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2 -11/2 0.165 b,-m/2 0
3 0 0.55 6, 0
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L{';a.i;' = Ecr.-.u,--»ﬂ[[Qf{”f'- a) _-F‘l?JE] (14)

Ve = Fi +:"Q:II{"};1’5":]|“: = ma;o;) (15)

Heh ¢, F0R 1 B Rl

TEBINAMS Critic WS, JHAFAE AR Actor SFEMS LS I 53T 75 242k
Critic MZMAM Critic MZKINZY, LUEARRAMRIM R IT KR RR
R RTT R 1 SRS EE T agent WAZA:

Vi (0) = Es.-o[Valogni(ao)Q'(S.a1,++-a)] Eoar-olVafi(alo) Ve 001 ]

Global value function Local value function (16)

DMDDPG S5 I D ARAS 1R 2 T o

Pseudo-code of DMDDPG Algorithm

1 | Initialize parameters of the global Critic main network Q.

2 | Initialize parameters of the global Critic target network Q} and copy parameters Q}.
3 | Initialize Actor main network parameters Qj and Critic main network parameters Qf for each agent.
4 | Initialize Actor target network parameters Qf;; and Critic target network parameters Q;- for each agent, copy Q]

and @ parameters.

5 | For episode = 1 to MaxEpisode do
6 Initialize random process A/, initialize environment state S.
7 Fort=1todo
8 For each agent i, select action a! = n(0}|07) + .
9 Execute action A" = [a}, a}].
10 Obtain global reward R;, local reward rf, and next state §'!
11 Store sample (§', A", R{, r{, §"*') into experience pool.
12 End for
13 Update global Critic network
14 Randomly sample M samples (', A*, R}, ') from experience pool to form batch samples.
15 Calculate y from y; = r, + 7Q7(s,, . a,,,).
16 Compute loss LZ (v — Q(5, A"))* and update EvalCritic network Q}f parameters.
17 Update target Critic network parameters QY in a soft update manner.
18 Update robotic arm agent Actor network and local Critic network.
19 For agent = 1 to N do
20 Randomly sample K samples (o, af, r{, 0'*!) from experience pool to form batch samples.
21 Obtain y, from Eq (15).
22 Compute loss ,‘(Z(yw - fo(of. n:)f, and update EvalCritic network Q; parameters.
23 Update EvalActor network @ , network parameters 6 as follows:
0= 0,4 5 2 (Vo lado) QS @ ay) + Virm (a0 (0,,4.))
i
24 End for
25 Update target Actor network parameters (2, and target Critic network parameters ], in a soft update
i d
manner.
26 End for
27 | End for

https://doi.org/10.1371/journal.pone.0311550.t002
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Assembly algorithm  Circular shaft-hole assembly Square shaft-hole assembly

Time per assembly(s)  Standard deviation  Successrat% | Time per assembly(s) | Standard deviation  Success rat%
DDPG 3645 6.27 83.8 62.86 7.85 76.2
MADDPG 5271 438 89.2 57.02 543 84.6
DE-MADDPG 51.55 3.86 924 54.58 412 87.8

hitps://dol.org/10.1371/journal.pone.0311550.4004
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Experiment DDPG MADDPG DE-MADDPG

Time per assembly(s) Success rat% Time per assembly(s) Success rat% Time per assembly(s) Success rat%
Experiment 1 70.37 75 63.80 81 61.32 84
Experiment 2 83.14 71 75.07 76 72.89 81
Experiment 3 75.55 61 69.11 68 66.74 73
Experiment 4 92.66 52 83.69 60 79.24 66

https://doi.org/10.1371/journal.pone.0311550.t006
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