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ABSTRACT  

 
The development and use of computerized machining tools and equipment within the 

manufacturing area has opened the door to an abundance of data. But, there is a need to structure 

the data, make it generic and accessible and define ways of communication in order to maximize 

the benefits of its utilization. The Line Information System Architecture (LISA) project aims 

to create an information architecture which aids in capturing and understanding this data by 

tackling the above mentioned requirements.         

 

This thesis is intended to implement the Tweeting machine concept, tweeting useful machining 

information during operations. The data will be transferred to the LISA architecture, providing 

users with the possibility to subscribe to the information. Offering useful and structured real-

time data, which can be used to e.g. aid in analyzing and decreasing processing flaws, increasing 

quality, decision making. The solution has been tested and verified using transport 

communication protocol (TCP) and open communication protocol (OPC) connections. Which 

have been applied to the 5-axis machining tool HERMLE C 50 U, in the Department of 

Production Engineering at the Royale Institute of Technology, Stockholm, Sweden.  

 

The thesis report will firstly provide the reader with necessary background information 

regarding the computerized numerical control (CNC) machine used as well as its configuration. 

Followed by information regarding OPC, TCP and Industrial Ethernet as well as a run through 

of the operational software used. The programming of the solution is provided in a relatively 

detailed manner with the hopes that it will provide a good basis for future development of this 

implementation. 
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CHAPTER 1 

INTRODUCTION  
This chapter aims to provide the reader with the background from which this project stems. As 

well as an overview of the current situation and touch on a few relevant production standards. 

The aim and limitations of this thesis will also be given in this chapter.  

 
1.1 Background 

 
Today’s manufacturing procedures are restricted by the data formats with which information is 

carried across from computer aided design (CAD)/ computer aided manufacturing (CAM) to 

CNC. The information created in CAM is highly detailed and describes relationships between 

process, product and resources. The formats used to transfer information between CAM and 

CNC are unable to preserve these details causing separation of the integrated information at an 

early stage. Requiring both lengthily and costly measure to create machining descriptions. Also, 

increasing the risk of mistakes and delays due to updates in the machining descriptions since 

these will have to be synchronized across the fragmented information.  

 

The benefits of delaying this separation are increased support for machining process control, 

process traceability, feedback from geometric and dimensional measurements. Transferring the 

integrated information as one unit would allow for easy computer aided corrections of 

machining parameters, simplified version and change management and diminished risk of data 

inconsistency [HED10].     

 

The international organization for standardization (ISO) 10303, also known as the standard for 

the exchange of product model data (STEP), is a standard developed to address the above 

mentioned issues. It is a standard for computer interpretable representation and exchange of 

product manufacturing information, aiming at providing a system neutral exchange data format. 

An extension of STEP is STEP-NC, which is a machine tool control language. STEP-NC can 

provide CAM operational descriptions and STEP CAD geometry to the CNC so work piece, 

stock, fixtures and cutting tool shapes can be visualized and analyzed in the context of the tool 

paths [GR10]. Enabling a delay of the information separation.  

 

 
Figure 1.1, Delayed versus early separation of data [ Ref; Model Based Machining Descriptions, M. 

Hedlind, M. Lundgren, T. Lundholm, T. Kjellberg Fig. 2]. 
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Through the implementation of STEP-NC, the CNC controllers would have information on not 

only how to make a piece but also what to make by including feature based information such 

as pockets, holes etc. [GR10].  This added information will make it easier to relate recorded 

data and events to the additional product data included through the use of STEP-NC.  

 

 
 

Figure 1.2, Comparison of STEP-NC and the use of G & M codes [Ref; Standard process monitoring 

and traceability programming in collaborative CAD/CAM/CNC manufacturing scenarios, Julio G.C. 

et al. Fig 1.A]. 

 

Another important standard is the international society of automation (ISA)-95 that defines data 

models for exchange of information between business functions, Manufacturing execution 

system (MES), and Enterprise Resource Planning (ERP). However, this standard does not 

include the communication between ERP and controllers [GR10].  

 

 
 

Figure 1.3, ISA-95 data model of the production process levels. 

 

In order to connect the three production process levels there is an important emphasis on system 

neutral exchange formats. By using STEP-NC and allowing for richer information to be 

provided to the CNC it will likewise allow for the extraction of richer information. The intention 

of this thesis is therefore to map certain CNC events and by using LISA, test if the CNC events 

can be transmitted from the HERMLE machining center to the communication channel. The 

LISA architecture functions as a flexible integration platform, providing feedback to the other 

levels (MES and ERP), aiding in improving manufacturing processes and product design.  
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1.2 SIP IoT Tweeting machine 

 

The SIP IoT Tweeting machine project, also referred to as the tweeting factory, aims to utilize 

an architecture that supports a flexible and integrated communication system between the 

different production levels. Which is provided by the LISA architecture, intending to leave the 

old hierarch structure of communication creating a point-to-point (PtP) communication channel 

between the applications [MAF16]. Substituting it with an open architecture where applications 

can communicate by subscribing to or publishing data, see Figure 1.4.  

 

 
 

Figure 1.4, The difference in communication between the tradition hierarchical architecture and LISA 

open architecture [Ref; Joined meeting tweeting machine 20160310 FF1 KTH Power Point, Antonio 

Maffei, Slide 4]. 

 

The messages that the application or device publishes are known as tweets, and thereby the 

name the tweeting machine. In this thesis the tweeting machine is the HERMLE C 50 U, a 5-

axis machining tool. The tweets will be sent to a bus that will allow both data input and output. 

The bus will function as a communication channel for subscribers and publishers, where 

messages can be picked up to produce a service output with the data transmit, see Figure 1.5.  

Standard

:

Level 4 ► Defines the business-

related activities needed to manage 

amanufacturing organization.

Level 3 ► Defines the activities of 

the work flow to produce the desired 

endproducts.

Level 2 ► Defines the activities of 

monitoring and controlling the physical 

processes.

Level 1 ► Defines the activities 

involved in sensing and manipulating 

the physical processes.

Level 0 ► Defines the actual 

physical processes.

Traditional Approach

Architecture: hierarchical

Communication: push/pull

LISA 2 Approach

Architecture: open

Communication: publish/

subscribe



 7 

 
 

 

Figure 1.5, LISA communication channel with a service bus to publish and subscribe message. [Ref; 

Tweeting Machine 20160314 KTH Power Point, Thomas Lundholm, Slide 7]. 

 
1.3 Aim 

 

The aim of this thesis is to develop an industry applicable interface for acquisition of feature 

based machining information from CNC and PLC systems in machine tools. Two different 

methods for tweeting, OPC unified architecture (UA) and TCP, from the CNC machine will be 

evaluated. The tweets will provide the operators with richer information such as current axis 

position and global user defined (GUD) variables. The solution will be implemented in the 

HERMLE machining center with SINUMERIK 840D. The following question should be 

answered 

 

‘Is it possible to tweet global user defined attributes and axis coordinates through a OPC UA 

and/or TCP interface from the CNC and PLC system on the HERMLE C 50 U?’ 

 

‘Can an application be programmed to receive and process the transmitted information?’ 

 

1.4 Limitations 

 

The scope of this thesis is limited to the CNC machining tool available at the Department of 

Production & Engineering, the HERMLE C 50 U. The accessibility as well as the compatibility 

of the software packages with the CNC system of HERMLE C 50 U will most likely impose 

additional limitations.  

 

 

 Tweeting machine 

# 



 8 

CHAPTER 2 

THEORY  
 

This chapter is intended to provide the reader with the necessary background information and 

technical knowledge to aid in the understanding of the development of the communication 

interface. As well as clarify this thesis’s contribution to the SIP IoT Tweeting machine project 

currently undertaken in the Department of Production Engineering at KTH Royal Institute of 

Technology in Sweden. 

 

2.1 LISA project  

 

For manufacturing companies to stay competitive on the global market today there is a need for 

high productivity as well as flexibility [HS09]. Companies have become more and more 

automated, from the management level using ERP, down to the field level working with 

production processes and manufacturing [THE15].  

 

Many companies have adopted the ISA-95 standard to define the interface between MES and 

ERP [THE16], see Figure 2.1. One of the challenges that companies’ face is to have a vertical 

integration between the different levels. A solution for this has been a point-to-point (PtP) 

method with a client/server architecture [THE15].  

