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Abstract: 

 

The aim of the paper is to design and to create an application in the selected visualization 

environment, which will be used to simulate the movement of material in industrial warehouses. 

After entering the input data, the application automatically suggests the optimal way to store 

packages in the warehouse. The paper will describe the storage systems, database systems and 

relation database model used in the application. The visualization systems are introduced here, 

where the Promotic system will be presented and the development of practical result. The last part of 

paper describes the developed application and its functions. 
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Introduction 

 

A SCADA system (Supervisory Control And Data Acquisition) is an architecture of control 

systems, consisting of computers, a communication infrastructure and a graphical interface. Their 

functions are to supervise management, data collection and the provision of a clear user environ-

ment. SCADA systems are used mainly in industrial production, but also in distribution and 

transport networks. 

 

In storage systems, the material flow is increased; therefore it is necessary to ensure its flu-

idity in the shortest possible time. Today, there are many methods to increase efficiency, but their 

implementation is technically and financially demanding and is therefore only required in larger 

warehouses. In this work we therefore deal with the optimization of material movement in the 

SCADA system environment. 

 

The aim of this work is to design an application in a SCADA system with decentralized con-

trol to display the optimal path of material movement. The optimal path will be designed for load-

ing and unloading packages in a simulation warehouse with six racks. If a suitable location is 

found, its weight, dimensions and the current position of the user will be taken into account. If the 

packages are removed from storage, the closest package from the current position of the user will 

be found. 
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1  Storage systems 
 

One of the main components of the modern logistics center infrastructure is the warehouse. 

In the logistics center, the warehouse serves as a distribution center, so its task is to receive and 

dispense pallets. The warehouse in the logistics center, as opposed to the warehouse in the produc-

tion process, is focused on maximizing profit by satisfying customers' transport requirements. 

There are many storage systems, the use of which depends on the method of storage and the 

equipment used in the warehouse. We also select the storage system according to the type of stored 

material, its dimensions, weight and storage time. In our case we will use Pick-to-Light and Put-to-

Light systems [7, 8]. 

The Pick-to-Light system is one of the modern material retrieval systems, significantly in-

creasing the productivity of order fulfillment and at the same time reducing operator errors. It elim-

inates the need for paper expenses, removal orders and assembly sheets. This system also uses light 

sensors located in the racks to navigate the operator. After entering the shipment number into the 

system, the sensor lights up above the package, signaling the storage location with the specified 

quantity for the operator. The Put-to-Light system is based on the same principle, with the differ-

ence that the entered quantity is subtracted (selected) from the entered storage [5, 9, 10]. 

 

Fig.1. Warehouse using Pick-to-Light and Put-to-Light systems [4]. 

 

 

2  Database systems 
 

The program system can be called a database system if two criteria are met. The first criterion is 

the ability to manage persistent data and the second is the ability to process large amounts of data effi-

ciently. From these requirements, we can define a database system as a software system that is adapted 

to the efficient storage, selection and manipulation of large amounts of persistent data. Persistent data 

persists in the system for a long time, regardless of the programs used. Database systems work with 

data stored in a database, so its main functions are [2]: 

• inserting new, empty files into the database, 

• inserting data into an existing file, 

• selection of data from an existing file, 

• correction of data in an existing file, 

• deleting an existing file from the database, 

• deleting data from an existing file.  
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The database is an organized collection of data in electronic form. It is a set of structured, in-

terrelated data grouped together, without unnecessary redundancy. A database consists of schemas that 

represent a set of data describing a database data model, which is a table. The tables represent an array 

of n x m, where n is the number of columns and m is the number of rows. The table column defines the 

data name and data type. The most used data types in databases are numeric, date or logical [11]. 

 

The relational database model is currently a unified way of representing data at the logical 

level due to the simplicity that facilitates data representation. This database model is used in most 

popular database applications, such as Microsoft SQL Server, Oracle Database, MySQL, IBM DB2 or 

Microsoft Access [3]. 

 

Microsoft Access is a database management system from Microsoft. It offers a combination of 

graphical user interface and application development tools with the Microsoft Jet relational database 

engine. Microsoft Access can create tables and forms, as well as create complex queries without requir-

ing any programming skills of users. Thanks to this feature, it deserved a place in the Microsoft Office 

package. Microsoft Access works with relational databases, saving them in its own file with the .accdb 

extension. In older versions, the .mdb extension was used [1, 14]. 

