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Abstract  

This thesis has two aims, both related with simulation programs. The first one 

is to analyze the viability of using Factory I/O as a tool at the University of 

Gävle for teaching and understanding the PLCs and the ladder programing. The 

second one is do a 3D model of the robotics laboratory to use it with the 

KUKASim and after that find a method to transfer code from KUKASim to the 

actual robots. 

Factory I/O has been install and use with a Siemens PLC, which was programed 

in Siemens TIA Portal. The evaluation of the software as a teaching tool has 

been done according to a supposition of how much time could it take to an 

average bachelor degree student in automation to create a functional project. In 

order to determine that, a demo has been done, which consist on a process in 

where a box enters by a conveyor. There are two ruts for the box to exit, 

straight or to the left, and the direction is choose by moving a switcher in the 

PLC. After analyzing finishing the demo, it has been determinate that it could 

take around 4 hours to complete a functional project. 

For the KUKASim part, KUKASim was already installed. However, during the 

development of this project it was updated from 2.2 to 3.0.4 which caused a 

minor issues; the SketchUp model could not be imported to 2.2 version and by 

the time that the upgrade was made the 3D environment of the robotic 

laboratory was already made in KUKASim.  

On the other hand, the Office Lite software was needed to be installed in order 

to transfer the code from KUKASim to the real robots, but due to some license 

issues, the installation was done at the end period of the project. The connection 

of both software was not possible to make, still, during the time that Office Lite 

was not available, an alternative method to transfer the code was found. The 

program files were download from KUKASim and transfer to the robot with 

WorkVisual.  

The conclusion of the thesis is that Factory I/O could be used as a learning and 

teaching tool because is an easy program to work with. All the same, KUKASim 

is a multifunctional software, which has make it possible to achieve both of the 

purposes for corresponding part of the project. 

Keywords: simulation software, Factory I/O, virtual commissioning, 

KUKASim. 
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1 Introduction 

1.1 Background 

The manufacturing industry has changed considerably in the last 250 years. Since the 

first industrial revolution in 1784 water and steam power, mass production using 

electricity and the use of PLC and IT systems for automation have been added to the 

manufacturing process. That happened throughout the first three industrial 

revolutions, but we are reaching to the point on which the electrical and digital 

automated production are making a new difference on the manufacturing processes 

[1]. Due to the need to reduce the time and expenses on the industry and thanks to 

the new technologies available nowadays, the experts are talking about a new 

revolution, the fourth one, also knowns as Industry 4.0 [2]. This industry model has 

its foundation on the Internet of Things (IoT), Cyber-physical systems (CPS), cloud 

computing, big data [3], [4] and smart manufacturing [1].  

As a result of the implementation of the Industry 4.0 a demand for new skills has arose 

both in the industrial and academic wold [5]. The actual manufacturing system has 

automated workstations that need a commissioning at the beginning of a new product 

line but also if product or the characteristics of the product changes. In order to do 

that, there are four ways of commissioning:  

a) Real commissioning, which uses a real plant and a real controller. 
b) Virtual commissioning, consisting on using a virtual plant and a real 

controller. 
c) Reality-in-a-loop mode is made with a real plant and a virtual controller.  
d) Constructive commissioning, which involves a virtual plant but also a virtual 

controller [2], [6].  

The emulation, also known as Virtual commissioning, consists on the representation 

of a real process into a virtual environment [5]. There is more than one purpose for 

using emulation: 

a) Optimization: by making the design of the plant before constructing it, greater 
safety can be achieved since potentially critical points could be predicted for 
both the plant and the workers. Industrial processes can be improved by 
studying, identifying and anticipating bottlenecks or maintenance needs of the 
plant. Besides, the commissioning will be more profitable and faster since 
there is no need of having the production line available in order to program 
the control systems.  

b) Verification: you can do the verification of the program before installing it in 
real production line and by that the error rate of real commissioning will be 
reduced [6].  

c) Education: it gives to the students a deeper understanding of the processes and 
functioning of the real controllers (PLCs).  
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1.2 Theoretical framework  

In 20 years many of the existing jobs will be automated [7], PLCs and robots are 

extensively used for that purpose. A Programmable Logic Controller (PLC) is a 

processor device that emulates an electric ladder diagram. It works as an intermediary 

between the process state information coming from the sensors and the actuators that 

have the ability to change the process [8]. Most of the nowadays manufacturing 

systems are controlled by PLCs, since they have a widely employed industrial control 

technology, which makes them the most suitable option [6]. 

The other resource previously mentioned for the automation of a process is the 

robots. They are already taking place of the human workers in many of the repetitive 

and low skilled workstations but currently there are also robots that work side by side 

with humans safely. Hence, it is estimated by the International Federation of Robotics 

(IFR) that in the next 8 years, from 1.9 million up to 3.5 million jobs associated to 

the robotic field will be created [7].  

In general, robots can be classified following different criteria, such as functional 

characteristics, control type or the generation they belong to.   

Regarding their functional aspects robots can be: 

a) Industrial robot: designed to manipulate materials and do special activities. 
b) Mobile robot: placed upon moving platforms (ground, air or water). 
c) Intelligent robot: capable of moving or working in any environment. 
d) Service robot: designed to deliver useful services for leisure of human 

support. 
e) Humanoid robot: imitates human image and behaviors. 

When it comes to the type of control, there are four different types of robots: 

a) Controlled sequence: executes movements following a certain order.  
b) Continuous path: the group of axis works in a controlled way following a path. 
c) Adaptable: offers the control option.  
d) Remote controlled: controlled in the distance. 

