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Abstract: During designing of warehouse facilities it is necessary to adopt series of input data. Each of the elements
has a number of characteristics and parameters. In order to complex designing of warehouse facilities, it is
necessary to develop an integrated database. The article discusses the concept of an integrated database, which
will be prepared as part of the project SIMMAG 3D - System for modelling and visualization in the 3D warehouse
facilities. Database allows for filtering of objects, depending on the function of the warehouse and the industry. It
will contain also data connected with significant elements of the logistics network.
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1. INTRODUCTION

Nowadays, logistic plays an increasingly greater role. In each companies are created logistics divisions,

which are responsible for the supply of materials or the distribution of manufactured products. Proper

flow of cargo and associated with them flow of information in space and time allows companies to
achieve the desired profit levels because intermediates, which are necessary to produce the items are
delivered on time and then the customer receives the product ordered on time.

In order to effectively fulfil the logistics processes logistics facilities are built, which are point elements

of the transport and warehouse chain. They include, among others [1], [2]: warehouses, storage

facilities, logistics centres, transhipment facilities, wholesale markets, container terminals, cross-
docking objects or consolidation centres. One of the important types of logistics facilities are warehouse
facilities, because they represent the largest group among all logistics facilities.

Warehouse facilities [2] are dedicated space where it is possible to store of goods. This space can be

closed or not. In order to warehouse properly fulfil its function, i.e. storage, it must be designed properly.

On the beginning of designing warehouse, it is necessary to perform study work [3], which can be

divided into three aspects [4], [5]:

X strategic aspect, which essence is the analysis of the demand for services [6], as well as evaluation of
the location of suppliers and receivers and their production capabilities and demand, which
contributes to determine the size of the capital investment,

X the functional aspect, which essence is to establish transport connections between suppliers and
receivers and the cost of their realization, as well as the specification of materials that will be stored
and prepare their characteristics [7]: rules for admission and issue to/from the warehouse, the
physical properties (mechanical, thermal, electrical, magnetic, optical, acoustic etc.), chemical and
biological, transport form of cargo (form and parameters of unit packages, packaging and transport
units) and the expected volume of stocks,

X operational aspect, which essence is the choice of the equipment and its coordination with other
elements of the warehouse system [8], [9], [10].

Designing of warehouse facilities is a complex decision-making process. On each stage of designing it is

necessary to adopt a series of input data beginning with type of used flooring, finishing on the type of

