under Programming Options, select the soc_golden_system_impl_1.mcs mcs file.

b. Make sure that the following addresses are correct:
e  Start Address (Hex) — 0x0000000
e End Address (Hex) — 0x007F0000

u LFCPMNX - LFCPMX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) ~
Port Interface: JTAG2SPL ~
Access Mode: Direct Programming ~
Operation: Erase,Program, Verify ~

Programming Options

Programming file; b‘u_ip_evaluﬁonfl“lcs,’soc_main_systemj_1_imp|_l.mcs | 0x5B36

SPI Flash Options

Family: SPI Serial Flash ~
Vendor: Macronix ~
Device: M¥25L51245G w
Package: 8and WSOMN ~

SPI Programming

Data file size (Bytes): |8388422 | | Load from File
Start address (Hex): 000000000 ~
End address (Hex): 0x007F0000 w

] Turn off addresses auto updating
|:| Erase 5PI part on programming errar

[ 5ecure SPI flash golden pattern sectors

OK Cancel

Figure B.13. Radiant Programmer - MCS Flashing Settings

2. Click the Program Device icon * or go to Run > Program Device.

3. Power cycle the board the CertusPro NX versa board.
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B.2. Node System

This section provides the procedure for programming the SPI Flash on the Certus-NX Versa board for node. Two different
files should be programmed into the SPI Flash. These files are programmed to the same SPI Flash, but at different
addresses:

e  Bitstream
e Binary

Board Jumper Connections

Make sure that the following jumpers are connected on board:
e Pin1land2ofJP25 and JP26 should be shorted to select UART.
e Pin1and 2 of J47 should be shorted to select the 1.8 V as Flash 1/0.
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Figure B.14. Node System Jumper Connection

To program the SPI Flash in Radiant Programmer:
1. Connect the Certus-NX Versa board to the PC using a USB cable.

2. Start Radiant Programmer. In the Getting Started dialog box, select Create a new blank project.
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= LATTICE

New Project:

ﬂ Radiant Programmer - Getting Started

Project Name: |Automation_Stack_Node|

Project Location: | c/

Cable: | HW-USBN-28 (FTDI)

(O Create a new blank project

Open Project:

(@) Create a new project from a scan

v Port: FTUSB-0

TCK Divider Setting (0-30x):

(O Open an existing programmer project

C:/Automation_Stack_Master_System.xcf

-

Detect Cable

? X
|
N ‘ Browse...
Browse...
==

3. Click OK.

Figure B.15. Radiant Programmer - Default Screen (Node System)

{8 Radiant Programmer - Automation_Stack Nodexcf *

File Edit View Run Tools Help

o : I 2 88x B

Enable Status Device Family

Device Operation

14 Generic JTAG Device  JTAG-NOP Bypass

Figure B.16. Radiant Programmer - Initial Project Window (Node System)

File Name

File Date/Time  Checksum USERCODE

T o X
" cable Setup & x
Cable Settings
Detect Cable

Cable: HW-USBN-25 (FTDI)  ~
Port: FTUSE-0 S
Custom port:
Frogramming Speed Settings
(O use default Clock Dvider

® Use custom Clock Divider
TCX Divider Setting (0-30x): [16
VO Settings

(@) Use default O settings
O Use custom YO settings

4. Inthe Radiant Programmer main interface, select LFD2NX for Device Family and LFD2NX-40 for Device as shown in

Figure B.17.
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8 Radiant Programmer - Automation_Stack Nodexcf *
File Edit View Run Tools Help
5 @ @ v B
Enable Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE Cable Setwp & x
14 LFD2NX LFD2NX-40 Fast Configuration Cabie Settings
Datect Cable
Cable: HW-USBN-28 (FTDI)  ~
port: FTUsB-0
Custom port:
Programming Speed Settings
() use defauk Clock Divider

® Use custom Clock Dider
TCK Daider Setting (0-30x): 16 %
1O Sattngs

® Use defaut 10 settings
1 100 7) Use custom YO settings

HOST Tus

FTO1USS HOST BULO.
DOWNLOAD CABLE Tek Tus
CPUMEROPROCESSOR N

Figure B.17. Radiant Programmer - Device Properties (Node System)

a LFD2NX - LFD2NX-40 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) -
Static Random Access Memory (SRAM)
Mon Volatile Configuration Memo

Access Mode: External SPI Flash Memory (SPI FLASH b
Serial peripheral
interface flash

Port Interface:

Operation: Erase,Program, Verify

Programming Options memaory.

Programming file: |

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

Figure B.18. Radiant Programmer - Device Operation (Node System)

5. Before programming, apply the settings below to erase the flash memory:

a. Under Device Operation, select the options below:
e Target Memory — External SPI Flash Memory (SPI FLASH)
e Port Interface — JTAG2SPI
e  Access Mode — Direct Programming
e Operation —Erase all
b. Under SPI Flash Options, select the options below:
e  Family — SPI Serial Flash
e Vendor — Micron
e Device—MT25QU128
e  Package — 8-pin SOP2
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Click OK and then click the Program Device icon

B LFD2NX - LFD2NX-40 - Device Properties

General  Device Information
Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

SPI Flash Options

Family:
Vendor:
Device:
Package:
SPI Programming
Data file size (Bytes): 2152488
Start address (Hex):
End address (Hex):
[l Turn off addresses auto updating

D Erase SPI part on programming error

[l Secure SPI flash golden pattern sectors

= LATTICE

External SPI Flash Memory (SPI FLASH) v

JTAG2SPI

Direct Programming

Erase All

SPI Serial Flash
Micron
MT25QU128

8-pin SOP2

0x00000000

0x00FF0000

Load from File

Cancel

Figure B.19. Radiant Programmer - Erase All (Node System)

other data is already present in it.

After erasing the flash, power cycle the board and apply the settings below:

a. Under Device Operation, select the options below:

Target Memory — External SPI Flash Memory
Port Interface — SPI

Access Mode — Direct Programming
Operation — Erase, Program, Verify

b. Under SPI Flash Options, select the options below:

Family — SPI Serial Flash
Vendor — Micron
Device - MT25QU128
Package — 8-pin SOP2

* or go to Run > Program Device. This erases the flash memory if any
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8. To program the bitstream file, select the options as shown in Figure B.20.

EJ LFD2ZMNX - LFD2NX-40 - Device Properties ? et

General Device Information

Device Operation

Target Memary: External SPI Flash Memory (SPI FLASH) W
Port Interface: JTAG2SPI ~
Access Mode: Direct Programming w
Operation: Erase,Program,Verify v

Programming Options

Programming file: 3 1;'Main_s\,rsbem,."l:uit_binﬂiodefsoc_node_impl_l.bit|... 0xE300

SPI Flash Options

Family: SPI Serial Flash w
Vendor: Micran ~
Device: MT250QU128 v
Package: 8-pin SOP2 L

SPI Programming

Data fie size (Bytes): |1011937 | | Load from File
Start address (Hex): 0x00000000 w
End address (Hex): 0x000F0000 w

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[ secure 5PI flash golden pattern sectors

0K Cancel

Figure B.20. Radiant Programmer - Bit Stream Flashing Settings (Node System)

Under Programming Options, select the soc_node_impl_1.bit bitstream file in the programming file.
Click Load from File to update the Data file size (Bytes) value.
c. Make sure that the following addresses are correct:
e Start Address (Hex) — 0x00000000
e End Address (Hex) — 0x00100000
9. Click the Program Device icon “ or go to Run > Program Device.
10. To program the firmware, select the options as shown in Figure B.21.
a. Under Programming Options, select the c_node_system_2_0.bin binary file.

b. Make sure that the following addresses are correct:
e  Start Address (Hex) — 0x00140000
e End Address (Hex) — 0x00220000
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11. Click the Program Device icon “or go to Run > Program Device.

Figure B.21. Radiant Programmer - Binary Flashing Settings (Node System)

u LFDZMX - LFD2ZNX-40 - Device Properties 7
General Device Information
Device Operation
Target Memary: External SPI Flash Memory (SPI FLASH) e
Port Interface: JTAG2SPI ~
Access Mode: Direct Programming v
Operation: Erase,Program,Verify v
Programming Options
Programming file: F_l;"Main_systemfbit_bin;"l\lodefc_node_systemj_l.bin | | |0XF7BL
SPI Flash Options
Family: SPI Serial Flash w
Vendaor: Micron w
Device: MT25QU128 v
Package: 8-pin SOP2 w
SPI Programming
Data file size (Bytes): |918524 Load from File
Start address (Hex): 0x00 140000 e
End address (Hex): 0x00220000 ~
[] Turn off addresses auto updating
|:| Erase SPI part on programming errar
[ secure SPI flash golden pattern sectors
Cancl

Note: After programming the Boards, power cycle the CertusPro NX Versa board as shown in Figure B.22 and each
Certus NX Versa board as shown in Figure B.23, and press the system Reset button SW3.

