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Abstract

Nowadays, decision support systems play an increasingly important role. On the one hand, they allow for
complex design taking into account several boundary conditions. On the other hand, they reduce the risk of
making mistakes that can have more or less serious consequences. One of these tools is the system
SIMMAGS3D developed under a project financed by the NCBR. The tool allows for designing and visualization
in 3D of warehouse facilities. The article presents the functionality of the system SIMMAG3D and need for
data of its individual elements. Due to the large amount of data and the fact that they come from different
subject areas, the most convenient tool for their collection are databases. The article presents the concept of
the database for the system with its structure and catalogs, from which will come data to the work of individual
modules. In addition, we discussed relational character of data between different functional modules.
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1. INTRODUCTION

Maijority of currently implemented research projects are based on information systems. They are basis of
banking systems, reservation systems, administrative systems, systems of civil registration, logistics, and
systems for design supporting (including warehouses and warehouse processes designing), etc. The most
commonly used tool for designing various types of information systems are database systems [6], [15]. They
consist databases and database management systems.

Therefore, development of a modern tool for modelling and visualization warehouse facilities in 3D requires
the development of specific databases. The major aim of this tool is to improve process of warehouse
designing. It will allow to develop design procedures, estimate values of economic and technical indicators for
various types of warehouse.

Database presented in paper is based on analysis of information system needs (information system to support
modelling warehouse facilities), as well as analysis of information resources for visualisation in 3D. At
designing that database it is important to consider selection of appropriate database model and system to its
manage.

2, SIMMAG 3D AND ITS FUNCTIONS

The SIMMAG3D system which is developed within the project has many uses and functionality. Its main use
is to support the management of storage facilities after connection with WMS. On the other hand, it is
a powerful tool for storage facilities designing.

The SIMMAG3D system architecture was designed based on dedicated mathematical models, dedicated
algorithms and optimization modules (e.g. the location of storage facilities), dedicated simulation module
(simulation and analysis of selected warehouse processes). Providing data for the calculation lies with the
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integrated database containing catalogues of internal and external transport, equipment of storage facilities or
for example architectural solutions. The database includes libraries for objects graphic visualization. The
module of graphic presentation in 3D - helps to identify the critical areas of storage facilities.

Therefore two main functions of the system SIMMAG3D are support in management of storage facilities and
support in storage facilities designing.

Carrying out the above system functions results from the needs of real objects and real application, but also
in research and teaching field. It follows the need to equip the system with advanced functional modules.
Among them can be distinguished graphical user interface (GUI), interfface WMS>SIMMAG3D, database
(catalogues and 3D library), 3D visualizer, optimizer along with a simulator (and data generator). The overall
diagram of the SIMMAG3D system is shown in Figure 1.
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Figure 1 The SIMMAG3D system - overall scheme

The graphical user interface (GUI) is a base layer program. GUI consists of two main parts. One concerns the
use Visualizer 3D, while the second refers to the part related to the optimization and simulation of warehouse
processes. The visualization and optimization modules are integrated via an interface for data exchange which
is done through the database. The interface WMS>SIMMAG3D contains tables of data exchange needs of
transfer structures and data from WMS database. This allows for visualization and analysis of the current
object or its reorganization, modification and finally allows for simulation to verify the improvements. The
database is the layer that connects all components of SIMMAG3D system and is designed to store all input
data, libraries, as well as the performance of the user. More information about database will be discussed later
in the article.

The Visualizer 3D module is responsible for the visualization of the warehouse facility. It is possible to display
the object mapped in the WMS and the object projected on the basis of the optimization and simulation module.
The visualizer allows to graphical formation of the functional zones, sectors and whole areas of the warehouse.
This is done by using the implemented structural model built on the catalogues. Visualizer also presents the
functioning of the object in terms of state changes of its resources.
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The simulator and optimizer is a module consisting a series of solutions for the design of new facilities, as well
as reorganize and modernize existing ones. For the purpose of this module was implemented data generator
which results from reason that the decision maker does not always have a complete set of data, especially in
the design of new facilities. As the main elements of this module can be identified:

° warehouse facilities location [13], [14], [18] - in addition to the location of the object there can be adjusted
the number of objects and material flows through the object, and also allows to specify some of the
facility operational cost,

° warehouse process construction [8], [11] - mapping of processes occurring in objects having a time, the
number and nature of the transformation, resources,

° scheduling and shaping [10], [12] - assign tasks of mapped process to increase the lead time of the
object, determining the number of devices, people and evaluation of some indicators,

° warehouse processes simulator [16] - module based on the simulation mechanisms that allows to study
different solutions in the system, for example the study on process time changes for different strategies
of storage assignment,

o multi-criteria evaluation [7], [9] - support the user in performing multi-criteria analysis of investment
(modernization) options and choose the most beneficial.

