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Acronyms in This Document 
A list of acronyms used in this document. 

Acronym Definition 

BLDC Brushless Direct Current 

FPGA Field Programmable Gate Array 

GUI Graphical User Interface 

IIOT 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/AI 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 I2C), and 
has two-way communication with the main system through EtherConnect.  

The main system acts as a central hub which passes commands up to 8 different node systems. The main system also 
contains the AI/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 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 user interacts with the main system through a GUI running on a PC. The GUI and main system are connected with an 
Ethernet cable and communicate with each other using OPCUA, a machine-to-machine pub-sub communication protocol 
frequently used in the IIOT (Industrial Internet of Things). 
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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 8 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 via OPCUA with a PC running a GUI (Lattice Automate 
3.0), through which the user interacts 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 3.0 GUI 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.   

Certus-NX Versa Board
Node 1

Certus-NX 40k

EtherConnect PDM

CertusPro-NX Versa Board
Main

CertusPro-NX 100k

PDM EtherConnect
Free
Rtos

OPC
UA

Host PC running 
Automate 3.0 GUI

E
th

e
rn

e
t 
1
G

Host PC connected to the 
Main system through 

Ethernet 1G

Motor 
Drive 
Board

Motor

Certus-NX Versa Board
Node 2

Certus-NX 40k

EtherConnect PDM
Motor 
Drive 
Board

Motor

Certus-NX Versa Board
Node 3

Certus-NX 40k

EtherConnect PDM
Motor 
Drive 
Board

Motor

Certus-NX Versa Board
Node 4

Certus-NX 40k

EtherConnect PDM
Motor 
Drive 
Board

Motor

 

Figure 2.1. System Block Diagram 
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3. Communication Protocols (OPCUA) 
Automate 3.0 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 3.0 uses the publish/subscribe version of OPCUA.  

Main System
Certus-Pro NX Board

Host PC
Running the 

Automate GUI 3.0
(OPCUA - Pubsub)

sends motor status info

receives motor commands and configuration
 

Figure 3.1. OPCUA High-Level Block Diagram 

3.2. 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 1Gbps 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 UDP IP CORE
AXI Stream AXI Stream

 

Figure 3.2. 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: 

¶ [ŀǘǘƛŎŜ /ŜǊǘǳǎtǊƻπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ .ƻŀǊŘ 

¶ ¦{. ¢ȅǇŜπ! ό¦!w¢ύ ŎŀōƭŜ ŦƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ǘƘŜ ōƛǘǎǘǊŜŀƳ ŀƴŘ ōƛƴŀǊȅ ŦƛƭŜǎ 

¶ bƻǘŜΥ hƴŜ ŎŀōƭŜ Ŏŀƴ ōŜ ǊŜǳǎŜŘ ǘƻ ǇǊƻƎǊŀƳ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳ ŀƴŘ ŜŀŎƘ ƴƻŘŜ ǎȅǎǘŜƳΣ ƻƴŜ ŀǘ ŀ ǘƛƳŜΦ 

¶ 9ƭŜŎǘǊƛŎŀƭ мD {Ctόǎύ aƻŘŜƭ C{ {CtπD.πD9π¢ ǘƻ ƳŀƪŜ ŀƴ 9ǘƘŜǊƴŜǘ ŎƻƴƴŜŎǘƛƻƴ ƻƴ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳ ōƻŀǊŘ όLƴǎŜǊǘ ŀǘ Wмр 
ǇƻǊǘǎ ƻŦ /ŜǊǘǳǎtǊƻπb· ±ŜǊǎŀ .ƻŀǊŘύΦ 

¶ мн ± ǇƻǿŜǊ ŀŘŀǇǘŜǊ ŦƻǊ ōƻŀǊŘ ǇƻǿŜǊ 

¶ Node system(s): 
NOTE: Demo supports up to 16 node systems. Requirements for 1 node system are listed: 

¶ [ŀǘǘƛŎŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ .ƻŀǊŘόǎύ 

¶ мн ± ǇƻǿŜǊ ŀŘŀǇǘŜǊόǎύ ŦƻǊ ōƻŀǊŘ ǇƻǿŜǊ 

¶ 9ǘƘŜǊƴŜǘ ŎŀōƭŜόǎύ ǘƻ ŎƻƴƴŜŎǘ ǘƘŜ ƴƻŘŜ ǎȅǎǘŜƳ ǘƻ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳΣ ŀƴŘ Řŀƛǎȅ ŎƘŀƛƴ ƴƻŘŜ ǎȅǎǘŜƳ ōƻŀǊŘǎΦ 

¶ !ŀǊŘǾŀǊƪ Lн/κ{tL Iƻǎǘ !ŘŀǇǘŜǊ ǘƻ ǘŜǎǘ bƻŘŜ ǇŜǊƛǇƘŜǊŀƭ ƛƴǘŜǊŦŀŎŜǎ όƻǇǘƛƻƴŀƭύ 

¶ Motor(s): 

¶ !ƴŀƘŜƛƳ !ǳǘƻƳŀǘƛƻƴ .ǊǳǎƘƭŜǎǎ 5/ aƻǘƻǊόǎύ aƻŘŜƭ D.πпн .[{ нп ±Σ рллл wta 

¶ ¢ǊŜƴȊ ¢9tлллн ƳƻǘƻǊ ŎƻƴǘǊƻƭ ōƻŀǊŘόǎύ 

¶ нп ±πмл !ƳǇ 5/ tƻǿŜǊ {ǳǇǇƭȅ ŦƻǊ ƳƻǘƻǊόǎύ 

¶ User interface (client system): 

¶ t/ ǊǳƴƴƛƴƎ ²ƛƴŘƻǿǎ мл hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳ ƻŦ мфнл Ȅ млул ǊŜǎƻƭǳǘƛƻƴΣ млл҈ ŘǇƛ 

4.2. Hardware Setup  
Details of hardware connections are illustrated in Figure 4.1. 

 

Figure 4.1. System Setup with Host PC (Example with One Node) 
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4.3. Hardware System Readiness 
1. IŀǊŘǿŀǊŜ ǎƘƻǳƭŘ ōŜ ŎƻƴƴŜŎǘŜŘ ǇǊƻǇŜǊƭȅ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦмΦ  

2. !ƭƭ ōƻŀǊŘǎ ǎƘƻǳƭŘ ōŜ ǇǊƻƎǊŀƳƳŜŘ ǿƛǘƘΦ ōƛǘ ŀƴŘ Φōƛƴ ŦƛƭŜǎΦ 

a. If the user using a brand new CertusPro-NX Versa board, follow the Programming the Automate Stack on 
Respective FLASH section for programming. 

b. Otherwise, for main and node systems, refer to the Programming a Fresh Main System Board section for board 
programming. 

3. tƻǿŜǊ ŎȅŎƭŜ ŜǾŜǊȅ ōƻŀǊŘ ŀŦǘŜǊ ǇǊƻƎǊŀƳƳƛƴƎΦ 

4. !ŦǘŜǊ ǘƘŜ ǇƻǿŜǊ ŎȅŎƭŜΣ ǊŜǎŜǘ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳ όǇǊŜǎǎ ǘƘŜ {²о ōǳǘǘƻƴ ƻƴ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳύΦ 

5. tƻǿŜǊ ǳǇ ǎŜǉǳŜƴŎŜΦ 

a. Power on the Host PC. 

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

c. Power on the main system. 

6. /ƘŜŎƪ ǘƘŜ Ƴŀƛƴ ŀƴŘ ƴƻŘŜ ǎȅǎǘŜƳ ǊŜŀŘȅ [95ǎ ǘƻ ŎƘŜŎƪ ŎƻƴƴŜŎǘƛƻƴǎΥ 

a. Main System: 

D67: Main System Power On 

D64: Main system ready 

D63: Ethernet connection established 

b. Node System: 

D32 and D34: Link up LEDs 

D30: Illuminates if the next node in the chain is connected. (Not needed for the last node in the chain.) 

D18 - D25: Node system ready  

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 E. Troubleshooting section. 

 

Figure 4.2. Main System Ready LEDs 
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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 program is available here: 
https://www.latticesemi.com/en/Solutions/Solutions/SolutionsDetails02/Automate  

¶ Lattice Automate 3.0 Test Application Software 
NOTE: Lattice Automate 3.0 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 4.0.3 or later (open source) 

¶ Packet Sender 8.1.1 or later (open source)  

¶ Docklight v2.4 or later (open source) 

5.2. Software System Readiness 
1. 9ǎǘŀōƭƛǎƘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎƻƴƴŜŎǘƛƻƴ ōŜŦƻǊŜ ŎƻƴƴŜŎǘƛƴƎ ǘƻ ǘƘŜ D¦LΦ 

a. Follow steps a through c in Ethernet Connection section to establish the Ethernet connection.  

2. D¦L ƛƴǎǘŀƭƭŀǘƛƻƴ ŀƴŘ ǊǳƴƴƛƴƎ   

a. Refer to GUI Application Installation (PC) section to install the GUI application on the PC (one time). 

b. Refer to the Running the Motor through Automate GUI Application (PC) section to run the GUI 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 

1. ŎψƳŀƛƴψǎȅǎǘŜƳψоψлΦōƛƴ 

2. ǎƻŎψƳŀƛƴψǎȅǎǘŜƳψƛƳǇƭмΦōƛǘ 

6.1.2. Node System 

1. ŎψƴƻŘŜψǎȅǎǘŜƳψнψлΦōƛƴ 

2. ǎƻŎψƴƻŘŜψƛƳǇƭмΦōƛǘ 

6.2. GUI 
These files are programmed onto the Host PC. 

6.2.1. GUI 

Automtae3p0GUI.exe 

6.3. Documentation 
Automate Stack 3.0 Demo User Guide (this document) 
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7. Running the Motor through Automate GUI Application (PC) 
The Lattice Automate 3.0 GUI is developed for users to easily control the motor behavior from the host PC. This GUI allows 
the user 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. 
bƻǘŜΥ CƻǊ [ŀǘǘƛŎŜ !ǳǘƻƳŀǘŜ {ǘŀŎƪ оΦл !ǇǇƭƛŎŀǘƛƻƴ Lƴǎǘŀƭƭŀǘƛƻƴ ƻƴ ǘƘŜ t/Σ ǊŜŦŜǊ ǘƻ D¦L !ǇǇƭƛŎŀǘƛƻƴ Lƴǎǘŀƭƭŀǘƛƻƴ όt/ύ ǎŜŎǘƛƻƴΦ 
bƻǘŜΥ CƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳ ŀƴŘ ƴƻŘŜ ǎȅǎǘŜƳ ōƻŀǊŘǎΣ ǊŜŦŜǊ ǘƻ tǊƻƎǊŀƳƳƛƴƎ ǘƘŜ !ǳǘƻƳŀǘŜ {ǘŀŎƪ ƻƴ wŜǎǇŜŎǘƛǾŜ 
C[!{I ǎŜŎǘƛƻƴΦ 

7.1. Start the Application on Host PC 
1. hǇŜƴ ǘƘŜ [ŀǘǘƛŎŜ !ǳǘƻƳŀǘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ 

 

Figure 7.1. GUI Application Login Screen 

2. 9ƴǘŜǊ ǘƘŜ ŎǊŜŘŜƴǘƛŀƭǎ ŀƴŘ ŎƭƛŎƪ [ƻƎƛƴΥ 

¦ǎŜǊƴŀƳŜΥ ƭŀǘǘƛŎŜ 

tŀǎǎǿƻǊŘΥ ƭŀǘǘƛŎŜ 

After successful login, the Dashboard tab opens. 

