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Summary: Marshalling yards play important role in freight railway transport. The efficient use of marshalling yards has a deep impact on the efficiency and reliability of rail freight services due to reduction of transportation cost and increasing reliability and punctuallity. Main processes of marshalling yards may take 10–50% of trains total transit time. Marshalling processes still involve much manual planning and improved decision support and analysis tools have shown to have great potential. A novel yard management IT system should be based on yard scalable model which will enable heuristic and meta-heuristic optimization with current yard resources and powered by machine learning based algorithm that will enable the real time planning and disposition and support decision making. Concept solution of modern intelligent marshallling yard management system is decribed.  Optimization of marshalling process done by heuristics and meta-heuristics optimization methods  will not be able to solve the problem in real-time. For that reason, a novel method for real time optimization has to be developed. One of the solutions can use the optimization results as a training data for machine learning decision system. The trained machine learning system will then give the optimal, or near-optimal solution of marshalling operations in real time. 
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1. INTRODUCTION 
Marshalling yards are one of the most important parts of every railway infrastructure along the European corridors. Marshalling yards have a decisive impact on accuracy, availability and cost efficiency of rail freight services. 

The cost competitiveness and the reliability of freight services need to be considerably improved so that rail freight can be in a position to offer a cost-effective, attractive service to shippers that helps to take freight away from the already congested road network. In order to provide customer tailored services mentioned above, marshalling yards are inevitable for doing some improvements and optimization. 

Main processes of marshalling yards may take 10–50% of trains total transit time. Marshalling processes still involve much manual planning and improved decision support and analysis tools are of the high importance.
Therefore, the objective is to achieve the same level of flexibility and accessibility as the other means of continental intermodal transport and to achieve even better reliability improvement of planning and operation of marshalling yards needs to be done. In that sense, an efficient and effective operation of marshalling yards is at the heart of the future single wagonload (SWL) freight service in Europe and close connected with modern real time marshalling yard management system. 
Single Wagon Load represents the transport of freight in individual railway wagons or groups of wagons where the shipment is less than a whole trainload. 

The fact that sorting and grouping wagons are crucial activities for SWL brings us to conclusion, that marshalling yards are the heart of SWL concept, in general. It means that marshalling yards represent key element for a flexible and reliable SWL concept of freight transportation. But, there are significant changes in usage and number of marshalling yards across the Europe. The number of marshalling yards is decreasing rapidly in previous years. About 35% of marshalling yards reported to be closed between 2010 and 2012. The similar situation is with freight stations also.
Regarding new challenges this situation yields to the following conclusions:

· decreasing number of marshalling yards makes easier potential optimization of real yard network (smaller number of network nodes) 
· optimization of marshalling processes and other operations in individual marshalling yard becomes more complex (more inputs and outputs and more complex demands from operators)

· operations in existing marshalling yards become higher risk processes regarding punctuality and reliability for freight transportation services

Among the various ways of automating processes in nodes, the automation of disposition/dispatching processes in marshalling yards and terminals, has a major impact in terms of reducing lead times and improving the punctuality and cost-efficiency of rail freight.

2. OPTIMIZATION TECHNIQUES FOR YARD MANAGEMENT PROBLEM

The yard management problem is well known to be NP-Hard and research studies about it can be divided in two groups. The first group is focused on the analysis of the performances of the different operations of the yard where yard is considered as a production system [1] and one can therefore apply the different techniques of production management to improve its performances and to analyze each step of the process. The second group is concentrating on the operational research techniques. Almost all the methods of proposed optimizations in this group are approximate methods: simulation based rules [2], heuristic [3], dynamic programming with problem decomposition for the train-shunting problem. The mathematical programming was proposed on [2]. All these methods do not approach the problem in its global nature one: multi-stage sorting, humping order and tracks occupation, etc.
As it is stated in introductory chapter, marshalling processes still involve much manual planning. Planning and scheduling are forms of decision making that are used on a regular basis in many manufacturing and service industries. On the one hand, planning consists in, given an initial state and a finite set of actions, getting a plan which reaches a goal state by choosing and establishing an ordering of those actions. On the other hand, scheduling deals with assigning the given tasks according to the available resources and constraints over given time periods. The goal of both planning and scheduling problems is to optimize one or more objective functions. Moreover, both planning and scheduling problems take advantage of mathematical techniques from the Operations Research field or heuristics and other complete techniques from the Artificial Intelligence field. 

Operational research (OR) deals with the application of advanced analytical methods such as linear programming, queueing theory or simulation to help make better decisions. 

Artificial Intelligence (AI) provides techniques which are able to produce near-optimal solutions in a reasonable computational time. Among AI techniques, metaheuristics such as Simulated Annealing (SA) [4], Genetic Algorithms (GA) [5] or Tabu Search [6] have been applied successfully to a wide range of different real-world combinatorial problems. 
Over the last years, new algorithms are originated from algorithms of different research areas on optimization, exploiting their different optimization strategies. These new algorithms are commonly referred to as hybrid metaheuristics [7].
All these previous algorithms just take into account single optimization problems. Nevertheless, real-world optimization problems, such as yard management problem, commonly involve more than one conflicting objective function to be optimized. In a multi-objective optimization problem, usually there is no single solution wherein all its objectives are simultaneously optimized.