Finally, they can also be classify by generation. In this group, there are three 

categories: 

a) First generation: they repeat the scheduled task sequentially, without taking 
into account the possible changes in the environment. 

b) Second generation: they have limited information about the environment and 
the movement that they make are base just on that information. 

c) Third generation: the decisions and the control of the process is made in real 
time due to sensors that send the information to the computer in which the 
program is [9].  
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1.3 Purpose 

This project has two main purposes. The first one is to evaluate whether a simulation 

software of control systems can be used at the University of Gävle for teaching and 

learning how PLCs work. As mentioned before, simulation software can be a useful 

learning and studying tool for the development of the new skills that have appeared 

due to the technological advances and the Industry 4.0. Since there is a wide range of 

possibilities in the market in terms of simulation programs, only the analysis of one 

program has been done. The program that has been selected is Factory I/O.  

The second purpose would be to investigate the generation of a program code in 

KUKASim software from a created simulation. This software allows you to build a 

simulation environment to test the robot. In order to adequate to Gävle University’s 

robotic laboratory, a 3D model of the robotic cell has to be done. As a collateral 

effect, KUKASim software will be also evaluate as a learning tool. 

1.4 Layout of the thesis 

The thesis is divided five main parts. The introduction, Chapter 1, in which the thesis 

is put in contexts. The second chapter is the methodology that contains how the 

project was carried out. In the third and the fourth chapters, the thesis has been 

divided into two subproject, both of them having the same structure. 

First a description of the equipment used is done. Then, in the description of the 

project, the technical requirements before the project can be carry out and the 

previous knowledge that the student has to have before doing the project are placed. 

Finally the procedure that has been follow to achieve the results of each project is 

explained. A discussion about the results is also made in the two subprojects.  

Chapter 3 is all about Factory I/O and Chapter 4 about KUKA. At the end of the 

project period, the University of Gavle updated the KUKASim software from 2.2 to 

3.0.4 and that change had some implications for the thesis resolution. 

The Chapter 5 contains the conclusion of the thesis, englobing both of the subproject. 

At last, in the Appendix A and Appendix B codes were added. In the Appendix A the 

code for the programing of the PLC in ladder language has been placed and on 

Appendix B the code of KUKASim robot programing. 
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2 Method 

The first thing that was done was a literature review, searching journal articles in 

different databases; IEEE and Science Direct. Another source of information was the 

software companies’ webpage, where a detailed information about each software used 

was found.  

After the research phase, the thesis was divided in two subprojects, the first one being 

Factory I/O and the second one being KUKA. For the development of the first 

project, the first step was to download Factory I/O directly from the official webpage 

and it was used with a free month trial license. The license was later on extended for 

another month in order to have the software available until the end of the thesis. Using 

this software a demo was created after trying the functionality of the software, since 

the purpose of this art of the thesis was to evaluate the viability of having this program 

as a learning tool at Gävle University. Once the demo was done, the writing part of 

the thesis was carried out.  

For the second part of the project, KUKASim was already installed on the university’s 

computers, but it was a previous version of it. Firstly, a 3D model of the robotic cells 

of the laboratory was made from some measurements in order to define the 

environment. The two most important measures were the height of the table and the 

robots base, to avoid collisions between them once the simulation is done and 

transferred to the robot. This model was not compatible with the 2.2 version of 

KUKASim, so the environment was also created with KUKASim. During this part of 

the project, KUKASim was upgraded from 2.2 to 3.0.4. With this new version of the 

software, the SketchUp model could be imported but not successfully, so it was 

decided to use the already created functional environment from KUKASim. After 

having the environment and KUKASim 3.0.4, a demo of the simulation was created.  

The link between the robots and KUKASim was supposed to be KUKA.OfficeLite 

software. However, the software was not installed on the university’s computers and 

the IT support was needed in order to achieve that. There was a delay on the 

installation so an alternative to transfer the code from the simulated robot to the real 

one has to be found; it was made by directly downloading the programing files from 

KUKASim and transferred them to the robot with WorkVisual.  

The evaluation of the projects was made with the criteria of how much time could it 

take to an average student of a bachelor degree in automation to carry out a functional 

simulation in each software.  
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3 Factory I/O 

3.1 Description  

FACTORY I/O is the software that is going to be analyzed to do simulations of 

control systems. This software is a factory simulation for learning automation 

technologies. It can be used as a platform for training and learning with different types 

of controllers including SoftPC, microcontrollers, TCP/IP and other technologies 

but the common purpose of using it is as a platform for training and learning about 

PLCs and their programming [10]. 

Real Games is the company that is behind the software and they create it in a way that 

it is easy to use. With Factory I/O it is possible to quickly build a virtual factory with 

elements inspired on a real factory; including conveyors, sensors and different types 

of boxes. Moreover, most of them have digital and analog I/O. It has also more than 

20 scenes ready to use that emulate real situations. One of the scenes can be seen in 

Figure 1, a sorting station to separate green and blue items using a sensor. 

  

FIGURE 1.  SORTING STATION SCENE ON FACTORY I/O. 

The scenario is an industrial nave where, using the components that came with the 

software, the user is able to build a virtual factory and then interact with the sensor 

and actuators. Since Factory I/O has the drivers for the controllers, it is possible to 

connect the software with any PLC of the common brands, which in this case is going 

to be used with a Siemens PLC. Using Factory I/O, the student can learn and train 

by creating a virtual factory and then programming the PLC to make an automated 

process. The software can also be used with a simulated PLC, thus reducing the need 

of equipment or the access to a laboratory.  

The main advantages of using Factory I/O are: 

a) It comes with 20 scenes ready to use. 
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b) It can be used to teach to a whole class at the same time. 
c) It works with all the common PLC brands. 
d) It occupies little space comparing with traditional equipment. 
e) It is transportable. 
f) The students can work, experiment and edit the virtual factory without any 

risk [11]. 