 

Figure 7.2. GUI Application Dashboard Tab 
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7.2. Connect to the Main System 
1. /ƭƛŎƪ ƻƴ ǘƘŜ {ȅǎǘŜƳ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ 

 

Figure 7.3. GUI Application System Configuration: IP Address 

2. ¢ȅǇŜ ǘƘŜ Lt !ŘŘǊŜǎǎ ƛƴ ǘƘŜ Lt !ŘŘǊŜǎǎ ŦƛŜƭŘΦ 
bƻǘŜΥ 5ƻ ƴƻǘ ǘȅǇŜ ƭŜŀŘƛƴƎ ȊŜǊƻǎ ƛƴ ǘƘŜ Lt ŀŘŘǊŜǎǎΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦоΦ 

3. /ƭƛŎƪ !ǇǇƭȅΦ ¢ƘŜ ¦ǇŘŀǘŜŘ {ǳŎŎŜǎǎŦǳƭƭȅ ǇƻǇπǳǇ ŘƛǎǇƭŀȅǎΦ ¢ƘŜ ǳǇŘŀǘŜŘ Lt ŀŘŘǊŜǎǎ ƛǎ ǾƛǎƛōƭŜ ƻƴ ǘƻǇ ƻŦ ǘƘŜ Lt !ŘŘǊŜǎǎ ōŀǊΦ 

 

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

4. /ƭƛŎƪ /ƻƴƴŜŎǘΦ 

5. hƴŎŜ ǘƘŜ Lt !ŘŘǊŜǎǎ ƛǎ ŎƻƴŦƛƎǳǊŜŘΣ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ǎǘŀǘǳǎ ƛǎ ƎǊŜŜƴ ŀƴŘ ǘƘŜ Lt !ŘŘǊŜǎǎ ōŀǊ ŘƛǎŀōƭŜŘΦ 

 

Figure 7.5. GUI 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: 

¶ Chain 1 Linkup status  

¶ Active link status 

¶ Check the Chain1 ς nodes synchronization delay 

 

Figure 7.6. GUI Application Dashboard: List Status 

http://www.latticesemi.com/legal


Automate Stack 3.0 Demo   
User Guide    
 

 

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-UG-02181-1.1             20 

 

7.3.1. Refresh Button 

Figure 7.7 shows the Connected nodes. The Refresh button can be used to update nodes, if the user is already connected 
and needs to add or remove a node. To test and demonstrate its functionality, follow these steps. 

 

Figure 7.7. GUI Application Dashboard: 2 Nodes Connected 

1. 5ƛǎŎƻƴƴŜŎǘ ǘƘŜ ƭŀǎǘ ƴƻŘŜ ƻŦ ǘƘŜ ŎƘŀƛƴΦ 

2. ²ŀƛǘ ŦƻǊ мл ǎŜŎƻƴŘǎΣ ǘƘŜƴ ŎƭƛŎƪ wŜŦǊŜǎƘ ōǳǘǘƻƴΦ 

3. !ŦǘŜǊ wŜŦǊŜǎƘ ŎƻƳǇƭŜǘŜǎΣ ǘƘŜ ŘŀǎƘōƻŀǊŘ ǊŜŦƭŜŎǘǎ ǘƘŜ ŀŎǘǳŀƭ ŎƻƴƴŜŎǘŜŘ ƴƻŘŜόǎύΦ 
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Figure 7.8. GUI Application Dashboard: 1 Node Connected after Refresh 

7.4. Motor Configurations 
1. /ƭƛŎƪ ǘƘŜ {ȅǎǘŜƳ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ 

2. /ƭƛŎƪ ƻƴ ǘƘŜ ŦƻƭŘŜǊ ό ύ ƛŎƻƴ ŀƴŘ ǎŜƭŜŎǘ ƻǊ ŎǊŜŀǘŜ ŀ ƭƻŎŀǘƛƻƴ ǘƻ ǎŀǾŜ ǘƘŜ ƳƻǘƻǊ ŎƻƴŦƛƎ ŦƛƭŜΦ {ŀǾŜ ƭƻŎŀǘƛƻƴ Ŏŀƴ ōŜ ŀƴȅǿƘŜǊŜ 
ƛƴ ǘƘŜ ǎȅǎǘŜƳ ŜȄŎŜǇǘ /Υ ŘǊƛǾŜΦ 

 

Figure 7.9. GUI Application System Configuration: Motor Config File 

3. /ƭƛŎƪ !ǇǇƭȅΦ 

4. /ƭƛŎƪ hY ƻƴ ǘƘŜ ¦ǇŘŀǘŜŘ {ǳŎŎŜǎǎŦǳƭƭȅ ǇƻǇπǳǇΦ 

 

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

http://www.latticesemi.com/legal


Automate Stack 3.0 Demo   
User Guide    
 

 

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-UG-02181-1.1             22 

 

5. /ƭƛŎƪ ƻƴ ǘƘŜ aƻǘƻǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ  

6. {ŜƭŜŎǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎΦ 

 

Figure 7.11. GUI Application Motor Configuration: Node Selection 

7. 9ƛǘƘŜǊ {ŜƭŜŎǘ !ƭƭ ǘƻ ŎƻƴŦƛƎǳǊŜ ŀƭƭ ǘƘŜ ƴƻŘŜǎ ŀǘ ƻƴŎŜΣ ƻǊ ǎŜƭŜŎǘ ƻƴŜ ƴƻŘŜ ŀǘ ŀ ǘƛƳŜ ǘƻ ŎƻƴŦƛƎǳǊŜ ƛǘ ƛƴŘƛǾƛŘǳŀƭƭȅΦ 

 

Figure 7.12. GUI Application Motor Configuration: Node Selected 
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8. /ƘŀƴƎŜ ǘƘŜ aƻǘƻǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǾŀƭǳŜǎΥ  

¶ RPI PI Control Prop. Gain(kP): 90 

¶ RPI PI Int. Gain(kI): 10 

¶ RPI PI Control delay: 200 

¶ Minimum Power: 190 - 200 

¶ Power gain: 22 ς 24 

¶ Breaker Amps: 1.8 - 2.0 
bƻǘŜΥ ¢ƘŜǎŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǾŀƭǳŜǎ ŀǊŜ ŦƻǊ ǘƘŜ D.πпн .[{ нп ±Σ рллл wta aƻǘƻǊǎ ƻƴƭȅΦ aƻŘƛŦȅ ǘƘŜƳ ŀǎ ƴŜŜŘŜŘ ŦƻǊ ŀ ŘƛŦŦŜǊŜƴǘ 
ƳƻǘƻǊΦ 

 

Figure 7.13. GUI Application Motor Configuration: Configuration Value Changes 

9. /ƭƛŎƪ {ŀǾŜΦ 

10. /ƭƛŎƪ 5ŜŦŀǳƭǘΦ 

11. /ƭƛŎƪ ¦ǇŘŀǘŜΦ ! ǇƻǇ ƳŜǎǎŀƎŜ ŀǇǇŜŀǊǎΦ  

12. /ƻƴŦƛǊƳ ǘƘŜ ǳǇŘŀǘŜ ŀŎǘƛƻƴ ōȅ ŎƭƛŎƪƛƴƎ ¸ŜǎΦ ¢Ƙƛǎ ŘƛǎǇƭŀȅǎ ŀ !ǳǘƘŜƴǘƛŎŀǘƛƻƴ ǇƻǇπǳǇΦ 

 

Figure 7.14. GUI Application Motor Configuration: Warning Message 

13. 9ƴǘŜǊ ǘƘŜ ŎǊŜŘŜƴǘƛŀƭǎ ŀƴŘ ŎƭƛŎƪ [ƻƎƛƴΥ 

¦ǎŜǊƴŀƳŜΥ ƭŀǘǘƛŎŜ 

tŀǎǎǿƻǊŘΥ ƭŀǘǘƛŎŜ 
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Figure 7.15. GUI Application Motor Configuration: Authentication Pop-up 

14. /ƭƛŎƪ hY ƛƴ ǘƘŜ {ǳŎŎŜǎǎŦǳƭƭȅ ǳǇŘŀǘŜŘ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ƴƻŘŜ ǇƻǇπǳǇΦ 

 

Figure 7.16. GUI Application Motor Configuration: Update Configuration 

15. [ƻŎŀǘŜ ǘƘŜ ƳƻǘƻǊψŎƻƴŦƛƎΦǘȄǘ ŦƛƭŜΦ Lǘ ƛǎ ǎŀǾŜŘ ƛƴ ǘƘŜ ƭƻŎŀǘƛƻƴ ǘƘŀǘ ǳǎŜǊ ǎŜƭŜŎǘŜŘ ƛƴ ǎǘŜǇ нΦ 

 

Figure 7.17. Motor Config File Saved in Host PC 

16. hǇŜƴ ǘƘŜ ƳƻǘƻǊψŎƻƴŦƛƎΦǘȄǘ ŦƛƭŜ ŀƴŘ ǾŜǊƛŦȅ ǘƘŀǘ ǘƘŜ ǎŀǾŜŘ ƳƻǘƻǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ƳŀǘŎƘ ǘƘŜ ǾŀƭǳŜǎ ǘƘŀǘ ǳǎŜǊ ŜƴǘŜǊŜŘ ƛƴ 
ǎǘŜǇ тΦ 

 

Figure 7.18. Motor Config.txt file in Host PC 
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7.5. Target RPM, Voltage, and Drive Status Using the Dashboard Tab 
1. /ƭƛŎƪ ǘƘŜ 5ŀǎƘōƻŀǊŘ ǘŀōΦ 

2. 9ƴǘŜǊ ǘƘŜ ¢ŀǊƎŜǘ wta ±ŀƭǳŜ ŀǎ мнлΦ  
bƻǘŜΥ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ wta ǳǇ ǘƻ нллл wta 

The following RPM increments are recommended: 120, 400, 800, 1400, 1600, 1800, and 2000. 
bƻǘŜΥ ¢ƘŜ ǘŀǊƎŜǘ wta ǾŀƭǳŜ ǎƘƻǳƭŘ ƴƻǘ ŜȄŎŜŜŘ ǘƘŜ aŀȄƛƳǳƳ wta ǾŀƭǳŜ ŜƴǘŜǊŜŘ ƛƴ ǘƘŜ aƻǘƻǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ 

 

Figure 7.19. GUI Application Dashboard: Set Target RPM 

3. /ƭƛŎƪ {ǘŀǊǘκ¦ǇŘŀǘŜΦ 

 

Figure 7.20. GUI Application Dashboard: Start/Update 

4. !ŦǘŜǊ ǘƘŜ wta [ƻŎƪ ƛǎ ŀŎƘƛŜǾŜŘΣ ǘƘŜ bƻŘŜ [95 ƛǎ ƎǊŜŜƴΦ 
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Figure 7.21. GUI Application Dashboard: RPM Lock Achieved Status 

5. /ƭƛŎƪ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀō ǘƻ ŎƘŜŎƪ ǘƘŜ wtaΣ ±ƻƭǘŀƎŜΣ ŀƴŘ /ǳǊǊŜƴǘ ǾŀƭǳŜǎΦ 

6. {ŜƭŜŎǘ ǘƘŜ ƴƻŘŜ ǘƘŀǘ ǳǎŜǊ ǿŀƴǘǎ ǘƻ ŎƘŜŎƪΦ 

 

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

7. ¢ƻ ǎǘƻǇ ǘƘŜ ƳƻǘƻǊΣ ŎƭƛŎƪ {ǘƻǇ ƻƴ ŜƛǘƘŜǊ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀō ƻǊ ǘƘŜ 5ŀǎƘōƻŀǊŘ ǘŀōΦ 

8. /ƭƛŎƪ tƻǿŜǊ hŦŦΦ 
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Figure 7.23. GUI 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. 