A
o
-
™)
24
>

4
b
Q
<
o

Figure B.22. Reset Button SW3 of CertusPro NX Versa Board
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Figure B.23. Button SW3 of Certus NX Versa Board
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Appendix C. Programming a Fresh Main System Board

If the user programming the Main System board for the first time, use the following one-time procedure to avoid the
firmware booting issue. When the boards are delivered from the foundry, they are programmed in Quad mode. But the SPI
Flash Controller starts with Serial mode (default) for commands and then it selects the quad mode for the read operation.

To program the SPI Flash in Quad mode:

1. Connect the CertusPro-NX Versa board to the PC using a USB cable.

2. Start Radiant Programmer. In the Getting Started dialog box, select Create a new blank project.

n Radiant Programmer - Getting Started

New Project:

Project Name: |Automate_stack_Motor_ControI[

Project Location: I c:/

\4 Browse...

@ Create a new project from a scan
Cable: HW-USBN-2B (FTDI) ~ | Port: FTUSB-0
TCK Divider Setting (0-30x): |4 %

(O Create a new blank project

Open Project:

O Open an existing programmer project

Detect Cable

C:/Users/Public/Automate_Stack_Release_1_0_1/Project_File/main_system/soc_main_system/impl_1/Untitled.xcf

Browse...

Figure C.1. Radiant Programmer - Default Screen

3. Click OK.

8 Radiant Programmer - Automation_Stack Master_System.xcf *

file Edit View Run Tools Help

s v B
Enable Status Device Family Device Operation
1= Generic JTAG Device JTAG-NOP Bypass

File Name

= =] X
File Date/Time  Checksum USERCODE Cable Setup 5 x
Cable Settings A
Detect Cable
Cable: HW-USBN-28 (FTDI) v
Fort FTUs8-0 -
Custom port:

Programming Speed Settngs
) Use default Clock Dvider

@ Use custom Clock Divider
TCX Dividar Setting (0-30x): (165
VO Settings

® Use defeult O settings

7 Use custom YO settings

Figure C.2. Radiant Programmer - Initial Project Window

4. Inthe Radiant Programmer, select LFCPNX for Device Family and LFCPNX-100 for Device or detect automatically as

shown in Figure C.3.
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8 Radiant Programmer - Untitled.xcf * - a8 X
File Edit View Run Tools Help
‘Bhad 3 s BB«
Enable Status Device Family Device Operation File Name File Date/Time Checksum USERCODE Cable Setup 8 x
14 LFCPNX LFCPNX-100 Fast Cable Settings
Detect Cable
Cable: HW-USBN-2A v
Port: E2US8-0
Custom port:

Programming Speed Settings
O use defautt Clock Dwider
(@) use custom Clock Divider

TCX Divider Setting (0-30x): |7 13
YO Setbgs

@ Use default O settings

O use custom YO settings

HoST
PCCOMPUTER 1
FTDI USB HOST BULD-N 1
DOVNLOAD C48LE Tk TMS
CPUMECROPROCESSOR

LFCPIX100
T

. To1 %0
RESET 1AG_EN

Output

| Lattice VM Drivers detected (HW-DLN-3C (Farallel))
Programmer device database loade

Figure C.3. Radiant Programmer - Device Selection

5. Right-click and select Device Properties.

u LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memaory: Static Random Access Memory (SRAM)
rface: Static Random Access Memory (SRAM)
Port Interface: Mon Volatile Configuration Memo

Access Mode:

Operation: Fast Configuration v

Frogramming Options

Programming file: ‘ |

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

Figure C.4. Radiant Programmer - Device Operation

6. To program the binary file, apply the settings below:
a. Under Device Operation, select the options below:
e Target Memory — External SPI Flash Memory (SPI FLASH)
e Port Interface — JTAG2SPI
e Access Mode — Direct Programming
e Operation — Erase, Program, Verify Quad 1

b. Under SPI Flash Options, select the options below:
e  Family — SPI Serial Flash
e Vendor — Macronix
e Device — MX25L51245G
e Package — 8-land WSON
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EJ LFCPNX - LFCPNX-100 - Device Properties 7 *

General Device Information

Device Operation

Target Memary: External SPI Flash Memary (SPI FLASH) w
Port Interface: JTAG2SPL w
Access Mode: Direct Programming ~
Operation: Erase,Program,Verify Quad 1 s
Programming Options
Programming file: Late_3_1,|"I'v'lain_systemJ"bit_I:ninﬂv‘lainf'c_main_systemj_ e |OnD24F
SPI Flash Options
Family: SPI Serial Flash ~
Vendor: Macronix w~
Device: Mx25L51245G e
Package: B-and WSON w

SPI Programming

Data file size (Bytes): | 185188 Load from File
Start address (Hex): 0x00300000 w
End address (Hex): 0x00320000 w

[ Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure 5PI flash golden pattern sectors

Cancel

Figure C.5. Radiant Programmer - Quad Mode Programming

7. Under Programming Options, select the c_main_system_3_1.bin binary file.

a. Make sure that the following addresses are correct:
e Start Address (Hex): 0x00300000
e End Address (Hex): 0x00380000

8. Click OK and then click the Program Device icon “> or the menu item Run ->Program Device. After that power cycle
the board.
9. To program the bitstream file, select the options as shown in Figure C.5.

10. Under Programming Options, select the soc_main_system_impl_1.bit bitstream file in the Programming file.
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u LFCPNX - LFCPNX-100 - Device Properties

General Device Information
Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

Programming Options

Static Random Access Memory (SRAM)
JTAG
Direct Programming

Fast Configuration

Programming file: | nx_21_feb/soc_main_system/impl_1/soc_main_system_impl_1.bit | ...

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

Figure C.6. Radiant Programmer - Device Properties

11. Click the Program Device icon “ or go to Run > Program Device.

12. Apply the settings below to erase the SPI Flash:

a. Under Device Operation, select the options below:
e Target Memory — External SPI Flash Memory (SPI FLASH)
e Port Interface — JTAG2SPI
e Access Mode — Direct Programming
e Operation — Erase All

b. Under SPI Flash Options, select the options below:
e  Family — SPI Serial Flash
e Vendor — Macronix
e Device — MX25L51245G
e Package — 8-land WSON

Cancel
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B3 LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) v

Port Interface: JTAG2SPI v
Access Mode: Direct Programming v
Operation: Erase All v |

SPI Flash Options

Family: SPI Serial Flash v
Vendor: Macronix v
Device: MX25L51245G v
Package: 8-land WSON |

SPI Programming

Data file size (Bytes): 2230262 Load from File
Start address (Hex): 0x00000000
End address (Hex): 0x0D3FF0000

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure SPI flash golden pattern sectors

Figure C.7. Radiant Programmer - Erase All

13. Click the Program Device icon “ or go to Run > Program Device.
14. Power cycle the CertusPro NX Versa Board.
Note: This is a one-time process that must be followed for every new board.

© 2024 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-02207-1.1 77


http://www.latticesemi.com/legal

= LATTICE

Appendix D. Checking Prints with MCS Manual and Automatic
Booting

D.1. Checking the Primary Main System Standalone Project Prints

To check the primary main system standalone project prints:

1.

2
3.
4.
5

Connected - Encoding: windows-1252

Connect the UART Cable between Host PC to CertusPro-NX Board.
Check the Status of UART Cable in Device Manager.

Go to the Port section of Device Manager.

Check Connection status is showing or not.

Program the following bitstream and binary files in the main system. To program the files, refer to Appendix B.
Programming the Automate Stack on Respective Flash.

a. Program the Primary Main System CRC binary file: c_main_system_3_1_cnnCrc.bin.

b. Program the Primary Main System bitstream file: soc_main_system_3_1_impl_1.bit.

After programming the Primary binary and bitstream file, check the log messages on the serial terminal.
Open the Propel terminal.

Double-click terminal button in the bottom of Propel SDK window as shown in Figure D.1. The Launch Terminal window
appears as shown in Figure D.2.

Main_System - Lattice Propel - O X

File Edit Source Refactor Navigate Search Project Run Window Help

(i |®~&~@:8 v v v @ B O R @ - Fl~ - v |r Q @@
= 8

5 Project Explorer % =8 = B |5 Outline *

2

There is no active editor that
5 c_main_system_3_1_cnn provides an outline.

