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Abstract—Management of pre-labelling phases in production 

the boxes, which are used as packages, requires office with the 
suitable environment for dealing with customers as well as the 
laboratory for the prototype production. To meet the 
requirements of the customers taking into account the possibilities 
of material, it is necessary to manage the testing the quality of 
corrugated paper, which is mostly used for production the boxes 
as well as testing the designed sample as prototype. Ethernet 
network can provide the suitable connection for transmission the 
data between office and laboratory. The connection includes 
especially plotter to design boxes and measurement devices to 
control the boxes quality. The devices as well as their connections 
were originally designed and constructed under the leadership of 
Peter Antony, as one of the coauthors.  
 

Index Terms—Computer network management, Ethernet 
networks, Instrumentation and measurement, Testing  
 

I. INTRODUCTION 

NTERNET and in specific cases Ethernet applications 
have become an integral part of the present development. 

Also, the service sector is more widely available, for example 
through mobile applications [1]. Cloud computing plays an 
important role not only for services but also for global 
business in general [4]. Interactive Internet multimedia 
applications require also real-time communication including 
synchronization [3]. Professor Robert Štefko with his 
colleagues [5] stresses importance in setting the proper ways to 
manage the communication for detecting and solving 
demanding situations.  

Embedded systems in connection with multimedia 
computing [5] are included in particular industrial 
applications. Managing proper connections especially between 
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control and production parts of industrial processes may 
influence the resulting efficiency and safety of the 
manufacturing process [6]. In our previous work [7], we used 
Internet connection to set the parameters for the proper 
function of the water cleaner. It not only increased operational 
reliability but also security of the service. 

Our new research aims to managing the modern laboratory 
with full functioning regarding the designing the prototypes of 
boxes with the Ethernet connection to the central office. 
Reliable data transfer is conditioned by several factors: the 
optical connection, the selected data system control as well as 
double data backup. However, each laboratory device has its 
own control system. The reliability of data transmission is 
superior to other parameters such as bit rate.  

II. MATERIALS AND METHODS USED IN LABORATORY WORK 

The company, where we realized our research, has its own 
laboratory to construct the prototypes of boxes as packages. 
The constructed boxes are subsequently tested regarding the 
quality of the used material as well as the finished product. 
The finished product is measured for their strength and quality 
parameters. 

Figure 1 shows a plotter. Plotter is used for drawing, cutting 
and pre-labeling the samples for bending. All those operations 
are necessary to produce prototypes of boxes. Plotter was 
designed and constructed with Ing. Peter Antony, the coauthor, 
in such a way that it can be managed from the laboratory 
through a central computer with Linux operating system. For 
adjusting a typical process, a control via an infrared remote 
controller can be used. This feature is mainly used when 
setting the depth of cut, the initial operating point within the 
area of material and the depth of the bend. Draft drawings for 
prototyping boxes takes place in another part of the company's 
buildings, at the office.  

The office is equipped especially for a better customer 
contact. The prototype of the box can be made as follows on 
the basis of specific customer requirements, in accordance 
with the appropriate choice of process flow as well as the 
possibilities of a certain material. Customer requirements 
influence the choice for a specific type of corrugated board 
which is usually used for the boxes production. Prototype 
testing is important also for the specific requirements such as 
wet environment for storage of goods in boxes, suitability of 
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material for a direct contact with food as well as high stack of 
boxes during transportation or storage of goods.  

So, in the office designed the prototype of the box is sent 
via Ethernet as a file for prototyping on the plotter. Figure 2 
shows monitor of the control computer to control the plotter in 
a laboratory with running programs for designing the 
prototypes of boxes. Red lines are marking a template for 
cutting the material on plotter, yellow marking is used to mark 
the way for bending of materials. 

Upon detection of misstatements, for example due to 
transmission errors, plotter completes only 60 mm more of 
lines under the proposal on the basis of data in the buffer and 
then stops and highlights the fault. The risk situation was 
tested in artificial induction in test mode. In actual operation, 
the error has not occurred yet. 

Figure 3 expresses schematic representation of the network 
connection for the control computer in the laboratory.  

Ethernet connection (eth) was set for the data transmission 
of the file with the designed boxes from the server in the office 
to the control computer in the laboratory as well as for 
transmission of the data with the testing results from the 
measurements of material quality (ECT/FCT) and properties of 
boxes (BCT). 

 

III. CORRUGATED BOARD QUALITY MEASUREMENT 
To fulfill the customers' general as well as the specific 

requirements the material has to be tested. Corrugated board is 
mostly used material for the box production. To measure the 
properties of material, the laboratory tool EA-5 is used. The 
tool comprises measuring ECT (edge crush test) and FCT (flat 
crush test). Edge crush test (ECT) according to EN ISO 3037 
or TAPPI T 811, provides information on the strength of 
corrugated board with flutes positioned vertically. ECT is used 
to choose a minimum ECT grade of board [lb/in] to support a 
given stack height [8] as it is expressed using the formula (1). 
In the Central Europe the results of ECT testing is given in 
[kN/m]. 
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where 

H ... stack height [in], 

 
Fig. 1.  Plotter. 

 
Fig. 2.  Monitor of the control computer to control the plotter in a laboratory 
with running programs for designing the prototypes of boxes.  
 