7.6. Motor Status Test 
1. /ƭƛŎƪ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀōΦ 

2. {Ŝǘ ǘƘŜ ¢ŀǊƎŜǘ wta ǘƻ мнл 
bƻǘŜǎΥ  

¶ Users can gradually increase the RPM up to 2000 RPM 

¶ The following RPM increments are recommended: 120, 400, 800, 1400, 1600, 1800, and 2000. 

¶ Target RPM should not exceed the Maximum RPM value entered in the Motor Configuration tab. 

3. /ƭƛŎƪ {ǘŀǊǘκ¦ǇŘŀǘŜΦ 
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Figure 7.24. GUI Application Motor Status: Start/Update 

4. hƴŎŜ ǘƘŜ ŀŎǘǳŀƭ wta ǊŜŀŎƘŜǎ ǘƘŜ ǘŀǊƎŜǘ wtaΣ ǘƘŜ ƳŜǘŜǊ ƎŀǳƎŜ ŘƛǎǇƭŀȅǎ мнл ŀƴŘ ǘƘŜ wta [ƻŎƪ ōǳǘǘƻƴ ōŜŎƻƳŜǎ ƎǊŜŜƴΦ 

5. ¢ƻ ǳǇŘŀǘŜ ǘƘŜ wta ǎǇŜŜŘΣ ǎŜǘ ǘƘŜ ¢ŀǊƎŜǘ wta ǘƻ рлл wtaΦ 

6. hƴŎŜ ǘƘŜ ŀŎǘǳŀƭ wta ǊŜŀŎƘŜǎ ǘƘŜ ǘŀǊƎŜǘ wtaΣ ǘƘŜ ƳŜǘŜǊ ƎŀǳƎŜ ŘƛǎǇƭŀȅǎ рлл ŀƴŘ ǘƘŜ wta [ƻŎƪ ōǳǘǘƻƴ ōŜŎƻƳŜǎ ƎǊŜŜƴΦ 

 

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

7. ¢ƻ ǎǘƻǇ ǘƘŜ ƳƻǘƻǊΣ ŎƭƛŎƪ {ǘƻǇΦ 

8. /ƭƛŎƪ tƻǿŜǊ hŦŦ ǘƻ ǎǘƻǇ ǘƘŜ ŎǳǊǊŜƴǘ ǿƛǘƘŘǊŀǿΦ 

7.7. Forward/Reverse Rotation Test 
1. /ƭƛŎƪ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀōΦ 

2. {ŜƭŜŎǘ ǘƘŜ CƻǊǿŀǊŘ ƻǇǘƛƻƴ ŦƻǊ ǘƘŜ ǊƻǘŀǘƛƻƴΦ  

3. 9ƴǘŜǊ ǘƘŜ ¢ŀǊƎŜǘ wta ŀƴȅǿƘŜǊŜ ōŜǘǿŜŜƴ мнл wta ǘƻ нллл wtaΦ 

4. /ƭƛŎƪ {ǘŀǊǘκ¦ǇŘŀǘŜΦ ¢ƘŜ aƻǘƻǊ ǎǘŀǊǘǎ ǊƻǘŀǘƛƴƎ ƛƴ ŀ ŎƭƻŎƪǿƛǎŜ ŘƛǊŜŎǘƛƻƴ 
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Figure 7.26. GUI Application Motor Status: Forward Rotation Status 

5. ²ŀƛǘ ǳƴǘƛƭ ǘƘŜ wta [ƻŎƪ ǎǘŀǘǳǎ ōŜŎƻƳŜǎ ƎǊŜŜƴΦ 

6. {ŜƭŜŎǘ ǘƘŜ wŜǾŜǊǎŜ ƻǇǘƛƻƴ ǘƻ ǊƻǘŀǘŜ ǘƘŜ ƳƻǘƻǊ ƛƴ ǘƘŜ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǘƛƻƴΦ 

 

Figure 7.27. GUI Application Motor Status: Reverse Rotation Status 

7. /ƭƛŎƪ {ǘŀǊǘκ¦ǇŘŀǘŜΦ ¢ƘŜ aƻǘƻǊ ŎƘŀƴƎŜǎ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ǘƻ ǊƻǘŀǘŜ ƛƴ ŀ ŎƻǳƴǘŜǊŎƭƻŎƪǿƛǎŜ ŘƛǊŜŎǘƛƻƴΦ  

8. ²ŀƛǘ ǳƴǘƛƭ ǘƘŜ wta [ƻŎƪ ǎǘŀǘǳǎ ōŜŎƻƳŜǎ ƎǊŜŜƴΦ 
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9. ¢ƻ ǎǘƻǇ ǘƘŜ ƳƻǘƻǊΣ ŎƭƛŎƪ {ǘƻǇΣ ŀƴŘ ǘƘŜƴ tƻǿŜǊ hŦŦΦ 

 

Figure 7.28. GUI Application Motor Status: Motor Power Off 

7.8. PDM Data Collection  

7.8.1. Collect PDM Data  

1. /ƭƛŎƪ ǘƘŜ {ȅǎǘŜƳ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ 

2. /ƭƛŎƪ ƻƴ ǘƘŜ ŦƻƭŘŜǊ ό  ύ ƛŎƻƴ ŀƴŘ ǎŜƭŜŎǘ ƻǊ ŎǊŜŀǘŜ ŀ ƭƻŎŀǘƛƻƴ ǘƻ ǎŀǾŜ ǘƘŜ t5a ƛƳŀƎŜǎΦ {ŀǾŜ ƭƻŎŀǘƛƻƴ Ŏŀƴ ōŜ ŀƴȅǿƘŜǊŜ ƛƴ 
ǘƘŜ ǎȅǎǘŜƳ ŜȄŎŜǇǘ /Υ ŘǊƛǾŜΦ 

 

Figure 7.29. GUI Application PDM Data: Path Name 

3. /ƭƛŎƪ !ǇǇƭȅΦ /ƭƛŎƪ hY ƻƴ ǘƘŜ ¦ǇŘŀǘŜŘ {ǳŎŎŜǎǎŦǳƭƭȅ ǇƻǇπǳǇΦ 
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Figure 7.30. GUI Application PDM Data: Updated Successfully Pop-up 

4. /ƭƛŎƪ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀōΦ 

5. {Ŝǘ ǘƘŜ ¢ŀǊƎŜǘ wta ƛƴƛǘƛŀƭƭȅ ǘƻ мнлΣ ǘƘŜƴ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ wta ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ aƻǘƻǊ {ǘŀǘǳǎ ¢Ŝǎǘ ǎŜŎǘƛƻƴΦ 

6. /ƭƛŎƪ {ǘŀǊǘκ¦ǇŘŀǘŜΦ ²ŀƛǘ ŦƻǊ ǘƘŜ wta ƭƻŎƪΦ 

7. /ƭƛŎƪ /ƻƭƭŜŎǘ t5a 5ŀǘŀΦ ²ŀƛǘ ŦƻǊ ǘƘŜ t5a Řŀǘŀ ǇǊƻŎŜǎǎ ǘƻ ŎƻƳǇƭŜǘŜΦ Lǘ Ƴŀȅ ǘŀƪŜ ŀ ŦŜǿ ƳƛƴǳǘŜǎΦ 

 

Figure 7.31. GUI Application PDM Data: Collect PDM Data 

8. /ƘƻƻǎŜ bƻǊƳŀƭ ƻǊ 9ȄǘŜƴŘŜŘ ŦƻǊ ǘƘŜ tŀŎƪŜǘ ǘȅǇŜΦ .ƻǘƘ bƻǊƳŀƭ ƳƻŘŜ ŀƴŘ 9ȄǘŜƴŘŜŘ ƳƻŘŜ ŀǇǇŜŀǊ ǘƘŜ ǎŀƳŜ ŦǊƻƳ ŀ ǳǎŜǊϥǎ 
ǇŜǊǎǇŜŎǘƛǾŜΣ ōǳǘ 9ȄǘŜƴŘŜŘ ƳƻŘŜ ƛǎ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ƛŦ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƴƻŘŜǎ ƛƴ ǘƘŜ ŎƘŀƛƴΦ 

bh¢9Υ {ŜŜ 5Ŝǘŀƛƭǎ ŀōƻǳǘ t5a 5ŀǘŀ /ƻƭƭŜŎǘƛƻƴ tǊƻŎŜǎǎ ǎŜŎǘƛƻƴ ŦƻǊ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ bƻǊƳŀƭ ƳƻŘŜ ŀƴŘ 9ȄǘŜƴŘŜŘ ƳƻŘŜΦ 

9. /ƻƭƭŜŎǘƛƴƎ t5a 5ŀǘŀ ŦǊƻƳ bƻŘŜ ŀƴŘ !ƴŀƭȅȊƛƴƎ t5a 5ŀǘŀ ŦǊƻƳ bƻŘŜ ƳŜǎǎŀƎŜǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ǿƘƛƭŜ ǘƘŜ ƛƳŀƎŜ ƛǎ 
ŎŀǇǘǳǊŜŘΦ 
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Figure 7.32. GUI Application PDM Data: Collecting PDM Data from Node 

 

Figure 7.33. GUI Application PDM Data: Analyzing PDM Data from Node 

10. hƴŎŜ ǘƘŜ /ƻƭƭŜŎǘ t5a 5ŀǘŀ ǇǊƻŎŜǎǎ ƛǎ ŎƻƳǇƭŜǘŜΣ ǘƘŜ t5a ƛƳŀƎŜ ŀǇǇŜŀǊǎ ƻƴ ǘƘŜ ǎŎǊŜŜƴΦ 
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Figure 7.34. GUI Application PDM Data: PDM Image 

11. ¢ƻ ǊŜƳƻǾŜ ǘƘŜ ƛƳŀƎŜ ŀƴŘ ŎƭŜŀǊ ƳƻǘƻǊ ǎǘŀǘǳǎΣ ŎƭƛŎƪ /ƭŜŀǊ {ǘŀǘǳǎΦ aƻǘƻǊ {ǘŀǘǳǎ ōŜŎƻƳŜǎ ȅŜƭƭƻǿΦ 