forklift truck that supports warehouse. Each element has a number of characteristics and performances,
as well as the recommendations and limitations associated with its use. A multitude of data makes it
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necessary to look for tools which make movement between parameters easier. In order to possibility of
comprehensively designing of warehouse facilities, it is necessary to develop a tool for collecting, storing
and processing large amounts of data. The most convenient tool to perform these tasks are database.
During designing warehouse facilities it is necessary to use the data from different subject areas. There
is a need to develop an integrated database, which will be allowed to operate various types of data. The
article discusses the concept of an integrated database, which will be prepared as part of the project
SIMMAG 3D - System for modelling and visualization in the 3D warehouse facilities, funded by The
National Centre for Research and Development in the Programme for Applied Research 3 - Path B.
The paper presents the procedure to carry out studies on the designing of warehouse facility and the
range of data necessary for this. We were discussed external and internal conditions of the warehouse
process. We characterized the process of designing of logistics facilities together with an indication on
set of parameters necessary for this. We indicated on the potential of warehouse, which must be mapped
to be able to design a new facility. Based on the above data, we will develop an integrated database that
will allow the filtering of objects, depending on the function of the warehouse and the industry. It will
contain not only data on the warehouse facilities but also significant elements of the logistics network,
with which the warehouse cooperate. We further characterized the functions of the proposed base and
basic relations existing between the elements.
2. EXTERNAL AND INTERNAL CONDITIONS OF WAREHOUSE PROCESS
Study works on the project of warehouse facility and processes in it are determined by many factors -
both internal and external. It should be noted that the major impact on the type of developed conception
of the object has a type of designed warehouse. This concept depends on the industry for which
warehouse is designed. The choice of the industry forces the right way of material units forming. We can
identify the following types of warehouse facilities and appropriate for the types supported units [3],
[7]:
X warehouses of unit materials - formed and stored in the form of loading units (pallets, containers,
packages, bundles etc.),
X warehouses of bulk materials - stored in bulk,
X warehouses of liquids - stored in tanks.
Materials stored in the warehouse should be stored according to their physical, chemical and biological
properties. It should be in the warehouse distinguish appropriate ‘areas for storage of hazardous
materials and materials that require special storage conditions - e.g. the appropriate temperature,
humidity etc.
Designing of warehouse facility should contain the following processes [3], [11]-[16]:
X material supply,
X acceptance of material and optionally sorting, repackaging, conservation, etc. and if it is possible
buffering,
storage,
order picking and/or commission,
issuing and possibly packaging and marking,
material sending.
Process of material supply to warehouse is carried out in the supply zone. In this zone is followed contact
of external transport with the designed object. In this zone contact of external transport with the
designed object is followed. Here is carried out unloading of external transport (rail or car). Delivery
can be carried out in individual packages, packages or in form of pallet. Delivered cargo is transported
to the zone of admission to the warehouse. Depending from the form of transport cargo can be here
palletised or repacked, sorted and preserves. Depending from operational capabilities in this area
analysed and in the next one can be its temporary storage in the input buffer. The next process, which
is implemented in the warehouse, is a storage in storage area, to which the cargo from the receptions
zone is transported. In the storage area it is possible to storage units, and if in the object there is no
separate order picking area, also is order picking and/or completions. If in warehouse facility is separate
order picking area, the material is transported from the storage area there and processed. After order
picking cargo is moved to the zone sending. In this zone, the cargo is sorted, packaged, labelled and
stored temporarily (if necessary) in the output buffer. The last element realized in the issues zone is
palletizing of cargo. After that, it is transported to a shipping zone. Depending from the formation cargo
is shipped in unit packages, packages or in form of pallet using means of external transport (rail or road).
For each of the above-mentioned processes are developed a number of concepts which could differ [3]:

X X X X
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X adopted type of devices for storage of materials and means of transport (external: railway wagons,
motor vehicles, intermodal transport units, internal means of transport and loading, unloading and
handling means),

technology system of warehouse,

control systems and warehouse management (including in the area of information flow),

type of structures and various types of installations,

linear infrastructure (access roads to the warehouse, roads designated in area adjacent to the
warehouse, rail roads, road of internal transport) and point (arrangement of buildings, gates, ramps).
3. THE POTENTIAL OF WAREHOUSE FACILITIES

For developed concept of warehouse facility, which has been selected using the indicators to assess the
quality of solutions (parameters and quantitative and qualitative indicators) [17], [18], [19] is preparing
technological project of warehouse [3], [5]. Its preparation consists of four stages: formulation of
logistics tasks, object shaping, object dimensioning and comparisons and evaluation of options.
Designing of warehouse facility can be presented as follows (figure 1).
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Figure 1 - The procedure for designing of logistics facilities (Source: own work)

To complete the technological project of warehouse, it is necessary to determine its potential. Through
the potential is understand superstructure and linear and point infrastructure. As mentioned in point 1,
as part of the initial concept it is assumed types of vehicles that is superstructure. They can be divided
into external means of transport: rail and road, carrying out transport in relation supplier - ramp and
ramp - recipient and means of internal transport realizing transport in relations: ramp - warehouse,
warehouse - warehouse and warehouse - ramp. From the point of view of designing a warehouse the
most important are means of internal transport.
Means of internal transport, related to the work of warehouse, can be divided as follows [3], [20]:

X pallet trucks:
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»

»

»

»

»

»

»

»