 

Based on investigations by IBM (2007), 85% of data gathered within industries are unstructured 

and almost 42 % has been gathered manually [IBM07]. One of the main areas where data is not 

integrated back into the system is at the low-level machines [THE15]. For companies to stay 

competitive they have to transform the low-level data into information that can be used for 

taking strategically decisions as well as process the data through a flexible and scalable 

information system. 

 

Figure 2.1, ANSI/ISA-95.  

 
 

MES

HMI/SCADA

PLC

I/O

Manufacturing/Productionproc
ess

ERP Level 4 

Level 3 

Level 2 

Level 1 

Level 0 
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One of the reasons why data is not being handled or processed in an elaborated way is because 

of the different protocols, applications, machine-tools and formats, complicating the 

communicate between the production levels. Companies tend to use a PtP communication 

format, which is very sensitive to the addition of new applications as it requires the whole 

system to be updated in order to integrate the new application [THE16]. This is not only costly, 

but creates a system that is hard to maintain due to the fact that some applications can only 

communicate with each other through, either a third-party translator, or a protocol. The reason 

why industries have not implemented new communication systems and applications is due to 

the cost of replacing an already established system that is based on PtP [BOY08]. 

 

To achieve an interoperable architecture, with a coherent information model, an initiative has 

been started by KTH Royal Institute of Technology called LISA, line information system 

architecture. The aim was to develop a flexible and open information architecture that could 

facilitate the range of devices from different generation. The idea is for the architecture to be 

used for industrial production system and gather data from production lines that can provide 

useful information facilitating production decisions [THE15]. 

 

2.1.1 Architecture 

 

LISA is an event-based service oriented architecture (SOA) that is able to offer both scalability 

and flexibility for low-level application to high-level [THE16]. LISA is also designed after ISA-

95 standard. The SOA that LISA is modelled after is a distributed software architecture, it 

allows self-contained applications to expose themselves as services in the architecture so other 

application can connect to them. To allow loose coupling and high flexibility, the applications 

that are used for LISA should be platform and language independent.  

 

Service-oriented architecture (SOA) is a high flexible infrastructure that allow dynamic and 

holistic environment to be created. An SOA have more capabilities which allows for an 

integrated access to process data on field device level, access to history data and access to 

events. When an application/system is built with an SOA method the service is defined 

independent which allows for more flexibility when using communication service such data 

transformation between client and server [THE16]. 

 

The reason why LISA is not only strictly a SOA architecture is because of the requirements and 

restricted memory capacity in the lower levels. For SOA to function in those level the flexibility 

needs to be restricted. In order to not end up with a non-flexible architecture, features of an 

event-driven architecture (EDA) has been added to the LISA environment. The difference 

between SOA and EDA is that SOA controls its services centrally, while the services in EDA 

reacts to published event autonomously, instead of them being requested to react as in SOA.  

 

EDA is also loosely coupled, which means that each service has no knowledge of the definition 

of other services [THE15]. EDA is highly distributed, as information is only required when an 

even is created without the need of any additional information regarding why or how the event 

will be processed [MIC06].  

 

The hybrid of EDA and SOA allows LISA to provide loose coupled applications and devices 

as well as a flexible message structure facilitating the integration of applications. The core 

components of LISA are the message formats, communication and service endpoints, the 

message bus which is also known as enterprise service bus (ESB). Makes it possible for LISA 

to create and transfer events into usable information in a loosely coupled manner. As LISA is 
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event-based, it will manage to handle layout and structural changes on the shop floor while 

allowing the use of diverse devices and applications [THE16]. 

 

2.1.2 Enterprise service bus (ESB)  

 

Modern day communication is made effective through the usage of well-defined networks, 

more specifically computer networks. A computer network is a collection of nodes connected 

through communication paths capable of transferring different data types and support a range 

of versatile applications [PD12]. 

 

A network can be categorized according to different varying aspects of their setup [ROU16]. 

One such factor is size, which differs depending on the requirements defined agreeing to its 

utilization. The most common sizes are local area networks (LANs) which extends 

approximately to one km. Wide area networks (WANs) can extend worldwide, and lastly 

metropolitan area networks (MANs) that span areas around tens kilometers in size [PD12]. 

 

The data transmission technology with which the data is transferred is another characterizing 

factor. Specifying different rules as to how to handle, send and receive data. TCP, being one of 

the most commonly used protocol of the Internet. Networks can be limited to carry specific 

data type, such as voice signals or data [ROU16], or combinations of those. 

 

Accessibility, defines who has access to the network. Usually it may either be public or private.  

There is also different physical links connecting the nodes, such as optical fiber, coaxial cable 

etc. [ROU16]. 

 

Connectivity describes the different ways nodes in a network can be connected. Nodes can 

either be connected directly to each other, so called direct connectivity. In this case the 

computers would be directly linked to one another either through a physical link or a wireless 

link, such as Wi-Fi connections. Two examples of such connections are point-to-point and 

multiple-access. 

 
Figure 2.2, (a) point-to-point; (b) multiple-access. 

  

Indirect connectivity does not require all the nodes within a network to be directly linked. In 

this case there are specific nodes, with one or more nodes connected to it, which acts as a switch. 

A software runs on the switch that forwards the incoming data from the other nodes connected 

to it. This type of network is referred to as a switched network [PD12].  

 

 
Figure 2.3, Switched network. 
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Lastly is the arrangement of the nodes and the communication paths, otherwise known as the 

network topology. It describes the layout of the network [ROU14]. One of the most common 

topologies is the bus network, which connects all the nodes though one main link, referred to 

as the bus. Allowing all the nodes on the network to be directly linked. 

 

 
Figure 2.4, Bus network.  

 

A message bus is a bus network providing a messaging infrastructure that takes care of routing 

the messages between the distributed application so they can communicate in a standardized 

way [HW04]. LISA uses an enterprise service bus (ESB) as its message bus. Roy Schulte 

published the concept of ESB in 2002 and defined it as; “A new form of enterprise service bus 

infrastructure, combing message-oriented middleware, web service, transformation and 

routing intelligence will be running in the majority of enterprises in 2005”. ESB is an 

architectural pattern that optimizes the distribution of information between applications across 

the different levels of the company [IBM05]. It follows the principles of integrating loosely 

coupled applications in a decentralized infrastructure.  

 

ESB in LISA becomes the core of message distribution and connects the different levels of a 

system within the company and enables thereby vertical integration. The ESB used in LISA is 

the Apache ActiveMQ [THE16]. ActiveMQ is an open source message and integration pattern 

server that supports multiple cross language clients and protocols from Java, Python C etc. 

[ASF16]. 

 

ESB functions as the core communication channel and uses arrangement of the nodes, in this 

case denoted as devices (PLC, sensor, machine tools), and connects them through one main link 

that is referred to as the bus [THE16], see Figure 2.5. 

 

 
Figure 2.5, Communication through ESB [Ref; Development of a web-based machine-tool monitoring 

system, Arne Wise, Fig 2.7]. 
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Information that is bundled up as packages in LISA uses a publish/subscribe messaging model 

with the ESB (one to many), see Figure 2.6. A publish/subscribe model allows the message to 

“broadcast” itself from a publisher, that is a device, to one or more receiver that subscribes to 

certain topics. ESB handles the message distribution in the message server, it broadcast a 

message on the server to all the subscribers. The subscription of a message is not time depended, 

even if a subscriber is not online when a message is broadcasted it will receive the message 

when its online again. The message is held in a buffer, which is limited by the amount of data 

it can hold. [WIE14].  

 
Figure 2.6, Implementation of ESB in LISA environment. 

 
2.2 Computerized numerical control (CNC) machines  

 

Computer numerical control (CNC) machines were developed to control motion and operation 

of machine tools, defined by the Electronic Industry Association (EIA) as: 

 

“A system in which actions are controlled by the direct insertion of numerical data at some 

point. The system must automatically interpret at least some portion of this data.” 

 

In other words, a CNC system receives numerical data, interprets the data and then controls the 

action accordingly [IC09]. 

 

CNC machines can be divided into two types, cutting machines, which perform some kind of 

removal process or non-cutting machine tools that are utilized to alter the shape of materials by 

applying force [SUK08]. The CNC machine used for this thesis is of a cutting type, 

HERMLE C 50 U, more specifically a 5-axis machining center located in the Department of 

Production Engineering at KTH.  

 

The following section will be mostly based on [SUK08] if not otherwise stated. 
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Figure 2.7, HERMLE C 50 U, 5-axis machining center. 