 

Figure 7.35. GUI Application PDM Data: Clear Status and Motor Status 

12. ¢ƻ ŦŜǘŎƘ ǘƘŜ ǇǊŜǾƛƻǳǎ ƛƳŀƎŜǎΣ ŎƭƛŎƪ .ǊƻǿǎŜΦ 

13. ¢ƻ ȊƻƻƳ ƛƴ ƻǊ ȊƻƻƳ ƻǳǘ ǘƘŜ t5a ƛƳŀƎŜΣ ƳƻǾŜ ǘƘŜ ŎǳǊǎƻǊ ǳǇ ƻǊ Řƻǿƴ ƻƴ ǘƘŜ ȊƻƻƳ ǎƭƛŘŜǊΦ 
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Figure 7.36. GUI Application PDM Data: Browse Button and Zoom Slider 

7.8.2. Batch Mode 

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

1. /ƭƛŎƪ ǘƘŜ {ȅǎǘŜƳ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀō ŀƴŘ ŜƴǘŜǊ ǘƘŜ ƴǳƳōŜǊ ƻŦ t5a ŦƛƭŜǎ ǘƘŀǘ ǳǎŜǊ ǿŀƴǘǎ ǘƻ ŎƻƭƭŜŎǘΦ ¢ƘŜ ǎȅǎǘŜƳ ǎǳǇǇƻǊǘǎ ŀ 
ǊŀƴƎŜ ƻŦ мπнл t5a ŦƛƭŜǎΦ 

2. LŦ ǘƘŜ ǳǎŜǊǎ ƘŀǾŜ ƴƻǘ ȅŜǘ ǎŜƭŜŎǘŜŘ ŀ ƭƻŎŀǘƛƻƴ ǘƻ ǎŀǾŜ ǘƘŜ ƛƳŀƎŜǎΣ ŎƭƛŎƪ ǘƘŜ ŦƻƭŘŜǊ ƛƳŀƎŜ ƴŜȄǘ ǘƻ tŀǘƘ bŀƳŜ ŀƴŘ ōǊƻǿǎŜ ŦƻǊ 
ŀ ƭƻŎŀǘƛƻƴΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ /ƻƭƭŜŎǘ t5a 5ŀǘŀ ǎŜŎǘƛƻƴΣ {ǘŜǇ нΦ 

 

Figure 7.37. GUI Application PDM Batch Mode: Number of PDM files 

3. /ƭƛŎƪ !ǇǇƭȅΦ  

4. /ƭƛŎƪ hY ƻƴ ǘƘŜ ¦ǇŘŀǘŜŘ {ǳŎŎŜǎǎŦǳƭƭȅ ǇƻǇπǳǇΦ 

 

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

5. /ƭƛŎƪ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ǘŀōΦ 

6. /ƭƛŎƪ ƻƴ ǘƘŜ {ǘŀǊǘ ōǳǘǘƻƴ ǳƴŘŜǊ ǘƘŜ ǿƻǊŘǎ .ŀǘŎƘ aƻŘŜΦ 
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Figure 7.39. GUI Application PDM Batch Mode: Start 

7. ²ŀƛǘ ŦƻǊ ǎƻƳŜ ǘƛƳŜ ǘƻ ŎƻƭƭŜŎǘ ƳǳƭǘƛǇƭŜ ƛƳŀƎŜǎ ǳƴǘƛƭ ǘƘŜ ǎǘŀǘǳǎ ōŀǊ ǊŜŀŎƘŜǎ млл҈Φ ¢Ƙƛǎ ǘŀƪŜǎ ŀ ŦŜǿ ƳƛƴǳǘŜǎΦ ¢ƘŜ ƳƻǊŜ 
ƛƳŀƎŜǎ ǘƘŀǘ ǳǎŜǊ ŎƻƭƭŜŎǘƛƴƎΣ ǘƘŜ ƭƻƴƎŜǊ ƛǘ ǘŀƪŜǎΦ 

 

Figure 7.40. GUI Application PDM Batch Mode: Batch Mode 100% Status 

8. LŦ ǘƘŜ ǳǎŜǊ ŘƻŜǎ ƴƻǘ ǿŀƴǘ ǘƻ ŎŀǇǘǳǊŜ ŀƭƭ ǘƘŜ ƛƳŀƎŜǎΣ ŎƭƛŎƪ {ǘƻǇ ǘƻ ǎǘƻǇ ǘƘŜ ƛƳŀƎŜ ŎƻƭƭŜŎǘƛƴƎΦ 
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Figure 7.41. GUI Application PDM Batch Mode: Collecting Multiple Images 

9. /ƭƛŎƪ {ǘƻǇ ǘƻ ǎǘƻǇ ǘƘŜ ƳƻǘƻǊΦ  

10. /ƭƛŎƪ tƻǿŜǊ hŦŦΦ 

7.8.3. Details about PDM Data Collection Process 

When the user does a PDM data request in the GUI, the request is sent over OPCUA, and a PDM Data command is sent 
through EtherCƻƴƴŜŎǘ ǘƻ ǘƘŜ Ƴŀƛƴ ǎȅǎǘŜƳΩǎ wL{/-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. 

²ƘŜƴ ǘƘŜ ƴƻŘŜ ǎȅǎǘŜƳ ǊŜŎŜƛǾŜǎ ǘƘŜ ŦǊŀƳŜΣ ǘƘŜ ƴƻŘŜ ǎȅǎǘŜƳΩǎ wL{/-V CPU uses the PDM Data Collector to fill the FIFO DMA 
with data collected from the motor. When the FIFO DMA is full, 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 GUI. 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. 
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Figure 7.42. GUI Application PDM Data: Normal Mode 
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Figure 7.43. GUI Application PDM Data: Components Involved in PDM Data Collection Process 
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Figure 7.44. GUI Application PDM Data: Process Flow for PDM Data Collection 
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7.8.4. Collecting PDM Data from a Simulated Faulty Motor Using the Switches  

7.8.4.1. 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. 

 

Figure 7.45. Three Resistor Switches Tilted Towards the Resistors (Meaning All Three Resistors are Enabled and the 
MƻǘƻǊ ƛǎ άƎƻƻŘέύ 

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

1. {Ŝǘ ǘƘŜ ǘŀǊƎŜǘ ƛƴƛǘƛŀƭƭȅ ǘƻ мнл wta ŀƴŘ ǎǘŀǊǘ ǘƘŜ ƳƻǘƻǊΦ 

2. DǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ wta ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ aƻǘƻǊ {ǘŀǘǳǎ ¢Ŝǎǘ ǎŜŎǘƛƻƴΦ 

3. /ƻƴǘƛƴǳŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ wta ǳǇ ǘƻ мрллΦ 

4. 5ƛǎŀōƭŜ ŀƴȅ ƻƴŜ ǎǿƛǘŎƘ ōȅ ǘƛƭǘƛƴƎ ƛǘ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǊŜǎƛǎǘƻǊǎ ƻŦ ǘƘŜ ƳƻǘƻǊΦ 

5. Cƻƭƭƻǿ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ƛƴ ǘƘŜ /ƻƭƭŜŎǘ t5a 5ŀǘŀ ǎŜŎǘƛƻƴ ǘƻ ŎƻƭƭŜŎǘ t5a Řŀǘŀ ƛƴ ŜƛǘƘŜǊ bƻǊƳŀƭ ƻǊ 9ȄǘŜƴŘŜŘ ƳƻŘŜΦ 

6. ²ƘŜƴ ǘƘŜ t5a ƛƳŀƎŜ ŀǇǇŜŀǊǎΣ ǘƘŜ ƭƛƴŜǎ ƛƴ ǘƘŜ ƛƳŀƎŜ ǎƘƻǳƭŘ ƭƻƻƪ ŘƛŦŦŜǊŜƴǘ ǘƘŀƴ ǘƘŜ ƛƳŀƎŜ ŎƻƭƭŜŎǘŜŘ ǿƘŜƴ ŀƭƭ ǘƘŜ ǇƻǿŜǊ 
ǊŜǎƛǎǘƻǊǎ ŀǊŜ ŜƴŀōƭŜŘ ŀƴŘ ǘƘŜ aƻǘƻǊ {ǘŀǘǳǎ ƛŎƻƴ ǎƘƻǳƭŘ ōŜ ǊŜŘΦ 
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Figure 7.46. PDM Data collection: Example PDM Image of a Faulty Motor 

7. {ǘƻǇ ǘƘŜ ƳƻǘƻǊ ŀƴŘ ǇƻǿŜǊ ƛǘ ƻŦŦΦ 

8. ¢ƛƭǘ ǘƘŜ ǎǿƛǘŎƘ ōŀŎƪ ǘƻǿŀǊŘǎ ǘƘŜ ƳƻǘƻǊ ǘƻ ǊŜπŜƴŀōƭŜ ǘƘŜ ǇƻǿŜǊ ǊŜǎƛǎǘƻǊΦ 

7.9. Testing Node Peripherals 
1. /ƻƴƴŜŎǘ ǘƘŜ Lн/κ{tL Iƻǎǘ !ŘŀǇǘŜǊ ōŜǘǿŜŜƴ ǘƘŜ [ŀǘǘƛŎŜ /ŜǊǘǳǎ b· ōƻŀǊŘ ŀƴŘ Iƻǎǘ t/πмΦ 

2. CƻǊ Lн/ /ƻƴƴŜŎǘƛƻƴΣ ŎƻƴƴŜŎǘ ǘƘŜ {5! ǘƻ Ǉƛƴ м ƻŦ Wtо ŀƴŘ {/Y Ǉƛƴ ǘƻ Ǉƛƴ н ƻŦ Wtн ƻƴ ǘƘŜ [ŀǘǘƛŎŜ /ŜǊǘǳǎ b· ōƻŀǊŘΦ  

a. The arrow printed on the board indicates pin 1, so the other pin in the jumper pair is pin 2. 

 

Figure 7.47. Certus NX Board - I2C Connection 

3. CƻǊ {tL /ƻƴƴŜŎǘƛƻƴΣ ŎƻƴƴŜŎǘ ǘƘŜ aL{hΣ ah{LΣ {/YΣ ŀƴŘ /{ ƛƴǘƻ Wу tah5н Ǉƛƴǎ ƛƴ ǘƘŜ ǳǇǇŜǊ ǎƭƻǘ ƻŦ ǘƘŜ /ŜǊǘǳǎ b· ōƻŀǊŘΦ 
{ǘŀǊǘǎ ŦǊƻƳ ǘƘŜ ŀǊǊƻǿΥ 

a. Pin 1. MISO (PMOD 1)  

b. Pin 2. MOSI (PMOD2)  

c. Pin 3. SCLK (PMOD 3)   

d. Pin 4. CS/SS (PMOD 4) 

e. Connect the GND pin to the GND port of the Certus NX Board as shown in Figure 7.48. 
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Figure 7.48. Certus NX Board - SPI Connection 

7.9.1. Make the Connection in Total Phase Control Center 

1. hǇŜƴ ¢ƻǘŀƭ tƘŀǎŜ /ƻƴǘǊƻƭ /ŜƴǘŜǊΦ 

2. /ƭƛŎƪ ƻƴ ǘƘŜ !ŘŀǇǘŜǊ ǘŀōΦΣ ŀƴŘ ǘƘŜƴ /ƭƛŎƪ /ƻƴƴŜŎǘΦ 

 

Figure 7.49. Total Phase - Adapter Setting (I2C) 

3. /ƻƴŦƛƎǳǊŜ ǘƘŜ ŀŘŀǇǘŜǊ ǇŀƎŜ ƻǇŜƴǎΦ {ŜƭŜŎǘ ŀ aƻŘŜΥ Lн/π{tLΦ 

4. /ƭƛŎƪ hYΦ 

 

Figure 7.50. Total Phase - I2C-SPI Selection 
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5. {ŜƭŜŎǘ ǘƘŜ {ƭŀǾŜ ǘŀō ƻƴ ǘƘŜ Lн/ /ƻƴǘǊƻƭ ǇŀƎŜΦ 

6. /ƭƛŎƪ 9ƴŀōƭŜΦ 

Note: Make sure that the physical connection between the Aardvark and PMOD of the node board is correct. 

