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As Industry 4.0 spreads advanced manufacturing processes across global markets, demand for highly 
automated systems that operate with an integrated manufacturing flow and constantly collect process control 
data is increasing drastically. Most of these systems – including magnetic encoders in robotic arms, proximity 
sensors, actuators, pressure transmitters, linear motors and autonomous mobile robots – require advanced 
position-sensing solutions to control performance and collect factory-level data for better decision-making and 
safer, more reliable operation of equipment.

Autonomous mobile robots like those shown in Figure 1 automate menial tasks, such as transporting materials 
throughout a warehouse. These industrial robots help optimize manufacturing flows, increase throughput and 
improve productivity. To safely and efficiently navigate a factory or warehouse floor, an autonomous mobile robot 
must incorporate high-precision system controls such as position sensing and speed control within the wheels.

Figure 1. Autonomous mobile robots traversing a warehouse floor

The requirement for position sensing is nearly ubiquitous among high-performance automated systems that 
control motion, and the choice of position-sensing technology directly affects the cost and performance of the 
overall system. Considerations when evaluating the best position-sensing solution include sensor accuracy, 
speed, power, flexibility and reliability.

Multi-axis, linear Hall-effect position sensors are usually a good option for precision automated industrial 
applications, because they can provide highly accurate, fast and reliable absolute position measurements. 
Such capabilities enable more accurate real-time control, which plays a critical role in improving equipment 
performance, optimizing system efficiency and minimizing downtime.

Revisiting my autonomous mobile robot example, the block diagram in Figure 2 illustrates a feedback loop 
between the wheels’ motor and the motor controller, using TI’s TMAG5170 linear 3D Hall-effect position sensor 
to monitor the exact angular position of the motor’s shaft and motor driver to spin the motor. Out of all the 
elements in the feedback loop, the linear 3D Hall-effect sensor will often have the most direct impact on system 
bandwidth and latency. By employing a sensor capable of high-bandwidth measurements, you can increase the 
overall speed of this feedback loop and enhance system performance.
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Improve system performance with linear 3D Hall-effect position sensors

Read our white paper to learn more about applications that can benefit from linear 3D 
Hall-effect sensors and the TMAG5170’s differentiated features.

Likewise, a position sensor’s measurement accuracy determines to what degree it is possible to control the 
motion of the motor. Sensor speed and accuracy often come at one another’s expense, however, limiting system 
performance. The TMAG5170 eliminates this compromise by enabling high throughput readings with sensing 
speeds as high as 20 kSPS, and highly accurate linear measurements with a maximum total error of 2.6%.

Figure 2. Block diagram of an autonomous mobile robot wheel motor module using the TMAG5170 linear 
3D Hall-effect position sensor

Depending on a design’s battery management system or power supply, power consumption may also be an 
important specification to consider when selecting a position sensor. Battery-powered systems or systems with 
a low-power supply (such as a remote 4- to 20-mA loop) typically require sensors with low-power operating 
modes such as wake-up and sleep and deep-sleep modes to help optimize power consumption vs. throughput. 
The TMAG5170’s multiple operating modes and sampling rates can increase power efficiency by at least 70% 
over other precision linear 3D Hall-effect sensors, enabling optimized power consumption across a 1- to 20-kHz 
sampling range for battery-powered devices or light-duty modes where system efficiency is a priority.

Position sensors often have stringent mechanical configuration constraints. Choosing a versatile linear 3D Hall-
effect sensor with selectable magnetic sensitivity ranges and temperature compensation options can provide 
flexibility in magnetic and mechanical designs. The TMAG5170 has an on-chip angle-calculation engine that 
eliminates the need for off-chip processing while providing mechanical placement flexibility for the sensor and 
magnet in angle-sensing applications, including on- and off-axis configurations.

Since industrial systems increasingly work alongside humans in automated operation, additional safety 
measures are being progressively required to ensure safe operation, as well as increased diagnostics to prevent 
tool downtime and quality issues. It’s just as important to consider the reliability of a position sensor’s readings 
as it is to consider its accuracy, speed, power and flexibility. For instance, selecting a sensor with few or no 
diagnostic features may require the implementation of numerous external components in order to ensure the 
accuracy and reliability of sensor data, increasing a design’s bill of materials (BOM). TMAG5170 incorporates a 
unique combination of smart diagnostic capabilities such as communication, continuity and internal signal-path 
checks, as well as configurable diagnostics for the power supply, input magnetic field and system temperature. 
No additional components are required to ensure that the sensor data is accurate, enabling long-term reliability 
and a reduced BOM.

High-speed, high-accuracy position sensors are enabling the next generation of real-time control in automated 
industrial systems. Precision linear 3D Hall-effect sensors such as the TMAG5170 are helping designers achieve 
the fast, accurate and reliable measurements needed to drive Industry 4.0 market trends without sacrificing 
performance or increasing power consumption and cost.
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Additional resources
• Check out the application brief, “Measuring 3D Motion with Absolute Position Sensors.”
• Read an in-depth analysis of angle sensing in the application report, “Angle Measurement with Multi-Axis 

Linear Hall-Effect Sensors.”
• Download the white paper, “How Sensor Data is Powering AI in Robotics.”
• See TI’s entire Hall-effect sensor portfolio.

www.ti.com

SSZT130 – OCTOBER 2021
Submit Document Feedback

How 3D Hall-effect sensors deliver precise, real-time position control to 
autonomous systems

3

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com/lit/pdf/sbaa512
https://www.ti.com/lit/pdf/sbaa463
https://www.ti.com/lit/pdf/sbaa463
https://www.ti.com/lit/pdf/sbaa463
https://www.ti.com/lit/pdf/sszy036
https://www.ti.com/sensors/magnetic-sensors/overview.html
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT130
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT130&partnum=


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