 

Microsoft Access is complemented by other services from Microsoft that allow the database to 

be stored in the cloud, backed up and encrypted. An interesting feature is that Access is so compatible 

with competing databases that it can work with data from Oracle databases. From the information ob-

tained so far, it may be obvious that it can also communicate with other software from Microsoft, Mi-

crosoft SQL Server. As this application is available for students in the student version and sufficient to 

work with data in our work, it will be used to create a database and its subsequent connection with the 

visualization program Promotic [1, 14, 18]. 

 

 

3  Visualisation Systems 
 

Visualization systems are responsible for consistent data display. All data must be sufficiently 

visible in compliance with ergonomic rules and psychological requirements. This means that the work 

environment in which the data is displayed must be configured and customized [15]. The ideal inter-

face is clear, transparent and unobtrusive as little as possible. It allows the user to focus on process con-

trol without drainage attention to its very appearance [16].  

SCADA systems consist of three components, namely a PLC, a main station with HMI and a 

communication structure. The PLC reads the values, which are then sent to the main station via the 

communication structure. The main station displays the received values to the operator in graphical and 

numerical form via the HMI. It is also possible to control these values after entering a value by the op-

erator. The station sends a signal to the PLC, which sets the process to the desired behavior. Such sys-

tems are used mainly in industrial production halls, but nowadays they are also used in Smart home 

technology or Web technologies due to the possibility of remote access [15]. 

Promotic is SCADA / HMI system for creating applications in industrial automation. The 

Czech company MICROSYS created Promotic system with its operations and functions in 1991. To-

day, Promotic is one of the most widely used SCADA systems in the world. It deserved this award 

thanks to Promotic team’s direct attention to the quality of services they provide to the customer. This 

means that they are constantly developing their product in the form of new versions, the current version 

is 9.0.8. It also contains rich documentation and provides top technical support.  
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As Promotic is constantly evolving, the features it provides are also being added. Promotic can 

access databases from the simplest ones such as Microsoft Excel or Microsoft Access to Oracle, 

MySQL and Post-greSQL databases [17, 18]. 

 

  
 

Fig.2. Diagram of SCADA systems [13]. 

 

 

It has also adapted to the needs of users for remote access by adding a Web server feature. The 

web server provides application conversion to HTML, XML, PHP and JS files for Internet browsers. 

Data transfer is based on the standard HTTP protocol and access to the application is handled by a 

secure login. Promotic system supports work with two scripting languages, VBScript and JavaScript. 

We use VBScript for local applications and JavaScript for the mentioned Web applications. In this 

work, we decided to use Promotic application using both programming languages [6, 17]. 

 

 

4  Case Study 

 

The aim of the application is to streamline the storage and retrieval of packages in the ware-

house. This is achieved by using dynamic programming, looking for the shortest way to save the pack-

age. In the application, we used an imaginary, presentation warehouse consisting of six shelves. Each 

of the shelves is divided into two sides, each side having two shelves and 20 segments, places where 

packages can be stored. 

The application consists of two main parts, according to which the job description will be divid-

ed. The first part is a description of the tables used in the database and their connection with the visuali-

sation application Promotic. The second part is a description of the HMI application, in which the func-

tionalities of the elements are described. The HMI application was created in accordance with the IEC 

73 standard. 
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a)  Database 

 

An important part of the application is the database, which is divided according to the use of 

variables into tables. All tables were created and managed in the MS Access environment. 

The Segments table contains the properties of all segments in the warehouse, where the seg-

ment number (attribute “Segment” in the database) is the primary key with unique values. The second 

table is the package table, in which the values entered by the user in the application are written. Each 

entity corresponds to one package and attributes.  

The next table is for user management, each user having the attributes of his ID, which serves 

as the primary key, login name, password, access level, and default user language. The access level 

corresponds to the function of the user in the warehouse. Users with an access level corresponding to 2 

are allowed to load and unload packages from the warehouse with the shortest route displayed. Users 

with access level value 1 do not have permission to insert and unload packages, and the shortest path 

will be displayed after entering input values to other users with access to package manipulation in the 

database. The Language attribute numerically represents one of the seven languages that can be select-

ed in the application. 

The distance table and the neighbour table serve as two-dimensional arrays of the properties 

of individual nodes. Both tables have 21 attributes, with the first attribute indicating information for 

which node the entity is. Other attributes indicate how it relates to a given node. In the case of a dis-

tance table, this is the distance of the node to which the entity belongs to the given node to which the 

attribute corresponds. And in the neighbors table as in the previous table, but instead of the distance, 

the cell informs about all the neighbors of the entity node. 

 

 

b)  Dynamic Programming 

 

Dynamic programming is one of the most commonly used methods for effective process op-

timization solutions. The principle of dynamic programming is to evaluate the smallest subproblems 

until the largest. The algorithm based on the principle of dynamic programming is described in 4 points 

[19]: 

• creating characteristics of the optimal solution, 

• defining a recursive optimal solution, 

• solving the task from the smallest problems, 

• constructing a solution from calculations. 