 

Figure 7.51. Total Phase - I2C Control (I2C) 

7. {ŜƭŜŎǘ ǘƘŜ {ƭŀǾŜ ǘŀō ƻƴ {tL /ƻƴǘǊƻƭ ǇŀƎŜΦ 

8. /ƭƛŎƪ 9ƴŀōƭŜΦ 

 

Figure 7.52. Total Phase - SPI Control: SPI Enable 

9. hƴŎŜ 9ƴŀōƭŜŘ ōƻǘƘ Lн/ ŀƴŘ {tL ŎƻƴǘǊƻƭΣ ǘƘŜ ŘƛǎǇƭŀȅ ƭƻƻƪǎ ƭƛƪŜ CƛƎǳǊŜ тΦро ŀƴŘ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ǎǘŀǘǳǎ ǎƘƻǿǎ ƛƴ ǘƘŜ 
ǘǊŀƴǎŀŎǘƛƻƴ ƭƻƎΦ 
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Figure 7.53. Total Phase - I2C and SPI Control Enabled 

7.9.2. I2C 

Write Operation: 

1. Lƴ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ŎƭƛŎƪ ǘƘŜ bƻŘŜ tŜǊƛǇƘŜǊŀƭǎ ǘŀōΦ 

2. {ŜƭŜŎǘ ǘƘŜ bƻŘŜ ǿƘƛŎƘ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ !ŀǊŘǾŀǊƪ Lн/κ{tL Iƻǎǘ !ŘŀǇǘŜǊΦ 

3. {ŜƭŜŎǘ ǘƘŜ ǇǊƻǘƻŎƻƭΥ Lн/ 

4. {ŜƭŜŎǘ ǘƘŜ ƻǇŜǊŀǘƛƻƴΥ ²ǊƛǘŜ 

5. 9ƴǘŜǊ ǘƘŜ {ƭŀǾŜ !ŘŘǊŜǎǎ н ōƛǘΥ р! 

6. 9ƴǘŜǊ ǘƘŜ 5ŀǘŀ н ōƛǘΥ нр ό¦ǎŜǊ Ŏŀƴ ǿǊƛǘŜ ŀƴȅ Řŀǘŀ ŦǊƻƳ лȄлл ǘƻ лȄCCΦύ 

7. /ƭƛŎƪ ²ǊƛǘŜΦ 

 

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

8. Lƴ ǘƘŜ ¢ƻǘŀƭ tƘŀǎŜ ǘƻƻƭΣ ŎƘŜŎƪ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴ ƭƻƎΦ 

 

Figure 7.55. Total Phase - Transaction Log-I2C 
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Read Operation:  

1. ¦ǎƛƴƎ ǘƘŜ !ŀǊŘǾŀǊƪ D¦LΣ ǿǊƛǘŜ ǘƘŜ ǾŀƭǳŜ мн ƛƴ ǘƘŜ ƳŜǎǎŀƎŜ ōƻȄ ŀƴŘ ŎƭƛŎƪ {Ŝǘ wŜǎǇΦ 

 

Figure 7.56. Total Phase Aardvark I2C Control GUI 

2. /ƘŜŎƪ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴ ƭƻƎΦ 

 

Figure 7.57. Total Phase - Transaction Log - I2C 

3. Lƴ ǘƘŜ bƻŘŜ tŜǊƛǇƘŜǊŀƭǎ ǘŀō ƻŦ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ǎŜƭŜŎǘ ǘƘŜ hǇŜǊŀǘƛƻƴΥ wŜŀŘ 

4. /ƭƛŎƪ wŜŀŘΦ ¢ƘŜ Řŀǘŀ ǾŀƭǳŜ ǊŜŀŘ ǎƘƻǳƭŘ ōŜ мнΦ 

 

Figure 7.58. Application Software - Node Peripherals: I2C-Read 
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7.9.3. SPI 

1. Lƴ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ŎƭƛŎƪ ǘƘŜ bƻŘŜ tŜǊƛǇƘŜǊŀƭǎ ǘŀōΦ  

2. {ŜƭŜŎǘ ǘƘŜ bƻŘŜ ǿƘƛŎƘ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ !ŀǊŘǾŀǊƪ Lн/κ{tL Iƻǎǘ !ŘŀǇǘŜǊ  

3. {ŜƭŜŎǘ ǘƘŜ ǇǊƻǘƻŎƻƭΥ {tL 

4. {ŜƭŜŎǘ ǘƘŜ ƻǇŜǊŀǘƛƻƴΥ ²ǊƛǘŜ 

5. {ƭŀǾŜ !ŘŘǊŜǎǎ н ōƛǘΥ 5ƛǎŀōƭŜŘ 

6. 9ƴǘŜǊ ǘƘŜ 5ŀǘŀ н ōƛǘΥ нр ό¦ǎŜǊ Ŏŀƴ ǿǊƛǘŜ ŀƴȅ Řŀǘŀ ŦǊƻƳ лȄлл ǘƻ лȄCCΦύ 

7. /ƭƛŎƪ ²ǊƛǘŜΦ 

 

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

8. Lƴ ǘƘŜ ¢ƻǘŀƭ tƘŀǎŜ ǘƻƻƭΣ ŎƘŜŎƪ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴ ƭƻƎΦ 

bƻǘŜΥ aŀƪŜ ǎǳǊŜ ǘƘŀǘ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ !ŀǊŘǾŀǊƪ ŀƴŘ tah5 ƻŦ ǘƘŜ ƴƻŘŜ ōƻŀǊŘ ƛǎ ŎƻǊǊŜŎǘΦ 

 

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

9. ²ǊƛǘŜ ǘƘŜ ǾŀƭǳŜ нн ƛƴ ǘƘŜ aL{h ƳŜǎǎŀƎŜ ōƻȄ ŀƴŘ ŎƭƛŎƪ {Ŝǘ aL{hΦ 
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Figure 7.61. Total Phase - Adapter Setting: SPI Control 

10. /ƘŜŎƪ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴ ƭƻƎΦ 

 

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

11. Lƴ ǘƘŜ bƻŘŜ tŜǊƛǇƘŜǊŀƭǎ ǘŀō ƻŦ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ǎŜƭŜŎǘ ǘƘŜ hǇŜǊŀǘƛƻƴΥ wŜŀŘ 

12. /ƭƛŎƪ wŜŀŘΦ ¢ƘŜ ǾŀƭǳŜ ƛƴ ǘƘŜ ŦƛŜƭŘ 5ŀǘŀ ǎƘƻǳƭŘ ƳŀǘŎƘ ǘƘŜ ǾŀƭǳŜ ǘƘŀǘ ǿŀǎ ŜƴǘŜǊŜŘ ƛƴ ǎǘŜǇ фΦ 

 

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

7.9.4. 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 

1. Lƴ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ŎƭƛŎƪ ǘƘŜ bƻŘŜ tŜǊƛǇƘŜǊŀƭǎ ǘŀōΦ 

2. 9ƴǘŜǊ ǘƘŜ {ƭŀǾŜ !ŘŘǊŜǎǎΥ лс ό¦ǎŜǊ Ŏŀƴ ŜƴǘŜǊ мπмлύ 

3. 9ƴǘŜǊ ǘƘŜ wŜƎƛǎǘŜǊ bǳƳōŜǊΥ лт ό¦ǎŜǊ Ŏŀƴ ŜƴǘŜǊ лπфύ 
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4. 9ƴǘŜǊ ǘƘŜ 5ŀǘŀΥ мнур ό¦ǎŜǊ Ŏŀƴ ŜƴǘŜǊ лπCCCCύ 

 

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

5. hǇŜƴ 5ƻŎƪƭƛƎƘǘΦ 

6. 5ƻǳōƭŜπŎƭƛŎƪ /haΦ 

 

Figure 7.65. Docklight COM Selection 

7. {ŜƭŜŎǘ ǘƘŜ ƭŀǎǘ ¦{. ǎŜǊƛŀƭ ǇƻǊǘ ƛƴ ǘƘŜ ƭƛǎǘΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦссΦ 

 

Figure 7.66. USB Serial Port Selection 

8. {ŜƭŜŎǘ ǘƘŜ .ŀǳŘ wŀǘŜΥ фслл 

 

Figure 7.67. Docklight - Project Settings 
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9. /ƭƛŎƪ wǳƴΦ 

 

Figure 7.68. Docklight - Run 

10. Lƴ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ŎƭƛŎƪ ²ǊƛǘŜΦ 

 

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

11. Lƴ 5ƻŎƪƭƛƎƘǘΣ ŎƭƛŎƪ ǘƘŜ I9· ǘŀōΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ǎŜŜ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜŘ ƳŜǎǎŀƎŜ ǇǊƛƴǘŜŘ ƛƴ ǊŜŘΦ 

 

Figure 7.70. Docklight Prints 
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Appendix A. GUI Application Installation (PC) 
Note: This installation process is done on the PC to run the GUI, such as a laptop or desktop PC. 

1. 5ƻǿƴƭƻŀŘ ƻǊ ƭƻŎŀǘŜ ǘƘŜ [ŀǘǘƛŎŜ !ǳǘƻƳŀǘŜ оΦл LƴǎǘŀƭƭŜǊΦ  

2. 5ƻǳōƭŜπŎƭƛŎƪ ƻƴ ǘƘŜ ƛƴǎǘŀƭƭŜǊ ǘƻ ƛƴǎǘŀƭƭ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ 

 

Figure A.1. Installer Directory 

3. ²ŀƛǘ ŦƻǊ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ǘƻ ŎƻƳǇƭŜǘŜΦ 

 

Figure A.2. Automate 3.0 Initial Install Setup 

4. /ƭƛŎƪ bŜȄǘΦ 
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Figure A.3 Automate 3.0 Next Step 

5. /ƭƛŎƪ bŜȄǘΦ 

 

Figure A.4. Automate 3.0 Next Step 

6. /ƭƛŎƪ LƴǎǘŀƭƭΦ 
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Figure A.5. Automate 3.0 Click Install 

7. ²ŀƛǘ ŦƻǊ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ǘƻ ŎƻƳǇƭŜǘŜΦ 

 

Figure A.6. Automate 3.0 Installation in Progress 

8. /ƭƛŎƪ CƛƴƛǎƘΦ 
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Figure A.7. Automate 3.0 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: 

¶ Bitstream (FPGA SOC Design)  

¶ Binary (RISC V Firmware) 

Board Jumper Connections 

Make sure that the following jumpers are connected on board: 

¶ Pin 1 and 2 of J32 and J33 should be shorted to select UART. 