There software has three ways of interacting with the environment. It has not only an 

orbit camera and a flying camera, which allows the user to move around the entire 

scene freely, but also a first person camera that emulates the view form a human’s 

perspective.  

With the purpose of creating a multifunctional learning environment, the actuators 

and the sensors have three different states of working. The first one is when the I/O 

works without any problem. The second one is when the I/O has an On failure, which 

makes the device be continuously working and the third working state, which is the 

opposite since it makes the device not to work at all. This can be useful for designing 

strategies against failures or to look for alternative ways of programing. 

3.2 Development of a project 

3.2.1 Technical requirements 

In order to create a project with Factory I/O, the first thing that is needed is the 

software itself. The software can be downloaded from the company’s webpage and it 

has a license requirement. It has a free month trial license, but since the purpose of 

the evaluation of the software is for using it at the university, paying a license will be 

needed. There are different kinds of licenses and the university will be responsible of 

choosing which one is the most suitable, the complete one or the Siemens edition, 

which allows the Ethernet connection with the PLC available at the university, 

Siemens 1200/1500. 

Other than that, it is also needed a software to configure the PLC. In this case, the 

one which has been used is Siemens TIA Portal and it was already installed on the 

university’s computer.  

The connection between the PLC and the computer with the Factory I/O software is 

going to be made via Ethernet, so both devices have to be on the same network. In 

order to achieve that the computers Internet Protocol version 4 (TCP/IPv4) has to 

be adequate. 
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3.2.2 Knowledge requisites 

Since the purpose of the thesis is to evaluate the software to use it at Gävle University, 

it is assumed that it will be used by students with a previous knowledge on the 

automation field. Before starting a project with Factory I/O, it will be necessary for 

the student to have a basic knowledge of PLC programing. The programing of the 

PLC will be done in Siemens TIA Portal, in ladder language, so the student needs to 

know what is a normally open contact, normally closed contact, direct coil, indirect 

coil, etcetera, and also how the connections between them work.  

It will be helpful as well but not compulsory, if the students know about certain things 

of Factory I/O before they start doing the project. For example, that there are two 

types of components, the sensors and the actuators. Both of them have three ways of 

working which have already been mentioned on the description of the program 

section.  

3.2.3 Procedure 

There are two ways of starting a project in Factory I/O. It could be done either 

creating a new project from the beginning or using one of the many scenes that comes 

with the software. With both methods, the scene can be modify and saved for the 

future.   

The software was created to be easy to use. It has a palette window on the right, which 

contains all the components available for creating scenes. They can be added to the 

main scene by dragging them to the desired place.  

By doing what is has been mentioned before about the Factory I/O software, a scene 

can be created, but if the purpose is to connect it and control it with a PLC, some 

additional steps are required. 

Since the purpose was to control the environment with a PLC, the configuration of 

the driver is needed. Factory I/O has the drivers for the most common PLC brands. 

The configuration for the PLC is done in “Drivers” tab. First, the PLC model has to 

be selected and then the remaining configuration for it would be accessible. In order 

to have a successful confection there are somethings that are needed to be configured: 

a) The host address: which is the address of the PLC. 
b) Network adapter. 
c) I/O Points Offset: with the purpose of not having interferences between the 

real I/Os and the virtual I/Os, the offset has to be set with a bigger number 
than the I/Os available in the PLC. 

d) The check “Autoconnect” is optional to have it marked. If it is marked, Factory 
I/O software will be continually trying to connect with a PLC. In case that 
there are problems with the connection, no window error would appear.  
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Once that the PLC is connected to Factory I/O, the relations of the inputs and outputs 

have to be done. This is also done in “Drivers” tab, by dragging the sensors that are 

going to be used in the corresponding input address (%I) and the actuators on the 

outputs addresses (%Q).  

There are two ways of connecting the PLC to Factory I/O. It can be done by having 

the check “Autoconnect” or by clicking the option connect every time that is needed. 

Either ways if the devices are connected it will appear a green check on the left side 

of the PLC model. If the “Autoconnect” option is not marked and the connection 

cannot be made, an error message window will appear explaining the main reasons 

for it.  

After configuring Factory I/O for the chosen PLC and the inputs and outputs, the 

PLC has to be configured and programed, in this case is Siemens TIA Portal was the 

software chosen to accomplish this purpose. Actually, the project can be done either 

starting with the Factory I/O part or with the PLC programing part. 

In Siemens TIA Portal there are some steps that need to be done to connect the PLC 

to Factory I/O. It is important to make sure that in the general configuration of the 

device, in “Protection” tab, the “no protection” option is the one selected and check 

the option “Permit access with PUD/GET communication from remote partner 

(PLC, HMI, OPC…)”. The configuration can be seen in Figure 2.  

 

FIGURE 2.  CONFIGURATION OF THE PLC PROTECTION IN TIA PORTAL. 
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After doing the configuration of the PLC, it is time to do the programing part. First, 

add all the variables list to the project and after that the programing of the main 

program. After that, send the changes to the PLC so it can be used to control the 

process that has been created on Factory I/O.  

As a reminder, the PLC and Factory I/O will be connected by Ethernet so it is 

important to check that the PLC and the computer where the software is in to be on 

the same network. That can be done by opening the network and sharing center and 

checking the details of Ethernet connection.  

3.3 Results 

What has been done for this thesis is a demo with Factory I/O, so the project is 

something simple but enough for the user to get familiar with the program. As it can 

be seen in Figure 3, there are three conveyors linked with a chain transfer. There is 

one object entrance, the box with the green arrow, which provides to the process two 

different types of object; box (L) and blue raw material, both of them on top of a 

pallet. There are two exits for the boxes, one straight and the other one to the left. 