& Primary_Bootloader_CProj

= soc_main_system_3_1

%1 Problems | Tasks |2 Console [ Properties |4 Terminal X ~?| % RI S =8

B comMs x

Figure D.1. Open Propel Terminal
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:: Launch Terminal [m] e
Choose terminal: | Local Terminal ~
Settings Local Terminal
SSH Terminal

Encoding: | UTF-

Telnet Terminal

@ Cance

Figure D.2. Propel Terminal Selection Window

9. Choose terminal: Serial terminal as shown in Figure D.3.
10. Select the right serial port, drop-down the serial port, and select the last COM.
11. Select the Baud rate 115200.

12. Click OK.
z: Launch Terminal O %

Choose terminal: | Serial Terminal b
Settings

Serial port:| COM5 w |
Baud rate: | 115200 v|
Data size: 8 b
Parity: None ™
Stop bits: |1 w
Encoding: | Default (1ISO-8859-1) ~
1?\

Figure D.3. Propel Terminal - Com and Baud Rate Selection

13. If you are not receiving any packets, press the SW3 reset button on the board or follow the below steps:
a. Pressthe Windows + R button simultaneously.
b. Type the command ncpa.cpl and press Enter.
c. Right-click on Ethernet and click Disable.
d. Right-click again and click Enable.

14. Wait for 40 seconds. The print is now available in the log section.
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{2 Problems || Tasks | & Console | ] Properties | & Terminal ¢
B COM10 x

DDR status = 3@82l
DDR status = 38821
DDR status = 3ea2f
DDR status = 3ealf

LPDDR crc = d292
fw crc = d292
--- CRC matches-----------
Main System Ready!

Automate Stack3.l ver ©.1.8!
Version Date @1/84/2824

Node num 16, Mode Data length 64

Before: Link Detected: @
after: Link Detected: 15

Chain 1 Link for Main System detected
Node num 16, MNode Data length 64
Org:detected_nodes 3

Chain : 1 ACTIVE NODE: 3

Org: 3
Chain : 1 FINAL ACTIVE NODE 3
node number 3
PHY LINK EXPECTED: f
BEFORE: TIMER PHY LINKS MAIN and NODES f
Node Num: 3
Before Node Enable: 1
after Node Enable: 7
Chain 1 nodes reg : 7
INIT_DONE
SIPSATAZM2MIMS

Figure D.4. Primary Main System Propel Prints

15. Press the Reset SW3 button on the CertusPro NX Board to restart the prints.

D.2. Checking the Golden Main System Standalone Project Prints
To check the golden main system standalone project prints:

1. Connect the UART Cable between Host PC to CertusPro-NX board.

2. Check the Status of UART Cable in Device Manager.

3. Go to the Port section of Device Manager.

4. Check Connection status is showing or not.
5

Program the Golden bitstream and binary files in the main system. To program the files, refer to Appendix B.
Programming the Automate Stack on Respective Flash.

a. Program the Golden Main System CRC binary file: Golden_AppCrc.bin
b. Program the Golden Main System bitstream file: soc_main_system_impl_1.bit
6. After programming the Golden binary and bitstream file, follow the below steps to check the prints on propel terminal.

a. Open the Propel terminal. Refer to steps 8 to 16 of the D.1. Checking the Primary Main System Standalone Project
Prints section. The print is available in the log section.

7.  While waiting for ethernet packet, you need to send the packet sender udp_rx command.
a. Open the packet sender tool.

b. Inthe top section, create a UDP packet.
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=+ Packet Sender - |Ps: 192,16

Multicas

Settings

Import Database
Export Database
Exit

Figure D.5. Packet Sender Application: Load file

c. Provide name of packet, ASCII characters of the packet to be send, Address is 192.168.1.4 (main system address),
port is 1486 as shown in Figure D.6.

d. Click the Send button to send udp_rx packet.

Packet Sender - IPs: 192.168.11.41, 192.168.1.2, fe80:295%:109:1a5f.4399%ethernet_32775, fe80:1ba6:1aa7 e4c2:6a03%wireless_32768 - a X

File Tools Multicast Panels Help

Name  udp_rx
SCIl  ABCDEFGHUKLMNOPQRSTUVWXYZABCD Load File
HEX 4142 43 44 45 46 47 48 49 4a 4b 4c 4d 4e 4f 50 51 52 53 54 55 56 a 414243 44 x

Addre: 8.1. 6 esend Delay 0 x & UDP

Delete Saved Packet Persistent TCP

Name To Address. fo Por Method
UDP IPv4 localhost macro 0 0.0. 5000 uppP {{TIME}} {{RANDOM}}
= send UDP 1Pv6 localhost macro 0 = 5000 uDP (TIME}} {{RANDOM}}
® Send UDP Multicast 0 0 5000 uppP hello\r
= Send udp_rx 0 68.1.: 1486 UDP ABCDEFGHIJKLMNOPQRSTUVWXYZABCD

B Send  WHOIS google.com 0 92.34.234.30 3 P domain google.com\i\n

Clear Log (2) log Traffic ~ Savelog  Save Traffic Packet Copy to Clipboard

Time “rom IF From Port To Addre: To Porl Methoc | A H
192.168.14 1486 uppP ABCDEFGHIJKLMNOPQRSTUVWXYZABCD 41 42 43 44 45 46 47 48 49 4a 4b 4c 4d 4e 4f 50 51 52 53 54 55 56 57 58 59 5a 41 42 43 44

@ 2024-02-26 1 57 Y 6443 192.168.14 14 UDP ABCDEFGHIJKLMNOPQRSTUVWXYZABCD 41 42 43 44 45 46 47 48 49 4a 4b 4c 4d 4e 4f 50 51 5. 5455 56 9 5a 41424344

® UDP:64481  ®8TCP:61996 8 SSL:61997 IPv4 Mode

Figure D.6. Packet Sender Application: Send UDP Rx Packet
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[ Problems | 4] Tasks | E) Censole | [ Properties | (& Terminal
& <Closed> COM10

DDR status = 30@21
DDR status = 38821
DDR status = 3@@zf
DDR status = 3@@1F
LPDDR crc = bdls
fw crc = bdls
--- CRC matches-------—----

--------------- Golden FW Image ----------

FresRTOS v16.8.1 on RISC-V.
the granularity of pmp is 4.

pmp entry®: mode=8x@l, perm=8x07, addr=8x2000266c(*4
pmp entryl: mode=@x@l, perm=9x8@, addr-0x2000266d(*4
pmp entry2: mode=8x81, perm=8x8@, addr=8x20002678(*4
pmp entry3: mode=@x@l, perm=0x@7, addr=ex3Ifffffff(*4

=8x380099b8, locked=8
=ex300899b4, locked=1
=Bx880899ca, locked=8
=axfffffffc, locked=8

——————————————— Waiting for ethernet packet ---------—-

--------------- Please make sure Ethernet cable is connected and link up done ----------

52MM status = SooooO4R

——————————————— SGDMA packet recived ----------

44434241 48474645 4443424]1 43474645 44434241 43474645 44434241 48474645 44434241 AZ4TA645 44434241 43474645 44434241 43474645 44434241 43474645
--------------- SGDMA packet end ----------

\ARP REPLY DONE
status = 50000048

@ pmp test begin:
@ sstatus=ex00008100:
@ mstatus-exeeeea188:

@ write/read secured region in task:

@ expectation(locked): write/read 8x888893b8 will fail
@ write/read @x888099b8 begin, in=0x88081234
@ write/read @x880099b@ done, out=8x88001234

@ expectation(m-mode): write/read @x88eessbs will succeed
@ write/read begin, ir 78
@ write/read b4 done, out 78

@ write/read secured region with sys-call:

@ expectation: write/read 8x888899b4 will succeed
@ write/read 8x888899b4 begin, in=Bx@@Bedefe
@ write/read done, out: def@

Figure D.7. Golden Main System Propel Prints

8. Press the Reset button on the CertusPro NX board to restart the prints.

D.3. Checking the Main System Primary_Golden MCS with Manual Booting

Prints

1. Connect the UART Cable between Host PC to CertusPro NX board.
2. Check the Status of UART Cable in Device Manager.

3. Go to the Port section of Device Manager.

4. Check the connection status if it is showing or not.

5

The following binaries and MCS are needed to be program, to program the files, refer to Appendix B. Programming the
Automate Stack on Respective Flash:

a. Program the Primary Main System CRC binary file: Primary_AppCrc.bin
b. Program the Golden Main System CRC binary file: Golden_AppCrc.bin

c. Program the MCS file. To generate the MCS file, refer to the Appendix D of the Automate Stack 3.1 Reference
Design (FPGA-RD-02284).