¶ Pin 1 and 2 of J58 should be shorted to select the 3.3 V as Flash IO. 

 

Figure B.1. Main System Jumper Connection 

If the user programming the main system board for the first time, please refer to the Appendix C. Programming a Fresh 
Main System Board section and then come back to this section to follow further steps.  

To program the SPI Flash in Radiant Programmer:  

1. /ƻƴƴŜŎǘ ǘƘŜ /ŜǊǘǳǎtǊƻπb· ±ŜǊǎŀ ōƻŀǊŘ ǘƻ ǘƘŜ t/ ǳǎƛƴƎ ŀ ¦{. ŎŀōƭŜΦ  

2. {ǘŀǊǘ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊΦ Lƴ ǘƘŜ DŜǘǘƛƴƎ {ǘŀǊǘŜŘ ŘƛŀƭƻƎ ōƻȄΣ ǎŜƭŜŎǘ /ǊŜŀǘŜ ŀ ƴŜǿ ōƭŀƴƪ ǇǊƻƧŜŎǘΦ 
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Figure B.2. Radiant Programmer - Default Screen (Main System) 

3. /ƭƛŎƪ hYΦ 

 

Figure B.3. Radiant Programmer - Initial Project Window (Main System) 

4. Lƴ ǘƘŜ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊ Ƴŀƛƴ ƛƴǘŜǊŦŀŎŜΣ ǎŜƭŜŎǘ [C/tb· ŦƻǊ 5ŜǾƛŎŜ CŀƳƛƭȅ ŀƴŘ [C/tb·πмлл ŦƻǊ 5ŜǾƛŎŜ ƻǊ ŘŜǘŜŎǘ 
ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ .ΦпΦ 
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Figure B.4. Radiant Programmer - Device Selection (Main System) 

5. wƛƎƘǘπŎƭƛŎƪ ŀƴŘ ǎŜƭŜŎǘ 5ŜǾƛŎŜ tǊƻǇŜǊǘƛŜǎΦ 

 

Figure B.5. Radiant Programmer - Device Operation (Main System) 

6. .ŜŦƻǊŜ ǇǊƻƎǊŀƳƳƛƴƎΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜǊŀǎŜ ǘƘŜ ŦƭŀǎƘ ƳŜƳƻǊȅΦ CƻǊ ǘƘƛǎΣ ŀǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ ό{tL C[!{Iύ 

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ W¢!Dн{tL 

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜ ŀƭƭ  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aŀŎǊƻƴƛȄ  
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¶ 5ŜǾƛŎŜΥ a·нр[рмнпрD 

¶ tŀŎƪŀƎŜΥ уπƭŀƴŘ ²{hb 

 

Figure B.6. Radiant Programmer - Erase All (Main System) 

7. /ƭƛŎƪ hY ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ   ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ¢Ƙƛǎ ŜǊŀǎŜǎ ǘƘŜ ŦƭŀǎƘ 
ƳŜƳƻǊȅ ƛŦ ŀƴȅ ƻǘƘŜǊ Řŀǘŀ ƛǎ ŀƭǊŜŀŘȅ ǇǊŜǎŜƴǘ ƛƴ ƛǘΦ 

8. !ŦǘŜǊ ŜǊŀǎƛƴƎ ǘƘŜ ŦƭŀǎƘΣ ǇƻǿŜǊ ŎȅŎƭŜ ǘƘŜ ōƻŀǊŘ ŀƴŘ ŀǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ ό{tL C[!{Iύ 

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ W¢!Dн{tL  

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜΣ tǊƻƎǊŀƳΣ ±ŜǊƛŦȅ  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aŀŎǊƻƴƛȄ 
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¶ 5ŜǾƛŎŜΥ a·нр[рмнпрD 

¶ tŀŎƪŀƎŜΥ уπƭŀƴŘ ²{hb 

9. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ōƛǘǎǘǊŜŀƳ ŦƛƭŜΣ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ .ΦтΦ 

 

Figure B.7. 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:  

¶ {ǘŀǊǘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄлллллллл  

¶ 9ƴŘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллнулллл  
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10. ¢ƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ    ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 

11. bƻǿ tƻǿŜǊ ŎȅŎƭŜ ǘƘŜ /ŜǊǘǳǎtǊƻ b· ±ŜǊǎŀ .ƻŀǊŘΦ 

12. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ŦƛǊƳǿŀǊŜΣ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ .ΦуΦ 

a. Under Programming Options, select the c_main_system_3_0.bin binary file.  

b. Make sure that the following addresses are correct:  

¶ {ǘŀǊǘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллоллллл  

¶ 9ƴŘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллоулллл 

 

Figure B.8. Radiant Programmer - Binary Flashing Settings (Main System) 

13. /ƭƛŎƪ ƻƴ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ    ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 
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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: 

¶ Bitstream  

¶ Binary 

Board Jumper Connections 

Make sure that the following jumpers are connected on board: 

¶ Pin 1 and 2 of JP25 and JP26 should be shorted to select UART. 

¶ Pin 1 and 2 of J47 should be shorted to select the 1.8 V as Flash IO. 

 

Figure B.9. Node System Jumper Connection 

To program the SPI Flash in Radiant Programmer:  

1. /ƻƴƴŜŎǘ ǘƘŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ ōƻŀǊŘ ǘƻ ǘƘŜ t/ ǳǎƛƴƎ ŀ ¦{. ŎŀōƭŜΦ  

2. {ǘŀǊǘ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊΦ Lƴ ǘƘŜ DŜǘǘƛƴƎ {ǘŀǊǘŜŘ ŘƛŀƭƻƎ ōƻȄΣ ǎŜƭŜŎǘ /ǊŜŀǘŜ ŀ ƴŜǿ ōƭŀƴƪ ǇǊƻƧŜŎǘΦ 
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Figure B.10. Radiant Programmer - Default Screen (Node System) 

3. /ƭƛŎƪ hYΦ 

 

Figure B.11. Radiant Programmer - Initial Project Window (Node System) 

4. Lƴ ǘƘŜ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊ Ƴŀƛƴ ƛƴǘŜǊŦŀŎŜΣ ǎŜƭŜŎǘ [C5нb· ŦƻǊ 5ŜǾƛŎŜ CŀƳƛƭȅ ŀƴŘ [C5нb·πпл ŦƻǊ 5ŜǾƛŎŜ ŀǎ ǎƘƻǿƴ ƛƴ 
CƛƎǳǊŜ .ΦмнΦ 
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Figure B.12. Radiant Programmer - Device Properties (Node System) 

 

Figure B.13. Radiant Programmer - Device Operation (Node System) 

5. .ŜŦƻǊŜ ǇǊƻƎǊŀƳƳƛƴƎΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜǊŀǎŜ ǘƘŜ ŦƭŀǎƘ ƳŜƳƻǊȅΦ CƻǊ ǘƘƛǎΣ !ǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ ό{tL C[!{Iύ 

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ W¢!Dн{tL 

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜ ŀƭƭ  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aƛŎǊƻƴ  

¶ 5ŜǾƛŎŜΥ a¢нрv¦мну 

¶ tŀŎƪŀƎŜΥ уπǇƛƴ {htн 
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Figure B.14. Radiant Programmer - Erase All (Node System) 

6. /ƭƛŎƪ hY ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ   ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ¢Ƙƛǎ ŜǊŀǎŜǎ ǘƘŜ ŦƭŀǎƘ 
ƳŜƳƻǊȅ ƛŦ ŀƴȅ ƻǘƘŜǊ Řŀǘŀ ƛǎ ŀƭǊŜŀŘȅ ǇǊŜǎŜƴǘ ƛƴ ƛǘΦ 

7. !ŦǘŜǊ ŜǊŀǎƛƴƎ ǘƘŜ ŦƭŀǎƘΣ ǇƻǿŜǊ ŎȅŎƭŜ ǘƘŜ ōƻŀǊŘ ŀƴŘ ŀǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ  

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ {tL  

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜΣ tǊƻƎǊŀƳΣ ±ŜǊƛŦȅ  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aƛŎǊƻƴ  

¶ 5ŜǾƛŎŜΥ a¢нрv¦мну  

¶ tŀŎƪŀƎŜΥ уπǇƛƴ {htн  
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8. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ōƛǘǎǘǊŜŀƳ ŦƛƭŜΣ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ .ΦмрΦ 

 

Figure B.15. Radiant Programmer - Bit Stream Flashing Settings (Node System) 

a. Under Programming Options, select the soc_node_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:  

¶ {ǘŀǊǘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄлллллллл  

¶ 9ƴŘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллмллллл  

9. ¢ƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ  ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 

10. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ŦƛǊƳǿŀǊŜΣ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ .ΦмсΦ  

a. Under Programming Options, select the c_node_system_2_0.bin binary file.  

b. Make sure that the following addresses are correct:  

¶ {ǘŀǊǘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллмплллл  

¶ 9ƴŘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллннлллл  

11. ¢ƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ  ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 

http://www.latticesemi.com/legal


Automate Stack 3.0 Demo   
User Guide    
 

 

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-UG-02181-1.1             63 

 

 

Figure B.16. Radiant Programmer - Binary Flashing Settings (Node System) 

Note: After programming the Boards, power cycle the CertusPro NX Versa board as shown in Figure B.17 and each Certus 
NX Versa board as shown in Figure B.18, and then press the system Reset button SW 3. 