In both ways, the boxes will disappear when they reach the remover, the box with 

the red arrow. In order to control the process, three diffuse sensors have been used.  

 

FIGURE 3.  DEMO OF FACTORY I/O. 

Here is the table of all the inputs, outputs and variables that have been used on both, 

Factory I/O and TIA Portal: 
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TABLE 1.  INPUTS AND OUTPUTS FOR PLC PROGRAMING. 

Object Description I/O address 

INPUTS 

Start/Stop Switch from on the PLC, if the value is 1 
the first conveyor will move. On the 
contrary, if the value is 0 the first 
conveyor will not move.  

%I0.0 

(+)/Left Switch from on the PLC, if the value is 1 
the box coming from the first conveyor 
will go left. On the contrary, if the value 
is 0 the box will continue straight 
reaching the second conveyor. 

%I0.1 

Sensor 1 A sensor from the Factory I/O that is 
situate at the end of the first conveyor. 

%I2.0 

Sensor 2 A sensor from the Factory I/O that is 
situate at the end of the chain transfer. 

%I2.1 

Sensor 3 A sensor from the Factory I/O that is 
situate at the beginning of the third 
conveyor. 

%I2.2 

Sensor 4 A sensor from the Factory I/O that is 
situate at the end of the second 
conveyor. 

%I2.3 

Sensor 5 A sensor from the Factory I/O that is 
situate at the end of the third conveyor. 

%I2.4 

OUTPUTS 

Chain 
transfer (+) 

Actuator to move the conveyor in 
Factory I/O, which is use to move the 
chain transfer on (+) direction. 

%Q0.0 

Chain 
transfer 
(Left) 

Actuator to move the conveyor in 
Factory I/O, which is use to move the 
chain transfer on (left) direction. 

%Q0.1 

Roller 
conveyor 1 

Actuator to move the conveyor in 
Factory I/O, which is use for the 
entrance of the boxes. 

%Q0.2 

Roller 
conveyor 2  

Actuator to move the conveyor in 
Factory I/O, which is use for the exit of 
the boxes if they are going straight. 

%Q0.3 

Roller 
conveyor 3 

Actuator to move the conveyor in 
Factory I/O, which is use for the exit of 
the boxes if they are going to the left. 

%Q0.4 
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From the moment that the run mode is pressed, as long as there is no other previous 

box, the emitter starts to emit boxes from it. PLC programming has been done so 

that the user controls part of the process. Hence, switching the %I0.0 of the PLC, the 

first conveyor stars to move. When the user switches on the first input (%I0.0) of the 

PLC the first conveyor will start to carry boxes forward into the chain transfer. The 

direction that the box takes on the chain transfer will depend on the PLCs %I0.1 

input; if the input is off the box will go straight into the second conveyor that will 

begin to move when the diffuse sensor 2 activates. On the other hand, if %I0.1 is on, 

the box will reach the end of the chain transfer and then it will be moved to the left, 

reaching the conveyor 3 which will be activated as long as the third diffuse sensor is 

on.  

The conveyor which leads the boxes straight, will be running if the sensor 2 and the 

straight/left switcher is off or if the sensor 4 is activated. On the contrary, the left 

conveyor will be running while the sensor 3 or the sensor 5 are on.   

3.4 Discussion 

This is a perfect example of virtual commissioning with learning purposes, since what 

it has been created is a virtual factory controlled by a real controller (PLC). It could 

take less than 4 hours to do a simple project, but the project can get as complex as the 

users wanted, therefore, becoming more difficult the programing. After having the 

installation done, testing the software and solving the problems, the programing of 

the PLC and the creation of the environment took around 3 hours. The software could 

be use either with verification purpose, for example to test that the programing done 

has no errors, or learning purpose, where the student can visually understand the logic 

programing language.   

The problems that have appeared during the development of the project have not been 

specific to Factory I/O. The above mentioned methodology has been developed in 

order to avoid this errors. Therefore, if the users follow the instructions the chances 

of having problems with the program are reduced, so does the time for doing a whole 

project. 

The first failure was with the Ethernet connection. The PLC and the computer on 

which the Factory I/O is have to be on the same network. After trying several times 

to connect the PLC to the Factory I/O software, the IP of the computer was changed 

to another one, also in the same network. The successive time, the connection 

between both elements was successful. 
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The second failure was regarding the programing with the PLC. At the beginning, the 

program was made with rising and falling edges but the simulation on Factory I/O 

did not work as it was supposed to. With the purpose of solving that, the program 

was changed to one without programming edges and the simulation worked properly. 

The programing of the PLC could have been easier if Factory I/O and TIA Portal 

where on the same computer since the changes in the TIA Portal could have been 

done and sent to the PLC at the same time as the verification in Factory I/O was being 

made. 
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4 KUKA 

4.1 Description 

KUKA is one of the world's leading manufacturers of industrial robots and automated 

manufacturing solutions systems [12]. As a company, they created the first robot with 

six electromechanically driven axes and also the first PC-based control system. For 

this project, several products from KUKA have been used; KR 6 R900 robot, 

KUKASim pro and KUKA.OfficeLite. Furthermore, WorkVisual was used as an 

additional software.  

4.1.1 KR 6 R900 

Nowadays, KUKA manufactures many different robot models, one of them being 

AGILUS KR 6 R900 sixx, which is the model that Gävle’s university has in its robotic 

laboratory. An industrial robot of this type, as it can be seen in Figure 4, consists of 

several things: a manipulator (1), the smartPAD teach pendant (2), connecting cables 

(3, 5, 6) and the robot controller (4). Depending on the tool that the robot has, it can 

be used from covering bottles up to weld to pieces together. 

 

FIGURE 4.  COMPONENTS OF KR  AGILUS  SIXX FAMILY [12]. 