 

 

2.2.1 Workflow of a CNC machine 

 

The workflow when producing a part is the same for the two different types. The process is 

made up of mainly three steps: 

 

- Offline tasks, which are the task performed in order to generate a part program for 

controlling the NC machine. Firstly, a 2D or 3D CAD drawing of the product is 

required, illustrating the parts as well as the assemblies. In addition, computer aided 

process planning (CAPP) is used to provide additional machining information, to select 

machine tools, tools, jigs and fixtures as well as aid in decisions regarding cutting 

conditions, scheduling and machining sequences. Following CAM is used in order to 

create the necessary tool paths in numerical terms, so called part programs. 

- Tasks that are required in order to machine the parts in CNC machines are referred to 

as online tasks, during which the CNC machine reads and interprets the part programs. 

Resulting in instructions for positions, velocity and servo motor control requirements.  

During this phase it is possible to monitor the status of the machine and machining 

process. 

- Lastly the post-line tasks are performed, this are carried out in order to control the 

accuracy of the machining compared to the CAD models, so called computer aided 

inspection (CAI). This is done with the help of a coordinate measurement machine 

(CMM) which compares the machined part with the original model in order to 

compensate for the deviations. 

 

Through the above steps, high accuracy and productivity can be maintained during operations.  
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2.2.2 Units of a CNC system  

 

An CNC machine consists of three parts; CNC unit, drive unit and a motor unit. The CNC unit 

is the part which is responsible for motion control, offering a user interface, also known as a 

CNC system. A CNC system can further be divided into three main components, a human 

machine interface (HMI), a numerical control kernel (NCK) and a programmable logical 

control (PLC).  

 

 
Figure 2.8, Units of a CNC system. 

 

The CNC system used in the HERMLE C 50 U is a SINUMERIK 840D powerline (pl). The 

following sections will further discuss the CNC components and their functions. 

 

2.2.2.1 Human machine interface (HMI)  

 

The HMI is the user interface software used by the operator in order to operate the machine 

tools, providing the user with a graphical visualization of the control system, displays machine 

status, functions for editing part programs as well as alarm management. An HMI can be 

embedded in a Microsoft environment that communicates with the PLC in order to collect data 

[CLC16]. The HMI software can be divided into three layers, an application layer which holds 

all HMI function, every function is made to stand alone and can therefore be deleted/added 

without affecting the other functions. The second layer is a kernel layer which links the HMI 

with the NCK. There is also an operating system (OS) layer which provides real-time 

capabilities that are required by a CNC system but that cannot be provided by a PC operating 

system.  

 

 
 

Figure 2.9, SINUMERIK 840D HMI.  
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2.2.2.2 Programmable logic controller (PLC) 

 

The PLC in a CNC system controls tool changes, spindle speed, work piece change, processing 

in/out signal and controls the machine’s behavior excluding the servo control. This is done 

through logical operations performed in a ladder diagram, a software logic control, among other 

things. Based on the inputs from the environment, the PLC generates outputs depending on the 

logic programmed [CHA16]. The HERMLE at KTH is utilizing a Siemens SIMATIC S7-300 

PLC.  

 

The hardware configuration of a PLC consists of the following (this section is based on 

reference 4 if not otherwise stated)  

 
Figure 2.10, PLC configuration. 

 

 

- Central processing unit (CPU); Executes the plc programs and are responsible for the 

calculations and process input and output signals.  

- Random access memory (RAM); Temporary memory used when the PLC is running. 

This memory will be erased when the PLC is turned off [PET15].  

- Program memory; a specified area of the CPU RAM, this memory can be changed 

quickly, erased and reused. This is usually where the PLC programs are stored.   

- Operating system read only memory (ROM); Permanent memory used to store the OS 

of the PLC. The OS determines how to execute the PLC programs, how the memory is 

divided and how the inputs/outputs are managed. 

- Process image table (PII, PIQ); an area in the CPU RAM used to store the signal status 

of the input and output modules, where PII is the process image table for inputs and 

correspondingly PIQ is for outputs.  
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- Serial interface; the interface which connects serial port programmers, operator panels 

and monitors.  

- Input/output modules; Used to transfer status information sensorial devices to the CPU. 

These signals can be either analog or digital.  

- Timers, counters, flags; Internal variables in the CPU. These can be set (Boolean, high 

or low), deleted, started and stopped and the values are stored in a reserved area of the 

RAM memory.  

 

An application program for the PLC can be created by a user with the help of a PLC program 

editor which inputs the program to the PLC unit. In this thesis the SIMATIC STEP7 V5.5 was 

used to develop application programs. The PLC user programs have to be compiled before 

downloaded to the CPU, allowing the PLC to run the program more efficiently. The status of 

the CPU is simultaneously being send to the PLC programmer. The program itself is 

subsequently being read within the PLC by an executer which function is to execute the logical 

operations, read the inputs/outputs as well as setting the outputs according to the results via the 

output module. 

 
Figure 2.11, Architecture and function of the PLC system.  

 

2.2.2.3 Numerical control kernel (NCK)  

 

Whereas the PLC is controlling the logical operations the NCK is responsible for the servo and 

driving control. There are four main parts which comprises the NCK. There is an interpreter 

which reads and interprets the part programs and stores the interpreted information in internal 

memory blocks. This stored information is then processed by the interpolator which based on 

the data calculated the position and velocity per unit time of each axis and stores this resulting 

values in a FIFO (First-in-First-Out) buffer. These calculated values require further processing 

before use, which is performed by the acceleration/declaration control that corrects and 

improves the start and stop part movements. The final data is then sent to the position control 

that issues velocity commands to the motor driving system. 
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2.2.3 CNC part programming  

 

CNC programs are used to direct the movements of the machine tool and can be written either, 

off-line using a CNC-programming software, or using the HMI interface [HUR02]. The 

program compiles all the machining data and translates it into a format that the control system 

of the machine tool can process. The machining data defines the [IC07]: 

 

- Machining sequence, such as classification of process, tool start up point, cutting depth, 

tool path, etc.  

- The cutting conditions specifying the spindle speed, feed rate, coolant off/on etc. 

- Selection of cutting tools.  

 

The CNC part program follows a certain structure made up off blocks, words and addresses. A 

block is a command, consisting of a group of words terminated by a specific end character.  It 

describes a specific command which is to be executed by the control unit. The words in the 

block are made up of a combination of letters and numbers. The first letter is a so called address 

character, followed by a series of numbers, e.g. F300 commands a feed rate of 300mm/min. 

The address character is an identification letter, which refers to a certain address in accordance 

with EIA. The most common addresses are:  

  

Function Address 

Sequence number N 

Preparatory function G 

Coordinate word X, Y, Z 

Parameters for circular interpolation I, J, K 

Feed function F 

Spindle function S 

Tool function T 

Miscellaneous function M 
Table 2.1 , Common CNC part program addresses.  

 

For this thesis the M addresses, M48 and M49, are of interest as they will be programmed for 

the data transmission. The Miscellaneous functions are programmed to control machine 

operations that do not involve the tool movements specified by the coordinate words.  

 

2.3 Transmission Control Protocol (TCP) 

 

Protocols are means of standardizing communication, allowing computers and devices on the 

same or different networks to send, receive and interpret data correctly and securely. A protocol 

can be viewed as a set of rules defining how to “speak”, which the machine follows to complete 

tasks [STR10].  Their function is to facilitate the procedures by which data is transmitted.  

 

The transmission procedure is broken down in smaller systematical step, each step consisting 

of a specific set of activities, including certain rules and procedures that make up the protocols 

[HSE16a]. These different steps are represented in the Open System Interconnection (OSI) 

reference model, consisting of seven layers. Each layer describes the process by which data is 

packaged and transmitted from a sending device, through physical wires, to the receiving device 

[HSE16b]. The model defines how the different layers interact and work with the adjacent 

layers to it.  
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Figure 2.12, The seven layers of OSI. 

 

The data that is to be transmitted is divided up in so called packets, or units of information 

[HSE16a]. These are passed from the application layer down to the physical layer, additional 

information or addressing is added to the packets at the respective layer depending on the 

protocol used. The data flows in the reverse direction in the receiving device. At each layer the 

added information, from the corresponding layer in the sending device, will be read and then 

removed. When the data reaches the application layer it will have returned to its initial form 

and the receiving device can therefore easily interpret the information.  