 

Figure B.17. Reset Button SW3 of CertusPro NX Versa Board 
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Figure B.18. 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. It is because, 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. /ƻƴƴŜŎǘ ǘƘŜ /ŜǊǘǳǎtǊƻπb· ±ŜǊǎŀ ōƻŀǊŘ ǘƻ ǘƘŜ t/ ǳǎƛƴƎ ŀ ¦{. ŎŀōƭŜΦ  

2. {ǘŀǊǘ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊΦ Lƴ ǘƘŜ DŜǘǘƛƴƎ {ǘŀǊǘŜŘ ŘƛŀƭƻƎ ōƻȄΣ ǎŜƭŜŎǘ /ǊŜŀǘŜ ŀ ƴŜǿ ōƭŀƴƪ ǇǊƻƧŜŎǘΦ 

 

Figure C.1. Radiant Programmer - Default Screen 

3. /ƭƛŎƪ hYΦ 

 

Figure C.2. Radiant Programmer - Initial Project Window 

4. Lƴ ǘƘŜ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊΣ ǎŜƭŜŎǘ [C/tb· ŦƻǊ 5ŜǾƛŎŜ CŀƳƛƭȅ ŀƴŘ [C/tb·πмлл ŦƻǊ 5ŜǾƛŎŜ ƻǊ ŘŜǘŜŎǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǎ 
ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ /ΦоΦ 
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Figure C.3. Radiant Programmer - Device Selection 

5. wƛƎƘǘπŎƭƛŎƪ ŀƴŘ ǎŜƭŜŎǘ 5ŜǾƛŎŜ tǊƻǇŜǊǘƛŜǎΦ 

 

Figure C.4. Radiant Programmer - Device Operation 

6. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ōƛƴŀǊȅ ŦƛƭŜΣ ŀǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ ό{tL C[!{Iύ 

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ W¢!Dн{tL 

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜΣ tǊƻƎǊŀƳΣ ±ŜǊƛŦȅ vǳŀŘ м  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aŀŎǊƻƴƛȄ  

¶ 5ŜǾƛŎŜΥ a·нр[рмнпрD 

¶ tŀŎƪŀƎŜΥ уπƭŀƴŘ ²{hb 
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Figure C.5. Radiant Programmer - Quad Mode Programming 

7. ¦ƴŘŜǊ tǊƻƎǊŀƳƳƛƴƎ hǇǘƛƻƴǎΣ ǎŜƭŜŎǘ ǘƘŜ ŎψƳŀƛƴψǎȅǎǘŜƳψоψлΦōƛƴ ōƛƴŀǊȅ ŦƛƭŜΦ 

a. Make sure that the following addresses are correct:  

¶ {ǘŀǊǘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллоллллл 

¶ 9ƴŘ !ŘŘǊŜǎǎ όIŜȄύΥ лȄллоулллл 

8. /ƭƛŎƪ hY ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ  ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔtǊƻƎǊŀƳ 5ŜǾƛŎŜΦ !ŦǘŜǊ ǘƘŀǘ ǇƻǿŜǊ ŎȅŎƭŜ 
ǘƘŜ ōƻŀǊŘΦ  

9. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ōƛǘǎǘǊŜŀƳ ŦƛƭŜΣ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ /ΦрΦ 

10. ¦ƴŘŜǊ tǊƻƎǊŀƳƳƛƴƎ hǇǘƛƻƴǎΣ ǎŜƭŜŎǘ ǘƘŜ ǎƻŎψƳŀƛƴψǎȅǎǘŜƳψƛƳǇƭψмΦōƛǘ ōƛǘǎǘǊŜŀƳ ŦƛƭŜ ƛƴ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ ŦƛƭŜΦ 
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Figure C.6. Radiant Programmer - Device Properties 

11. /ƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ  ƻǊ ǳǎŜ ǘƘŜ ƳŜƴǳ ǘŀō wǳƴ πҔ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 

12. bƻǿ ǘƘŜ {tL ŦƭŀǎƘ Ƴǳǎǘ ōŜ ŜǊŀǎŜŘΦ CƻǊ ǘƘŀǘΣ ŀǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ōŜƭƻǿΥ  

a. Under Device Operation, select the options below:  

¶ ¢ŀǊƎŜǘ aŜƳƻǊȅΥ 9ȄǘŜǊƴŀƭ {tL CƭŀǎƘ aŜƳƻǊȅ ό{tL C[!{Iύ 

¶ tƻǊǘ LƴǘŜǊŦŀŎŜΥ W¢!Dн{tL  

¶ !ŎŎŜǎǎ aƻŘŜΥ 5ƛǊŜŎǘ tǊƻƎǊŀƳƳƛƴƎ  

¶ hǇŜǊŀǘƛƻƴΥ 9ǊŀǎŜ !ƭƭ  

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

¶ CŀƳƛƭȅΥ {tL {ŜǊƛŀƭ CƭŀǎƘ  

¶ ±ŜƴŘƻǊΥ aŀŎǊƻƴƛȄ 

¶ 5ŜǾƛŎŜΥ a·нр[рмнпрD 

¶ tŀŎƪŀƎŜΥ уπƭŀƴŘ ²{hb 
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Figure C.7. Radiant Programmer - Erase All 

13. /ƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ  ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ πҔ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ 

14. tƻǿŜǊ ŎȅŎƭŜ ǘƘŜ /ŜǊǘǳǎtǊƻ b· ±ŜǊǎŀ .ƻŀǊŘΦ 

Note: This is a one-time process that must be followed for every new board. 
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Appendix D. Ethernet Connection 

D.1. Connection Between Main system and Laptop/PC 
1. {Ŝǘ ǳǇ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƘŀǊŘǿŀǊŜ ŎƻƴƴŜŎǘƛƻƴǎΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦмΥ 

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. /ƻƴƴŜŎǘ ǘƘŜ ¦!w¢ ŎŀōƭŜ ǘƻ ǘƘŜ Ƴŀƛƴ ōƻŀǊŘ ŀƴŘ ƭŀǇǘƻǇ ƻǊ 5ƻŎƪƭƛƎƘǘ ŘŜōǳƎƎƛƴƎΦ 

Note: The firewall should be disabled while doing this activity. 

Note: .bit and .bin should 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. 

D.2. Ethernet Configuration Setting 
1. hǇŜƴ ǘƘŜ bŜǘǿƻǊƪ /ƻƴƴŜŎǘƛƻƴǎ /ƻƴǘǊƻƭ tŀƴŜƭ ŦǊƻƳ ǘƘŜ {ǘŀǊǘ ƳŜƴǳ ƻǊ ōȅ ǇǊŜǎǎƛƴƎ ²ƛƴŘƻǿǎҌw ŀƴŘ ǘȅǇƛƴƎ ƴŎǇŀΦŎǇƭΦ 

 

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

2. /ƭƛŎƪ 9ǘƘŜǊƴŜǘΦ 

 

Figure D.2. Ethernet Settings 

3. /ƭƛŎƪ tǊƻǇŜǊǘƛŜǎΦ 
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Figure D.3. Click on Properties 

4. 5ƻǳōƭŜπŎƭƛŎƪ ƻƴ LƴǘŜǊƴŜǘ tǊƻǘƻŎƻƭ ±ŜǊǎƛƻƴΦ 

 

Figure D.4. Double Click on Internet Protocol Version 
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5. /ƻƴŦƛƎǳǊŜ ǘƘŜ Lt ŀŘŘǊŜǎǎΣ ǎǳōƴŜǘ ƳŀǎƪΣ ŀƴŘ ŘŜŦŀǳƭǘ ƎŀǘŜǿŀȅ ǎŜǘǘƛƴƎǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 5Φр ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ hYΦ 

Note: If users changed the IP address of the PC using Propel Builder, make sure that enter the changed IP address in 
TCP/IPv4 settings also. Please see the Reference Design Document Section 2.6 for more information about how to change 
the IP addresses of the PC. 

 

Figure D.5. Configure the Settings 

6. /ƘŜŎƪ ƛŦ 9ǘƘŜǊƴŜǘ ǎŀȅǎ άbŜǘǿƻǊƪ ŎŀōƭŜ ǳƴǇƭǳƎƎŜŘέΦ 

7. wƛƎƘǘπŎƭƛŎƪ ƻƴ 9ǘƘŜǊƴŜǘ ŀƴŘΣ ǘƘŜƴ ŎƭƛŎƪ ƻƴ 5ƛǎŀōƭŜΦ 

 

Figure D.6. Disable the Setting 

8. wƛƎƘǘπŎƭƛŎƪ ƻƴ ǘƘŜ 9ǘƘŜǊƴŜǘ ŀƴŘ ŎƭƛŎƪ 9ƴŀōƭŜΦ 
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Figure D.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. 

D.3. Check the Connection with a Ping 
1. hǇŜƴ ǘƘŜ ŎƻƳƳŀƴŘ ǇǊƻƳǇǘ ƻƴ ǘƘŜ t/Φ 

2. tƛƴƎ ǘƘŜ Ƴŀƛƴ ōƻŀǊŘ ǳǎƛƴƎ ǘƘŜ ŎƻƳƳŀƴŘΥ ǇƛƴƎ мфнΦмсуΦмΦп 

3. aŀƪŜ ǎǳǊŜ ǘƘŜ ǇƛƴƎ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭΦ hǘƘŜǊǿƛǎŜΣ Ŧƻƭƭƻǿ ǘƘŜ ǎǘŜǇǎ ƛƴ ǘƘŜ /ƻƴƴŜŎǘƛƻƴ .ŜǘǿŜŜƴ aŀƛƴ ǎȅǎǘŜƳ ŀƴŘ [ŀǇǘƻǇκt/ 
ŀƴŘ 9ǘƘŜǊƴŜǘ /ƻƴŦƛƎǳǊŀǘƛƻƴ {ŜǘǘƛƴƎ ǎŜŎǘƛƻƴǎ ŀƎŀƛƴΦ 

 

Figure D.8. Ping on cmd Terminal 

D.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 the user can send multiple commands and check the 
functionality of the main system. 
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Figure D.9. Downloadable Link of Wireshark 

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

 

Figure D.10. Downloadable Link of Packet Sender 

1. hǇŜƴ 5ƻŎƪƭƛƎƘǘΦ  

2. Dƻ ǘƻ /haΦ  

 

Figure D.11. Docklight - Com Selection 

3. {ŜƭŜŎǘ ǘƘŜ ǊƛƎƘǘ /ha ǇƻǊǘΣ ŘǊƻǇ Řƻǿƴ ǘƘŜ /haΣ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ƭŀǎǘ /haΦ 

4. {Ŝǘ ǘƘŜ ōŀǳŘ ǊŀǘŜΥ фслл 

5. /ƭƛŎƪ hYΦ 
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Figure D.12. Docklight - Com and Baud Rate Selection 

6. /ƭƛŎƪ wǳƴΦ 

 

Figure D.13. Docklight - Run (Start Communication) 

7. hǇŜƴ ǘƘŜ ²ƛǊŜǎƘŀǊƪ ǘƻƻƭΦ 

8. /ƭƛŎƪ 9ǘƘŜǊƴŜǘΦ 

 

Figure D.14. Wireshark Tool - Ethernet Selection 

9. /ƭƛŎƪ ƻƴ ǘƘŜ wǳƴ όύ ƛŎƻƴΦ 

10. hǇŜƴ ǘƘŜ tŀŎƪŜǘ {ŜƴŘŜǊ ǘƻƻƭΦ 

11. 9ƴǘŜǊ сп !{/LL ŎƘŀǊŀŎǘŜǊǎ ŦƻǊ ŀ ǘƻǘŀƭ ƻŦ сп ōȅǘŜǎ ƻŦ ŘŀǘŀΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿŜ ŜƴǘŜǊŜŘ ŀōŎŘŜŦƎƘ ŜƛƎƘǘ ǘƛƳŜǎΦ  
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12. /ƭƛŎƪ {ŀǾŜΦ  

 

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

13. /ƭƛŎƪ {ŜƴŘ ǘƻ ǎŜƴŘ ǘƘŜ ¦5tψtY ǇŀŎƪŜǘΦ 

 

Figure D.16. Packet Sender Tool - Send UDP Packet 

14. /ƘŜŎƪ ǘƘŜ ƭƻƎΦ 

 

Figure D.17. Packet Sender Tool - Transaction Log 

15. hǇŜƴ 5ƻŎƪƭƛƎƘǘ ǘƻ ŎƘŜŎƪ ǘƘŜ Řŀǘŀ ǊŜŎŜƛǾŜŘΦ 

16. /ƘŜŎƪ ǘƘŀǘ ǘƘŜ ¦5t Řŀǘŀ ǿŀǎ ǊŜŎŜƛǾŜŘΦ 

 