6. After programming the primary binary, golden binary, and MCS file, follow the steps below to check the prints on the
Propel terminal.
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7.

a. Open the Propel terminal. Refer to steps 8 to 16 of the D.1. Checking the Primary Main System Standalone Project

Prints section.

b. Wait for 40 seconds for the primary system. The print is available in the log section.

To send the udp_rx command for Golden System, refer to step 9 of the D.2. Checking the Golden Main System
Standalone Project Prints section.

l:: Problems (é. Tasks (E Console (E Properties (@ Terminal >

E <Closed>

DDR status
DDR status
DDR status
DDR status

LPDDR crc

Automate 5t
Version Dat

Before: Lin

Org:detect
Chain : 1
Org: 3

Chain : 1 F

Node Num: 3
Before Node
After Node
Chain 1 nod
INIT_DONE

S1PSALAZMZM

DDR status
DDR status
DDR status
DDR status

LPDDR crc

the granula
#

COMID 3 |

----Primary Image Bootloader----------

= 38821

= 38821

= 3ee2f

= 3eelf

= d292
fw crc = d292

--- CRC matches-----------

ack3.1 ver @.1.8!
e 81/84/2824

Node num 16, Node Data length 64

k Detected: @

After: Link Detected: 15
Chain 1 Link for Main System detected
Node num 16, Node Data length 64

ed_nodes 3
ACTIVE NODE: 3

INAL ACTIVE NODE 3

node number 3
PHY LINK EXPECTED: f
BEFORE: TIMER PHY LINKS MAIN and NODES f

Enable: 1
Enable: 7
es reg @ 7

3M5

= 3882l

= 38821

= 3ee2f

= 3eelf

= bd15s
fw crc = bd1s

Main System Ready!

--- CRC matches-----------

----Golden FiW Image ---

FreeRT05 v18.8.1 on RISC-V.

rity of pmp is 4.

pmp entry@:
pmp entryl:
pmp entry2:
pmp entry3:

mode=8x81, perm=8x87,
mode=8x81, perm=0x28,
mode=Bx81, perm=8x88,
mode=8x81, perm=8x87,

addr=0x20008266C (*4)=0x300099ba,
addr=gx2000266d( *4)=0x560099b4,
addr=0x26002678(*4)=0x300099c8,
addr=e3TFFFfff(*4)=axfffffffc,

locked=a
locked=1
locked=8
locked=a

[

Figure D.8.Primary CRC Match Main System Propel Prints
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[£/ Problems | V=) Tasks | E) Console | [T Properties |, Terminal >
E) <Closed> COM1D X
——————————————— Golden FW Image ----------

FreeRTOS v18.9.1 on RISC-V
the granularity of pmp is 4

pmp entryd: perm=ax87, (*4) , locked=a
pmp entryl: perm=0x80, addr *4) b4, locked=1
pmp entry2: perm=0x80, addr 8(*4) @, locked=8
pmp entry3: perm=0x87, ~Bx3FFFFFFF(*4)=BxfFFTfffc, locked=8

——————————————— Waiting for ethernet packet ----------

——————————————— Please make sure Ethernet cable is connected and link up done ----------

S2M4 status = 36608048

——————————————— SGDMA packet recived ----------

44434241 48474645 43434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645

——————————————— SGDMA packet end -—---------

/ARP REPLY DONE
status = 58000848

@ pmp test begin:
@ sstatus=-0x00000100:
@ mstatus=-Bx00000185:

@ write/resd secured region in task:

@ expectation(locked): write/read ©x38039b8 will fail
@ write/read ©xB880@99b8 begin, in-8x80001234
@ write/read 8xB888899b8 done, out=-8x80081234

@ expectation(m-mode): write/read 8x38039b4 will succeed
@ write/read BxB88@@99b4 begin, in-8x80085678
@ write/read ©xB888@99b4 done, out=-Bx@80885678

{@ write/read secured region with sys-call:
@ expectation: write/read @x808899b4 will succeed

@ write/read begin, i fo
@ write/read done, out fo

@ pp test end

task 2147512688 is running,
task 2147518544 iz running,
task 2147512688 is running,
task 2147518544 iz running,
task 2147512688 is running,
task 2147518544 iz running,
task 2147512688 is running,
suspend task 2147512688

task 2147518544 is running,
task 2147518544 is running, 4

WNNE PSS

w

Figure D.9.Golden CRC Match Main System Propel Prints

Press the Reset button on the CertusPro NX Board to restart the prints.

Press the SW2(program) button on the CertusPro NX Board to switch the prints.

D.4. Check the Main System Primary_Golden MCS with Automatic Booting Prints
Connect the UART Cable between Host PC to CertusPro NX Board.
Check the Status of UART Cable in Device Manager.

Go to the Port section of Device Manager.

1.

2
3
4.
5

Check the connection status if it is showing or not.

After programming the primary binary, golden binary, and MCS file, follow the below steps to check the prints on propel

terminal.

a.

The binaries and MCS files need to be programmed. To program the files, refer to Appendix B. Programming the
Automate Stack on Respective Flash.

Program the Primary Main System binary file: Primary_App.bin
Program the Golden Main System CRC binary file: Golden_AppCrc.bin

Program the MCS file. To generate the MCS file, refer to Appendix D of the Automate Stack 3.1 Reference Design
(FPGA-RD-02284).

Open the Propel terminal. Refer to steps 8 to 16 of the D.1. Checking the Primary Main System Standalone Project

Prints section.

The print is available in the log section.
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8. To send the udp_rx command for the Golden system, refer to step 9 of the D.2. Checking the Golden Main System
Standalone Project Prints section.

Lf_ Problems (é Tasks (E Console (E Properties (g‘ Terminal >

&) <Closed> COM1D x |
777777777777777 Primary Image Bootloader----------

DDR status = 3@@21
DDR status = 3@@21
DDR status = 3@@82f
DDR status = 3@@1f
LPDDR crc = 551

fw crc = FffT
--- CRC Mis-matched!!!

DDR status = 3@@21
DDR status = 3e@@2l
DDR status = 3@e2f
DDR status = 3e@e1f
LPDDR crc = bdls
fw crc = bdis
--- CRC matches-----------

——————————————— Golden FW Image ----------

FreeRTOS w1@.8.1 on RISC-V.
the granularity of pmp is 4.

pmp entry@: mode=8x@l, perm=8x87, addr=8x200@266c(*4)=0x800@99b8, locked=8
pmp entryl: mode=8x@l, perm=8x@@, addr=8x200@266d(*4)=0x800@99b4, locked=1
pmp entry2: mode=8x@l, perm=8xe@, addr=8x200@2670(*4)=0x800@99c0, locked=8
pmp entry3: mode=8x@l, perm=8x87, addr=ex3fffffff(*4)=0xfffffffc, locked=8

777777777777777 Waiting for ethernet packet ----------

777777777777777 Please make sure Ethernet cable is connected and link up done ----------

S2MM status = Sp6eeB4Q

——————————————— SGDMA packet recived ----------

44434241 43474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645 44434241 48474645
——————————————— SGDMA packet end  ----------

ARP REPLY DONE
status = geoeseda

pmp test begin:
sstatus=6x@0e60160:
mstatus=6x@ee60188:

write/read secured region in task:

@ expectation(locked): write/read @x380@99b6 will fail

Figure D.10. Primary CRC Mismatch Main System Propel Prints

© 2024 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-02207-1.1 85


http://www.latticesemi.com/legal

Automate Stack 3.1 Demo ....LATTICE

User Guide

[ Problems | ] Tasks | E] Console |[T] Properties | & Terminal
& <Closed> COM10 3
--------------- Golden FW Image ----------

FreeRTOS v1@.8.1 on RISC-V.
the granularity of pmp is 4.

pmp entry@: mode=@x@l, perm=@x@7, addr=0x2000266c(*4)=0x300099b0, locked=¢
pmp entryl: mode=8x81, perm=@x@8, addr=8x2088266d(*4)=-0x380899b4, locked=1
pmp entry2: mode=@x@1, perm=@x28, addr=8x20882670(*4)=0x380899ca, locked=8
pmp entry3: mode=@x@l, perm=@x@7, addr=@x3fffffff(*4)=exfffffffc, locked=e

——————————————— Waiting for ethernet packet ----------

--------------- Please make sure Ethernet cable is connected and link up done ----------

