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Centralized DQN-Based Optimal Path Control of Multiple Robots
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ABSTRACT

With the recent advent of the 4th Industrial Revolution era, research on the use of autonomous and intelligent
robots in a smart factory has been actively investigated. However, existing automatic guided vehicles (AGVs) still
have many problems, such as the cost of infrastructure installation and difficulty in route modification, because of
their significantly limited mobility. Therefore, we herein propose an optimal logistics robot control scheme based on
a centralized deep Q-network (DQN) so that multiple robots can minimize collisions and get to their desired
destinations in the shortest path. Specifically, a simulation environment similar to a simplified factory logistics
warehouse is considered, and offline reinforcement learning of logistics robots is conducted in this environment. In
addition, we demonstrate the performance excellency of the proposed DQN model so that the robots can arrive at
their destinations by the optimal routes. Through the test based on hardware implementation, we show that multiple

logistics robots can arrive at their desired destinations along optimal paths while minimizing collisions.
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Algorithm 1: DQN Training Algorithm for Optimal Path Control

1: Initialize S(e«), Q(«), and €(+);

2: Set randomly each robot’s initial destination, g,( «) for all i;

3: for episode £ = 1,2, ... do

4 e(E)Ze(E-l)XedecaZI:

5: for t = 1,2, ... do

6: Select an action A(t) considering S(¢) based on decayed e—greedy method e(t);
7 Move all Robots to the next state S(t+1) by A(t);

8 Calculate a reward R(t) according to Eq. (5);

9: Store transition pair (S(t), A(t), R(t),S(t+1)) in replay buffer D;

10: Select B batch samples of transitions (S(¢), A(t), R(t), S(t+1)) randomly from D;
11: Update Q—function as follows:

12: QUS(t), A1)« (1—a) Q(S(t), A(t)) + a(R(t) + X max 411)es @S(E+1), 2);

13: if s,(t+1) = g,(¢) then

14: Randomly reset g,(t);

15: end if

16: end for

17: end for
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