Figure D.18. Docklight - Logs in ASCII 

17. Dƻ ǘƻ ǘƘŜ ²ƛǊŜǎƘŀǊƪ ǘƻƻƭΦ 

18. ¢ȅǇŜ ǳŘǇΦǇƻǊǘ ҐҐ мпус ƻƴ ǘƻǇ ƻŦ ǘƘŜ ōŀǊΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 5ΦмфΦ 
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Figure D.19. Wireshark Tool - Write udp.port == 1486 

19. /ƘŜŎƪ ōƻǘƘ ǘƘŜ {ƻǳǊŎŜ ŀƴŘ 5Ŝǎǘƛƴŀǘƛƻƴ ¦5t ǇŀŎƪŜǘǎΦ 

 

Figure D.20. Source and Destination UDP Packet 

20. /ƭƛŎƪ ƻƴ ǘƘŜ ŦƛǊǎǘ ¦5t ǘǊŀƴǎŀŎǘƛƻƴ ǘƻ ŎƘŜŎƪ ƛƴ ŘŜǘŀƛƭΦ 

 

Figure D.21. Wireshark Tool - First UDP Packet 

21. /ƭƛŎƪ ƻƴ ǘƘŜ ǎŜŎƻƴŘ ¦5t ǘǊŀƴǎŀŎǘƛƻƴ ǘƻ ŎƘŜŎƪ ƛƴ ŘŜǘŀƛƭΦ 

 

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

D.5.1. Motor config commands 

¦ǇŘŀǘŜ ŎƻƴŦƛƎΥ 
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 05 00 00 00 02 

00 00 00 07 00 00 00 af  96 04 96 a0 0f 15 26 80 00 40 00 10 00 00 08 80 00 40 00 fa 

00 00 08 00 00 00 00 00 00 00 00  

¢ŜǎǘbƻŘŜwŜƎψ²ǊƛǘŜψƭŜŘψhCCΥ  
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 ff ff ff ff 00 00 00 00 00 0 0 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

¢ŜǎǘbƻŘŜwŜƎψ²ǊƛǘŜψƭŜŘψhbΥ  
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 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0 0 00 00 

00 00 00 00 00 00 00 00 00 00 00  

{ǘŀǊǘaƻǘƻǊψŘŀǎƘōƻŀǊŘΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 12 00 00 00 02 

00 00 00 07 00 00 00 78 00 01 00 78 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00  00 00 00  

{ǘƻǇaƻǘƻǊψŘŀǎƘōƻŀǊŘΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 02 00 00 00 02 

00 00 00 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

tƻǿŜǊhŦŦaƻǘƻǊψŘŀǎƘōƻŀǊŘΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 03 00 00 00 02 

00 00 00 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

aƻǘƻǊ{ǘŀǊǘψaƻǘƻǊ{ǘŀǘǳǎ¢ŀōΥ 
hexString=f1 01 77 cc 0 1 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02  

00 00 00 01 00 00 00 78 00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

Note: To select a different node, change the highlighted bit in Motor Start Motor status command  

01 - 1st node  

02 - 2nd node  

04 - 3rd node and so on 

aƻǘƻǊ{ǘƻǇψaƻǘƻǊ{ǘŀǘǳǎ¢ŀōΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 02 00 00 00  02 

00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

tƻǿŜǊhŦŦaƻǘƻǊψ{ǘŀǘǳǎ¢ŀōΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 03 00 00 00 02 

00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  
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aƻǘƻǊψǊǇƳψрллψaƻǘƻǊ{ǘŀǘǳǎ¢ŀōΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02 

00 00 00 01 00 00 00 f4 01 00 00 01 00 00 00 00  00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

aƻǘƻǊψǊǇƳψмлллψaƻǘƻǊ{ǘŀǘǳǎ¢ŀōΥ 
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02 

00 00 00 01 00 00 00 e8 03 00 00 01 00 00 00 00 00 00 00 00 00 00 00 0 0 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

aƻǘƻǊψǊǇƳψмпллψaƻǘƻǊ{ǘŀǘǳǎ¢ŀōΥ  
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02 

00 00 00 01 00 00 00 78 05 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00  00 00 00 00 00 00 00 00  

aƻǘƻǊψǊǇƳψмуллψaƻǘƻǊ{ǘŀǘǳǎ¢ŀō 
hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea  37 18 1e 7c 37 18 1e 00 01 00 00 00 02 

00 00 00 01 00 00 00 08 07 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 00 00  

D.5.2. Recommend Command Sequences to test basic functionality 

.ŀǎƛŎ [95 hCCκhb ŎƻƳƳŀƴŘΥ 

¶ Send LED OFF Command  

¶ Send LED ON command  

aƻǘƻǊ /ƻƴŦƛƎ ¢ŜǎǘΥ 

¶ Send the Update config command  

aƻǘƻǊ ǎǘŀǊǘ ŦǊƻƳ 5ŀǎƘōƻŀǊŘ ¢ŜǎǘΥ 

¶ Send the start motor dashboard command 

¶ Send the Motor RPM 500 Motor Status command  

¶ Send the Motor RPM 1000 Motor Status command 

¶ Send the Motor RPM 1400 Motor Status command 

¶ Send the Motor RPM 1800 Motor Status command 

¶ Send the Stop motor dashboard command  

¶ Send the Power Off motor dashboard command 

aƻǘƻǊ ǎǘŀǊǘ ŦǊƻƳ aƻǘƻǊ {ǘŀǘǳǎ ¢ŜǎǘΥ 

¶ Send the Motor Start Motor status command 

¶ Send the Motor RPM 500 Motor Status command  

¶ Send the Motor RPM 1000 Motor Status command 

¶ Send the Motor RPM 1400 Motor Status command 

¶ Send the Motor RPM 1800 Motor Status command 

¶ Send the Motor Stop Motor status command  

¶ Send the Power Off Motor Status command 
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Appendix E. Troubleshooting 

E.1. Automate 3.0 GUI Troubleshooting 

E.1.1. Motor Configuration Values are 0 

tǊƻōƭŜƳ 5ŜǎŎǊƛǇǘƛƻƴ: 

Motor configuration values are all 0. 

 

Figure E.1. Motor Configuration Values are All 0 

{ƻƭǳǘƛƻƴΥ 

1. Lƴ ǘƘŜ !ǳǘƻƳŀǘŜ оΦл D¦LΣ ŎƭƛŎƪ ǘƘŜ aƻǘƻǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǘŀōΦ  

2. CǊƻƳ ǘƘŜ {ŜƭŜŎǘ ŘǊƻǇπŘƻǿƴ ƳŜƴǳΣ ŜƛǘƘŜǊ {ŜƭŜŎǘ !ƭƭ ƻǊ ǎŜƭŜŎǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ƴƻŘŜΦ 

 

Figure E.2. Motor Configuration: Node Selection 
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Figure E.3. Motor Configuration: All Nodes Selected 

3. /ƘŀƴƎŜ ǘƘŜ aƻǘƻǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ŦƛŜƭŘǎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘŜŦŀǳƭǘ ǾŀƭǳŜǎΥ  

¶ RPI PI Control Prop. Gain(kP): 90 

¶ RPI PI Int. Gain(kI): 10 

¶ RPI PI 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 user 
using. 

 

Figure E.4. Motor Configuration Value Changes 

4. /ƭƛŎƪ 5ŜŦŀǳƭǘΦ  

http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/techsupport
www.latticesemi.com/Support/AnswerDatabase


http://www.latticesemi.com/legal


http://www.latticesemi.com/

	Automate Stack 3.0 Demo
	Acronyms in This Document
	1. Introduction
	2. Demo System Setup
	2.1. System Level Block Diagram

	3. Communication Protocols (OPCUA)
	3.1. Main System to Host PC Communication - OPCUA
	3.2. UDP Communication

	4. Hardware
	4.1. Hardware Requirements
	4.2. Hardware Setup
	4.3. Hardware System Readiness

	5. Software Requirements
	5.1. Optional Software
	5.2. Software System Readiness

	6. Automate Stack File Directory Structure
	6.1. Executables
	6.1.1. Main System
	6.1.2. Node System

	6.2. GUI
	6.2.1. GUI

	6.3. Documentation

	7. Running the Motor through Automate GUI Application (PC)
	7.1. Start the Application on Host PC
	7.2. Connect to the Main System
	7.3. Dashboard Tab
	7.3.1. Refresh Button

	7.4. Motor Configurations
	7.5. Target RPM, Voltage, and Drive Status Using the Dashboard Tab
	7.6. Motor Status Test
	7.7. Forward/Reverse Rotation Test
	7.8. PDM Data Collection
	7.8.1. Collect PDM Data
	7.8.2. Batch Mode
	7.8.3. Details about PDM Data Collection Process
	7.8.4. Collecting PDM Data from a Simulated Faulty Motor Using the Switches
	7.8.4.1. Introduction and Purpose of the Switches
	7.8.4.2. Example Workflow to Collect Faulty PDM Data with the Switches


	7.9. Testing Node Peripherals
	7.9.1. Make the Connection in Total Phase Control Center
	7.9.2. I2C
	7.9.3. SPI
	7.9.4. Modbus


	Appendix A. GUI Application Installation (PC)
	Appendix B. Programming the Automate Stack on Respective FLASH
	B.1. Main System
	B.2. Node System

	Appendix C. Programming a Fresh Main System Board
	Appendix D. Ethernet Connection
	D.1. Connection Between Main system and Laptop/PC
	D.2. Ethernet Configuration Setting
	D.3. Check the Connection with a Ping
	D.4. UDP Packet Transaction
	D.5. Packet Sender Commands
	D.5.1. Motor config commands
	Update config:
	TestNodeReg_Write_led_OFF:
	TestNodeReg_Write_led_ON:
	StartMotor_dashboard:
	StopMotor_dashboard:
	PowerOffMotor_dashboard:
	MotorStart_MotorStatusTab:
	MotorStop_MotorStatusTab:
	PowerOffMotor_StatusTab:
	Motor_rpm_500_MotorStatusTab:
	Motor_rpm_1000_MotorStatusTab:
	Motor_rpm_1400_MotorStatusTab:
	Motor_rpm_1800_MotorStatusTab

	D.5.2. Recommend Command Sequences to test basic functionality
	Basic LED OFF/ON command:
	Motor Config Test:
	Motor start from Dashboard Test:
	Motor start from Motor Status Test:



	Appendix E. Troubleshooting
	E.1. Automate 3.0 GUI Troubleshooting
	E.1.1. Motor Configuration Values are 0
	Solution:

	E.1.2. Motor Status Tab Failure (RPM Lock Status, Voltage Status and Drive Status are Red)
	E.1.3. One of the Selected Motor Running Warning
	E.1.4. Did not Receive Response from the Board Warning
	Problem Description:
	Solution:



	Annexure-A
	Technical Support Assistance
	Revision History
	Revision 1.1, June 2023
	Revision 1.0, March 2023