In the case of the shortest path, we will use the theory of graphs and networks, and therefore it is 

necessary to introduce the terminology used. The first and main term is an acyclic network, which can 

be represented by a graph having a nonempty finite set of nodes V = {vi} and a set of edges H = {hi,j}. 

The acyclic network can be described by a subset V x V, which determines the topology of the graph.  

The elements of the set hi,j = {vi, vj} are thus the edges of the network, which express the exist-

ence of the transition from node vi to node vj. A node from which at least two edges protrude is called a 

branching node. The result we need to get from the solution is a path or route S {v1, v2,… vn} with a 

finite sequence corresponding to the node for the shortest path [4]. 

In our case, it will be an acyclic network with 20 points, which is shown in (Fig.3). Nodes are 

represented by an empty circle in which the own sequence number is given. The edges represent the 

lines that connect the nodes, and the numbers above the edges are the distance between the nodes. The 

symbol Ci denotes the distance to the target point.  
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Fig.3. Acyclic network of application. 

 

 

We will clearly explain the whole principle on the example with the start node v1 and the end 

node v9 in three steps. In the first step, starting from node v1, whose adjacent nodes are v2 with a dis-

tance to the end point of 46 meters and v3 of 23 meters, we find that the node v3 is closer to the end 

node and we move to it (Fig.4a). In the second step, we have a choice of three adjacent nodes v1, v5 and 

v6, again we compare their distances to the end point and move to the nearest, which corresponds to 

node v6 (Fig.4b). In the third step, the source node v6 also has three adjacent nodes v3, v9 and v10. It can 

be seen (Fig.4c) that the node v9 has a distance of 0, as it is the end point. We move to it and find the 

shortest route between nodes v1 and v9. 

 

 
 

Fig.4. The procedure for finding the shortest path. 

 

 

c)  Application Design 

 

The application is created in Promotic environment, version 8.3.11, using a developer license. 

The license allows the use of an unlimited number of variables (329 variables were used in the work) 

with a limited runtime for one hour. The application consists of HMI and the structure of global ob-

jects. The structure of objects is divided according to their type. A separate folder with a corresponding 

name is created for each object type. We also tried to name each object authentically according to its 

function for better consistency of application scripts.  
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Fig.5. The main panel: Roofs, Colors, Insulation, Flooring, Cement, Pavement. 

 

In the following section, we will describe all the objects that make up HMI applications and we 

will take a closer look at all the elements in the panel and their functionality. As mentioned above, the 

main panel is the warehouse panel, which is displayed to the user after entering the login details cor-

rectly. Therefore, we will clarify this panel first.  

The main panel consists of two parts, the control panel and the display panel. The display pan-

el provides a top view of the warehouse with information about the category of shelves and to display 

the filling of the warehouse after selecting a certain side of the shelf, it opens a modal rack window, the 

functionality of which we will explain in the next section. It also provides a display of the shortest route 

when instructed by the storekeeper. The control panel, in turn, provides a change in the color of the 

environment, the display of the legend, the display of the next or previous route, the logout of the user 

and the loading or unloading of goods from the shelf. We will describe all these functionalities in more 

detail below. 

The application contains three modal windows, which can be accessed from the main window. 

These modal windows are the main functions of the application. Next, we will describe all modal win-

dows found in the application.  

The modal import window shows us the environment in which the user can insert the parame-

ters of the package and then write them to the database. The main parameters are the six-digit number 

of the package in the range from 000001 - 999999, the category to which the package belongs, its 

weight in kilograms, the number of pieces and the name of the goods. The application is created for 

packages on euro pallets, so the X and Y dimensions are predefined to the dimensions of the euro pallet 

in centimeters.  

The modal export window allows you to search for packages in the database after entering the 

name in the Product field and the number of pieces in the Number of pieces field. After entering the 

values and pressing the Load button, the package corresponding to the number of pieces will be 

searched, or several packages, if the selected number of pieces is not contained in one package. If there 

are not enough pieces of the selected product in the database, the text will appear in the notification 

window: “There are not enough pieces of goods in stock!”. 
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Alternatively, if there is no package with the specified name in the warehouse, the notification 

window will display: “The given goods are not in the warehouse!”. However, if a package with a suffi-

cient number of pieces is in the database, a notification window will display the message: “Package 

found” and a table drawn by the Canvas method in JavaScript will be displayed with the number and 

storage of the found package. 

