
Supplementary material

Hyperparameter Setting

Actor network
Layer sizes 320
Learning rate 3e-4

Critic Network
Layer sizes 320
Activation Elu
Discount Factor 0.99

Encoder network
Layer sizes 300
Activation Elu
Learning rate 3e-4

Training

Total training steps 6e6
Batch size 64 x 8
Replay buffer size 2.5e5 x 8
LAP: α 0.4

Exploration
Warmup steps 25e3
Action exploration noise N(0, 0.1)
Target policy noise N(0, 0.2)

Exoskeleton
Max actuator force (3, 4, 5, 6, 7) 40 N
Max actuator force (1,2) 20 N

Table 1: The neural network structures of the agent and the simulation parame-
ters. In this table the max shoulder actuator force refers to actuators impacting
the shoulder joint: actuator 3,4,5,6,7. The max elbow actuation force refers to
actuators effecting the elbow joint: actuators 1,2.

Joint name Maximum position (deg) Minimum Position (deg)
EFE 150 -2
FPS 80 -87.7
SAA 0 -151.5
SFE 160.5 -40
SEIR 20 -58.8

Table 2: The human-exoskeleton physical simulation joint angle properties [1],
[2].
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Name Frequency (Hz) Amplitude (dB)
First harmonic 4 - 6 -5 - 0
Second harmonic 8 - 10 -10 - -5

Table 3: The characteristics of the used sine waves approximating Parkinson’s
tremors.

Joint name Maximum torque values (Nm)
EFE 25
FPS 50
SAA 50
SFE 80
SEIR 40

Table 4: The maximum joint torques for the dynamic movements for each joint
axis [3], [4].

Parameter Value
Weight 81.5 kg
Humerus Length 0.4 m
Forearm Length 0.4 m
Humerus Radius 0.05 m
Forearm Radius 0.05 m
Hand Length 0.05 m

Table 5: Human anatomical parameters used in the simulation. The upper and
lower arm weights are calculated using the ratios defined in [5].

Joint name theta d a alpha
q1 q1 0 0 π/2
q2 q2 0 0 π/2
q3 q3 lu 0 −π/2
q4 q4 0 0 π/2
q5 q5 lf 0 π/2
q6 q6 0 0 π/2
q7 q7 0 0 π/2

Table 6: The Denavit and Hartenberg parameters used for the end effector point
calculations. Where lu is the length of the humerus and lf is the length of the
forearm [6]:
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Inertia (kg m2)
SFE SAA SIER EFE FPS WFE WRUD

SFE 0.269 0 0 0.076 0 0 -0.014
SAA 0 0.196 0.083 0 -0.002 0.009 0
SIER 0 0.083 0.079 0 0 0.011 0
EFE 0.076 0 0 0.076 0 0 -0.012
FPS 0 -0.002 0 0 0.002 0 0
WFE 0 0.009 0.011 0 0 0.003 0
WRUD -0.014 0 0 -0.012 0 0 0.003

Damping (Nms/rad)
SFE SAA SIER EFE FPS WFE WRUD

SFE 0.756 0.184 0.020 0.187 0 0 0
SAA 0.184 0.383 0.267 0 0 0 0
SIER 0.020 0.267 0.524 0 0 0 0
EFE 0.187 0 0 0.607 0 0 0
FPS 0 0 0 0 0.021 0.001 0.008
WFE 0 0 0 0 0.001 0.028 -0.003
WRUD 0 0 0 0 0.008 -0.003 0.082

Stiffness (Nm/rad)
SFE SAA SIER EFE FPS WFE WRUD

SFE 10.80 2.626 0.279 2.670 0 0 0
SAA 2.626 5.468 3.821 0 0 0 0
SIER 0.279 3.821 7.486 0 0 0 0
EFE 2.670 0 0 8.670 0 0 0
FPS 0 0 0 0 0.756 0.018 0.291
WFE 0 0 0 0 0.018 0.992 -0.099
WRUD 0 0 0 0 0.291 -0.099 2.920

Table 7: Tremor propagation parameters used in the joint axes angle calcula-
tions [7].
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