The functioning of each module required to provide relevant data. The system assumes the possibility of
manually data insertion for each module. However, more important is the use of real data, as well as from the
calculations and simulations performed by other modules of SIMMAG3D system. The needs for data are
shown in the next section of the article.

3. SIMMAG 3D NECESSARY DATA

The selected SIMMAG 3D modules presented in the Figure 1 require many input data conditioning their
functioning [4], [17]. The first SIMMAG 3D system module refer to warehouse location. In order to locate the
warehouse in the logistics network it is necessary to identify the warehouse suppliers and customers. Other
characteristics that are required refer to the storage time and storage volume. The materials’ technical
parameters are important for the storage space definition.

Another module is the storage facility shaping module. The warehouse space shaping requires data about the
possible land locations and the land costs as well as the warehouse building technical limitations. Warehouse
designing also depend on the material flow volume, assortment structure, storage technology and the
warehouse transport technology.

Similar data is required by the warehouse process shaping module. The basic data is related to the scope of
the material flow transformation according to the customers’ orders. Warehouse process designer also has to
know the orders structure, the number of inventory items, physical and commercial characteristics and the
material flow volume.

The module for the warehouse process dimensioning generally requires the tasks identification. To develop
the warehouse process’ schedule it is necessary to determine the allocation of people and equipment to the
tasks at a time. Also the tasks limitations and unitary tasks costs are required.

Evaluation of the warehouse and the processes inside is the module which helps to decide which variant of
the designed warehouse should be selected for the implementation. To perform such an evaluation, many
warehouse parameters have to identified. After that each parameter is assigned with the weight to allow their
importance. From the point of warehouse designing view these parameters should refer to technical and quality
indicators such as efficiency, performance. The quantitative parameters refer to the warehouse cost and
expenditures.
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The visualization of the warehouse processes will require the historical data obtained during the simulation
process. More over the assortment allocation and its stock will be uploaded from the warehouse management
systems WMS.

4, DATABASE FOR SIMMAG 3D SYSTEM

Due to the large amount of data coming from different subject areas, the most convenient tool for their
collection are databases [1], [2], [3]. In this tool data are stored according to strict rules, which allows for their
complete processing. Database tools allows for sorting of the data according to specific criteria and searching
for specific information in a particular place.

The concept of a database for the SIMMAG 3D system shown in Figure 2 [4], [17].
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Figure 2 The concept of a database for the SIMMAG 3D system

The basic data sets stored in the database, which was developed for the system SIMMAG 3D are:

° data from the WMS (Warehouse Management System) - For proper operation of the system for
designing and visualization of warehouse facilities in the 3D there are necessary data, which document
the process of cargo flow in the Logistics facility. These data provide WMS systems.,

o data necessary for designing and visualizing of the warehouse process [5] - in order to properly
preparation the warehouse process in the logistics facility it is necessary to introduce a number of input
data for which the most convenient form of storage are database.,

o data necessary to carry out the simulation - system for modeling and visualization carrying out
stimulations will allow to assess whether designed logistics facility allows for carry out tasks.

The second group of data are the results of work of individual system SIMMAG 3D modules. The result of the
work of individual modules are values which should be stored. The best place to perform this task is also the
database. Using this tool, we can not only store the results, but also make it available as input data needed
for operating other program modules. As an example of such data we can indicate the results of the warehouse
process and simulation.

An important group of data, which also will be located in the database are parameters. They concern two
groups of issues. The first is the location of a storage facility in the logistics network. For this issue, it is
necessary to introduce a number of parameters. The second group of issues are directories of internal
transport, external transport, non-mechanical equipment and reloading infrastructure. Each of these objects
has a set of parameters such as load capacity and speed of the drive with the load.
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The last group supplying database in specific values are data generators. In the case that impossible or very
difficult is to obtain data concerning the problem, e.g. in the field of supply structure and characteristics of the
assortment (especially in terms of actual data from the warehouse management systems WMS) it is necessary
to generate them. This will help to carry out stimulations of the warehouse process, which will allow from the
one hand on checking the operation of the system SIMMAG 3D, and from the other hand on the presentation
of the functionality of the program.

Data from the database supply various program modules (see point 2) in the necessary data to their work.
Figure 2 shows the general concept of database. While Figure 3 shows the structure of the database in the
field of exchange technology of data between modules.
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Figure 3 Structure of the database in the field of exchange technology of data between modules

Data in the database are powered by the effects of the implementation of specific project task (Figure 3):
Furthermore, the individual tasks 1- 4 "exchange" data - the results of work of the task can be used as input
data to another task or input to the second task can also be input data for the third task. Data from task 1 feed
the work on the realization of the task 2 and 3. Data of the task 2 supply work on a task 3. Data from task 4
are necessary to complete the task 2. However, data from tasks 1, 2, 3 and 4 are necessary to complete the
task 5. Data from the task 5 supply directly the SIMMAG 3D system and store the data, which are the result of
its work. Described structure corresponds to the relational data model, which is implemented in the system for
modelling and visualization of warehouse facilities in 3D - 3D SIMMAG

5. SUMMARY AND CONCLUSIONS

The main result of the project (an element of which is database discussed in paper) is an innovative tool for
efficient designing warehouse models with pre-defined objects, as well as its graphical presentation in 3D.
Catalogues and database, prepared by the project (containing parameters and characteristics of warehouse
facility equipment) allow to optimally design warehouse facility or (if they already exist) to appropriate organize
and rationally use its work resources.