52MM status = Seoooedd

--------------- SGDMA packet recived ----------

44434241 43474645 44434341 48474545 44434241 ABATABAS 44434241 43474645 44434341 48474645 44434241 ABATAGAS 444342471 48474645 44434241 48474645

--------------- 5GDMA packet end ----------

ARP REPLY DONE
status = 0000848

@ pmp test begin:
@ sstatus=BxBeeeelea:
@ mstatus=0xPeeaa183:

@ write/read secured region in task:
@ expectation(locked): write/read @x8@2899b@ will fail

@ write/read begin, ir 1234
@ write/read done, out: 1234

@ expectation(m-mode): write/read @x8e0899ba will succeed
@ write/read 4 begin, ir 678
@ write/read 4 done, out: 678

@ write/read secured region with sys-call:

@ expectation: write/read @x8@@899b4 will succeed
@ write/read 4 begin, ir defa
@ write/read 4 done, out: defa

@ pmp test end

task 2147512688 is running,
task 214751@544 is running,
task 2147512688 is running,
task 2147518544 is running,
task 2147512688 is running,
task 2147518544 is running,
task 2147512688 is running,
suspend task 2147512688

task 2147518544 is running, 3
task 2147518544 is running,
task 2147518544 is running, 5

WRNNR RS S

s

Figure D.11.Golden CRC Match Main System Propel Prints

9. Press the Reset button on the CertusPro NX Board to restart the prints.

10. Press the SW2 (program) button on the CertusPro NX Board to switch the prints.

D.5 Checking the Main System Primary_Golden MCS with Automatic Booting Prints
Connect the UART Cable between Host PC to CertusPro NX board.

2. Check the Status of UART Cable in Device Manager.

3. Go to the Port section of Device Manager.

4. Check Connection status is showing or not.

5. After programming the Primary binary, golden binary, and MCS file, follow the below steps to check the prints on propel
terminal.
a. The binaries and MCS files need to be programmed. To program the files, refer to Appendix B. Programming the

Automate Stack on Respective Flash.
Program the Primary Main System CRC binary file: Primary_AppCrc.bin
Program the Golden Main System binary file: Golden_App.bin

Program the MCS file. To generate the MCS file, refer to Appendix D of the Automate Stack 3.1 Reference Design
(FPGA-RD-02284).

© 2024 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-02207-1.1 86


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=54132
https://www.latticesemi.com/view_document?document_id=54132

Automate Stack 3.1 Demo
User Guide

= LATTICE

6. Open the Propel terminal. Refer to steps 8 to 16 of the D.1. Checking the Primary Main System Standalone Project

Prints section.

7. Wait for 40 seconds for the primary system. The print is available in the log section.

|._ Problems || Tasks | &) Console | £ Properties | & Terminal
B comin x

DDR status = 38021
DDR status = 38021
DDR status = 3@82f
DDR status = 3@@lf

LPDDR crc = d292

fw crc = d292

--- CRC matches-----------
Main System Ready!

Automate Stack3.l ver 6.1.8!
Version Date @1/84/2824
Node num 16, Node Data length 64
Before: Link Detected: @
After: Link Detected: 15
Chain 1 Link for Main System detected
Node num 16, Node Data length 64
Org:detected_nodes 3
Chain : 1 ACTIVE NODE: 3
Org: 3
Chain : 1 FINAL ACTIVE NODE 3
node number 3
PHY LINK EXPECTED: f
BEFORE: TIMER PHY LINKS MAIN and NODES f
Node Num: 3
Before Node Enable: 1
After Node Enable: 7
Chain 1 nodes reg : 7
INIT_DOME
SIPSATAZM2ZM3MS

DDR status = 38021
DDR status = 38021
DDR status = 3@82f
DDR status = 3@@lf
LPDDR crc = bdls

fw crc = ffff
--- CRC Mis-matched!!!-----------

Figure D.12.Primary CRC Match Main System Propel Prints

DOR status = 38821
DOR status = 3@@21
DOR status = 3@@2f
DDR status = 3@@1f
LPDDR crc = bdls

fw crec = Ffff
--- CRC Mis-matched!!!-----------

Figure D.13.Golden CRC Mismatch Main System Propel Prints

8. Press the Reset button on the CertusPro NX Board to restart the prints.

9. Press the SW2 (program) button on the CertusPro NX board to switch the prints.
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Appendix E. Ethernet Connection

E.1. Connection Between Main system and Laptop/PC
To connect the main system and PC:
1. Set up the following hardware connections, as shown in Figure E.1:

a. Connect the Ethernet cable between the CertusPro-NX board and the Laptop/PC in the Ethernet port of the laptop
and main system.
b. Connect the 12 V power adapter to the main system board.
2. Connect the UART cable to the main board and laptop or Docklight debugging.
Notes:
1. The firewall must be disabled while doing this activity.

2. .bitand .bin must be programmed in the main system and node systems. Refer to Programming the Automate Stack on Respective
FLASH and Programming a Fresh Main System Board sections.

E.2. Ethernet Configuration Setting

1. Open the Network Connections Control Panel from the Start menu or by pressing Windows+R and typing ncpa.cpl.

Run X

—, Type the name of a program, folder, document, or
Internet resource, and Windows will open it for you.

open: | EEEEN .

Cancel Browse...

Figure E.1. Run the ncpa.cpl to Open the Network Connections Control Panel

2. Click Ethernet.

‘& > Control Panel * Network and Internet * Network Connections v &)
Disable this netwaork device Diagnose this connection Rename this connection View status of this connection Change settings of this ¢
oth Network Connection - Ethernet — SonicWall NetExtender - VirtualBox Ho

- ) . ) -
nnected L-..,“_’\ Unidentified network l "/__ Disconnected L-..,“_-__ Enabled
oth Device (Personal Area .. @~ Intel(R) Ethernet Connection (10 I... tn,‘ SonicWall NetExtender Adapter @~ VirtualBox Ho

Figure E.2. Ethernet Settings

3. Click Properties.
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@ Ethernet Status >
General
Connection

IPv4 Connectivity: Mo network access
IPv Connectivity: Mo network access
Media State: Enabled
Duration: 00:31:10
Speed: 1.0 Gbps

Activity
- d
Sent — kﬁ ——  Received
=
Bytes: 818 | 32,921
|GPropertie5 || GDisable || Diagnose |

Figure E.3. Ethernet Status — Properties Window

4, Double-click on Internet Protocol Version.

@ Ethernet Properties X
Networking  Sharing

Connect using:
3P Intel(R) Ethemet Connection (10) 1219-LM

This connection uses the following items:

&3 Cliert for Microsoft Networks A
" File and Printer Sharing for Microsoft Networks

"? VirtualBox NDIS6 Bridged Networking Driver

U Npcap Packet Driver (NPCAP)

U3 QoS Packet Scheduler
'R intemet Protocol Version 4 (TCP/IPv4)
[1 4 Microsoft Network Adapter Muttiplexor Protocol W
< >

_ Install... Uninstall _ Properties
Description

Transmission Control Protocol/Intemet Protocol. The defauit
wide area network protocol that provides communication
across diverse interconnected networks.

OK || Cancel

Figure E.4. Ethernet Properties — Internet Protocol Version Window
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5. Configure the IP address, subnet mask, and default gateway settings as shown in Figure E.5. Click OK.

Note: If you change the IP address of the PC using Propel Builder, make sure to enter the changed IP address in TCP/IPv4
settings. For more information on how to change the IP addresses of the PC, see section 2.6 of the Automate Stack 3.1
Reference Design (FPGA-RD-02284).

Internet Pratocol Version 4 (TCP/IPv4) Properties *
General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically

(@) Use the following IP address:

IP address: I 192 . 168. 1 . 2
Subnet mask: [ 255 .255.255. 0
Default gateway: |192.168. 1 . 1

Obtain DNS server address automatically

(®) Use the following DNS server addresses:

Preferred DNS server: l

Alternative DNS server: [

[Jvalidate settings upon exit Advanced...

e

Figure E.5. Configure the Settings

6. Check if Ethernet says Network cable unplugged.
7. Right-click on Ethernet and select Disable.

Ethernet

> _ Network cable unplugged
Intel(R) Etharnat Cannectinn (107 |,

€ Disable

Status

Diagnose

G Bridge Connections

Create Shortcut

E;J Delete

G Rename

9 Properties

Figure E.6. Disable the Setting

8. Right-click on the Ethernet and click Enable.
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‘L' b Ethernet

Disabled

E; Enable =
Status

Diagnose

Create Shortcut
E; Delete

@ Rename

G Properties
Figure E.7. Enable the Setting

Note: Steps 8 and 9 are required every time the Ethernet cable is disconnected or inserted, or when the main system is
power cycled.