 

The application layer functions as a portal allowing applications access to network services 

aiding in functions such as file transfer, database access and e-mail [HSE16a]. The presentation 

layer transforms the data into a neutral format that can be understood universally by other 

presentation layers embedded in other computers. Once the data passes all the layers and 

reaches the presentation layer at the receiving computer, it will be translated back to an 

understandable format for the receiving end’s application layer. The session layer manages the 

interaction between the communicating devices by allowing connections, also known as 

sessions, to be opened, used and closed. Transportation of the data stream between the devices 

is handled by the transport layer. It ensures that the data is delivered error free, in the correct 

order and without any losses or duplications. The layer acts differently depending on whether 

a message is being sent or received from the layer.  At the transmitting end, the layer repackages 

data and adjusts packets length to ensure efficient transmission. Whereas on the receiving end, 

the transportation layer is responsible for opening packages, rearranging the data in the correct 

sequence as well as sending confirmation that the message has been processed and received.  

The network layer handles the addressing, it translates logical addresses to physical ones as 

well as determines the most efficient travel path for the packets depending on the status of the 

network and security. The data-link layer manages groups of data packets, referred to as frames. 

A frame can contain, beside the data packets, addition information either at the beginning or 

end of the frame. A receiving data-link layer transforms raw data bits from the physical layer 
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(network cable) to frames, the reverse process occurs in the transmitting end. This is done with 

the help of encoding methods only known to that specific layer. Lastly, the physical layer which 

operates on the hardware structure of the network, transmitting raw data bits and ensuring that 

a physical link is maintained during communications [HSE16a].  

 

The primarily interest of this thesis concerns the transportation layer, specifically the 

transportation protocol TCP. Compared to its counterpart, user datagram protocol (UDP), TCP 

offers a reliable and robust method that guaranties that data transported is not corrupted. 

Whereas UDP does not confirm the quality of the delivered data stream neither offers any 

confirmation about whether the data have arrived to the correct destination or not [FIR16a]. 

  

The main features of the TCP protocol are [FIR16b]:  

 

- Reliable transport: Using different techniques to minimize the possibilities for errors. 

One such technique is adding a TCP header to the frames sent through the TCP protocol. 

Providing information about the size of the data sent, destination, sender information 

and so on, which aids in error control. 

- Connection oriented: The protocol establishes a connection between the 

communicating devices prior to sending any data. 

- Flow control: By controlling the flow between the two devices the TCP manages to 

avoid any bottleneck situations in the communication. A stop signal is sent to the part 

whose flow becomes uneven. 

- Windowing: In order to make the transportation more efficient the TCP protocol sends 

as many data packets that can be sent before a confirmation is required by the sending 

device in order to continue transmitting.  

- Acknowledgment:  The receiving device sends out a so called acknowledgment to the 

transmitting device when data is received. The data will be retransmitted if this 

acknowledgment is not received within a certain time frame. This is known as positive 

acknowledgment with retransmission and is a way of ensuring the data quality. 

- More overhead: The above mentioned mechanism requires more power processing, 

bandwidth and time compared to UDP. A trade-off to be evaluated depending on the 

network capabilities and requirements. 

 

To establish a connection between devices using the TCP layer there needs to be a socket. A 

socket can be defined as an endpoint of a two-way communication link between two 

applications on the network.   A socket is made of two parts, an IP address and a port number, 

a port can be best described as the apartment number of an address. The socket allows the TCP 

layer to identify the destination of the transmitted data [ORA16]. 

 

2.4 Industrial Ethernet  

 

The Ethernet is a technology developed for data communication, utilizing protocols to 

standardize the communication, operational within local distances. Devices operating through 

the Ethernet attaches to a medium which provides a path for the electronic signals to travel. 

This medium is usually a twisted pair of coaxial copper cable or fiber optic cabling [PID16].  
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Figure 2.13, Ethernet medium  

 

Comparatively Industrial Ethernet applies the Ethernet standards to manufacturing control 

networks in an industrial setting, enabling communication between major components in 

industrial automation. Industrial Ethernet typically requires more robust equipment, such as 

stronger and more durable connectors and cables due to the harsh environment. Another 

difference is that the information broadcasted in production is usually producer-consumer 

communication, where data from the producer must be broadcasted to multiple consumers. The 

timing of this broadcasting is crucial and the information should reach the consumers 

(machines) simultaneously. Whereas the Ethernet standard is targeting efficient utilization of 

bandwidth rather the synchronized data delivery [CIS13]. 

 

Another factor is that the traditional Ethernet is non-deterministic. Meaning that a transmitted 

frame traveling through the Ethernet cannot be determined to arrive at a specific time. The time 

for the frame to travel through the network is non-deterministic. There is a need for 

deterministic protocols in industrial settings which are provided by the Industrial Ethernet 

through modifications to the Ethernet protocols [LP13].  
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2.5 Communication processor (CP) 

 

A communication processor’s purpose it to manage external computer communications such as 

protocols processing, data format conversion, data buffering and routing, error checking and 

correction, and network control while establishing and maintaining any communication session 

[WWH16]. A CP is therefore required in order to connect to Industrial Ethernet. The Siemens 

CP343-1 was therefore setup, installed and connected to the SIMATIC S7-300, to enable the 

required data exchange through TCP. The CP343-1 was then connected to the HERMLE router, 

allowing the PLC to communicate through the HERMLE LAN network ‘HERMLE C50’.  

 

 

 
Figure 2.14. The Siemens communication processor, CP343-1. 

 

 

2.6 Object Linking and Embedding (OLE) for Process Controller (OPC) 

 

OPC stands for object linking and embedding (OLE) for process controller, and is a series of 

open standards and specifications that were developed and designed to create a uniform method 

to communicate real-time data between windows-based software applications and process 

control hardware [DAM09]. The first OPC specification was released by the OPC Task Force, 

initially created by Fisher-Rosemount, Intellution, Intuitive Technology and Rockwell 

Software. The OPC Task Force was collaborating with industrial members and Microsoft to 
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define a standard plug and play driver for devices, in order to enable access of data from floor 

shop devices regardless of the format or source of the data [ELS12]. With the development of 

the standard and its ability to exchange data between different automation system the hardware 

manufactures only needed to provide an OPC server so the device could communicate with any 

OPC client. OPC enables interoperability between process control and manufacturing 

automation through defined standardized sets of objects, interfaces and methods [KEP16].  

 

 

 

The OPC has a client/server communication architecture, which inclines that one or multiple 

server are on standby until the client “asks a question”, see Figure 2.15. The communication 

can be configured by the client so that the server automatically sends data when an update is 

received [NOV16].  

 

 
Figure 2.15, Client/server communication with OPC [Ref; https://www.novotek.com/sv/l-

sningar/kepware-opc-kommunikationsplattform/opc-och-opc-ua-en-foerklaring, 2016].   

 

The hardware manufacturers provide the OPC servers, allowing devices to communicate with 

any OPC clients, which results in lower costs for the manufacturers and more options for the 

user [OPD16]. What is required of the software manufacturers is to include the capabilities of 

OPC client products and thereby making them compatible with the process controllers. The 

benefits of using OPC is to reduce cost, time and effort of integrating islands of automation 

technologies that exists on the shop floors and business systems within the industry by having 

an effective communication architecture that focuses on data access rather than data formats 

[SHI02]. 

 
2.6.1 Classic OPC 
 

There are different OPC protocols that are independent and that send out data and data types 

differently. The three major specification are data access (DA), alarm & events (A&E) and 

historical data access (HDA). These three are usually also classified as classic OPC protocols 

and are based on the distributed component object model (DCOM) and component object model 

(COM) technology from Microsoft [DAM09]. Object linking and embedding (OLE) 

technology, also known as COM technology, allows applications to export documents and 

objects to other applications for editing and can from there also import the data back with the 

changed content [IBM16]. 
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2.6.2 OPC DA 

 

OPC DA interface was the first developed interface enabling the user to read, write and monitor 

current process data. DA is therefore used when working with the transference of real-time data 

between different devices. OPC DA is considered to be one of the most important interfaces, 

used in 99 % of the technology today, other OPC protocols are usually implemented in addition 

to OPC DA [DAM09].  The OPC DA clients selects which variables to read, write or monitor 

through the server and creates a connection to the server by creating an OPCServer object. The 

object helps with navigation by finding the variables and their properties and grouping the 

variables that have identical settings to a OPCGroup object [DAM09]. Once a variable has been 

added to a group the client can read, write or monitor the object because it does not have to 

work with historical data, only real-time data. There are usually three attributes that are 

associated with the OPC DA data; value, quality of value and timestamp. Attributes describe 

the information that the item holds, therefore, accessing a DA data type provide information 

about the value, quality of the value and a timestamp. Those are requirements that has to be 

fulfilled if the data is to be transferred to the OPC client [NOV16]. 

