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Agility enhancement using an assistive controller for exoskeleton robots
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Assistive exoskeletons are a category of wearable robots that provide a portion of the forces required by
Received 16 May 2017 users in performing different motions. Hence, the users will be able to perform the motions with less
Accepted 27 June 2017 effort. Hitherto, different control algorithms for assistive exoskeletons are proposed and their various

Available Online 08 September 2017 5
vatiale Dnfine US Septembuer effects on the users’ performance are evaluated. Recently, the authors of the present paper have

proposed a new control method, called output feedback assistive controller, for compliantly actuated

Eig&iﬁén robots exoskeletons. This method is independent from user’s intent, requires a very low number of sensors and

Output feedback assistive controller possesses a simple model-free structure. This paper evaluates the effect of the output feedback assistive

Agility controller on the agility of the users. A knee physiotherapy robot is considered as a single joint
exoskeleton. Connecting a series-elastic actuator to the robot and implementing the output feedback
assistive controller, the agility of the user is evaluated in a target following experiment. Two markers
are displayed on a monitor to represent the actual and desired knee angles for the user. The user is asked
to follow the desired angles by moving his/her leg. The accuracy of the user in following the target is
measured and compared in two assisted and unassisted cases. The results clearly verify the positive
effect of the output feedback assistive controller on increasing the user’s agility.
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Fig. 4 User on FUM-Physio robot
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Flowchart of the assisted target following experiment

Attach FUM-LSEA to FUM-Physio

X

Adjust seat to coincide rotation axes of user knee and robot arm

x

Secure user leg to robot arm using side straps

x

Turn on the motor drives

e 4
Run real-time code with OFAC algorithm in MATLAB

*  Generate desired knee trajectory

»  Measure actual knee angles by encoder of FUM-Physio

» Display indicators of actual and desired knee angles to user

»  Measure spring deflections by magnetic linear encoder: x;

*  Measure position of FUM-LSEA motor by its encoder: x,

* Calculate length changes of FUM-LSEA(8): xp, = x5 + xp,

+ Calculate rate of length changes of FUM-LSEA by high gain
observer(9): x,

+  Set desired position of actuator motor(2): x,,q = axy + fxp

*  Apply assistive forces through deflection of spring

. 4
Assisted leg motions to follow indicator of desired angle

x

Calculate user score(10): S =

1000

t
20 1 18na(©-8n(®)1dt
Fig. 12 Flowchart of the assisted target following experiment

odd (5,b o o Buas cudiad Giolejl o lgls 12 S

30 T T T -
14
& “ \ ﬂh
— I " WA __ n
© 20 I \\ R \\ Iy A hd Iy A
0 o N R " W
< IR \ RN AV
S / \ [ \
‘éé 10 R/ Y & Vg \\,’\’ v R
M A i/ v
/
0 . . . ,
0 5 10 15 20 25
Time (sec)

Fig. 13 Time history of the desired knee angle along with distribution
of the actual knee angles during the 10 assisted experiments
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Flowchart of the unassisted target following experiment

Detach FUM-LSEA from FUM-Physio
¥

Adjust seat to coincide rotation axes of user knee and robot arm

X

Secure user leg to robot arm using side straps

X

Turn on the motor drives

2 4
Run real-time code without OFAC algorithm in MATLAB

»  Generate desired knee trajectory
*  Measure actual knee angles by encoder of FUM-Physio
» Display indicators of actual and desired knee angles to user

¥

Unassisted leg motions to follow indicator of desired angle

X

Calculate user score(10): S =

1000
t
222 [ T 16na(t)-0n(®)lat
Fig. 10 Flowchart of the unassisted target following experiment
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Fig. 11 Time history of the desired knee angle along with distribution
of the actual knee angles during the 10 unassisted experiments
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Fig. 17 Fitting normal distributions to the scores. The vertical lines
represent the average scores in each case.
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