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Abstract

This study explores the use of reinforcement learning to allow machines to learn
a variety of human upper arm movements. Continuing the study of ‘“Pneumatic robotic
arm device simulating human upper arm muscle movement”, the upper arm muscles can
be controlled through a limited number of movements. However, within the changing
environment, to simulate diverse and varied response of human beings after learning
1s necessary in the field of bionics. Comparing the two models of Actor-Critic
and DDPG (Deep Deterministic Policy Gradient) in reinforcement learning, we
construct a simple training environment with movements and environmental
constraints through Gym. After comparing the details of two models, we finally
chose DDPG as our main reinforcement learning method. First we use Tensorflow to
simulate learning patterns and record the learning process of simulated movement.
We apply the entity to the bionic arm to obtain the state of the arm by image
recognition and feed back to the learning model. The bionic arm uses the learning
material to move, and then we observe whether the movement learned by the system
can complete the specified action or work. In the software simulation, we
confirmed that DDPG can perform more detailed movements after learning through
several goals. The implementation of DDPG on the bionic arm requires an output
movement to the pneumatic bionic arm system to control the bionic arm moving to
the target position. In the future, robots will not only use motors as a source
of power, but also use air muscle as power components. The humanoid robots will

make movements that are more like real humans.
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Algorithm 1 DDPG algorithm

Randomly initialize critic network Q(s, a|6#?) and actor s(s|6*) with weights #% and #*.
Initialize target network Q' and ' with weights 89" « 99 6+ «— g
Initialize replay buffer R
for episode = 1, M do
Initialize a random process A for action exploration
Receive initial observation state s
fort=1,Tdo
Select action a; = fu(s¢|60") + N} according to the current policy and exploration noise
Execute action a; and observe reward r; and observe new state s,
Store transition (s, as, r¢, S44+1) in R
Sample a random minibatch of N transitions (s;, a;, i, s;i+1) from R
Set Y =1 + "}/Q’(S.H_l , P"’(S-i-i—l |9#1)|9Qr‘) )
Update critic by minimizing the loss: L = + >, (y; — Q(s4,a;]6%))?
Update the actor policy using the sampled policy gradient:

1 Q L
VGJLJ ~ N 2 VGQ(“"t (]',|9 2)|x:.ﬂ,u:;1(s,)v9*‘ P‘-(S|9" )‘H,‘

Update the target networks:
09 « 709 + (1 —7)0%
0" — 10" + (1 —7)0"

end for
end for
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