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AN205403 

Inverter Platform Rotor Position For PMSM Motors 

  

This application note explains the process of estimating commutation angle (θ) and motor speed (ω). Motor position 

and speed are estimated based on measured currents and calculated voltages. 
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1 Introduction 

This application note describes rotor position have three part: 

1. Base technology. 

2. Position estimate. 

3. Speed estimate. 

2 Base technology 

Base technology about sensor less field oriented control for PMSM motors  

2.1 Overview 

This  application note part use to explain  the process of estimating commutation angle (θ) and motor speed 
(ω).Motor  position  and  speed  are  estimated  based  on  measured currents and calculated voltages.  

2.2 Motor Formula 

Well-known, the PMSM Motor can using a DC-motor represent, the formula: 

        
 

  
      

Solving for is: 
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G:   

  

 
 

2.3 Constant 

In this formula we can know the parameters about F and G calculate from motor, they can be deemed to as constant. 
For example, a motor running at 10kHz control frequency, and at the motor nameplate line to line resistance 
measured is 4.0Ω, and line to line inductance is 8 mH, then the motor model parameters are: 
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2.4 Current (is) 

Here have two parts, one is the measured current(hardware),another is the estimated current(software) , in order to 
match measured current  and  estimated  current,  the  digitized  motor model  needs  to  be  corrected using  the  
closed  loop. Show in Figure 1 

The same input (vs) fed into both systems, and matching the measured current (is) with estimated current (is*) from 
the model. 

Figure 1 

 

2.5 Back-EMF (es) 

In a PMSM, the rotor flux is locked to the rotor position, it can also be measured indirectly from the motor back-EMF 
sine this is a function of the rotor position and speed. 

The back-EMF estimation (es*) is fed back to the model to update the variable es* after every control cycle. Values eα 
and eβ (vector components   of   es)   are   used   for   the estimated   theta calculation. 
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Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Through the back-EMF filter, we can output smoother signal. 

The output of the first filter is used in two blocks. The first block is the model itself, used to calculate the next 

estimated current (is*), and also to calculate the estimated theta (θ ). A second, first-order filter is used to calculate a 
smoother signal coming out of the motor model. 

3 Position estimate 

Relationship between Back-EMF and Rotor Position 

In the Figure 2 ,the theta is calculated use the formula: 

                  

The relationship between es and θ can be explained based on the formula. The vector of the back-EMF es can be 
analyse into eα , eβ,  and rotor angle (θ). Arctangent is computed on the back EMF vector components to calculate 
theta. 

 

4 Speed estimate 

After calculated the θ, some phase compensation is needed before the calculated angle is used to energize the motor 
windings. The amount of theta compensation depends on the rate of change of theta, or speed of the motor. So 
calculated need: 

1. the speed of the motor is calculated based on the uncompensated theta calculation.  

2. the calculated speed is filtered and used to calculate the amount of compensation, as shown in Figure 3 
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Figure 3 

 
 
 

 
 
 
 
 
 
 
 

Speed is calculated by accumulating theta values over samples and then multiplying the accumulated theta by a 
constant. 

            

 

   

   

Omega (ω) =   Angular velocity of the motor 

Theta (θn) =   Current Theta value 

Prev Theta (θn-1)    =   Previous Theta value 

K  =   Amplification factor for desired speed range 

m  =   Number of accumulated Theta deltas 
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5 LPF Theory 

In slide mode controller algorithm, we use LPF (low pass filter) technology to get angle of rotor. Below is the principle 
of LPF. 

 
Where, 

X is the input of low pass filter 

Y is the output of low pass filter 

Y (n) = Y (n-1) + T*2π  * (X (n) – Y (n-1))  (6) 

In our actual system, we will get: 

e (n) = e (n-1) + T*2π  * (z (n) – e (n-1))  (7) 

Where, 

e (n) is next time BEMF, 

e (n-1) is last time BEMF 

  is the cutoff frequency 

Z (n) is the unfiltered BEMF 

 

  

LPF 
 

  
Y 

  
X 



 
 

Inverter Platform Rotor Position
 
for PMSM Motors 

 

www.cypress.com Document No. 002-05403 Rev.*B 6 

6 Document History 

Document Title: AN205403 - Inverter Platform Rotor Position
 
for PMSM Motors 

Document Number: 002-05403 

Revision ECN Orig. of 
Change 

Submission 
Date 

Description of Change 

**  CBZH 03/16/2010 Initial release 

04/10/2010 Added LPF function 

*A 5043107 CBZH 12/17/2015 Converted Spansion Application Note “MCU-AN-510119-E-20”  to Cypress 
format 

*B 5717937 AESATP12 04/28/2017 Updated logo and copyright. 



