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1 Description 
This documents describes a demo linear actuator control system using the ATSAMV71Q21 microcontroller with an 
LX4580 motor acquisition system (Figure 1). The SAMV71 MCU runs the motor control loop and generates motor control 
signals, emulating the COM processor in a classic command/monitor (COM/MON) dual-controller control system such as 
shown in Figure 2. The LX4580 manages the sensors, in this case an LVDT and two temperature sensors. The LX4580 
drives the LVDT primary directly, calculates the RMS of the two LVDT secondaries, and automates temperature sensing 
based on PT100 or PT1000 remote sensors. 
 
The purpose of this project is to provide practical demonstration source code for a motor position control loop using an 
LVDT as a position feedback sensor, as the core of a larger control system. The motor drive hardware is simplified by 
using an off-the-shelf stepper motor controller, instead of using the LX4580's PWM controller outputs and current sense 
inputs.  
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Figure 1. Demo Actuator Control System Block Diagram 
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Figure 2. Typical COM/MON Motor Control System with Dual Processors and Redundant LVDTs 

2 Demo hardware 
The hardware comprises: 

• An ATSAMV71-XULT SAMV71 Xplained Ultra evaluation kit, which carries an ATSAMV71Q21 MCU 

• An LX4580 evaluation kit 

• A Songhe TB6600 microstepping stepper motor driver. Alternative microstepping drivers with step/direction controls 
may be used, set to 8 microsteps (1600 steps per revolution) and 2.5A peak phase current 

• A SainSmart 100mm linear stage actuator with NEMA17 stepper motor, operated at 15V 

• A Solartron Metrology model 930982 S series LVDT 

• Two PT100 or PT1000 thermistors 

• Windows PC to act as system host 
  

 

https://www.microchip.com/developmenttools/ProductDetails/atsamv71-xult
https://www.microsemi.com/product-directory/actuation/5581-lx4580
https://www.sainsmart.com/products/cnc-linear-stage-actuator-with-nema17-stepper-motor
https://americas.rsdelivers.com/product/solartron-metrology/930982/solartron-metrology-lvdt-930982/7271325
https://www.solartronmetrology.com/products/displacement-sensors/s-series
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Figure 3. Demo System and Wiring Diagram 

3 Control Loop 
The control system is intended to emulate the real, complex dynamics of control surfaces in an airplane. The linear 
actuator is elastically coupled to a mass and the LVDT via a compression spring to exhibit substantial difference static and 
dynamic friction, as shown in Figure 3 on page 3. The position control loop is therefore 2nd-order to compensate. 
 

4 Demo Software  
The SAMV71 software is compiled on the MPLAB® Harmony embedded software development framework, and the 
source code is included as an attachment to this PDF. The system host is implemented in Python as a command-line 
script, which communicates to the SAMV71 Xplained board via USB. The necessary UART-over-USB driver is installed as 
part of the MPLAB® Harmony development installation for SAMV71, which is necessary to compile code and program the 
SAMV71. 
 
The software set is as follows: 
1. Download and install Python3 on your system if not already installed. We recommend the WinPython portable Python 

which includes the Spyder IDE, as discussed here 
2. Download and install MPLAB® Harmony on your system if not already installed 
3. The PDF contains the embedded file LX4580-SAMV71.txt stored as an attachment. Drag LX4580-SAMV71.txt with 

the left mouse button to your desktop, or right-click it and select a different destination 
4. Rename LX4580-SAMV71.txt to LX4580-SAMV71.zip which is an encrypted zip file 
5. Open LX4580-SAMV71.zip, and extract the two folders to your desktop or a different destination if preferred. This is 

an encrypted zip using microchiptechnology as the password. The firmware folder contains the SAMV71 source 
code. The python folder contains the host python scripts. There are no DLLs or other executables in folders 

 

5 Interconnections 
Table 1. Connections to SAMV71 Xplained board's Expansion Header 1 

Pin SAMV71 LX4580  Pin SAMV71 LX4580 

1 - -  2 GND Stepper controller GND 

3 - -  4 - - 

5 PB03 PL1 pin 12 FAULT  6 PB02 PL1 pin 11 FAULT 

7 PA00 Stepper controller STEP  8 PC30 Stepper controller DIR 

9 PD28 PL1 pin 21 GPIO3  10 PA05 PL1 pin 5 RESET 

11 - -  12 - - 

13 - -  14 - - 

15 PD25 PL_SERIAL1 pin 3 SSI1  16 PD21 PL_SERIAL1 pin 5 MOSI 

17 PD20 PL_SERIAL1 pin 4 MISO  18 PD22 PL_SERIAL1 pin 6 SCLK 

19 GND PL_SERIAL1 pin 2 GND  20 VCC PL_SERIAL1 pin 1 VDD logic supply 

 
Table 2. Temperature Sensor Connections to LX4580-EVB's PL_TEMP Header 

Pin Signal Name Pin Signal Name Signal Function 

1 TEMP1_REF 11 TEMP1_N Connect pins1 and 11 to one terminal of Temp Sensor 1 

2 I_TEMP1_SRC 12 TEMP1_P Connect pins1 and 11 to the other terminal of Temp Sensor 1 

3 TEMP2_REF 13 TEMP2_N Connect pins1 and 11 to one terminal of Temp Sensor 2 

4 I_TEMP2_SRC 14 TEMP2_P Connect pins1 and 11 to the other terminal of Temp Sensor 2 

 
Table 3. LVDT Connections to LX4580-EVB's PL_LVDT1 Header to Solartron Metrology 930982 LVDT 

