
  

 

Abstract— The purpose of this paper is to evaluate how 

healthy, neurologically intact humans adapt their walking 

patterns to a powered compliant knee exoskeleton KNEXO 

that imply altered, less flexion gait pattern assistance during 

treadmill exercise. In order to improve motor learning process 

the human-robot interaction (HRI) aspects of fifteen healthy 

subjects was observed and analyzed in different control setups 

of the robot.  These results provide baseline data that can be 

used to guide future studies on neurologically impaired 

subjects.  

I. INTRODUCTION 

Nowadays, the field of rehabilitation robotics is 

progressively oriented to a human-centered approach in 

which robot performance is quantified by how the robot 

physically interacts with the patient. The users of such a 

robotic system are patients with different gait impairments. 

They are in  a close physical contact with the robotic system 

in a way that the patient is a part of the robot’s environment. 

The environment is therefore physically extremely complex 

and characterized by fast dynamics and prone to unexpected 

changes. Human adaptability to the various setups of the gait 

rehabilitation training is the important issue what should be 

taken in account. There is a number of individual 

parameters which can greatly influence ability of the 

subjects to adapt to robot gait assistance.  In order to achieve 

effective rehabilitation results the flexibility for the 

individual patients approach is required.  

Our goal is to analyze the particularities of  the human-

robot interaction during experiments with KNEXO [1] and 

the individual parameters which can influence the motor 

learning process. Also, to see which of proposed control 

methods leads to a faster motor adaptation.  

II. METHODS 

 We analyzed the response of 15 healthy subjects walking 

on the treadmill with right unilateral knee powered 

exoskeleton KNEXO using the Proxy Based Sliding Mode 

(PSMC) Inner Torque control. Although the KNEXO design 

includes safe compliance pneumatic actuators ( Pleated 

Pneumatic Artificial Muscles ) we imply to obtain the Low 
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Compliance (LC) and High Compliance (HC) behavior of 

the robot by adjusting the PID gains of the PSMC. The 

control of robot is performed in two setup phases of PID 

gains. This way we could obtain more assistance and less 

assistance behavior of KNEXO. 

 First, the gait pattern trajectory was extracted from zero 

torque (ZT) trial of 5 min walking for every subject. In each 

of these two methods of control we built the less flexion 

trajectory by decreasing the knee angle of individual 

patterns with 30 deg. Then, we performed two trials with 

use of normal gait pattern trajectory in LC and HC regimes 

in order to accommodate individuals with the KNEXO.  

  

 Finally, every subject was supposed to 10 minutes walking 

on the treadmill in LC regime and then 10 minutes in HC 

regime with use of altered less flexion trajectory. For all 

experiments we adapt 3 km/h treadmill speed. 

III. RESULTS & DISCUSSION 

Conform data results we can affirm that considerable 

influence has the Body Mass Index of the person [3].  

Individuals with lower BMI adapt better to altered gait 

trajectory imposed by the exoskeleton. Also, the another 

important parameter is the gender of the subject: in our 

experiments females adapt their gait pattern easier in 

comparison with males. This can be explained by the 

smaller  muscular mass of females. 

In low compliance control we could see better results in 

adaptation to imposed gait trajectory, but this require the 

preventive walking training  wearing KNEXO, in order to 

accommodate individuals with the orthosis. These results 

present obviously the capacity of adapting lower limb 

movement during walking when an external force is applied.  
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