The manipulators of these models are 6-axis jointed-arms and each axis is equipped 

with a brake. The principal components of the robot are in-line wrist (1), the arm 

(2), a link arm (3), a rotating column (4), the electrical installation (5) and the base 

frame (6).They can be seen in Figure 5. 
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FIGURE 5.  PRINCIPAL COMPONENTS OF THE ROBOT KR AGILUS SIXX [12]. 

As it has been specified before, this robot has six axes. The 4, 5 and the 6 axes are 

located in the in-line wrist. Also in the in-line writs, a CAT5 data cable is located 

which can be used to control the tools. The link between the link arm and the in-line 

wrist is made by the arm, being this last one the third axis. The motors of the second 

and the first axes are located on the rotating column. The first axis is a rotating motion 

performed by the rotating column. Since the robot can be used for many purposes, 

the tool does not come with the robot its self, it is sell separately. 

4.1.2 KUKA simulation software 

As it was mentioned before, the simulation programs are becoming an important part 

of the smart factories. In order to fulfill that trend, KUKA has developed several tools 

in that field. On one hand, there is KUKASim, a simulation software in which the 

user can create an environment and the robot programing simulation. It allows the 

offline programing of the robot and since a real environment can be created, the 

software is useful to try the program before downloading it to the robot. That could 

be helpful in order to avoid collisions and to optimize the program. The software 

provides the opportunity to have a real time connection with the KUKA’s virtual 

controller, the office lite.  

However, the environment can also be created using another software apart from 

KUKASim given that this software was created to do simulations. Simulations can be 

with learning purpose, virtual commissioning purpose or designing purpose. For the 

last two purposes is really helpful that KUKASim allows the importation of whole 

environments or elements. This is the software that is going to be used to fulfill the 

aim of this part of thesis. 

On the other hand, there is KUKA.OfficeLite that is the virtual robot controller, see 

in Figure 6. With this software programs can be created and optimized on any PC in 

an offline way. 
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FIGURE 6.  KUKA OFFICE LITE. 

The software is created to be exactly the same as the KR C4 system software (the real 

robots controller), therefore the control and the offline programming are exactly the 

same as the ones of the robot. There are several advantages of using Office lite, one 

being that it can be used in more than one computer and is easier to transport [13].  

This two software are the ones that are going to be used to fulfill the aim of this thesis. 

Office Lite is going to be the link between KUKASim and the real robots, so that the 

program created on KUKASim can be transferred to the robots or on the contrary, 

the program created on Office Lite could be tested on KUKASim before sending it to 

the robots.  

4.1.3 WorkVisual 

An additional software has been used for this project, the software is WorkVisual, 

which is also a software from KUKA company. WorkVisual allows the offline 

programming of the robots and it reduces the timing on the commissioning. With this 

software, the whole robot configuration can be done; hardware configuration, 

software, inputs and outputs configuration, among others. It can be used also to 

transfer files from a computer to the robot, which is the reason of the use of this 

software in this project.  
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4.2 Development of a project 

4.2.1 Technical requirements 

The software used for this project are KUKASim Pro 3.0.4 and KUKA.OfficeLite 

8.3. They can be on the same computer but Office Lite must be in another virtual 

image that the one on which KUKASim is installed [13]. Office Lite only works with 

VMware (a virtual machine software), so the software has to be installed and then the 

virtual image of Office Lite has to be started on VMware. Both of this software work 

under a licence, so the activation of it will be needed. 

4.2.2 Knowledge requisites 

In order to create the environment, it would be helpful to know how KUKASim 

works. For example, know that KUKASim has a library with components or that 

components can be added from CAD files. Apart from that, the software is intuitive 

for the building of the environment. On the other hand, to transfer the code from 

KUKASim to the real robot, it would be necessary to know what is needed to transfer, 

which are the data files and the source files. Also how to use WorkVisual to send the 

files from this software to the robot.  

Finally, if KUKASim is used together with Office Lite software, the student will need 

to know the theoretical part of how the smartPad works, since the behavior is the 

same in the software as in the controller. As with KUKASim, this software can be 

used for learning how to program a robot without the need of a real one or without 

the risk of damaging anything while learning.    

4.2.3 Procedure 

First, it is necessary to create the environment in which the robot is going to work in 

the simulation program. The environment can also be just the robot, without any 

other component. There are several ways to create an environment for KUKASim it 

could be done with an external software or directly with KUKASim. For the 

development of this project, the environment has been created using both methods; 

using KUKASim and as an external software the SketchUp. This last software is a 3D 

modelling software.  

When using SketchUp the environment has to be saved as .3ds extension, since is the 

only file type of SketchUp that KUKASim recognize, then the file is imported to 

KUKASim by clicking on “Geometry” on the “HOME” tab. After that, a window will 

open on the right side of the program, click “Import” to import the object or object 

into KUKASim. This method is not just for the whole environment but also useful for 

adding pieces or devices for the simulation. 
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On the contrary, by doing it directly on KUKASim, the elements are added by 

dragging them from KUKASim’s library right into the main window. Some of the 

components are needed to be exactly as in the real life, but nowadays, most of the 

manufacturers offer the option to download the components from their webpage in 

order to use them in CAD software for the simulation. For example the tool of the 

robot, if is not from KUKA, it would have to be downloaded from the manufacturer 

company’s webpage. 

Once that the robot is placed, whether it has an environment or not, the programing 

can be done.  

Another way of controlling the robot is with Office Lite, which makes the control of 

the robot as it was being controlled with the smartPad. In order to control it and to 

get the code, the robot has to be connected to the Office Lite.  

The Office Lite software is installed on a VMware program, so it has to be opened 

with this software by selecting Office Lite version to run in the machine.  

