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What is quadrature encoder emulation? As the name suggests, it emulates the output of a quadrature encoder. 
Motor-position sensors (such as a resolver) that support the quadrature emulation interface may work in 
an application using encoders, assuming that the system accuracy is within the specifications. Industrial 
applications such as factory automation and motor control use the encoder interface to read motor-shaft position 
and velocity.

Figure 1 shows how quadrature encoder signals emulate motor commutation signals with the addition of an 
index pulse. For example, in the case of the PGA411-Q1, the quadrature encoder output and index pulse outputs 
(the A, B and Z signals) are permanently available at their OUTA, OUTB and OUTZ pins. Depending on the 
resolution, the quadrature encoder will provide 256 pulses on OUTA and OUTB when the device is operating 
in 10-bit mode, or 1,024 pulses on OUTA and OUTB when operating in 12-bit mode. The index pulse on 
OUTZ generates once per revolution whenever the angle output is at 0 degrees. You must count the pulses to 
determine the current angle.

Figure 1. The Quadrature Emulation Interface

You can set up an interrupt to read the OUTZ pulse output (see Figure 2 for connections to the timer circuitry,  
Figure 3 for system block diagram) to read lower velocities down to even 1rpm. The timer of the controller should 
have the resolution to support the timing between the two OUTZ pulses. For example, between two OUTZ 
pulses, if the timer counts to 1 minute, then that means 1rpm.

Figure 2. Timer Circuitry Connection
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Figure 3. System Block Diagram

For industrial applications like servo drive control, you must measure lower rpms accurately. The quadrature 
emulation interface is one way to do this. Visit the TI E2E™ Community Automotive forum to ask any questions 
you may have about this interface.

Additional Resources
• Read more about electric vehicle design in part one and part two of this EDN article series.
• Jump-start a resolver-based rotary-position sensing design with the Resolver-to-Digital Converter Reference 

Design for Safety Application.

www.ti.com

2 How to Read Motor Velocity Using the Quadrature Emulation Interface SSZTAO8 – NOVEMBER 2016
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

http://e2e.ti.com/support/applications/automotive/
http://www.edn.com/design/sensors/4440485/2/Rotary-position-sensing-for-electric-vehicles--part-I-
http://www.edn.com/design/sensors/4440719/Rotary-position-sensing-for-electric-vehicles--part-II
http://www.ti.com/tool/tida-00796
http://www.ti.com/tool/tida-00796
https://www.ti.com
https://www.ti.com/lit/pdf/SSZTAO8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZTAO8&partnum=PGA411-Q1,TMS320F28069M


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