 

 

  
 

Fig.6. The modal Export Window (left): Stock-out, 50 pieces, Number of package, 

Numbers of position, green text: Package is found, Read button. 

The modal Import Window (right): Stock-in, Package number weight pieces, 

Name of item, Category, Dimensions XY, Write button. 

 

The modal rack window displays all full segments on a given side of the rack with the name 

of the package that is in the segment. This allows the user to see which packages are physically in 

stock. There is also a Back button in this modal window that allows you to close the modal window. 

 

 

 
 

Fig.7. The modal rack window: names and flask volumes of chemicals in stock. 

 

Finding the shortest path consists of three main steps. In the first step of inserting and unload-

ing packages from the warehouse, according to the entered data, suitable storages will be found, which 

will be written to a text file in a common directory for both applications. In this way, all entered data is 

written with the found segments into which packages can be inserted or taken. This process is repeated 

until the modal import or export window is closed. This will allow the application to decide on the op-

timal sequence of the warehouse keeper’s interaction with the packages on the road.  
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The second step is to get the values of the distance from the current point where we are to the 

given segment from the Distance table for each segment from the text file. For each segment, we com-

pare its distance value with previous values of segments that have already been compared. If the value 

of the segment being compared is less than the previous one, its distance value is entered in the variable 

Shortest Distance and in the appropriate field the number of the rack and the number of the page in 

which the segment is located. After comparing all the segments from the text file, we delete the pack-

age, which we insert first into the warehouse and all its suitable segments. This will get the package 

with the next save and perform the third step for the obtained save.  

In the third step, we will use the knowledge of dynamic programming, while we have the cur-

rent node in which we are and the node in which we need to get. First, we read the values from the da-

tabase of dynamic programming values, specifically from the neighbor table for the current point. This 

will get all the nodes connected to the current point and for each of them we will get the value of the 

distance to the end node. Evaluate the node that has the shortest distance to the end node as the current 

node and set the visibility of the respective edge to true in the visibility field. We perform this proce-

dure until the current point is the end point. When we arrive at the end node, we load all suitable seg-

ments on the given side of the rack, select the nearest segment and set the end node as the current one. 

The visibility field is then written to a text file, from which the paths to the packages are later read. 

When specifying multiple packages for picking or stocking, steps two and three are repeated for all 

packages entered.  

The application also contains additional functions for better work with the application, in-

creased security of the application and faster acquaintance of the user with the application. Next, we 

exchange and describe all additional functions that the application contains. 

As with all systems, our application requires credentials to run. The registration is performed by 

the administrator, as the application is intended for a narrow working team. Login is not case sensitive. 

After pressing the Login button, the entered data are compared with the data from the database and, if 

they match, the main panel is opened. When logging in, the user can choose one of the seven languages 

in which the application interface will be displayed. The default language is Slovak, after pressing one 

of the buttons in the language selection section, the texts will be overwritten in the selected language 

and the value of the selected language will be entered into the database. This outlines another function 

of the application, where after logging in, the language of the application changes to the last language 

selected by the user.  

 

 

  
 

Fig.8. Login+Password+Language panel (left), Help panel (right): shelf number 1-6. 
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Another feature of the application is help. Help provides information about all the elements that 

are on the taskbar. When the help is activated, all buttons are highlighted in pale blue and the infor-

mation panel is displayed at the top of the window. When you press one of the buttons, its function 

appears in the information bar. 

The application includes the ability to switch between day and night mode. The difference be-

tween these two modes is the color of the application interface. In day mode, the elements are brighter 

with black text to achieve optimal visibility in daylight. In night mode, the elements darken, the back-

ground is highlighted, and the text turns white. This maintains the same visibility of the elements, but 

with less contrast of the colors of the elements at night. Mode switching is set to automatic switching 

when the application is opened, day mode is active from 6:00 to 18:00 and night mode at night from 

18:00. The user can also choose to turn off automatic switching and set the mode manually. 

 

 

Conclusion 
 

The aim of the paper was to develop and to create an application with optimization of mate-

rial movement in the warehouse. We dealt with the calculation and subsequent display of the short-

est path to the packages that needed to be stored in or removed from storage.  

The developed application could be used in warehouses of various sizes and employee struc-

tures. The application would run separately on multiple devices, connecting to a database stored in 

the cloud that would be common to all devices.  

Two situations can occur in a company. The first one is that one employee would be in 

charge of recording the packages received in the warehouse or removed from storage to hand over 

the packages from the warehouse. The second employee would being shown the shortest way to 

remove or store packages. The second situation is that one employee performs both options, in this 

case he would enter the packages into the application himself, to which he would then see the 

shortest route. 
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