E.3. Check the Connection with a Ping
1. Open the command prompt on the PC.
2. Ping the main board using the command: ping 192.168.1.4.

3. Make sure the ping is successful. Otherwise, follow the steps in the Connection Between Main system and Laptop/PC
and Ethernet Configuration Setting sections again.

C:\Users\Pawan>ping 192.168.1.4

Pinging 192.168.1.4 with 32 bytes of data:
Request tim

Reply from 192.16

Reply from 19

Reply from 192.

Ping statistics for 192.168.1.4:
Packets: Sent = 4, Received = 3, Lost = 1 (25%
Approximate ind trip times in milli-seconds:
Minimum = @ms, Maximum = @ms, Average = Oms

C:\Users\Pawan>

Figure E.8. Ping on cmd Terminal

E.4. UDP Packet Transaction

Note: To download the wireshark tool: https://www.wireshark.org/download.html

Wireshark and packet sender both are used for debugging. The packet Sender creates its own payload packets and
transmits. Wireshark receives packets and the user can check the data (payload), IP address, and port number.

Packet Sender is also used separately for debugging where you can send multiple commands and check the functionality of
the main system.
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Download Wireshark
The current stable release of Wireshark is 4.0.3. It supersedes all previous releases.

& Windows Installer (64-bit)
Windows PortableApps® (64-bit)
macOS Arm 64-bit .dmg
macOS Intel 64-bit .dmg
Source Code

Figure E.9. Wireshark Downloadable Link

Note: To download the Packet Sender tool: https://packetsender.com/download

Pa C ket Se n d e r Download Documentation

Packet Sender uses NO cookies, NO telemetry, and NO ads. The project survives thanks to YOUR support.

* One-time donation (Thank You): ’ Send via PayPal l

« Monthly sponsorship (With Benefits): ’ Sponsor via GitHub l

& No thanks, just let me download.

Figure E.10. Packet Sender Downloadable Link

To start the UDP packet transaction using Docklight:
1. Open Docklight.
2. GotoCOM.

Colors&Fonts Mode COM8 9600, None, 8, 1

Communication

Figure E.11. Docklight - Com Selection

3. Select the right COM port, drop-down the COM and select the last COM.
Set the baud rate: 9600.
5. Click OK.
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5 Project Settings x
Flow Control } Comm. Filter / Aliasl
Communication Mode
1 2 Monitoring [l= 2
(@ Send/Receive E"—_a O (receive =
only)
Send/Receive on Comm. Channel
| coms -]
Choose a COM port from the list of available devices, or type a
COM port from COM1 to COM256.
COM Port Settings
Baud Rate 9600 ~ Data Bits 8 ~
Parity None e Stop Bits 1 v
Parity Error Char. | 63 (‘77 v
Use Docklight Scripting  for TCP, UDP, USB HID, Bluetooth HID
OK Cancel Help
Figure E.12. Docklight - Com and Baud Rate Selection
6. Click Run.

DEHS » s FAAR A E

EHj~= Commmunication port closed
|Start Communication (F5)|

Figure E.13. Docklight - Run (Start Communication)
7. Open the Wireshark tool.

8. Click Ethernet.

Welcome to Wireshark

Capture

..using this filter: | |Enter a capture filter ...

VirtualBox Host-Only Network N
{Ethernet 1A
Adapter for loopback traffic capture JNN
Local Area Connection® 9

Local Area Connection® 8

Local Area Connection® 7

Bluetooth Network Connection

Wi-Fi

Figure E.14. Wireshark Tool - Ethernet Selection

9. Click on the Run ( 4 ) icon.
10. Open the Packet Sender tool.

11. Enter 64 ASCII characters for a total of 64 bytes of data. For example, enter abcdefgh eight times.
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12. Click Save.

Load File

3 64 65 66 67 68 61 62 63 64 65 66 67 68 61 62 63 64 65 66 67 68 61 62 63 64 65 66 67 68 61 62 63 64 65 66 67 68 61 62 63 64 65 66 67 68

X Port 1486 x

Figure E.15. Packet Sender Tool - Send 64 Bytes of ASCII Characters

13. Click Send to send the UDP_PK packet.

Method

474554202f20485

14. Check the log.

Time FromP  FromPort ~ ToAddress ToPort ~ Method  Error

o 1426:01.187 You 192168.14 1486 upp abcdefghabedefghal

Figure E.17. Packet Sender Tool - Transaction Log

15. Open Docklight to check the data received.
16. Check if the UDP data is received.

ASCIl HEX Decimal | Binary

01-02-2023 14:26:01.196 [RX] - Packetlength = 40 <CR><LF>
Value of size = 40 <CR><LF>
Value of res_size = 40 <CR><LF>
<LF>
UDP data recived --------------------- Start<LF>
61626364656667686162636465666768616263646566676861626364656667686162636465666768616263646566676861626364656667686162636465666768<LF>
UDP data recived --------------------- End<LF>
<LF>
Unknown cmd : 64636261<LF>
Value of ConVAL = 40 <CR><LF>
Value of ConVAL = 40 <CR><LF>
<LF>
Waiting for new packet<LF>

Figure E.18. Docklight - Logs in ASCII

17. Go to the Wireshark tool.
18. Type udp.port == 1486 on top of the bar, as shown in Figure E.19.
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(W [udp.port == 1486

No. Time Source Destination Frotocol Length  Info

8 6.638453 1927168.1.2 1192.168.1.4 ubp 1086 53599 » 1486 Len=64
> Frame 8: 106 bytes on wire (848 bits), 106 bytes captured (848 bits) on interface \Device\NPF_{5E299B7: 40 7e 83 29 08 00 45 00 --E-
> Ethernet IT, Src: HP_7e:83:a9 (50:81:40:7e:83:a9), Dst: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56) -
> Internet Protocol Version 4, Src: 192.168.1.2, Dst: 192.168.1.4
> User Datagram Protocol, Src Port: 53599, Dst Port: 1486
> Data (64 bytes)

ghabcdef ghf

Figure E.19. Wireshark Tool - Write udp.port == 1486

19. Check both the Source and Destination UDP packets.

| [udp
No. Time Source Destination Protocol Length Info
2690.. 6.993534 192.168.1.2 192.168.1.4 ubp 186 53599 » 1486 Len=64
— 2691..7.3@5692 192.168.1.4 192.168.1.2 ‘uDP 166 1500 » 1482 Len=64

Figure E.20. Source and Destination UDP Packet

20. Click the first UDP transaction to check in detail.

[[Tudp

No. Time Source Destination Protocol Length  Info

[ 2690..6.993534 192.168.1.2 19: a4 upp 106 53599 > 1486 Len=64

| 2691..7.305692 192.168.1.4 102.168.1.2 upP 106 1560 > 1482 Len=64

<

> Frame 2690840: 106 bytes on wire (848 bits), 106 bytes captured (848 bits) on interface \Device\NPF_{5E -~ AVP- @~ E

> Ethernet II, Src: HP_7e:83:a9 (50:81:40:7e:83:a9), Dst: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56) R CELLLLLE

> Internet Protocol Version 4, Src: 192.168.1.2, Dst: 192.168.1.4 0020 - abcdef]

5 User Datagram Protocol, Src Port: 53509, Dst Port: 1486 sgig B:::EESS g:::ﬁigi

g (G i) 0050 Shah(def ghah(def
0060

lghabcdef ghl

21. Click the second UDP transaction to check in detail.

[ Tuap
No. Time Source Destination Protocol Length  Info
2690.. 6.993534 192.168.1.2 192.168.1.4 upp 166 53599 + 1486 Len=64
2691 7.305692 192.168.1.4 167 168,12 | UDp 106 1500 > 1482 Len=64
<

Frame 269143@: 106 bytes on wire (848 bits), 186 bytes captured (848 bits) on interface \Device\NPF_{5E|
Ethernet II, Src: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56), Dst: HP_7e:83:a9 (50:81:40:7e:83:a9)

Internet Protocol Version 4, Src: 192.168.1.4, Dst: 192.168.1.2

User Datagram Protocol, Src Port: 1500, Dst Port: 1482

Data (64 bytes)

50 81 40 7e 83 a9 aa cd ef 12 34 56 08 00 45 00 P-@- --- --4AV--E-
00 5c 00 11 40 2@ 40 11 b7 29 c@ a8 01 04 c@ a8 \--@-@ -) -

Figure E.22. Wireshark Tool - Second UDP Packet
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E.5. Packet Sender Commands