To connect Office Lite controller to a robot in KUKASim, several steps are need to 

be made. KUKASim software has to be opened with the desired environment. In 

KUKASim’s  “Program” tab switch to the “Controller Map”, which is in the left corner 

at the bottom. Select the VRC and in VRC Host field, write the VMwares computers 

name, which can be found in “Control panel/All control panel items/System”. Then 

click the button “Connect” on the toolbar of KUKASim. After that, it is necessary to 

select the configuration for the robots, according to the robot that is wanted to be 

simulated. 

For Gävle University’s case, it would be the KRC4-KR_6_R900_sixx-FLOOR since the 

robots located on the robotics laboratory are of that model. KUKA.OfficeLite will 

start automatically once the configuration of the robot is done, it could take several 

minutes. Once that Office Lite is connected to a robot in KUKASim, the code can be 

transferred from KUKASim to Office Lite by exporting the code. On the contrary, 

by importing the code, the program will be transferred from Office Lite to 

KUKASim.  

4.3 Results 

There were two purposes for this part of the thesis. The first one was to create a 3D 

model of Gavle University’s robotic laboratory and the second one was to find a way 

to transfer a code from KUKASim to real robots by using KUKA.OfficeLite. During 

the development of the project it was found that Office Lite it was not necessary to 

achieve the purpose of transferring the code.  
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4.3.1 The environment 

The layout of the robotic laboratory has been done in two different ways, with 

KUKASim and with an external software, SketchUp. By doing it with SketchUp, see 

the model in Figure 7, the model needed to be imported to KUKASim. The SketchUp 

model was saved as a .3ds file because it was the only one between the possibilities 

that SketchUp has which can be recognized by KUKASim software. In any case, it was 

not possible to achieve it because KUKASim 2.2 did not recognize the file as a 

geometry. After the upgrade to KUKASim 3.0.4, it was finally possible to add the 

environment into the KUKA’s software. 

 

FIGURE 7.  SKETCHUP MODEL OF THE ROBOT ICS LABORATORY. 

On the other hand, since until the upgrade it was not possible to import the model 

when the KUKASim version was the 2.2, the environment was created directly in 

KUKA’s software. The result can be seen in Figure 8. 
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FIGURE 8.  ROBOT ENVIRONMENT IN KUKASIM. 

As it can be seen in Figure 8, there are two working cells in the robotic laboratory. 

Each of the cells has a KR 6 R900 sixx robot situated on a base, which is the black 

cube, and a table. Since the tables can be moved but the robots cannot, the important 

thing is the height. For the tables, the height is 74 cm and the base for the robots 

height is 80 cm. The height of the robot itself does not have to be defined because it 

comes already in the software.  

The tool was not part of the robot, so it had to be added by searching the components 

in the correspondent manufacturer company’s webpage. Only one out of the three 

components of the tool was found, so the other two were measured and created on 

Autodesk Inventor. After creating he components, they were exported as a 3D object 

(.obj) and then imported as a geometry in KUKASim. The whole tool can be seen in 

Figure 9, and it is a solid object, so the gripper cannot be opened but it will move 

with the robots movements. The component which has been downloaded from the 

manufactures webpage, Schunk, is the middle one, MPG 40 gripper with 0340012 

reference number.  
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FIGURE 9.  ROBOT’S GRIPPER IN KUKASIM. 

4.3.2 Code transfer 

In order to achieve the second purpose, to transfer the code from a simulation to a 

real robot, KUKA.OfficeLite was the link between KUKASim and the real robots. 

However, until the end of the project period the Office Lite software was not available 

and the connection between KUKASim and Office Lite could not be made due a 

connection issues so an alternative way to achieve the purpose of the thesis was found.  

A simple program was made in KUKASim because the important thing was to transfer 

the code, not to program something elaborated. Three positions for the robot were 

set and the movements were made in a PTP (point to point) way, see Figure 10 the 

positions of the robot.  

 

FIGURE 10.  THE THEE POSITIONS OF THE ROBOT PROGRAMING DEMO. 
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After having the program done, in “Export” tab the data file (.dat) and the source file 

(.src) can be exported by clicking in “Generate Code”. Those two files are the ones 

that need needed to be transferred to the robot in order to make it do the same 

movements as the simulation robot. To transfer the code WorkVisual, which is also 

from KUKA, has been used but there was a problem in the merging between the 

software and the robot and due to external issues, the files could not be transferred 

to the robot.  

The .job file can be also be downloaded in “Export” tab, “Generate job” button. By 

importing the .job file, the robots of other files or environments can repeat the same 

movements that the ones saved on the .job file.  

4.4 Discussion 

For the presented results, it can be said that KUKASim is a multifunctional software. 

Both of the aims of this part of the thesis was to combine KUKASim with other 

software. However, the two tasks were completed just using KUKASim.  

With KUKASim, the environment was created and it was possible to do a simulation 

as if it was on the real laboratory. It was also possible to do a simulation demo and 

then get the source file and the data file, which are the files in which the program itself 

is. The library has enough components to build any type of environment but it has 

also the possibility to import components from other catalogues, which make the 

software useful for a virtual commissioning task. Since it is a simulation software, 

there is not risk for the student to break anything, so they can explore the movements 

of the robots freely, for example moving the axes of the robot one by one or setting 

the position of the robot in to a singularities positions.  

