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Either position control or force control is available for one degree of freedom of a robot joint unlike human joints that 

can execute position and force control simultaneously. To deal with this limitation of a robot joint, the variable 

impedance actuation has been used to simultaneously control the stiffness and position of a robot arm while 

guaranteeing collision safety in physical contact with the environment. In this presentation, three types of variable 

stiffness actuators such as SDAU, PDAU and HDAU, which were developed at Korea University, will be introduced. 
 
SDAU (Serial-type Dual Actuator Unit): To implement variable impedance actuation, a serial-type dual actuator unit 

(SDAU) uses dual actuators connected in series via the planetary gear train, which makes the system compact and 

lightweight. The functions of dual actuators can be divided into position control and stiffness control in terms of the 

gear ratio. To change the joint stiffness, the joint torque generated by the stiffness actuator is modulated directly by 

controlling the current supplied to it. By using the position information provided by two encoders which are installed at 

each motor, not only the torque exerted on the joint but also the stiffness and surface of the environment which is 

contacting with the manipulator can be estimated without an expensive force sensor.  
 

PDAU (Parallel-type Dual Actuator Unit): Though the SDAU can control the joint stiffness directly at any time, 

there is some limitation to obtain a high stiffness due to the serial connection of two actuators. Unlike the SDAU, the 

parallel-type dual actuator unit (PDAU) adopts the antagonistic mechanism of the muscular skeletal system of human 

articulation. The PDAU consists of a dual-cam follower mechanism, which acts like a human muscle, and a drive 

module with two motors. Each cam placed inside the dual cam-follower mechanism has two types of cam profile to 

provide a wide range of stiffness variation and collision safety. The use of the PDAU enables simultaneous position and 

stiffness control. Moreover, the PDAU can immediately change a joint stiffness to a very low value when an external 

force greater than a predetermined threshold occurs, so that it offers collision safety without an expensive joint torque 

sensor. 
 

HDAU (Hybrid-type Dual Actuator Unit): Variable impedance actuators require a wide range and a fast response 

time of stiffness variation as well as a large passive deflection angle. Furthermore, constant joint stiffness, which is 

independent of the passive deflection angle, is advantageous to control the contact force. To satisfy these requirements, 

the HDAU adopts a hybrid control mechanism. The HDAU is composed of a hybrid control module based on an 

adjustable moment arm mechanism and a drive module with two motors. We can control position and stiffness 

simultaneously for the same joint by controlling the relative motion of gears in the hybrid control module. The HDAU 

provides a wide range of joint stiffness due to nonlinearity obtained from the adjustable moment arm. Joint stiffness can 

be kept constant independent of the passive deflection angle of the output shaft. Furthermore, stable interaction can also 

be achieved because the joint stiffness is indirectly adjusted by position control of the hybrid control module. 
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