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I. INTRODUCTION 

Along with the development of humanoid robots capable of 
joint torque control, whole body controllers are being 
implemented to the robots. Since overshoot and oscillation 
could occur when there is a discontinuity in commanding joint 
torque, commanding joint torque is recommended to be 
continuous. In case of the operational space based whole-body 
controller [1], the torque solution may be different according to 
the contact state. Therefore, it is necessary to plan a contact 
transition phase to create a continuous torque solution. 
Dynamic walking of the robot is a typical task in which the 
contact state changes repeatedly. If the footstep and Center of 
Pressure (CoP) trajectory are fully planned and the robot is 
perfectly controlled, contact transition will occur at the planned 
time. However, due to the imperfect terrain perception and 
motion control errors, real-time plan modifications and contact 
transition prediction are required for stable walking. In this 
study, the contact transition phase is determined by Linear 
Inverted Pendulum Model (LIPM) for the robot walking. The 
contact wrench and the task acceleration are adjusted in the 
contact transition phase to obtain continuous joint torque. 

II. METHODOLOGY 

During walking, the contact transition phase becomes short 
interval time before and after switching from double support to 
single support or vice versa. To set this interval, it is required to 
predict when a new contact will occur or an existing contact 
will be lost. We set a factor that describes that the situation is 
near contact transition. To produce a continuous torque, contact 
wrench and task control gain are adjusted depending on 
whether the factor is close to a specific value. Since the tasks at 
the single support and double support in our walking method 
[2] are different, the factor is set differently according to the 
contact state. In a typical gait pattern, the CoP moves from one 
foot to the other during the double support phase. So at the 
moment when the CoP has to start moving from one foot to the 
other, the contact state have to be change from single support to 
double support. If the CoP has moved within the new 
supporting foot during the double support phase, contact state 

switches from double support to single support.  Therefore, we 
used the current CoM state and the LIPM to predict how 
similar the current state of the robot is to the state in which the 
move of the CoP is required to continue walking. This 
prediction is quantified and expressed as the factor. During the 
double support phase, the closeness of the desired CoP to the 
foot that will move to the next supporting foot is expressed as 
the factor. 

The factor has a value of 1 when it is not a contact 
transition phase, zero when a contact transition occurs, and a 
value between 0 and 1 during a contact transition phase. The 
desired contact wrench and controller gains of the foot that will 
change the contact state are multiplied by a factor, so that the 
foot can have continuous wrench during the contact transition. 
By making the applying wrench continuous through the factor, 
we can obtain a continuous torque solution. Desired contact 
wrench is created by using the contact wrench distribution 
method, so it has no effect on any task [3].  

III. EXPERIMENTS 

Experiments were conducted by implementing the proposed 
method on a 12-DOF torque controllable biped robot “DYROS 
RED” [4]. The performance of the developed method was 
verified through robot walking experiments. 
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