Development of databases containing such detailed information will affect small and medium-sized design
companies. Companies, that will be use the SIMMAG3D tool, will be able to implement more projects without
increasing human resources. This will significantly affect the financial results of these companies.

704



cLC2016” Nov 28 - 30t 2016, Poland, EU

ACKNOWLEDGEMENTS

The scientific work carried out in the frame of PBS 3 project "System for modeling and 3D
visualization of storage facilities” (SIMMAG3D) financed by the National Center for Research and
Development.

REFERENCES

[1] DONG Y., GOH A. An intelligent database for engineering applications. Artificial Intelligence in Engineering, Vol. 12,
No 1, 1998, pp. 1-14.

[2] HASSELBRING W. Information system integration. Communications of the ACM, Vol. 43 No. 6, 2000, pp. 32-38.

[3] HUNT V. Process Mapping. How to Reengineer Your Business Processes. John Wiley & Sons: New York, 1996.

[4] JACYNA M., GOLEBIOWSKI P., LEWCZUK K. Functions, relations and basic elements of database for the

designing of storage facilities. In: Conference Proceedings of 8" International Scientific Conference Management
of Technology - Step to Sustainable Production 1-3 June 2016, Poreg, Istria, Croatia, 2016.

[5] JACYNA M., LEWCZUK K., KLODAWSKI M. Technical and organizational conditions of designing warehouses with
different functional structures. Journal of KONES, Institute of Aviation, Vol. 22, No. 3, 2015, pp. 49-59

[6] JACYNA M., WASIAK M., LEWCZUK K., KLODAWSKI M. Simulation model of transport system of Poland as a tool
for developing sustainable transport, Archives of Transport, Vol. 31, Iss. 3, 2014, pp. 23-35.

[7] JACYNA-GOLDA, |. Decision-making model for supporting supply chain efficiency evaluation. Archives of
Transport, Vol. 33, Iss. 1, 2015, pp. 17-31.

[8] JACYNA-GOLDA I, LEWCZUK K., SZCZEPANSKI E., MURAWSKI J. Computer Aided Implementation of Logistics
Processes-Selected Aspects. Springer International Publishing, 2015, pp. 67-80.

[9] JACYNA-GOLDA I, ZAK J., WASIAK M. Efficiency as an assessment measure of warehouse facilities location in
logistics network. Journal of KONES Powertrain and Transport, Vol. 22, No. 3, 2015, pp. 59-60.

[10] LEWCZUK K. The concept of genetic programming in organizing internal transport processes. Archives of
Transport, Vol. 34, Iss. 2, 2015, pp. 61-74.

[11]  MANZINI R., BOZER Y., HERAGU S. Decision models for the design, optimization and management of
warehousing and material handling systems. International Journal of Production Economics. Part C. Vol. 170, 2015,
pp. 711-716.

[12] MONCER A. (and others) The warehouse scheduling problem: formulation and algorithms. IIE Transactions,
Vol. 28. Iss. 2, 1996, pp.115-127

[13] OWEN S. H., DASKIN M. S. Strategic facility location: A review. European Journal of Operational Research,
Vol. 111, Iss. 3, 1998, pp. 423-447.

[14] SZCZEPANSKI E., JACYNA-GOLDA |., MURAWSKI J. Genetic algorithms based approach for transhipment hub
location in urban areas. Archives of Transport, Vol. 31, Iss. 3, 2014, pp. 73-83.

[15] ULLMAN J., WIDOM J. A First Course in Database Systems. Prentice-Hall, Inc., Upper Saddle River, 1997.

[16] VAN DEN BERG J.P., SHARP G.P., GADEMAN A.J.RM.N., POCHET Y. Forward-reserved allocation in
warehouse with unit-load replenishments. Eurpean Journal of Operational Research, Vol. 111, 1998, pp. 98-113.

[17]  ZAK J., JACHIMOWSKI R., GOLEBIOWSKI P. Modelling of storage facilities using databases. In: Proceedings of
20™ International Scientific Conference Transport Means. Kaunas, Lithuania: Publishing House “Technologija”,
2016, pp. 772 - 777.

[18] ZAK J., JACYNA-GOLDA I. Using Queue Theory to Analysis and Evaluation of the Logistics Centre Workload.
Archives of Transport, Vol. 25-26, Iss. 1-2, 2013, pp. 117--135.

705