The most consuming part of this task was the commissioning of the software. Since 

the development of the project was done in Gävle University, the help of the IT 

support was needed in order to get the software installed on the university’s 

computers. An average student of the bachelor degree can do a simple project for the 

first time in which an environment is build, the robots are configured and the code is 

transferred to the real robot in from 4 to 8 hours. The time will be reduced once the 

student gets familiar with the software or if the environment is created. To create the 

demo, after having the software installed and the environment build, it was needed 

around 1 hours to program the robots and transfer the code to the real robots with 

WorkVisual.     
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As it was mentioned before, at the end period of the project the KUKASim software 

was upgraded and that had an impact on the development of this thesis. The first issue 

caused by the delay of the upgrade was that the model of the environment that was 

done on SketchUp was not possible to import to KUKASim 2.2 and for the KUKASim 

3.0.4 even if it was possible to do the importation it was not useful. As it can be seen 

on Figure 11, the room and the tables were displaced from the design model. Since 

there was already a model of the environment done in KUKASim, there was not time 

to find the reason for it. 

 

FIGURE 11.  SKETCHUP MODEL IN KUKASIM. 

Once having the data file and the source file, which was the purpose of this thesis, it 

was not possible to transfer them to the real robot, even if the files were transferred 

to WorkVisual.  

On the other hand, it was found that KUKA.OfficeLite combined with KUKASim 

could be a good tool for the student to learn how to use the controller of the robot, 

the smartPAD, but without the need of being on the laboratory. In any case, the link 

between both of the software was not achieved, it could have been due to the internet 

configuration of the university or the way that the computers are connected with the 

server.  
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5 Conclusions 

5.1 Study results 

Factory I/O has resulted to be an intuitive, easy to use and a very useful tool for the 

acknowledgment of the programing principles of the PLCs. For these reasons, it can 

be considered a good program to use at the university. 

When it comes to KUKASim, the development of the project has involved some 

problems regarding installations, licenses and connections. Even if some of these have 

already been sorted out, there are still some aspects that require further effort. In 

spite of this, KUKASim software is not just a learning tool but also a software that can 

be used in the manufacturing industry so it gives to the student a contact with a real 

application of the studies.  

5.2 Outlook 

For Factory I/O the only thing that has been left without resolving it if the software 

support a program in the PLC with rising and falling edges. It would be useful for the 

development of more complex projects.  

As it has been mentioned before, in the KUKA project there are still some fields that 

have to be analyzed. The first one, but the less important, is the reason why the 3D 

model of SketchUp was imported incorrectly. It did not have a huge impact on the 

development of the project because another way of creating the environment was 

found by directly using KUKASim. Still it could be useful to find the way to import 

the environment from SketchUp, as it is easier and faster to develop the 3D model 

with SketchUp than with KUKASim.  

The main field that has to be developed is the connection between KUKASim and 

Office Lite since this last software is the joint between the simulation and the real 

robot. Another way to do this was found, but at the beginning of the project the 

purpose was to use Office Lite to transfer the code. 

As a final field to investigate, is the possibility of having in the environment of 

KUKASim a robot gripper capable of been opened and closed, as the one developed 

on this project cannot be moved.  
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5.3 Perspectives 

Virtual commissioning is not only a way to optimize the time in the design of a 

process, to verify the programing and the whole process, but also a tool for the 

development of the new skills. Because of the technological advances and the Industry 

4.0 professional workers nowadays are in the need of these new skills and therefore, 

it is essential in the education environment to incorporate new methods of learning. 

In this context either Factory I/O or KUKASim software are a representation of 

educational software for virtual commissioning. Factory I/O being a software for PLC 

programing and KUKASim a software to create a simulation that can be transferred 

to a real word, just as in a manufacture process. 
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Appendix A 

Here is the program used in the PLC in order to run and control the project done in 

Factory I/O. The program was separated in five different networks, each of them 

with different purpose: 

a) Control of the first roller conveyor: 

 

FIGURE  1.  PROGRAMING OF FIRST ROLLER CONVEYOR. 

b) Control of the second roller conveyor, for the exit of the boxes in straight 
direction: 

 

FIGURE  2.  PROGRAMING OF THE SECOND ROLLER CONVEYOR. 

c) Control of the second roller conveyor, for the exit of the boxes in left 
direction: 

 

FIGURE  3.  PROGRAMING OF THE THIRD ROLLER CONVEYOR. 
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d) Control of the rollers of the chain transfer:  

 

FIGURE  4.  PROGRAMING OF THE ROLLER OF CHAIN TRANSFER. 

e) Control of the chain of the chain transfer: 

 

FIGURE  5.  PROGRAMING OF THE CHAIN OF THE CHAIN TRANSFER. 
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Appendix B 

Here is the code of the robot movements from the demo that has been done in 

KUKASim simulation. The code is from the data (.dat) and souce (.src) files.  

a) Data file code:  

&ACCESS RVP 

&PARAM EDITMASK = * 

DEFDAT  My_Job 

;FOLD EXTERNAL 

DECLARATIONS;%{PE}%MKUKATPBASIS,%CEXT,%VCO

MMON,%P 

;FOLD BASISTECH 

EXT;%{PE}%MKUKATPBASIS,%CEXT,%VEXT,%P 

EXT  BAS (BAS_COMMAND  :IN,REAL  :IN ) 

DECL INT SUCCESS 

;ENDFOLD (BASISTECH EXT) 

;FOLD USER 

EXT;%{E}%MKUKATPUSER,%CEXT,%VEXT,%P 

;Make your modifications here 

 

;ENDFOLD (USER EXT) 

;ENDFOLD (EXTERNAL DECLARATIONS) 

 

