
Brushless-DC Motor 2: Sensored 
vs Sensorless Control 
TI Precision Labs – Motor Drivers 

Presented and Prepared by Michael Walker 

1 



Purpose of sensored and sensorless 
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What is sensored control? 

• Stator and rotor positioning sensors: 
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– Resolver 

• High resolution 

• High system cost 

• Needs digital processing 

– Encoder 

• High resolution 

• Needs digital processing 

– Hall-Effect Sensors 

• Low resolution 

• Low cost 



What is sensorless control? 

• Uses the “BEMF” of the motor to estimate the position of the rotor.  

– What is “BEMF”? 

• Back ElectroMotive Force  

• Faraday’s Law 𝑉𝐵𝐸𝑀𝐹 = −𝑁
∆(𝐵∗𝐴)

∆𝑡
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BEMF 

• 𝑘𝑒 = motor BEMF constant in mV/Hz 

• 𝜃 = rotor angle 

• 𝜔 = motor speed in Hz 
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𝑉𝐵𝐸𝑀𝐹 = 𝜔 ∗ 𝑘𝑒 ∗ sin(𝜃 + 𝜑) 

𝑉𝐵𝐸𝑀𝐹 = −𝑁
∆(𝐵 ∗ 𝐴)

∆𝑡
 



How do you detect BEMF and position?  
• Window method 
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How do you detect BEMF and position?  
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𝑉𝐵𝐸𝑀𝐹 = 𝑈 − 𝐼 ∗ 𝑅 − 𝐿 ∗
𝑑𝑖

𝑑𝑡
 

• What we know: 

– Phase voltage 𝑈 = 𝐷𝑢𝑡𝑦𝑐𝑦𝑐𝑙𝑒 ∗ 𝑉𝑚 

– Motor Inductance 𝐿 

– Motor Inductance 𝑅 
– Motor BEMF constant 𝐾𝑒 

– 𝜔 
– 𝐼 

• What we don’t know 

– 𝑉𝐵𝐸𝑀𝐹  

– 𝜃 

– 𝐼 
𝑉𝐵𝐸𝑀𝐹 = 𝜔 ∗ 𝐾𝑒 ∗ sin(𝜃) 



Types of BLDC motor applications  
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Output 

Uses a motor to apply a force N*m Torque 

Uses a motor to maintain a speed Speed RPM 

Uses a motor to move to and hold a 

position  
Position 𝜃 



Challenges of BLDC motor applications  
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Control of BLDC motor applications  
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Torque 

Speed 

Position 

Typically require sensored control 

Can use either sensorless control or sensored control 

Almost always require sensored control 



Sensored vs Sensorless Control  
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To find more motor driver technical 
resources and search products, visit 
ti.com/motordrivers 
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