»

lifting carriages or lift trucks,

fork-lift trucks with different types of drive,

counterbalance trucks, trucks with support front and combined,

front trucks, side-loading trucks and front-side-loading trucks,

power industrial, manual, supported and Automated Guided Vehicle trucks,
trucks with and without a place for the operator,

order picking trucks to work in narrow aisles,

means for horizontally transport powered industrial and manual,

means for horizontal transport automatic with possibility of driven by human,

X transport equipment to support racks:

»

stacker cranes,
overhead type cranes,
cranes,

special equipment,

X conveyors for the continuous transport:

»

»

»

»

»

»

roller conveyors,

belt conveyors,

chain conveyors,

plate-bands conveyors,

floor conveyors,

circular conveyors;

overhead conveyors,

rotary tables,

sliding trucks,

constant lifting equipment (elevator).

For each of the selected means of internal transport it is necessary to obtain the values of number of
parameters, which are important from the point of view of designing (such as drive type, method of
operation, load capacity, lifting height, weight, width, length, height). The most convenient tool for their
collection and storage is the database. Further it will be presented the concept of the database for the
designing of warehouse facilities.

The second group of the potential of warehouse facility is point infrastructure, To this group we can

include [3], [20

X racks:

»
»
»
»
»
»

»

1, [21]:

for small components,

for order picking (commission),
pallet to the height of 12 meters,
to high storage (over 12 mneters),
supported for roof and walls,
gravity floor,

drive-thru,

cantilever,

sliding,

roundabout,

with multilevel access,
multifunctional,

X equipment for handling of units:

palletizer,

depalletizer,

machines for securing of load units,
machines for stacking,

machines to control the dimensions,

X auxiliary equipment for storage and handling:

»

»

»

»
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storage, picking and transport boxes,
fencing systems,

rack trucks and rack ladder,

storage and rack landings,




»  stairs and railings,
» lighting,
X means to the flow, collecting and processing of information,
X others.

For each of selected elements of the point infrastructure it is necessary to obtain the values of number
of parameters, which are important from the point of view of designing (including height, width, length,
efficiency, lifting capacity, possibility of upgradeable). The most convenient tool for their collection and
storage is the database. Further it will be presented the concept of the database for the designing of
warehouse facilities.
Apart from the proper parameterization of point infrastructure it is important to present the necessary
parameters for linear infrastructure of warehouse facility and its surroundings. By linear infrastructure
it should be understood two groups of roads: roads in internal transport and roads for external
transport. In terms of the first group of roads [22] there are communication and transportation roads
and roads for pedestrians. These roads should be adapted to the size of their load and to the type of
equipment used for transport [23]. Their surface should be done with the right kind of material. In
addition, it should be separated evacuation routes. Apart from presenting of certain parameters of
internal transport roads, it should be parameterised for roads external transport [24], [25], [26], [27],
which will be marked on the area adjacent to warehouse facility, in order to be able to model and
visualize them in 3D. For storing of parameter values of characteristic elements of point infrastructure
it will be used the database.
4. INTEGRATED DATABASE
As mentioned above, the most convenient tool for storing of large numbers of values parameters are
database. In general it can be said that the database used in tools for modelling and visualization are the
foundation to conduct research on designing and 3D visualization of objects occurring in these
processes. This principle applies not only for transport objects, but for each area in which modelling is
the primary of research tool [28].
According to the definition, the database is a collection of digital data, accumulated according to strict
rules, allowing for their storing and processing. An important variant of the database are integrated
database. These are databases that contain many kinds and types of data. The integration is based on
connecting of data obtained from various sources in a way that ensures their complementarities and
allows their use from the point of view of facilities designing [29], [30]. With databases are related
mechanisms of managing them, which specify the rules of organizing, searching, editing and modifying
individual elements. Utilization of databases for data collection is extremely important from the point
of view of data persistence (data are not fleeting), it is also possible to save a lot of data in it, which are
dependent on each other.