 

2.6.3 OPC A&E 

 

The OPC Alarm & Events is the exchange of data that are of an alarm and event type and it 

differs from DA in that the data does not contain any value [NOV16]. Event types informs the 

client about the occurrence of events and is a single notification while the alarm types notify 

the client about any changes of condition in a process. A&E is a flexible interface that can 

transfer from different sources and is a subscription based service where the clients receive all 

the events within a cycle-time [DAM09]. The OPC A&E client allows the user to specify filters 

to reduce the number of notifications.  

 

2.6.4 OPC HDA 

 

Historical data access (HDA), contains historical data that can be accessed and transferred in 

either small or big batches through the server [NOV16]. The HDA protocol supports stored 

information from one or multiple data points. It was introduced to help access historical data in 

a structured way and to distribute data [DAM09]. This OPC protocol is the least used version 

of the classic OPC.  

 

2.6.5 OPC UA 

 

For this thesis the latest OPC, OPC unified architecture (UA), will be examined and tested. 

With its service-based communication standard and platform independency, it is suitable for 

complex information modelling [CC10] and is therefore an interesting solution for the Tweeting 

Machine interface. 

 

The idea with developing OPC UA was to have a protocol that could be used by distributed and 

complex systems but also replace all classic OPC protocols that was COM-based, without 

losing any of their features. One of the main changes with OPC UA is that it includes different 

data transportation technologies such as Microsoft .NET Framework, XML, Web services and 

binary-encoded TCP formats, that allows the user to implement the OPC in a different platform 

then Windows [CC10]. Another differing feature is the service-oriented architecture that is 

platform –independent, allowing production planning systems such as MES or ERP be 
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integrated and communicate with Linux/Unix systems or embedded controls over the internet 

in a secure, reliable and interoperable method [CC10].  

 

OPC UA is built by several layers that offers different set of functionalities that makes it 

possible for the OPC UA to allow interchangeability between the implementations [CC10]. It 

has a complex infrastructure with a stack implementation that realizes the data exchange. 

 

One of the requirements when OPC UA was developed was creating an application that can be 

varied and scaled in size, performance and scope of function for the tasks that were going to be 

performed [DAM09]. OPC UA provides the option of varying the memory capacities and 

functionalities depending the demands of the customer. What makes OPC UA more flexible as 

an application is that the communication stack is not linked to any specific technology which 

allows OPC UA to implement new technologies without clashing with the current base 

technology [DAM09].  

 

To exchange information between server and clients, the OPC UA Services serves as the 

interface, using the transport layer to exchange data between client and server. The OPC UA 

client and server are the interacting partners which mean that every client can communicate 

with one or multiple server and each server may communicate with one or several clients 

[CC10]. The OPC UA Services are used as an interface to access and exchange data between 

client and server. The communication architecture of the OPC UA is layered, using an OPC 

UA client and server application programming interface (API) to exchange data [CC10]. 

 

For transport OPC UA uses mainly a UA TCP transport protocol or a SOAP/HTTP transport 

protocol [DAM09]. The protocols allow for intranet communication and mapping that is 

accepted by standards for web services. Web services are standardized ways for integrating 

web-based application such as XML and SOAP over an internet protocol [W3S16a]. Also 

referring to methods utilized when two electronic devices communicate over networks. Using 

this different encoding with the SOA makes OPC UA flexible and usable when working with 

architectures like LISA. SOAP stands for simple object access protocol [W3S16a] and is an 

application communication protocol that is used for sending and receiving messages. SOAP 

enables web applications such as OPC UA to communicate over the internet with HTTP. SOAP 

can also transfer UA Binary encoded messages. UA TCP is more simple in comparison, and 

adds only a small protocol on top of the already existing TCP protocol, allowing fast and simple 

network communication. It is mainly used when a network interruption occurs and the OPC 

UA sessions needs to survive [DAM09]. SOAP/HTTP is the more used and accepted standard 

when working with OPC UA [DAM09]. 

 

OPC UA uses two encoding methods to translate the data; XML or OPC UA Binary. Both 

specifies network representations as a set of primitive types (e.g. boolean, byte and float) to 

find a structure [DAM09]. The primitive types are also known as built-in data types; these are 

later translated to either binary numbers or XML specifications depending on whether XML or 

UA Binary is used. The UA Binary is a more appropriate option for an efficient data exchange 

between different systems, as it is more tailored for control level or below encoding [DAM09]. 

While the benefits of XML are that it is a format that is easily consumed by other applications 

and has a standardized structure. Working with a standardized structure makes it more 

compatible with different systems, every application can interpret XML and therefore it is used 

more commonly between operations level exchange (MES) to corporate level (ERP) [CC10]. 
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CHAPTER 3 

METHODOLOGY 
 

This chapter aims to discuss the methodology used during the work on this thesis. Providing 

the reader with an insight as to how the problem was approached and solved. As well as 

explaining the fundamentals and basics of the tools used in order to develop the communication 

interface for the HERMLE C 50 U. 

  
3.1 Scientific approach  
 

This thesis project aims to reach a technical result, the project has therefore been approached 

as a technical problem and a problem solving aspect has been used to structure the work and 

reach the goals. 

 

There are different methodologies available to apply when working with a problem depending 

on the nature of the problem and the limitations that has been set. This thesis aims to investigate 

two approaches and provided a technical result, a communication interface. The approach 

chosen is the George Polya’s problem solving techniques. Polya’s problem solving techniques 

is based on four basic principles defined by Polya [BER16]; 

 

1. Understand the problem. 

2. Devise a plan. 

3. Carry out the plan. 

4. Look back. 

 

The four steps help in creating a standardized and methodic way to solve the problem. The 

iterative steps of this thesis are represented in Figure 3.1. 

 
Figure 3.1, Illustration over the scientific approach for problem solving. 

 

The first step in the four-step technique is to define/understand the problem and the current 

state. The problem was broken down in steps in order to pinpoint the knowledge required, 

defining the task at hand, and to facilitate the mapping of the available information and deciding 

whether that was enough to start planning the next step. Documents and current situation was 

reviewed at this state, as well as the literature, to gain the knowledge needed to understand the 

problem better and also to gain an overview of the information that already existed about this 

topic. 

Understand the 
problem

Devise a plan
Carry out the 

plan
Look back
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The second step was to devise a plan and generate a solution. The work between step one and 

two was cyclic, as seen in Figure 3.1.  Solutions were generated but re-reviewed with new 

information and tools. This stage was the brainstorming phase. 

 

Third step was deciding on the solution, advantages and disadvantages were discussed for each 

provided solution. The solution was reviewed on the basis if it would be plausible to implement, 

that is whether it would generate an acceptable result. The solutions that were chosen were 

carried out and tested. During implementation of this step, information was reviewed constantly 

to solve, improve and optimize the solutions. 

 

Step four, look back, consisted of verifying if the solutions fulfilled the aims of the project and 

if the implementations made it possible to continue working and developing the methods 

created. Step four also entailed reflections of what could be tested in the future and what further 

research could be beneficial. Figure 3.2 illustrate the different steps applied for this thesis 

project. 

 

 

 
Figure 3.2, Thesis step divided into the Polya Problem Solving Method 

 

Constantly during the work, the solution and knowledge was reviewed and optimized for an 

easier implementation of the results and the possibilities for future development. The overall 

aim of this project was to keep all coding and processing of information platform independent 

to reach the goals of the tweeting machine project.  
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3.2 Operational software 

 

Programming of the Siemens S7-300 PLC requires the use of specific software, the SIMATIC 

STEP 7 V5.5 in combination with the NCVar selector that is included in the toolbox for the 

SINUMERIK 840D.  Additionally, the programming language Python was used in order to 

create the interface. The software used when implementing this solution will be further 

described in the following sections. As for the testing and implementation of the OPC interface, 

the Matrikon freeware OPC client was used. 

 

3.2.1 SIMATIC STEP 7 V5.5 

 

The following section is primarily based on two manuals, [PG14] and [SCE16], if not otherwise 

stated. 
 

3.2.1.1 PLC Programming  

 

The programming of a user program can, depending on preference, be written in five different 

programming languages: 

 

- Ladder (LAD) 

- Function block diagram (FBD) 

- Structured control language (SCL) 

- Graph 

- Statement list (STL) 

 

The languages have different advantages and a user program can be created in any of the above 

languages. 