PL_LVDT1 Pin Signal Function Wire Color 

1 Primary P Red 

2 Primary N Blue 

3 Secondary 1 P White 

4 Secondary 1 N Yellow 

5 Secondary 2 P Orange 

6 Secondary 2 N Green 

7 GND Grey 

W h it e Y e llo w Ora n ge Gre e n

Gre y Re d B lu e

c as e /s h ie ld

https://winpython.github.io/
https://medium.com/@EthR/how-to-have-a-fully-portable-python-environment-on-your-system-f5c381ce250b
https://microchipdeveloper.com/harmony3:mhc-overview
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6 Customer Support 
Users of Microchip products can receive assistance through several channels: 

• Distributor or Representative 

• Local Sales Office 

• Field Application Engineer (FAE) 

• Technical Support 
 
Customers should contact their distributor, representative, or field application engineer (FAE) for support. Local sales 
offices are also available to help customers. A listing of sales offices and locations is included in the last page of this 
document. 
 
Technical support is available through the Microchip website at: AMSTech@microsemi.com. 
 
 

7 Revision History 

7.1 Revision 0.1 - June 2021 

Pre-release. Changes not logged. 

7.2 Revision 1 - xxx 2021 

First release. 

 
 

mailto:AMSTech@microsemi.com
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The Microchip Website 
 
Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files and information 
easily available to customers. Some of the content available includes: 
 

• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s guides and  
hardware support documents, latest software releases and archived software 

• General Technical Support – Frequently Asked Questions (FAQs), technical support requests, online discussion groups, 
Microchip design partner program member listing 

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of seminars and events, 
listings of Microchip sales offices, distributors and factory representatives 

 

Product Change Notification Service 
 
Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will receive email 
notification whenever there are changes, updates, revisions or errata related to a specified product family or development tool of 
interest. 
 
To register, go to http://www.microchip.com/pcn  and follow the registration instructions. 

 

Customer Support 
 
Users of Microchip products can receive assistance through several channels: 
 

• Distributor or Representative 

• Local Sales Office 

• Embedded Solutions Engineer (ESE) 

• Technical Support 
 
Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to help customers. 
A listing of sales offices and locations is included in this document. 
 
Technical support is available through the website at: http://www.microchip.com/support  

 

Microchip Devices Code Protection Feature 
 
Note the following details of the code protection feature on Microchip devices: 
 

• Microchip products meet the specification contained in their particular Microchip Data Sheet 

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when 
used in the intended manner and under normal conditions 

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to 
our knowledge, require using the Microchip products in a manner outside the operating specifications contained in 
Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of intellectual property 

• Microchip is willing to work with the customer who is concerned about the integrity of their code. 

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code 
protection does not mean that we are guaranteeing the product as "unbreakable" 

 
Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection 
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium 
Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to 
sue for relief under that Act. 

 

Legal Notice 
 
Information contained in this publication regarding device applications and the like is provided only for your convenience 
and may be superseded by updates. It is your responsibility to ensure that your application meets with your specifications.  
 

http://www.microchip.com/
http://www.microchip.com/pcn
http://www.microchip.com/support
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MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, 
WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT 
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE. 
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life support and/or 
safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and hold harmless Microchip 
from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or 
otherwise, under any Microchip intellectual property rights unless otherwise stated. 

 

Trademarks 
 
The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, 
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, 
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, 
MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-
BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TempTrackr, TimeSource, 
tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. and 
other countries. 
 
APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control, HyperLight 
Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus 
logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, Vite, WinPath, and 
ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A. 
 
Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BlueSky, BodyCom, 
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, 
Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP, INICnet, Inter-Chip 
Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, 
MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, 
PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI,  
SuperSwitcher, SuperSwitcher II, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless 
DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. 
 
SQTP is a service mark of Microchip Technology Incorporated in the U.S.A. 
 
The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of 
Microchip Technology Inc. in other countries. 
 
GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip 
Technology Inc., in other countries. 
 
All other trademarks mentioned herein are property of their respective companies. 
 
© 2021, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved. 

 

Quality Management System 
 
For information regarding Microchip’s Quality Management Systems, please visit http://www.microchip.com/quality.
 

http://www.microchip.com/quality
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