Algorithms for Controlling Palletizers

Frank Gurski, Jochen Rethmann, and Egon Wanke

Abstract Palletizers are widely used in delivery industry. We consider a large palletizer where each stacker crane grabs a bin from one of k conveyors and position it onto a pallet located at one of p stack-up places. All bins have the same size. Each pallet is destined for one customer. A completely stacked pallet will be removed automatically and a new empty pallet is placed at the palletizer. The FIFO STACK-UP problem is to decide whether the bins can be palletized by using at most p stack-up places. We introduce a digraph and a linear programming model for the problem. Based on these characterizations we give xp-algorithms and fpt-algorithms for various parameters, and approximation results for the problem.

1 Introduction

We consider the combinatorial problem of stacking up bins from a set of conveyor belts onto pallets. A detailed description of the practical background of this work is given in [2, 10]. The bins that have to be stacked up onto pallets reach the palletizer on a conveyor and enter a cyclic storage conveyor, see Fig. 1. From the storage conveyor the bins are pushed out to buffer conveyors, where they are queued. The equal-sized bins are picked-up by stacker cranes from the end of a buffer conveyor and moved onto pallets, which are located at some stack-up places. There is one buffer conveyor for each stack-up place. Automated guided vehicles (AGVs) take full pallets from stack-up places, put them onto trucks and bring new empty pallets to the stack-up places.

Frank Gurski and Egon Wanke University of Düsseldorf, Institute of Computer Science, 40225 Düsseldorf, Germany, e-mail: {frank.gurski,e.wanke}@hhu.de

Jochen Rethmann Niederrhein University of Applied Sciences, Faculty of Electrical Engineering and Computer Science, 47805 Krefeld, Germany, e-mail: jochen.rethmann@hs-niederrhein.de

1

2 Frank Gurski, Jochen Rethmann, and Egon Wanke

Fig. 1 A real stack-up system. Fig. 2 A FIFO stack-up system.

The cyclic storage conveyor enables a smooth stack-up process irrespective of the real speed the cranes and conveyors are moving. Such details are unnecessary to compute an order in which the bins can be palletized with respect to the given number of stack-up places. For the sake of simplicity, we disregard the cyclic storage conveyor, and for the sake of generality, we do not restrict the number of stack-up places to the number of sequences. The number of sequences can also be larger than or less than the number of stack-up places. Fig. 2 shows a sketch of a simplified stack-up system with 2 buffer conveyors and 3 stack-up places.

From a theoretical point of view, we are given k sequences q_1,... ,q_k of bins and a positive integer p. Each bin is destined for exactly one pallet. The FIFO STACK-UP problem is to decide whether one can remove iteratively the bins of the k sequences such that in each step only the first bin of one of the sequences will be removed and after each step at most p pallets are open. A pallet t is called open, if at least one bin for pallet t has already been removed from one of the given sequences, and if at least one bin for pallet t is still contained in one of the remaining sequences. If a bin b is removed from a sequence then all bins located behind b are moved-up one position to the front.

Our model is the second attempt to capture important parameters necessary for an efficient and provable good algorithmic controlling of stack-up systems. The only theoretical model for stack-up systems known to us uses a random access storage instead of buffer queues. We think that buffer queues model the real stack-up system more realistic than a random access storage. The FIFO STACK-UP problem seems to be not investigated by other authors up to know. However, many facts are known on the stack-up system model with random access storage, see [10, 11, 12].

The FIFO STACK-UP problem is NP-complete even if the number of bins per pallet is bounded [4]. In this paper we give algorithms for the FIFO STACK-UP problem based on a digraph model and a linear programming model.

References

1. J. Barát. Directed pathwidth and monotonicity in digraph searching. Graphs and Combinatorics, 22:161–172, 2006.

Algorithms for Controlling Palletizers 3

2. R. de Koster. Performance approximation of pick-to-belt orderpicking systems. European Journal of Operational Research, 92:558–573, 1994.

3. J. Flum and M. Grohe. Parameterized Complexity Theory. Springer-Verlag, Berlin, 2006. 4. F. Gurski, J. Rethmann, and E. Wanke. Complexity of the fifo stack-up problem. ACM Computing Research Repository (CoRR), abs/1307.1915, 2013.

5. F. Gurski, J. Rethmann, and E. Wanke. Moving bins from conveyor belts onto pallets using fifo queues. In Proceedings of the International Conference on Operations Research (OR 2013), Selected Papers. Springer-Verlag, 2013. to appear.

6. T. Johnson, N. Robertson, P.D. Seymour, and R. Thomas. Directed tree-width. Journal of Combinatorial Theory, Series B, 82:138 – 155, 2001.

7. S. Kintali, N. Kothari, and A. Kumar. Approximation algorithms for directed width parameters. CoRR, abs/1107.4824v2, 2013.

8. K. Kitsunai, Y. Kobayashi, K. Komuro, H. Tamaki, and T. Tano. Computing directed pathwidth in O(1.89^n) time. In Proceedings of International Workshop on Parameterized and Exact Computation, volume 7535 of LNCS, pages 182 – 193. Springer-Verlag, 2012.

9. H.W. Lenstra. Integer programming with a fixed number of variables. Mathematics of Operations Research, 8:538 – 548, 1983.

10. J. Rethmann and E. Wanke. Storage controlled pile-up systems, theoretical foundations. European Journal of Operational Research, 103(3):515 – 530, 1997.

11. J. Rethmann and E. Wanke. On approximation algorithms for the stack-up problem. Mathematical Methods of Operations Research, 51:203–233, 2000.

12. J. Rethmann and E. Wanke. Stack-up algorithms for palletizing at delivery industry. European Journal of Operational Research, 128(1):74 – 97, 2001.

13. H. Tamaki. A Polynomial Time Algorithm for Bounded Directed Pathwidth. In Proceedings of Graph-Theoretical Concepts in Computer Science, volume 6986 of LNCS, pages 331 – 342. Springer-Verlag, 2011.

14. B. Yang and Y. Cao. Digraph searching, directed vertex separation and directed pathwidth.

Discrete Applied Mathematics, 156(10):1822 – 1837, 2008.