For proper operation of the system SIMMAG 3D o
o . . «.. DATA CONNECTED WITH
it is necessary to enter the data (figure 2) in the LOCATION M// a %
scope of the location of warehouse facility in the =
logistics network, data for the warehouse model - al E
. . oy DATA FOR THE 5
and data necessary to carry out the simulation W AR EHOUSE MODEL 1 B
of warehouse process. Data for the operation of ,//M El E
the above modules in large part correspond . E E
(there are relationships between the different TN e e Nl g5
groups of data). There is no point in preparing a MM

set of input data required to work only at a
certain stage, but it should be develop a single =~ Figure 2 - Demand of the system SIMMAG 3D on data

database, which will be fed into the individual (Source: own work).
modules with the necessary values. The data in the characterized database are interconnected
relationship.

The database developed for the project SIMMAG 3D is an integrated database. It means that it is not only
a collection of data, but complete tool which is an integral part of the system SIMMAG 3D for modelling
and visualization in the 3D of warehouses. Development of a comprehensive database tool results from
the need to designing of different variants of warehouse facilities and for visualization of warehouse
processes. Through the development of an integrated database it is possible to quickly prepare a project
of facility and optionally easy making of changes in designed structure. The concept of the database for
designing and visualization in 3D of warehouse facilities is illustrated on figure 3.
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Figure 3 - The concept of integrated database of the system SIMMAG 3D (Source: own work.
Development of the database will be possible after identification of the data and considerations for
designing of warehouses and organization of the process of material flow:in these facilities. Execution
of this work requires the identification of among others:

X structure of suppliers and recipients of materials supported by analyzed or designed warehouse,
X means of external transport used by suppliers and recipients and the requirements associated
with them (specific ways of handling and unloading / loading),
X qualitative and quantitative form of packaging and load units handled by the warehouse facility,
X delivery and shipping of materials schedule, allowing to meet the needs and requirements of
suppliers and recipients, as well as the appropriate use of available resources of warehouse
facility,
X space and shape and other requirements for land for building,
X close environment of the analysed or designed facility, including access to the main transport
routes, modes of transport and so on,
X possible to use equipment for storage and means of internal transport, which will be furnishing
of warehouse.
Integrated database of the system SIMMAG 3D for modelling and visualization in 3D of warehouses will
serve the following functions:
X power of the system in the value of certain parameters,
X collecting of data entered into the system and storing of them in different ways,
X processing of data entered into the system and generate specific collections of them,
X perform of operations on data (such as mathematical operations, sorting, merging, etc.).
5. SUMMARY AND CONCLUSIONS
Implementation of the project SIMMAG 3D, which object is to develop a system for modelling and
visualization in 3D of warehouses, will provide unique tools that will support the designing of
warehouses by allowing for the creation of models cooperating with Warehouse Management Systems
and systems for simulation, providing map and visualization of materials flow processes and state of
inventories. At the moment there are no tools to support this process comprehensively, i.e. taking into
account the analysis of the links of material flow in the warehouse with the logistics network,
distribution of loads, etc. This tool will also allow for the identification of important factors affecting the
designing process, as well as the relationships between the various elements in the facility.
Designing of warehouses is a complex decision-making process. It requires consideration of a number
of external factors. In addition to properly design the warehouse it should be adopt a number of
assumptions and collect a wide set of input data. The most convenient tool for collecting and storing of
data is a database. Database used in tools for modelling and visualization are the foundation to conduct
research on designing of objects and visualization in 3D of processes occurring in facility. Nowadays, the
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most important group of databases are the integrated database. They contain many kinds and types of

data that allow for design the facility in a comprehensive manner.

Presented in the article database, which is being developed for the project SIMMAG 3D has been

designed as an integrated base. It means that it is not only a collection of data, but a complete tool to

support the process of modelling and visualization in 3D of warehouses. The development of such a

comprehensive database tool results from the need to designing of different variants of warehouse

facility equipment and need to visualization of warehouse processes. Using integrated database it is

possible to quickly prepare a project of facility and optionally easy making of changes in designed

structure. In the next phase of work it will be prepared outline of the database from the information

technology point of view (such as database schema) and a description of the implementation of the base

in the model SIMMAG 3D.
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