E.5.1. Motor Config Commands

Update Config

hexString=f1l 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 05 00 00 00 02
00 00 00 07 00 00 00 af 96 04 96 a0 Of 15 26 80 00 40 00 10 00 00 08 80 00 40 00 fa
00 00 08 00 00 00 OO0 OO0 00O 00 0O

TestNodeReg_Write_led_OFF

hexString=f1 01 77 cc 01 64 00 01 4d f4 e3 10 e4 31 bf 1d e4 2f d9 00 ff ff ff 0f 00
01 00 00 54 40 18 00 f£ff ff f£f £f 00 00 00 00O 0O 0O OO OO OO OO OO OO OO OO OO 00O OO
00 00 00 00 00 00 00 00 00 00 0O

TestNodeReg_Write_led_ON

hexString=fl 01 77 cc 01 64 00 01 4d f4 e3 10 e4 31 bf 1d e4 2f d9 00 f£f ff £f 0f 00
01 00 00 54 40 18 00 00 00 00O 00O 00O 00O 00O 0O 0O OO OO OO OO OO OO OO OO 00O 00 00 0O
00 00 00 00 00 00 00 00 00 00 0O

StartMotor_dashboard

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 12 00 00 00 02
00 00 00 07 00 OO 0O 78 00 01 00O 78 00 01 OO 0O OO OO OO OO OO OO OO OO 0O 00 0O QO
00 00 00 00 00 00 00 00 00 00 00

StopMotor_dashboard

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 02 00 00 00 02
00 00 00 07 00 00 00 00 00 00 00O 00O 00O 00O 0O 0O 0O 00O 0O 0O 0O 0O 0O 0O 0O 0O 00 0O
00 00 00 00 00 00 00 00 00 00 00

PowerOffMotor_dashboard

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1le 7c 37 18 1le 00 03 00 00 00 02
00 00 00 07 00 00 00 00 00 00 00O 00O 00O 00O 0O 0O 00O 0O 0O 0O 0O 0O 0O 0O 0O 0O 00 0O
00 00 00 00 00 00 00 00 00 00 0O

MotorStart_MotorStatusTab

hexString=f1l 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 le 00 01 00 00 00 02
00 00 00 01 00 00 00 78 00 00 00 01 0O 00 0O 00 0O OO 00 OO 00 0O 00 0O 00 00 00 0O
00 00 00 00 00 00 00 00 00 00 00

MotorStop_MotorStatusTab

hexString=f1l 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 le 00 02 00 00 00 02
00 00 00 01 00 00 00 00O 00 00 00 00 0O 00 0O 00 OO OO0 00 OO 00 0O 00 0O 00 0O 00 OO
00 00 00 00 00 00 00 00 00 00 00

PowerOffMotor_StatusTab

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 le 00 03 00 00 00 02
00 00 00 01 00 00 00 00 00 00 00 00 00 00 0O 00 OO OO0 00 0O 00 0O 00 0O 00 00 00 OO
00 00 00 00 00 00 00 00 00 00 00
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Motor_rpm_500_MotorStatusTab

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 01 00 00 00 02
00 00 00 01 00 OO OO £4 01 00 00 01 00 00O 0O 0O OO OO OO OO OO OO OO0 OO 0O OO0 00 0O
00 00 00 00 00 00 00 00 00 00 00

Motor_rpm_1000_MotorStatusTab

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 01 00 00 00 02
00 00 00 01 00 00 0O e8 03 00 OO 01 00 00 OO 00O 00 00O 00O OO OO OO OO OO 0O 00 00 0O
00 00 00 00 00 00 00 00 0O 00 0O

Motor_rpm_1400_MotorStatusTab

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 01 00 00 00 02
00 00 00 01 00 OO OO 78 05 00 00 01 00O 00O 0O 0O OO OO OO OO OO OO OO OO OO OO 00 0O
00 00 00 00 00 00 00 00 00 00 0O

Motor_rpm_1800_MotorStatusTab

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 le 7c 37 18 1le 00 01 00 00 00 02
00 00 00 01 00 00 00 08 07 00 00 01 00 00 0O 00 OO OO 00 0O 00 0O 00 0O OO0 00 00 0O
00 00 00 00 00 00O OO0 OO 00O 00 0O

Note: To select a different node, change the highlighted bit in Motor Start Motor status command.
e 01-First node

e 02 -Second node

e 04 —Third node and so on

e 07 -All Nodes

E.5.2. Recommend Command Sequences to Test Basic Functionality

Basic LED OFF/ON Command
e Send LED OFF Command
e Send LED ON command

Motor Config Test
e Send the Update config command

Motor Start from Dashboard Test

e Send the start motor dashboard command

e Send the Motor RPM 500 Motor Status command
e Send the Motor RPM 1000 Motor Status command
e Send the Motor RPM 1400 Motor Status command
e Send the Motor RPM 1800 Motor Status command
e Send the Stop motor dashboard command

e Send the Power Off motor dashboard command

Motor start from Motor Status Test

e Send the Motor Start Motor status command

e Send the Motor RPM 500 Motor Status command
e Send the Motor RPM 1000 Motor Status command
e Send the Motor RPM 1400 Motor Status command
e Send the Motor RPM 1800 Motor Status command
e Send the Motor Stop Motor status command

e Send the Power Off Motor Status command
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Appendix F. Troubleshooting

F.1. Automate 3.1 User Interface Troubleshooting

F.1.1. Motor Configuration Values are 0
Problem Description:

Motor configuration values are all 0.

®  Connect Disconnect Refresh

Motor Status Motor Configuration System Configuration Node Peripherals

RPM PI Control Prop. Gain (kP)

M PI Int. Thresholc

Figure F.1. Motor Configuration Values are All 0

Solution:
1. Inthe Automate 3.1 user interface, click the Motor Configuration tab.

2. From the Select drop-down menu, either Select All or select an individual node.
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3. Change the Motor Configuration fields to the following default values:

Actions Help
Dashboard Motor Status

|
M Select All
M Nodel
ode2
ode9
ode10
“Nurmberof Potes =+

Maximum RPM
Minimum Power
Power Gain

Breaker Amps

Actions Help

Dashboard Motor Status

Node1, Node2, Node9, Node10

Number of Poles |4
Maximum RPM | 4000
Minimum Power
Power Gain

Breaker Amps

Default

| Motor Configuration :System Configuration  Node Peripherals

RPM PI Control Prop. Gain (kP)

RPM PI Int. Gain (kI)

RPM PI Int. Threshold

RPM PI Int. Clamp

RPM PI Control Delay

Connect Disconnect Refresh

Torque PI Control Prop. Gain (kP)

Torque PI Int. Gain (kI)

Torque PI Int. Threshold

Torque PI Int. Clamp

Torque PI Control Delay

Figure F.2. Motor Configuration: Node Selection

Motor Configuration

Default

System Configuration  Node Peripherals

RPM PI Control Prop. Gain (kP) 128

RPM PI Int. Gain (kI)

RPM PI Int. Threshold

RPM PI Int. Clamp

RPM PI Control Delay

Connect Disconnect Refresh

Torque PI Control Prop. Gain (kP) 128

Torque PI Int. Gain (kI)

Torque PI Int. Threshold

Torque PI Int. Clamp

Torque PI Control Delay

Figure F.3. Motor Configuration: All Nodes Selected

RPI PI Control Prop. Gain(kP): 90

RPI Pl Int. Gain(kl): 10

RPI Pl Control delay: 200
Minimum Power: 190 - 200

Power gain: 22 - 24

Breaker Amps: 1.8 - 2.0

Note: These values are for the GB-42 BLS 24 V, 5000 RPM motors only. Choose appropriate values for the motors that
you are using.
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Actions Help

Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals

Nodel, Node2, Node9, Node10

Number of Poles 4 RPM PI Control Prop. Gain (kP) 90 Torque PI Control Prop. Gain (kP) 128

Maximum RPM 4000 RPM PI Int. Gain (kI) Torque PI Int. Gain (kI)
Minimum Power 19 RPM PI Int. Threshold Torque PI Int. Threshold
Power Gain RPM PI Int. Clamp Torque PI Int. Clamp

Breaker Amps d RPM PI Control Delay Torque PI Control Delay

Default

Figure F.4. Motor Configuration Value Changes

4. Click Default.
5. Click Update.

6. Click Yes on the Pop-up confirmation message.

E Please Confirm >

Changing configuration parameters from
default values may result in unstable motor
control or damage to motor drive and/or
motor. Are you sure you wish to change the
motor configuration?

