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Control Algorithm of a Wearable Walking Robot for a
Patient with Hemiplegia

EX L
Changhyun Cho

Abstract: This paper presents a control algorithm for a wearable walking aid robot for subjects with
paraplegia after stroke. After a stroke, a slow, asymmetrical and unstable gait pattern is observed in a
number of patients. In many cases, one leg can move in a relatively normal pattern, while the other leg is
dysfunctional due to paralysis. We have adopted the so-called assist-as-needed control that encourages
the patient to walk as much as possible while the robot assists as necessary to create the gait motion of
the paralyzed leg. A virtual wall was implemented for the assist-as-needed control. A position based
admittance controller was applied in the swing phase to follow human intentions for both the normal
and paralyzed legs. A position controller was applied in the stance phase for both legs. A power
controller was applied to obtain stable performance in that the output power of the system was
delimited during the sample interval. In order to verify the proposed control algorithm, we performed a
simulation with 1-DOF leg models. The preliminary results have shown that the control algorithm can
follow human intentions during the swing phase by providing as much assistance as needed. In
addition, the virtual wall effectively guided the paralyzed leg with stable force display.
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[Fig. 1] Control system for the normal leg of the patient. A PID
controller is implemented. Fext denotes the contact force
between the patient and robot
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[Fig. 2] The whole control system for the normal leg. A contact
model and position based admittance control are implemented
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[Fig. 3] Block diagram for the admittance controller. A power
controller is implemented to avoid the unstable behavior
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dv=10
If Power > Positive_power_limit
dv = (Power - Positive_power_limit)/Fext
else if Power < Negative power_limit
if |[Fext] ~= 0
dv = (Power - Negative power _limit)/Fext
end
end
dx = dv*SampleTime
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If |error| > DeadZone
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[Fig. 4] Block diagram for the stroke leg. The assist-as-needed
control is applied in that a virtual wall is implemented

Assist-as- needed
controller

Admittanc
controller
J




326 =35s8l =22 A58 A4S (2020. 12)

VE ()

F, ve F ve
ﬁ
[Fig. 5] Block diagram of the assist-as-needed control in [Fig. 4].
VE and power controller are implemented
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[Table 1] Parameters of the simulation model

Mass 1 kg
Damping coefficient 5 Ns/m
Spring constant 100 N/m
Normalleg | o 2in 10048.85
I gain 115633.07
Patient ?Aag:;n ?11{2&;\47
Damping coefficient 5 Ns/m
Spring constant 10 N/m
Strokeleg | p'oin 156.88
I gain 223.89
D gain 27.24
Mass 1kg
Damping coefficient 5 Ns/m
Spring constant 10 N/m
P gain 40637.54
I gain 949027.50
Normalleg | 1o in 420.82
Ka 1000 N/m
D, 10 Nm/s
Positive_power_limit 50 watt
Negative _power limit -50 watt
Mass 1kg
Damping coefficient 5 Nm/s
Spring constant 100 N/m
Robot P gain 10048.85
I gain 115633.07
D gain 212.47
K. 2000 N/m
D, 10 Ns/m
Stroke leg Positive_power _limit 100 watt
Negative_power limit -100 watt
K. 2000 N/m
D, 2.5Ns/m
DeadZone 0.0 m
Positive_power limit VE | 10 watt
Negative power limit VE | -5 watt
Power gain VE 0.75
Spring constant (K) 2500 N/m
1
Contact mode Damping coefficient (D) 50 Ns/m
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[Fig. 6] Simulation results for the normal leg with no power control
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