 
 

Inverter Platform Rotor Position
 
for PMSM Motors 

 

www.cypress.com Document No. 002-05403 Rev.*B 7 

Worldwide Sales and Design Support 

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find 
the office closest to you, visit us at Cypress Locations. 

 

Products 

ARM
®
 Cortex

®
 Microcontrollers cypress.com/arm 

Automotive cypress.com/automotive 

Clocks & Buffers cypress.com/clocks 

Interface cypress.com/interface 

Internet of Things cypress.com/iot 

Memory  cypress.com/memory 

Microcontrollers cypress.com/mcu 

PSoC cypress.com/psoc 

Power Management ICs cypress.com/pmic 

Touch Sensing cypress.com/touch 

USB Controllers cypress.com/usb 

Wireless Connectivity cypress.com/wireless 

 

PSoC® Solutions 

PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6 

Cypress Developer Community 

Forums | WICED IOT Forums | Projects | Videos | Blogs | 
Training | Components 

Technical Support 

cypress.com/support

All other trademarks or registered trademarks referenced herein are the property of their respective owners. 

 

 Cypress Semiconductor 
 198 Champion Court  
 San Jose, CA 95134-1709 

 © Cypress Semiconductor Corporation, 2010-2017. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, 
including Spansion LLC (“Cypress”).  This document, including any software or firmware included or referenced in this document (“Software”), is owned 
by Cypress under the intellectual property laws and treaties of the United States and other countries worldwide.  Cypress reserves all rights under such 
laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other 
intellectual property rights.  If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with 
Cypress governing the use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable license (without the right to 
sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to modify and reproduce the Software solely for 
use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end 
users (either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of 
Cypress’s patents that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for 
use with Cypress hardware products.  Any other use, reproduction, modification, translation, or compilation of the Software is prohibited. 
TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD 
TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. To the extent permitted by applicable law, Cypress reserves the right to 
make changes to this document without further notice. Cypress does not assume any liability arising out of the application or use of any product or 
circuit described in this document.  Any information provided in this document, including any sample design information or programming code, is 
provided only for reference purposes.  It is the responsibility of the user of this document to properly design, program, and test the functionality and 
safety of any application made of this information and any resulting product.  Cypress products are not designed, intended, or authorized for use as 
critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or 
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances 
management, or other uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended Uses”).  A 
critical component is any component of a device or system whose failure to perform can be reasonably expected to cause the failure of the device or 
system, or to affect its safety or effectiveness.  Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim, 
damage, or other liability arising from or related to all Unintended Uses of Cypress products.  You shall indemnify and hold Cypress harmless from and 
against all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of 
Cypress products. 
Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are 
trademarks or registered trademarks of Cypress in the United States and other countries.  For a more complete list of Cypress trademarks, visit 
cypress.com.  Other names and brands may be claimed as property of their respective owners. 

http://www.cypress.com/?id=1062
http://www.cypress.com/products
http://www.cypress.com/products/32-bit-arm-cortex-mcus
http://www.cypress.com/applications/automotive-solutions
http://www.cypress.com/products/clocks-buffers
http://www.cypress.com/products/interface
http://www.cypress.com/internet-things-iot
http://www.cypress.com/products/memory-products
http://www.cypress.com/mcu
http://www.cypress.com/psoc/
http://www.cypress.com/products/power-management
http://www.cypress.com/products/touch-sensing
http://www.cypress.com/products/usb-controllers
http://www.cypress.com/products/wirelessrf
http://www.cypress.com/psoc
http://www.cypress.com/products/psoc-1
http://www.cypress.com/products/psoc-3
http://www.cypress.com/products/psoc-4
http://www.cypress.com/products/psoc-5lp
http://www.cypress.com/psoc6
http://www.cypress.com/cdc
http://www.cypress.com/forum
https://community.cypress.com/welcome
http://www.cypress.com/projects
http://www.cypress.com/video-library
http://www.cypress.com/blog
http://www.cypress.com/training
http://www.cypress.com/cdc/community-components
http://www.cypress.com/support
http://www.cypress.com/support

	1 Introduction
	2 Base technology
	2.1 Overview
	2.2 Motor Formula
	2.3 Constant
	2.4 Current (is)
	2.5 Back-EMF (es)

	3 Position estimate
	4 Speed estimate
	5 LPF Theory
	6 Document History
	Worldwide Sales and Design Support
	Products
	PSoC® Solutions
	Cypress Developer Community
	Technical Support