 

The SIMATIC controllers consists of a OS and user programs. The operating system manages 

functions and sequences of the controller which are not related to specific control task, e.g. 

handling of restart, updating the process image, calling user programs, error handling etc. The 

user program consists of all the required programming blocks required to generate the desired 

output/action.  

 

There are four main programming blocks. organization blocks (OBs) that act as the interface 

between the OS and the user program. Initiated by the OS, the organization block controls the 

following processes:  

 

- Startup behavior of the controller 

- Cyclic program processing 

- Interrupt-controlled program processing 

- Error handling 

 

The functions created by the user must be called in OB1 in order to be executed, which is calling 

the functions continuously until interrupted by another OB. Numerous OBs can be created and 

will be processed in the order of their numbers. A project must have at least one OB in order to 

be successfully executed.  

 

The cyclic program processing is initiated by sending a request to read and save the status of 

the inputs in the process image of the inputs (PII). The CPU now executes the user programs 
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stored and called in the OBs by reading the saved information in the process image of the inputs 

(PII). The results of the operation are then written to the process image of the outputs (PIQ). 

Lastly, the status of the PIQ is transferred to the output modules which are energized or de-

energized accordingly. The process will then continue from the beginning. 

 

 
Figure 3.3, Cyclic program processing 

 

Data blocks (DBs) are blocks that serve as memory for user data and do not initiate any 

functions. There are two types of data blocks. Instance data blocks which are created as memory 

for a specific function, the memory held in these blocks can only be accessed by the associated 

function. The structure of the instance DB is specified in the function and can only be altered 

there. Global data blocks can be accessed by the entire user programs and usually hold variable 

data. The structure of the global data block is determined by the user, which specifies the size 

as well as data types to be stored in the block. 

 

 
Figure 3.4, Difference between global DB and instance DB 
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The addressing of bytes, bits etc. in data blocks is done according to: 

 

 
Figure 3.5, Addressing data elements  

 

Function blocks (FCs) contain a program that is executed once the function is called in another 

part of the user program. They are most beneficial when used for reoccurring instructions that 

are called several times in different locations of the user program.  The function blocks are not 

associated with any data blocks and their variables and block parameters are therefore not stored 

after the execution. A global data block must be created beforehand in order to store the data. 

 

 
Figure 3.6, Function with call from organization block  

 

Function diagram blocks (FBDs) are, similarly to FC, blocks that execute certain instructions 

and can be used repeatedly in the user program. They differ from FCs in that they are assigned 

an instance data block to store their inputs and outputs permanently once executed. They are 

used frequently for instructions that cannot be saved as FCs. That is instruction that required 

the use of timers and counters or whenever information must be saved in the program, for 

example the status of an operating button. 

 

 
figure 3.7, Function diagram block with call from organization block  
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Besides the programming blocks created by users, there are predefined blocks for essential 

functions that are universal and ready to use. These can be found in the SIMATIC Library in 

the programming interface.  

 

3.2.1.2 Data types  

 

There are different elementary data types that can be saved and used in the STEP 7 environment. 

The functions that can be used to perform certain logical operations, mathematical instructions, 

etc. depends on which type the data has been saved as. Some of the elementary data types are:  

 

Type and description Size in 

bits 

Bool 1 

Byte; hexadecimal number 8 

WORD; binary /hex number 16 

DWORD; binary/hex number 32 

INT (integer); decimal number 16 

DINT( Double integer); decimal number 32 

REAL; floating-point number 32 

S5TIME; S/ time in steps of 10ms 16 

TIME; IEC time in steps of 1ms 32 

DATE; IEC date in steps of 1 day 16 

TIME_OF_DAY; time in steps of 1 ms 32 

CHAR; ASCII characters 8 
Table 3.1 , Elementary PLC data types  

Besides the elementary data type there are so called complex data types. The three most relevant 

ones that will be used in this thesis are: 

 

- STRUCT; a data structure that is made up of elements of different data types. The 

structure is defined by the user.  

- ARRAY; similar to the STRUCT data type, an ARRAY is a list of data. The difference 

is that an ARRAY is made up of the same data types.  

- STRING; represents a collection of ASCII characters. Compared to the CHAR type, the 

size of the STRING is specified by the user whereas the CHAR occupies exactly one 

ASCII character. For example, STRING [8] allows for a string made up of maximum 8 

ASCII characters. 

 

3.2.1.3 Logical bit instructions 

 

The status of the outputs and inputs of the PLC, as well as internal variables, can be used to 

program conditions for the execution of different operations. Logical bit instructions are used 

to read signal states, high or low, and combine them according to Boolean logic. The results of 

the logical operation (RLOs) can be stored in internal memory address in the PLC, so called M 

flags. 
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3.2.1.4 Symbolic addressing  

 

Absolute addresses can be used in order to access and use I/O signals, bit memory, counter, 

data blocks and function blocks. An absolute address comprises an address identifier and a 

memory location, for example M 95.0. The alternative, in order to make the accessing more 

user friendly, is symbolic addressing. It allows the user to assign a symbolic name to the 

address. For example, the address M95.0 can be assigned the symbolic name 

BUTTON_STATUS [PLC16].  

 

3.2.2 NCVar Selector  

 

The NCVar selector is a complementary application used to support the access of CNC 

variables. This is done by acquiring the addresses of the required CNC variables and processing 

them, allowing access from the PLC program. This following section will give a more detailed 

description of the NCVar selector and is based on [DOF13] if not otherwise stated: 

 

Once the application has been started, the user has the option to choose a list of variables. There 

are six different options available: 

 

List Description 

Ncv_NcData.mdb NC variables, including machine and setting data. 

Ncv_611.mdb Machine data of the 611D drive 

Ncv_611dLinear.mdb Machine data of the 611D linear drive 

Ncv_611d_P2.mdb Machine data of the 611D drive, performance 2 

Ncv_611d_P2Linear.mdb Machine data of the 611D linear drive, performance 2 

Ncv_Hydraulics.mdb Machine data of the hydraulic drive 
Table 3.2 , NCVar Selector variable lists  

 

When the user has decided on the list, as well as chosen the CNC variable of interest, a project 

is created in the NCVar Selector containing the selected CNC variables. By selecting the option 

Selections under the code tab, the user specifies the number of the data block to be generated 

in the PLC project. This data block will contain the CNC variables and allow for them to be 

altered and utilized in PLC programs. 
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Figure 3.8, Generation of data block in NCVar Selector.  

 

In order to be able to import the created project to STEP7 the user has to create a STEP7 source 

file, a so called .awl file. This is done by selecting the option Generate under the code tab. The 

generated .awl file contains both the names and the data for the address parameters of the CNC 

variables. This file is used to generate the data block with the necessary information for PLC 

access of the CNC variables. 

 

 
 

Figure 3.9, The corresponding data block in the PLC project. 
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3.2.3 Python IDLE 3.3.4 

 

The receiver and interface for reading the messages sent from the HERMLE C 50 U is 

programmed with Python. Python is an open source program that makes it easy to use, distribute 

and is also platform independent. Python 3.4.4 was the version that was used in this thesis.  

 

The benefit of programming with Python is that it is a lean programming language which result 

in shorter codes that are cheaper to maintain and develop. The reason why it is possible to write 

shorter codes, compared to other languages, is the built-in high-level data types which remove 

the need to declare every argument or variables. Python consist of a comprehensive standard 

library but provides the possibility of adding additional packages if needed. It is easily 

integrated to any operating system and can also be integrated with third-party systems [PSF15]. 

 

The reason for using Python for this thesis is due to the familiarities with the program, as well 

as the flexibility of the language. Python is user-friendly in the aspect of locating and correcting 

errors. One of the disadvantage with Python is the comparatively longer run-time. This would 

not affect the project due to the limited size of the messages that are sent from the HERMLE C 

50 U. The size of the messages sent from the CNC are maximum 240 bytes, which made it 

possible to disregard the disadvantage.  

 

3.2.4 Matrikon OPC Client  

 

The Matrikon OPC Client is a free software program which provides a user friendly interface 

that can be easily downloaded [MAT16]. As the Client is both free and provides function to 

easily identify and connect to secure OPC servers it provided a good starting point to test the 

OPC connectivity.  
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CHAPTER 4 

IMPLEMENTATION  
 

This chapter aims to provide an explanation as to how the solution was developed and 

implemented. In order to trigger data transmission from the CP343-1 on the HERMLE, the 

PLC was programmed using the SIMATIC STEP7 V5.5. Additionally, a python application was 

programmed and placed in the receiving end to interpret the received data. The OPC interface 

was tested using a Matrikon OPC client.  