INT APP_GENNUMBER = 1703437 

INT APP_ANSWER 

INT APP_OFFSET 

DECL STATE_T APP_STATE 
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DECL PDAT PPDATP1={VEL 100,ACC 100,APO_DIST 

100,GEAR_JERK 50.0000} 

DECL FDAT FP1={TOOL_NO 0,BASE_NO 0,IPO_FRAME 

#BASE,POINT2[] " ",TQ_STATE FALSE} 

DECL E6POS XP1={X 708.73081,Y 1.50918,Z 390.96466,A -

80.45284,B -4.44355,C -149.33711,S 2,T 10,E1 0,E2 0,E3 0,E4 

0,E5 0,E6 0} 

DECL PDAT PPDATP2={VEL 100,ACC 100,APO_DIST 

100,GEAR_JERK 50.0000} 

DECL FDAT FP2={TOOL_NO 0,BASE_NO 0,IPO_FRAME 

#BASE,POINT2[] " ",TQ_STATE FALSE} 

DECL E6POS XP2={X 404.1618,Y 297.99694,Z 1002.17138,A -

51.20489,B 6.5804,C -79.90466,S 2,T 11,E1 0,E2 0,E3 0,E4 0,E5 

0,E6 0} 

DECL PDAT PPDATP3={VEL 100,ACC 100,APO_DIST 

100,GEAR_JERK 50.0000} 

DECL FDAT FP3={TOOL_NO 0,BASE_NO 0,IPO_FRAME 

#BASE,POINT2[] " ",TQ_STATE FALSE} 

DECL E6POS XP3={X 8.50907,Y 696.34464,Z 773.50196,A -

0.97591,B 7.08007,C -102.58257,S 2,T 11,E1 0,E2 0,E3 0,E4 0,E5 

0,E6 0} 

 

ENDDAT 

b) Source file code: 

DEF  My_Job ( ) 

 

;FOLD INI 

CONTINUE 

IF NOT $ON_PATH THEN 

  ;FOLD BASISTECH INI 

    GLOBAL INTERRUPT DECL 3 WHEN 

$STOPMESS==TRUE DO IR_STOPM ( ) 
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    INTERRUPT ON 3  

    BAS (#INITMOV,0 ) 

  ;ENDFOLD (BASISTECH INI) 

  ;FOLD USER INI 

    ;Make your modifications here 

 

  ;ENDFOLD (USER INI) 

ENDIF 

;ENDFOLD (INI) 

 

;FOLD SET JOBINFO HTML FILENAME 

;  APP_sHTML_JOBINFO[] = "My_Project\My_Job.htm" 

;ENDFOLD 

 

;FOLD CHECK DAT-FILE GENERATION NUMBER 

  IF APP_GENNUMBER <> 1703437 THEN 

    LOOP 

      MsgQuit("InconsistenceSRCandDAT",,,,1) 

      HALT 

    ENDLOOP 

  ENDIF 

;ENDFOLD 

 

 

;fold Jobinfo 

;Job information: My_Job 

;Product : 3.0.0.104 
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;Date: 2018-05-26-20_50 

;Project name: My_Project 

;Author: My Author 

;Company: My Company 

;Division: My Division 

;Comment: My Comment 

;endfold 

 

;fold Cellmap 

; KR 6 R900 sixx #2 

; Part1 #3 

; Part1 #4 

; SCHUNK-0340042 MPG 40-AS, 0000 #2 

; Circulo #2 

; KR 6 R900 sixx #1 

; Part1 #2 

; Part1 

; SCHUNK-0340042 MPG 40-AS, 0000 

; Circulo 

; Block #2 

; Fence #11 

; Fence #10 

; Fence #9 

; Fence #7 

; Fence #8 

; Fence #3 

; Fence #2 
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; Table1 #2 

; Table1 

; Block 

;endfold 

;fold Axes definitions 

; Axis1 [-170 170] Rot [deg] (KR 6 R900 sixx #1 : A1) 

; Axis2 [-190 45] Rot [deg] (KR 6 R900 sixx #1 : A2) 

; Axis3 [-120 156] Rot [deg] (KR 6 R900 sixx #1 : A3) 

; Axis4 [-185 185] Rot [deg] (KR 6 R900 sixx #1 : A4) 

; Axis5 [-120 120] Rot [deg] (KR 6 R900 sixx #1 : A5) 

; Axis6 [-350 350] Rot [deg] (KR 6 R900 sixx #1 : A6) 

;endfold 

;fold RobRoot, Tools and Bases used 

; $ROBROOT = {x 0,y 0,z 0,a 0,b 0,c 0} 

;endfold 

;fold HomePositions 

;endfold 

;FOLD PTP P1 CONT Vel= 100 % PDATP1 Tool[0] Base[0] 

;%{PE}%R 8.3.31,%MKUKATPBASIS,%CMOVE,%VPTP,%P 

1:PTP, 2:P1, 3:C_DIS, 5:100, 7:PDATP1 

$BWDSTART = FALSE 

PDAT_ACT=PPDATP1 

FDAT_ACT=FP1 

BAS (#PTP_PARAMS,100) 

PTP  XP1 C_DIS 

;ENDFOLD 

;FOLD PTP P2 CONT Vel= 100 % PDATP2 Tool[0] Base[0] 

;%{PE}%R 8.3.31,%MKUKATPBASIS,%CMOVE,%VPTP,%P 

1:PTP, 2:P2, 3:C_DIS, 5:100, 7:PDATP2 
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$BWDSTART = FALSE 

PDAT_ACT=PPDATP2 

FDAT_ACT=FP2 

BAS (#PTP_PARAMS,100) 

PTP  XP2 C_DIS 

;ENDFOLD 

;FOLD PTP P3 CONT Vel= 100 % PDATP3 Tool[0] Base[0] 

;%{PE}%R 8.3.31,%MKUKATPBASIS,%CMOVE,%VPTP,%P 

1:PTP, 2:P3, 3:C_DIS, 5:100, 7:PDATP3 

$BWDSTART = FALSE 

PDAT_ACT=PPDATP3 

FDAT_ACT=FP3 

BAS (#PTP_PARAMS,100) 

PTP  XP3 C_DIS 

;ENDFOLD 

END 

 

 

 

 

 

 

 
 