Yes |No

Figure F.5. Application Software - Motor Configuration: Warning Message

7. Enter the Credentials in the authentication pop-up and click on Login.
e Username: lattice
e Password: lattice

H Login X

LATTICE

EMICONDUCTOR

Username | lattice

Password |ee

Figure F.6. Application Software - Motor Configuration: Authentication Pop-up

8. Click OK on the pop-up message stating that successfully updated the configuration of the selected node appears.

© 2024 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-02207-1.1 100


http://www.latticesemi.com/legal

Automate Stack 3.1 Demo ....LATTICE

User Guide

[ Motor Configuration x

Successfully updated the configuration of the
selected node.

OK

Figure F.7. Application Software - Motor Configuration: Update Configuration

9. If a success pop-up message does not appear, or if a message appears stating that it failed to configure the node, restart
the system.

F.1.2. Motor Status Tab Failure (RPM Lock Status, Voltage Status and Drive Status are Red)

Problem Description: The motor cannot be stopped from the user interface, and/or RPM Lock Status, Voltage Status, and
Drive Status indicators are red, as shown in Figure F.8.

Solution: Power everything off and restart the setup.

Motor Configuration System Configuration Node Peripherals

Figure F.8. Application Software- Motor Status Tab: Red Status

F.1.3. One of the Selected Motor Running Warning

Problem Description: The pop-up message One of the selected motors is running appears.

EA Motor Configuration x

A One of the selected motor is running.

OK

Figure F.9. Motor Running Warning Message

Solution: Stop all the motors, then configure or update the Motor Configuration.
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F.1.4. Did not Receive Response from the Board Warning
Problem Description:

The pop-up message Did not receive response from the board appears while connecting to the user interface.

E Lattice Automate 3.1 >

X Did not receive response from the board.

OK

Figure F.10. Motor Connection Message

Solution:
1. Check the Ethernet connection. Follow the steps in Appendix E. Ethernet Connection
2. to ping the main board from the PC.

3. Make sure the Main System Ready and Node System Ready LEDs are illuminated, as described in the Hardware System
Readiness section.

4. Use Docklight to check the print statements from the main board:
a. Connect a UART cable between the Main Board and a PC with Docklight installed.
b. Open Docklight on the PC.
c. Double-click COM.

Colors&Fonts Mode COM4 9600, None, 8,1

Communication

Figure F.11. Motor Connection Message

d. Select the last USB serial port in the list, as shown in Figure F.12.

Send/Receive on Comm. Channel
COM4 (USB Serial Port) w

--- Serial Ports ---
COM3 (USB Serial Port) u
COM4 (USB Sernal Port)

Figure F.12. Send/Receive on Comm. Channel
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e. Select baud rate 9600.

I project Settings b <

Communication | Flow Control | Comm. Filter / Alias

Communication Mode

) 21 Monitoring |
@® Send/Receive = O (receive
only)
Send/Receive on Comm. Channel

[comd -]

Choose a COM port from the list of available devices, or type a
COM port from COM1 to COM256.

COM Port Settings

Baud Rate 9600 v ] Data Bits 8 v
Parity None " Stop Bits 1 v
Parity Error Char. | 63 ('7) v

Use Docklight Scripting  for TCP, UDP, USB HID, Bluetooth HID

OK Cancel Help
Figure F.13. Project Settings
f.  Click Run.

File Edit Run Tools Help

DEEHE »n A AR Ad g

Figure F.14. Run Button

g. Power cycle the Main Board or press SW3 button on the Main Board.

h. In Docklight, select the ASCII tab. Wait 60 seconds and check that the print statements are valid, as shown in
Figure F.15.

[asci | Hex | Decimal | Binary |

26-83-2023 15:24:12.659 [RX] - Main System Ready!<CR»<LF>
Automate Stack3.@ ver @.1.8!<CR»<LF>

Version Date @3/22/20823<CR><LF>

System Init!<CR><LF>

Mode num 16, Node Data length 64<CR><LF:>
Before: Link Detected: 8<LF»<CR>

After: Link Detected: 1<LF><CR>

Chain 1 Link for Main System detected<CR:<LF>
Mode num 16, Node Data length 64<CR><LF:>
Broad Cast Start<CR><LF>

Broad Cast END<CR:<LF>

Mum node default: 16<CRx<LF>
Org:detected_nodes 4<CR:<LF>

Chain : 1 ACTIVE NODE: 4<CR><LF3>

Broad Cast 1 More<CR><LF>

Org: 4<CR><LF>
Chain : 1 FIMAL ACTIVE NODE 4<CR><LF>

node number 4<CR><LF>

PHY LIMK EXPECTED: 1f<CR:»<LF:

BEFORE: TIMER PHY LINKS MAIN and NODES 1f<CR»<LF>
Mode MNum: 4<CR><LF>

Before Node Enable: ff<CR><LF>
After Mode Enable: f<CR:<LF>
Chain 1 nodes reg : f<CR»<LF>
INIT_DONE<CR><LF>

SIPSALPDM : 134bf@<CR><LF>
AZMIM2ZM3MS

Figure F.15. ASCII Print Statements
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i.  LED D64 on the Main Board should be illuminated after the Docklight prints have appeared.

j.  If LED D64 did not illuminate and/or the Docklight prints are incorrect, power cycle the Main System.
5. Check the IP address on the user interface.

a. Make sure the Automate 3.1 user interface is set to connect to IP address 192.168.1.4.

Actions Help

pr——
Connedt | Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration Node Peripherals
Frame Type 5 Path Name et/Dow
Node Data Length 64 Number of PDM Files 10

| 1P Address 192.168.1 4 ||  PDM File Name

Motor Config File et/Documents/pdm

Apply

Figure F.16. Automate 3.1 User Interface

b. If you change the main system's IP address in Propel Builder, make sure using the changed IP address. Refer to
section 2.6 of the Automate Stack 3.1 Reference Design (FPGA-RD-02284) document for more details on changing
the main system's IP address.

F.1.5. Allowing Permission to Publisher and Subscriber
Problem Description:

You skipped the allow the permission while installing the Automate 3.1 user application and throw this message on the user
interface: Did not receive response from the board (Not able to load).

Solution:

1. Complete the installation steps.
2. Open the user interface.

3. Click Connect.
4

Allow permission to the subscriber.

@ Windows Defender Firewall has blocked some features of this
app

Windows Defender Firewall has blocked some features of subscriber on all public and private
networks.

iﬂ Name: kubsaiber|
Publisher: Unknown

Path: C:'program files (x86)\lattice semiconductor \attice
automate 3. 1\bin\pubsub \win'\bin\subscriber .exe

Allow subscriber to communicate on these networks:
Private networks, such as my home or work network

D Public networks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

What are the risks of allowing an app through a firewall?

9 Allow access Cancel

Figure F.17. Allow Permission: Subscriber
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5. Allow the permission to publisher. Another way is to changes the directory location.

@ Windows Security Alert X

@ Windows Defender Firewall has blocked some features of this

app

Windows Defender Firewall has blocked some features of publisher on all public and private

networks,
ﬂ Name: ublisher
Publisher: Unknown

Path: C:\program files (x86)\attice semiconductor \jattice
automate 3. 1\bin\pubsub \win\bin\publisher.exe

Allow publisher to communicate on these networks:
Private networks, such as my home or work network

[[] Public networks, such as those in airports and coffee shops (not recommended
because these networks often have litthe or no security)

What are the risks of allowing an app through a firewall?

Figure F.18. Allow Permission: Publisher
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Annexure-A

Cable Description

Sl. No. Cable Description
Mini USB

1 It is used to interface the Mini USB port of the board to the PC for the

purpose of loading .bit file and Modbus.
Aardvark 12C/SPI Host Adapter

) It is used to interface between PC and Lattice Certus NX Board through

12C and SPI protocol.
FS SFP-GB-GE-T
3 It is used to make an Ethernet connection on the main system board
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References

e  CertusPro-NX web page
e Certus-NX web page
e Lattice Automate

Other references:

e Llattice Insights for Lattice Semiconductor training courses and learning plans
e Llattice 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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Revision History

Revision 1.1, February 2024
Section Change Summary

Automate Stack File Directory Updated the Main System content.
Structure

Appendix B. Programming the Added the following sections:
Automate Stack on Respective | e  B.1.1. Programming NV Register — Enabling 32-bit SPI Addressing

Flash e  B.1.2. Primary Main System
e B.1.3. Golden Main System
Appendix D. Checking Prints Newly added section.

with MCS Manual and
Automatic Booting

Revision 1.0, December 2023
Section Change Summary

All Initial release.
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