 

4.1 Configuration of HERMLE C 50 U  

 

The data to be transmitted through the PLC is the axis positions; x-axis, y-axis, z-axis. As well 

as global user data, so called GUD variables. The GUD variables can be configured using the 

HMI interface and are recognizable by all CNC part programs. There are different types of 

GUDs, the global user data defined by the user data is referred to as UGUD variables [MSI10]. 

A UGUD is defined by a standardized key word, DEF, area of validity, which is the NCK, the 

data type and size, and lastly the variable name.  For this thesis the following UGUD variables 

were added. 

 

UGUD variables Data type Size [byte] 

ProductID STRING 4 

ProjectID STRING 4 

ProductVersion STRING 4 

ProgramID STRING 4 

ProgramVersion STRING 4 

ProjectRelease STRING 4 

ProjectStatus STRING 8 

WorkingStepID STRING 4 

WorkingStepType STRING 16 

WorkingStepName STRING 16 

WorkingStepDescription STRING 16 

FeatureID STRING 4 

FeatureType STRING 16 

FeatureName STRING 16 

ToolID STRING 4 

ToolType STRING 16 

ToolName STRING 16 

ToolDescription STRING 16 

WorkOffset STRING 5 

OperationID STRING 4 

OperionType STRING 16 
Table 4.1, UGUD variables  
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4.1.1 Generation of NCVar Selector data blocks  

 

In order to read the acquire the access information for the axis positions as well as the UGUD 

variables NCVar Selector was used to generate the required data blocks.  

 

The CNC variables are divided into different data areas. The axis positions are found in the 

SMA data area, which is devoted to state data that are dependent on machine movements and 

are defined specifically for machine axes. The variable actToolBasePos defines the actual tool 

base position and is used to provide the axis position. The ascending numbers represent the 

different axis x, y, z.  

 

 
Figure 4.1, NCVar Selector tool axis project.  

 

Similarly, the UGUD variables are defined by a DUMMY variable, representing dynamically 

generated and deleted variables in the NCK [MLI06].  

 

 
 

Figure 4.2, NCVar Selector UGUD variable project.  

 

Generating global data blocks, DB122 for the axis positions and DB407 for the UGUD 

variables, when compiled in the PLC project. The data blocks provide the addressing 

information to read 4-byte REAL data types (axis) and CHAR data types (UGUD) of varying 

size. 

 

4.1.2 Network configuration  

 

The network of the PLC, including connections between nodes, needs to be configured 

according to the specification and requirements of the communication interface. A receiving 

station must be added to the network in order to enable messages to be sent from the CP343-1. 

A TCP listener station was therefore added to the network. Once the station was added, a 

connection was made to the Industrial Ethernet and the IP-address of the station was set to 

192.168.0.53. 

 

An additional connection was then made between the S7-300 CPU and the TCP listener. The 

connection was specified to be a TCP connection, via the CP343-1. The properties of this 

connection provides block parameters that are used to provide the function calls with addressing 

information.  
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Figure 4.3, Network configuration for the PLC. 

 

The additional configuration of the network was done by Joel Winkler, Siemens technician, 

who was responsible for the installation of the CP343-1. 

 

4.1.3 Reading Axis positions – The GET function   

 

As previously mentioned, the DB122 provides the PLC with the addressing information. For 

the actual reading of the CNC variables, the PLC user program uses the function GET. The 

function is called by sending a high signal to the control Req parameter. A timer that goes high 

in 100 milliseconds interval is used as the input signal, allowing the PLC to hold updated axis 

values.  

 

The GET function allows the user to read up to eight variables. The NumVar parameter specifies 

exactly how many variables are to be read, in this case the number is three. The ADDR1 -

ADDR8 parameters specifies which variables to be read.  The compiled DB122 is used as input. 

Each ADDR parameter correspond to an axis position. 
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Figure 4.4, The GET function 

 

The values that has been read are then copied to memory areas specified in the RD1 - RD8 

parameters. A global data block, DB400, has been created to store all the CNC data that is to 

be transmitted. This is specified as the output for the GET function. The memory area in which 

the information is copied to has to be at least as big as the variables being copied. As the axis 

values are 4-byte REAL data type, the data is written to DBD areas, which is equivalent to a 4-

byte memory area. 

 

 
Figure 4.5, Addressing of memory area used to receive the read axis positions  

 

4.1.4 Reading global user data (UGUD) – the GETGUD function  

 

User defined CNC variables require the use of a GETGUD function. The function allows the 

user to read GUD variables from the NCK.  Similarly, the function is called by sending a high 

signal to the Req parameter. The input memory bit M850.0 is set high at the beginning of the 

program and used to trigger the GETGUD function. This is done with the help of a 2 seconds 

timer.  

 

The memory bits’ availability can be assessed by displaying the reference data. Which can be 

done by choosing reference display under the option tab.  
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Figure 4.6, Display of the reference data, such as memory bits   

 

The Addr parameter specifies the name of the GUD variable, the variable names are saved in 

DB404 and used as input. The parameter Area and Unit specifies the area in which the CNC 

are stored. By triggering the parameter CnvToken and specifying the DB407 as input for the 

VarToken parameter, a pointer is created linking the name and address of the UGUD variable. 

The parameters Error, Done and State are assigned specific memory bit in order to monitor the 

behavior of the function. The M850.0 bit is reset to low at the end of the program, using logical 

bit instructions involving the monitoring parameters. Finally, the RD parameter specifies where 

the data is to be written. The symbolic address for DB400 has been set to DB_SEND, and 

SENDnr addresses which specific byte to be used. 

 

 
 

Figure 4.7, The GETGUD function  
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A GETGUD function is capable of processing only one UGUD variable and multiple functions 

needs therefore to be triggered.  

 

4.1.5 Transmitting data – AG_SEND function  

 

The requirements for the transmission from the CP343-1 installed on HERMLE is that the M-

code M49 will trigger the sending of axis data while M48 generates transmission of UGUD 

variables. Each M-code (M00-M99) triggers predefined bytes in a so called interface data block. 

These interface data blocks contain status and control signals, auxiliary functions and G 

functions [DOF13]. More specifically the data block DB21 holds status information regarding 

the M-codes. The addresses triggered when M48 and M49 are used in a CNC part program are 

[MLI06]:  

 

- M48; DB21.DBX200.0 

- M49; DB21.DBX200.1  

 

There triggering of the bytes can be either dynamic or static. The 840D sets/resets the bit 

dynamically, which means that the bit goes high when the M-code is used and is reset 

automatically after.  

 

For the transmission of the data the AG_SEND function is used.  The first AG_SEND function 

is triggered using the memory bit M1007.0. Using logical bit instruction, the memory bit is 

primarily reset to 0, and is set high when the corresponding address for the M49 is set high. The 

parameters ID and LADDR specifies the address of the receiver. As previously mentioned, these 

are acquired when configuring the network. The input for he SEND and LEN parameters are 

the address of the data and the number of bytes to be sent. The data sent corresponds to the axis 

positions. A second AG_SEND function is programmed similarly to transmit UGUD data when 

M48 is set high. 

 

 
Figure 4.8, The AG_SEND function 
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In order to aid the application in differentiating between the information received, a decision 

was made to reserve the first byte of the data to be sent to use as an indicator. The value B#16#2 

indicates that Axis positions are being sent and B#16#1, UGUD variables. 

 

 
 

Figure 4.9, The transmitted data block, DB400  

 

Further information about the above mentioned functions can be found in [DOF13]. 

 

4.2. Application programming 

 
The data transmission from AG_SEND was sent to a receiving device on the HERMLE’s 

network on the IP-address 192.168.0.53. To verify that the information was transmitted 

correctly to the IP-address the application WireShark was used. WireShark is an application 

that helps the user verify any incoming data, or packages as it refereed to, on the IP-address 

[WIR16]. WireShark showed a communication between the CP343-1 and the IP-address 

192.168.0.53 on port 2000. 

 

The computer that was used to code the interface was set to be the host-computer for the IP-

address by changing the network properties to correspond to the receiving IP-address. As 

previously mentioned, the communication between the host-computer and the communication 

processor was verified by using WireShark. With the computer functioning as the receiver of 

the data stream, using Python 3.4.4, a web socket server was created to allow the computer to 

read the data that was transmitted to it. A web socket server is a TCP application, that listens 

after incoming connections that use a standard TCP socket, when it responds to a request from 

the other socket it creates a “handshake” [MDN16]. The “handshake” is the bridge that is 

created from HTTP to the web socket, communicating with the client’s incoming request 

[MDN16], see Figure 4.10. 
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  Figure 4.10, Python code for web socket 

 

The coding places the socket on the host address, which is the computer’s IP-address set to 

192.168.0.53 and listens on port 2000. The port 2000 was chosen as default by STEP 7, but can 

be changed in the settings to any other free port. The limit of the amount of data to be read is 

set by the user, in this case the size has been set to 240 bytes, which is the connection limitation. 