As mentioned above, multi-objective optimization problems do not have a unique optimal solution. Thus, multi-objective optimization algorithms cannot be compared directly. In [8] different measures are proposed to compare Pareto front approximations. Among these measures, the size of the dominated space or the hyper volume of the Pareto front approximations obtained by the algorithms is one of the most used measures to compare two different algorithms.

As in single optimization problems, hybrid metaheuristics have been also designed for multi-objective optimization problems. These hybrid metaheuristics take advantage from each algorithm or techniques on which they are based on for achieving a better representation of the Pareto front. Examples of multi-objective hybrid metaheuristics are Multiple Objective Genetic Tabu Search (MOGTS) and Multi-Colony Ant System (MCAS).

In optimization problems, there is a new trend focused on finding near-optimal solutions by handling uncertainty, dynamism or unknown information of the real world environments. These strategies are classified mainly in two classes: proactive and reactive. On the one hand, the objective of a proactive approach is to build robust schedules which could keep being valid after unexpected events during the schedule’s execution. On the other hand, reactive approaches create a baseline schedule and then, if any unexpected event occurs, these baseline schedules are revised or re-optimized.
A real-time yard management system must have information and communication system that  consist of one or more optimization algorithms coupled with information and communication system.

Due to the marshalling process complexity, only heuristic and meta-heuristic methods can generate some optimal solution. Heuristic (Greedy, Clarke-Wright, etc.) and meta-heuristics algorithms (Tabu Search, Simulated annealing, etc.) are most common in use for marshalling process optimization. For wagons sorting optimization the input data consist of the timetable, the number of tracks, track availability, incoming trains, connections between incoming wagons and trains and departure times of trains, static and dynamic rules for priority vehicles, capacity of the station, etc. The constrains of optimization process are maximum length of the train, the minimum duration of operations, train incoming and outgoing time, etc.

Nowadays, the point of view for planning and scheduling tasks has changed. Due to the fact that real world is uncertain, imprecise and non-deterministic, there might be unknown information, breakdowns, incidences or changes, which become the initial plans or schedules invalid. Thus, there is a new trend to cope these aspects in the optimization techniques, and to seek robust solutions. 
Regarding marshalling yard management problem, it means that challenge in seeking and finding optimal solutions is deeply connected with occurred deviations in decision making processes in marshalling yards. The capability to handle deviations by real time optimization is the key challenge.
3. CONCEPT OF INTELLIGENT MARSHALLING YARD MANAGEMENT SYSTEM
From perspective of developing real-time marshalling yard management system, there are some issues needed for consideration:

· all the attempts are done with stand alone applications

· they are not based on real-time information 

· real time optimization is needed
In most railway operating companies there still exists no active optimization tool as decision support for the dispatchers at real time. One reason may be that it is hard to come up with a standard approach. The schedules that need to be generated depend highly on the particular infrastructure of the rail yard, the configuration of inbound and outbound trains, and the requested objective. Thus, methods for computing schedules of high quality have to be tailor-made to the actual situation

In order to reach above mentioned issues, a real-time marshalling yard management system will be designed to enable the optimization of available resources and planning of marshalling operations and to achieve defined specific goal of decreasing overall transport time and costs associated with cargo handling in existing infrastructure. A web-based information system of real time marshalling yard management system is shown in Fig. 1. 
The crucial part of Real-time marshalling yard management system is decision support system. The core of all research and innovation activities is directed to design and implement algorithm for real-time optimization.
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Fig.1 Real time marshalling yard management system
It means that the heart and advances beyond the state of the art will be the part of information system for optimization named Optimization module. 
Advance beyond state of the art is machine-learning based decision system that can give optimal or near-optimal solution for marshalling yard operations in real time. In order to choose the optimal marshalling yard model with a maximum savings of time sorting, selected models will be firstly tested using Monte Carlo simulation method. Using Monte Carlo experiments will enable us to choose the mathematical model. Using the most appropriate yard model will allow maximal sorting time reduction as well as the sorting costs.

Developed models can then be used for marshalling yard operations optimization. In our research we suggest determination of the best heuristic or meta-heuristics optimization algorithm (regardless the time of optimization), based on pre-defined criteria and one of the multi-criteria decision methods. This optimization cannot give real-time solution for marshalling yard management, so in our work we suggest using the optimization results as a training data for machine learning decision system. The trained machine learning system will then give the optimal or near-optimal solution of marshalling operations in real time. The concept solution for Optimization module is shown in Fig. 2.
Real-world environments consist of several optimization problems. Decision makers in marshalling yards must face with several problems at once. Usually, scientific community solves each problem independently.
However, optimizing one of them (minimizing or maximizing) does not need to lead to the optimal solution. That is why a decision support system has to be developed to handle more than one optimization problem from the marshalling yard by using some of the above approaches.
 By combining optimized solutions in one integrated system (right part of Fig.2), operators can be assisted to decide the most appropriated solution in each particular scenario.
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Fig. 2 Concept solution of Optimization module

4. CONCLUSION 

Marshalling processes still involve much manual planning and improved decision support system is needed. Concept solution of intelligent yard management system is decribed. The core of the system is Optimization module. Concept solution of this module is based on  the usage of provided metaheuristic optimization results as a training data for machine learning decision system. The trained machine learning system will then give the optimal, or near-optimal solution of marshalling operations in real time.
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