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Planning for Delivering Steel Plates in a Stockyard Using Hierarchical Reinforcement Learning

by  Koichiro Shiraishi, Member Hajime Kimura, Member

Summary

In many steel plate stockyards, steel plates are piled up on the yard for a restriction of the yard’s site area,
and the steel plates must be moved from the top op the pile one by one. Therefore, we must turn over the many
steel plates to pick up objective plates for the sorting. Workloads of turning over the steel plates are relevant to an
order of pick up the steel plates. So, planning to determine the order can reduce costs for delivering the steel plates.
This planning problem is a large scale multi-decision problem including hierarchical decisions. For this reasons, it is
difficult to optimize the problem using usual optimization techniques such as Taboo search and Genetic algorithm. In
this paper, the planning problems are modeled as Markov decision processes, and optimum planning is achieved by
Hierarchical reinforcement learning. The proposed method is demonstrated through several numerical experiments
to compare a method using a simple heuristics. The results off the numerical experiments show that the proposed
method can save the costs about more than 10% compared to the method using the heuristics.
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Fig. 2 Taking plates out the stockyard.
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Fig. 5 Decision of the temporary yard.
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Fig. 6 An illustration of Markov decision pro-
cesses in the steel plate stockyard.
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Table 1 The number of plates per group for the

examples of entropy.

A B C Sum Entropy
Example 1 28 1 1 30 0.420
Example 2 24 5 1 30 0.852
Example 3 19 10 1 30 1.109
Example 4 15 14 1 30 1.177
Example 5 15 10 5 30 1.459
Example 6 10 10 10 30 1.585
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Table 3 The results of the costs for Simulation (1):
Changing the number of plates and group

of steel plates.

Heuristics MAXQ Difference
Case 1 | 145.4 + 13.69 | 131.64 + 5.8 9.46 %
Case 2 | 173.3 + 15.32 | 140.58 + 4.42 18.88 %
Case 3 | 406.8 + 21.57 | 326.08 £ 8.78 19.84 %
Case 4 | 386.7 + 16.28 | 295.86 + 6.95 | 23.49 %

Table 4 The results of the calculation time for
Simulation (1): Changing the number of
plates and group of steel plates.

Heuristics MAXQ
Case 1 0.06 £ 0.01 [sec] 8.25 £+ 1.76 [min]
Case 2 0.07 £ 0.01 [sec] 9.77 £ 2.18 [min]
Case 3 0.10 £ 0.03 [sec] 37.68 £ 7.91 [min]
Case 4 0.09 £ 0.02 [sec] 33.06 £ 6.68 [min]
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Fig. 7 The results of the costs for Simulation (1):
Changing the number of plates and group

of steel plates.



Table 2 The number of plates per group for Simulation (1): Changing the number of plates and group of steel

plates.
A B C D E H I J Sum Entropy
Case 1 5 5 5 5 5 5 5 5 5 5 50 3.3219
Case 2 1 2 3 4 5 6 9 10 55 3.1036
Case 3 10 10 10 10 10 10 10 10 10 10 100 3.3219
Case 4 5 6 7 8 9 10 11 12 13 14 95 3.2541
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Fig. 8 The results of the costs for Simulation (2-
1): The number of groups is 5 and the

number of plates is 30.
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Fig. 9 The results of the costs for Simulation (2-
2): The number of groups is 10 and the
number of plates is 50.
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Fig. 10 The results of the costs for Simulation (2-
3): The number of groups is 15 and the

number of plates is 100.

(3) DOoooOoooooooo

gooobooooboooboooboooooobooboobooo
goooooooooooobooobooobooboobboooobo
goooooooooboobooboooboo 100000000
0000000000000000000 ¥ 00000000
0000000000 0D0O00 Table 50000000 800
gbooooooboooooooboooobobooooooo
gooooooooooooono Figliooooooooo

Fig.110008 000000000000 OO00OOOODOO
gboooooboobooooooooooooooboboooo
gbooooboooobobooboooooboobobooboooboooo
oo

4.5 00O

0000 (1) 00 (3) 00000000000000000
00000000000 10% 000000000000000
00000000000000000000000000000
0000000000000 0000000000000000
000D000000000000 50000000 10 00100
000000 30000000000000000000000
00000000000000000000000000000
000000000000 00000000000000000
oooooooooooooo

0000000000000000000000000000
0000000000000000000000 (1) 00000
00000000000000000000000000000
0000000000000000 30000000000

1000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000

gobooooooboboooobooooboboboooooon
oooooooooo
20000000000000000O00DOOOOOOOOO
gobooobooooooooooooobooooooboboooa
gbooooobooooobobooboobooboobobooo
oobooooooobobooboboobooooooooan
joooooooboooobboooooboooooobooo
goboboobooobooooooooboooboobooooooo
gboboobooobooboobooboooboobooooooobooo
gboboooboooooooboooboooooooooooooo
ubobooooooobobooooboboooboobOoboooon
gobooooooooobobooooooogo

oo sgboboooooboobooboobouobooooobooo
ubobooooboooboobooboobooooobooboobooo
goboobooboooobooooboooobooooobooooonn
gbooooobooboooobooooobooooooooboooo
gobooooooobooobooooooooooooooo
gobobooobooooooooooooooooon

Table 5 The number of groups and the number of
plates per group and the entropy of the

real data.
Groups Plates Entropy
Datal 18 204 3.55
Data2 17 96 3.81
Data3 17 84 3.84
Data4d 14 83 3.19
Datab 13 80 3.32
Data6 12 7 3.13
Data7 12 73 3.11
Data8 12 49 3.31
Average 14.38 93.25 3.41

Table 6 The results of the costs for Simulation (3):
Using the actual data of the steel plates
in the shipbuilding yard.

Heuristics MAXQ Difference
Datal 1283.9 4+ 58.8 | 1071.8 + 22.9 16.52 %
Data2 460.1 £ 29.0 416.5 + 13.9 9.48 %
Data3 362.2 £ 20.6 355.6 = 9.0 1.83 %
Data4 302.3 + 26.0 247.3 + 4.3 18.19 %
Datab 338.4 + 32.0 264.3 + 6.2 21.89 %
Data6 279.9 £ 32.2 2174 £ 8.1 22.33 %
Data7 244.5 £ 11.1 208.0 £ 5.6 14.92 %
Data8 150.1 £+ 21.6 130.5 +£ 6.5 13.04 %
Average 427.7 363.9 14.78 %
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5.1 0000000
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Fig. 11 The results of the costs for Simulation (3):
Using the actual data of the steel plates

in the shipbuilding yard.
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