The limitation is flexible and can be changed to any number. When the data is received it comes 

in as one long string of bytes. 

 

The first byte that is sent from HERMLE is used as an information byte to inform the 

application as to what type of information is transmitted. If the byte has the value one, then the 

transmitted data contains the UGUD variables from HERMLE. If the value is two, the data 

received are the axis-coordinates. The importance of knowing what data has been sent is due to 

the need to decode the data, the UGUD variables and axis-coordinates are of different data 

types. UGUD variables are sent as a string bytes, while axis-coordinates are sent as float values. 

The choice of what data is transmitted is decided by the user, and whether the code M48 or 

M49 is used in the CNC part program. The condition if and elif is used in Python 3.4.4 to 

navigate where the decoding should start, see Figure 4.11. 

 

 

 
  Figure 4.11, Condition for decoding  

 

The string of bytes initially received needs to be divided into the same length (bytes) 

corresponding to the sizes of the different values of the UGUD variables and axis positions. 

Independent of whether the data type is a float or string, the string of bytes will be divided with 

the same method, by looping a specific length and splitting it into known sizes. Figure 4.12 

illustrate the coding and splitting of the string of bytes for the coordinates.  
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Figure 4.12, Python coding for splitting the bytes 

 

With the axis coordinates having a size of 4 bytes per coordinate the loop makes a split after 4 

bytes and adds them to the list infoAxlar. The loop goes from position one to position sixteen 

in the data that was received. The same procedure is used to split that data when UGUD 

variables are transmitted. 

 

The difference between the axis positions and UGUD variables is how they are decoded. As 

the UGUD variables are of a string type, the decoding was done using Python’s built in decode 

function and using the Unicode transformation format (UTF) -8 encoding to translate the bytes 

to characters, see Figure 4.13. UTF-8 is the most common character encoding [W3S16b].  

 

 
Figure 4.13, Python coding for decoding string 

 

The for-sling ensures that every item in the list infoProductA are decoded with the function 

.decode(‘utf-8’). After the item has been decoded it is placed in an empty list, InfoProductData, 

that will contain all the decoded UGUD variables. This step is repeated for all the items in the 

list infoProductX, until all items are decoded. When the decoding is done the information is 

printed with the print function in Python 3.4.4 built-in interface, Python Shell. 

 

 
 

Figure 4.14, Python coding for printing  

 

For decoding the axis coordinate struct library is imported to Python 3.4.4, struct functions are 

used to handle binary data from network connections. Struct processes a buffer argument and 

utilizes a variety of functions to pack and unpack the argument [PSF16]. In this case the buffer 

argument is the data input that have been split into items of 4-bytes and saved in the list 

infoAxlar, see Figure 4.15. 

 

 
 

Figure 4.15, Python coding for splitting bytes 
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Structs unpack function is used to decode the items. Unpack requires two conditions to function 

(fmt, buffer) [PSF16], as mentioned earlier the buffer is made up of the items from the infoAxlar 

list and fmt is the format that is used to decode. Depending on the format there is a size 

limitation, for the format for float f, the standard size are 4-bytes. Figure 4.16 illustrate the 

coding that was used to decode the axis-coordinates. 

 

 
Figure 4.16, Python coding decoding float 

 

Once the item has been decoded, it is inserted in the list AxlarLista that will later be used to 

print the axis-coordinates in the python interface. At the end of the code, the lists are emptied 

and the loop is broken. 

 

When the data has been processed and decoded the program prints out the information in the 

interface window, see Figure 4.17.  

 

 
   

Figure 4.17, Printed message from HERMLE 

 

The information that is printed is live data of variables that has been set in CNC part program. 
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4.3 OPC implementation  

 
The Matrikon OPC client was connected to the HERMLE LAN network in order to scan for a 

possible OPC server on the HERMLE. The client was unable to identify any OPC server on the 

network. Upon further research it was confirmed by Peter Sandström, from Siemens, that the 

SINUMERIK 840D powerline does not support a OPC-UA server. The communication through 

the HERMLE is handled solely through the CP card.  An additional OPC server software has 

to be downloaded to an external device that is connected to the CP343-1 in order to proceed 

with the OPC interface, which would result in additional costs.  
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CHAPTER 5 

CONCLUSION AND FUTURE WORK  
 

The solution has been implemented by programming the PLC itself which increases its 

robustness, as the need for a middleware is eliminated. The PLC itself is triggering and sending 

out the required information to the receiver, decreasing the possibility of corruption of the 

transmitted information. The axis positions, as well as the UGUDs, are transmitted to the 

assigned IP address 192.168.0.53. The receiving application, which has been translated to java 

by Nils Ståhl (the java-publisher), has been successfully uploaded to a server, set up by Johan 

Peterson, and connected to the LISA ESB network. 

 

One of the drawbacks of this implementation, compared to a OPC interface, is that the 

information need to be repacked and translated in order for it to be understandable. While the 

OPC work with the same data format on both the transmitting and receiving end, the PLC 

information is sent byte data which require some post processing.  Another aspect when 

comparing the PLC solution with a possible implementation of OPC, is that the OPC does not 

need additional programming of a translator. The reception and handling of information is done 

by OPC clients which are readily available. 

 

The OPC server integrated with the SINUMERIK 840D does not allow any network access and 

therefore hindered the implementation of a OPC interface. It would be beneficial if such an 

interface could be setup in the future in order to compare the benefits and drawbacks of these 

two interfaces. 

 

The interface is currently set up to correspond to the transmitted data block, DB400, In the PLC. 

Any changes, such as additional attributes to be read for example, will require additional PLC 

programming as well as changes in the interface. The python application receives the axis 

positions and the UGUDs as a continues data stream, therefore the programmer needs to know 

where each transmitted “word” begins and ends in the stream as well as the data type that is 

being sent. 

 

Due to the model of the control unit of the CNC there a limitation imposed on the solution. The 

AG_SEND function is limited to sending 240 bytes, which resulted in a constraint on the sizes 

of the UGUD variables. Installed on a newer version, this solution would allow for 8192 bytes 

to be transmitted. 

 

Future investigation in the possibilities of making the Python (or its counterpart, the java 

publisher) application more autonomous would be beneficial. The need to program the PLC for 

changes in the output is a necessity that cannot be discarded, whereas it would be useful if the 

receiving application had the ability to recognize the beginning and ending of the received data 

as well as the data type. If so, the application would not require further changes. 

 

The sending of information is currently programmed to be activated by the use of the M-codes 

M48 and M49 in an NC-program. This allows the user to be in control of when to send the 

information. The benefit of not having a constant information flow is that the risk of 

overflowing the LISA environment with data is kept low. 

 

The information that is being sent is that of the axis positions and the user defined variable, 

defining tool types, program id, feature type and so on. As mentioned, this information is 

triggered by the user currently. A useful addition is the activation of the transmission by certain 
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events and alarms. Providing operators with the current status of the machine when errors 

occurs. This would aid the operators in understanding the environment and assist in analyzing 

the error and the determination of the causing factors. 

 

The information is triggered by a high signal at the ACT variable in AG_SEND. A possible 

solution could be a logical instruction activating a specific memory bit reserved for the ACT 

variable in the case of an alarm. This would require a mapping of all alarms as well as an 

understanding of the changes that occur in the PLC at that instance, in order to use these as 

conditions for the triggering of the memory bit. 

 

This solution has been successfully tested on the Siemens S7-300 PLC installed in the 

HERMLE C 50 U. The programming will differ depending on the type of PLC, as well as brand. 

This implementation should therefore also be carried out on other PLC’s as well as tested in an 

active production environment in order to fully analyze and conclude what further additions 

and alterations are required in order to achieve an optimal solution.  

 

Once testing has fully been concluded this approach would be highly beneficial as it does not 

require any further licensing of additional software. It only requires the programming of a 

receiving application, which can be written in other programming languages than python, as 

well as programming of the PLC. The usage of TCP is also beneficial due to its reliability and 

it being one of the most commonly used transportation protocols.  
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