 
Fig. 3.  Schematic representation of the network connection for the control 
computer. 
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h … box height [in],   
t … board thickness [in],  
P … load-bearing perimeter [in],  
F … FBA environmental factor or ASTM D4169 f-factor,   
W … box weight [lb].  

Figure 4 shows the control computer with exact ECT / FCT 
laboratory measuring device for determining the quality of the 
material. Detail of measurement in the type ECT is expressed 
in Figure 5. 

 
Before ECT measurement takes place, the material is cut to 
precise dimensions 25mmx100mm. Figure 6 shows 
Pneumatically controlled cutting device for construction the 
measured samples for testing in a version ECT. The cutting 
device has two control buttons for security reasons so that both 
hands were employed in operating this device. 

 

IV. MEASUREMENT THE QUALITY OF PACKAGES 

To measure the strength properties of packages, the Box 
compression test (BCT) is used on laboratory tool EA-20. The 
result of BCT test of boxes directly depends on the result of 
ECT test of the material quality. 

Figure 7 shows accurate laboratory measurement device of 
type BCT. 

 
Fig. 4.  Control computer with exact ECT / FCT laboratory measuring 
device for determining the quality of the material. 
   
 

 
Fig. 5.  Detail of measurement in the type ECT. 
 
   
 

 
Fig. 6.  Pneumatically controlled cutting device for construction the 
measured samples for testing in a version ECT. 
 
 
 
 
 
 
 
   
 

 
 

Fig. 7.  Accurate laboratory measurement device of type BCT. 
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The result of BCT [4] is computed using the formula (2) and is 
given in Pounds [lb]. 

 

dUECTBCT ×××= 876.5            (2) 

 
In the Central Europe, the formula (3) is used to compute 

the results of BCT, which is given in [kN].  
 

dUECTBCT ×××= 86.1              (3) 
 
where 

U ... box outline, 
d ... thickness of corrugated board. 
  

V. MANAGEMENT OF LABORATORY WORK VIA ETHERNET 
CONNECTION 

Figure 8 shows a schematic representation the connection of 
laboratory equipment to the central computer, which is 
connected to the router via Ethernet. 

The realization of the connection of laboratory central 
computer with Linux operating system to the Ethernet is done 
via the command line: 

sudo -H mount -t cifs -o user=laboratory,password=boxes 
//194.146.101.199/disc -f /home/knoppix/Server 
cp -r -u /home/knoppix/Server/ploter/ploter 
/home/knoppix/krabice 

Another option for starting the data connection is a direct 
click on a script that will implement the commands listed. 

The implementation of orders given enables the correct 
connection to the internal corporate network Ethernet with the 
possibility of bidirectional data transmission. Thus, such a 
connection between laboratory central computer and the 
company server in the office complex allows access to the 
following data: 

• reading the design of boxes from the corporate server 
in the laboratory, 

• writing the results of measurements (ECT / FCT, 
BCT) from the laboratory on the company server in 
the office, 

• control of the system and detection the potential 
problems when transferring data. 

 
Figure 9 shows the details of the equipment for converting 

RS232 communication to USB in laboratory. 
 

 
 
 
 
 
 
 

 

 
 
 
 
 

 
Fig. 9.  Detail of equipment for converting RS232 communication to USB. 
 
 
   
 

 
Fig. 8.  Schematic representation of connection the laboratory equipment to 
the central computer, which is connected to the router via Ethernet. 
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VI. RESULTS AND DISCUSSION 

Testing ECT/FCT the material of corrugated paper was 
done with determination the graphic characteristics. Figure 10 
expresses the graphic characteristics for ECT testing. FCT 
testing was realized on the same testing device as ECT, 
however the material is tested on its flat. Figure 11 expresses 
graphic characteristics of FCT testing. 

After testing the material, the box was constructed using the 
plotter. The box was designed according to the customer' 
requirements as well as possibilities of the material. Figure 12 
shows on the plotter realized sample of box. Finally, the box 
was tested on BCT. Figure 13 expresses graphic characteristics 
of constructed sample of box. The realized process proved the 
clarity and correctness of the transmitted data. 

 
 
 

 
 
 
 

 

 
 

 

 
Fig. 10.  View the results of real measurement ECT. 
  
 
 
   
 

 
Fig. 11.  View the results of real measurement FCT. 
  
 
 
   
 

 
Fig. 12.  On the plotter realized sample box. 
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VII. CONCLUSION 

Our research work aims to manage the pre-labelling phases 
of production boxes as packages with the Ethernet connection 
between office and laboratory. Office is an important place 
especially for dealing with the customers and designing the 
boxes according to the requirements. To meet the requirements 
of the customers and in the same time to take into account the 
possibilities of material, the testing the material as well as the 
constructed prototypes is necessary. Testing is realized in the 
laboratory. The material, which is mostly corrugated paper is 
tested comprising measurements ECT (edge crush test) and 
FCT (flat crush test). Knowing the material qualities, the 
prototype of boxes is constructed according to the design that 
was made in the office. When the prototype of boxes is 
constructed, it is also tested using the Box compression test 
(BCT).  

Connection between laboratory central computer and the 
company server in the office complex proved suitable 
transmission of the following data: 

• reading in laboratory the design of boxes from the 
corporate server that is placed in the office; 

• To reach the data as results of measurements (ECT / 
FCT, BCT) from the laboratory on the company 
server in the office. 
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Fig. 13.  View the results of real measurement BCT. 
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