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Executive Summary 

This document constitutes L4G deliverable D.7.6. ñOverview of Potential Standards for TSoSò 

and provides a selected set of standards and their implementation in Local4Global Integrated 

Software System. According to European effort for Standardization, an identification of 

standards related to TSoS has been done, covering different areas in Local4Global system, 

including software development, services interoperability, data interoperability, and 

building/domotic standards.  A section describing the approach of their implementation has been 

included, referenced to main software architecture defined in Deliverable 2.2. ñTSoS 

Local4Global Embedded Software Needsò. 

This first version of used standards will be updated after finishing the development of the 

Local4Global system. The final version on month 36 will include further updates and the 

implementation of the standards in Local4Global system.  
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1 Introduction  

1.1 Project Goal  

Local4Globalôs main goal is to develop a generic, integrated and fully functional methodology 

and extensively test it in real-life highly heterogeneous Technical System of Systems (TSoS). 

The constituent systems of the TSoS act as fully autonomous units and operate only within their 

local environment. The project aims to detect and optimize the constituent systems emerging 

performance at a global level, without the need of costly system re-design or re-configuration, 

using a plug-and-play control mechanism in order to do so.  

The Local4Global advances will lead to a fully-functional and ready-to-use system 

(Local4Global final product) - delivered in the form of an embedded, web-based, plug-and-play 

software system for generic TSoS, mountable locally to each constituent system of the TSoS. 

This system will be deployed and extensively tested and evaluated in two real-life TSoS Use 

Cases, a traffic TSoS use case and an efficient building TSoS use case. 

1.2 Deliverable Goal 

This document constitutes L4G deliverable D.7.6. ñOverview of Potential Standards for TSoSò 

and provides a selected set of standards and their implementation in Local4Global Integrated 

Software System. The standards cover different areas in Local4Global system, including 

software development, services interoperability, data interoperability, and building/domotic 

standards. A section describing the approach of their implementation has been included, 

referenced to main software architecture defined in Deliverable 2.2. ñTSoS Local4Global 

Embedded Software Needsò. 

L4G project provides contribution to the European effort for standardization. L4G requires the 

use of standards and systems that render the interfacing and connection of different embedded 

software systems. For this reason a special emphasis has been given on the development of such 

standards.  

This first version of used standards will be updated after finishing the development of the 

Local4Global system. The final version on month 36 will include further updates and the 

implementation of the standards in Local4Global system.  
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2 Standards for Software Design 

In the context of software engineering, Local4Global follows standards for software design, 

needed for software quality improvement.  In this section it is provided the standards used in the 

L4G system: the Unified Modeling Language (UML) oriented to design tasks, and the Service-

Oriented Architecture (SOA) for implementing a distributed functionality. 

 

2.1 UML  

Unified Modeling Language (UML) is a well-known language for modeling systems. It is 

supported by the OMG (Object Management Group) and is a graphical language for visualizing, 

specifying, constructing and documenting a system [1]. UML offers a standard to describe a 

"blueprint" of the system (model), including conceptual issues such as business processes and 

system functions as expressions and specific aspects of programming languages, database 

schemas and reusable components. 

Importantly, UML is a 'language' for specifying and not to describe methods or processes. UML 

is used to define a system, to detail the different elements of the system, and to document and 

build. It can be applied in software development to deliver a variety of ways to support a 

software development methodology (such as the Rational Unified Process or RUP), but does not 

specify what methodology itself or process use. 

UML 2.0 defines thirteen types of diagrams, divided into three categories: Six diagram types 

represent static application structure; three represent general types of behavior; and four 

represent different aspects of interactions: 

¶ Structure Diagrams include the Class Diagram, Object Diagram, Component Diagram, 

Composite Structure Diagram, Package Diagram, and Deployment Diagram.  

¶ Behavior Diagrams include the Use Case Diagram (used by some methodologies during 

requirements gathering), Activity Diagram, and State Machine Diagram.  

¶ Interaction Diagrams, all derived from the more general Behavior Diagram, include the 

Sequence Diagram, Communication Diagram, Timing Diagram, and Interaction 

Overview Diagram. 

 

 

 

 

Figure 1: Example of Sequence Diagram in L4G system for sampling task 
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2.2 SOA 

A Service-Oriented Architecture (SOA) is the most appropriate way to implement a data capture 

system that interacts with various modules and distributed functionality. The following points 

detail what is SOA and the benefits it provides for a system of data collection. 

SOA is a development paradigm based on the decomposition of monolithic applications into a 

set of business functions. These functions are implemented using standard technologies that 

facilitate interoperability. These business functions are used to quickly build applications that 

meet business requirements. In SOA data and business logic are encapsulated in modular 

business components with documented interfaces. SOA is not based on individual suppliersô 

specific technologies or specific platforms, or specific operating systems. This "neutrality" 

allows reusability in heterogeneous environments. 

SOA architecture is often defined in five horizontal layers [2]: 

1. Consumer Interface Layer: end users or apps accessing apps/service interfaces. 

2. Business Process Layer:  choreographed services representing business use-cases in 

terms of applications. 

3. Services: consolidated together for whole-enterprise in-service inventory. 

4. Service Components:  used to build the services, such as functional and technical 

libraries, technological interfaces etc. 

5. Operational Systems: data models, enterprise data repository, technological platforms 

etc. 

On the other hand there are four cross vertical layers, each of which are applied to and 

supported by each of the following horizontal layers: 

1. Integration Layer: platform integration (protocols support), data integration, service 

integration, application integration, leading to enterprise application integration 

supporting B2B and B2C. 

2. Quality of Service: Security, availability, performance etc. constitute the quality of 

service parameters which are configured based on required SLAs, OLAs. 

3. Informational: provide business information. 

4. Governance: IT strategy is governed to each horizontal layer to achieve required 

operating and capability model. 

 

Figure 2: SOA architecture in 8 layers  



 

 

Deliverable D7.6 

Overview of Potential Standards for TSoS 

Control 

v. 4.0 , 27/7/2015 

Final 

 

Local4Global, FP7-ICT-2013.3.4, #611538, Deliverable D7.6  Page 5 of 30 

 

Importantly, SOA is not a synonym for web services. Web Services are one of the possible 

technologies that can be used to implement SOA. But SOA is quickly implanted through Web 

services and are the most widely used standard for implementing SOA. 

SOA is a concept, not a product. It is a service-oriented that enables interoperability between 

heterogeneous environments and applications conceived as collections of services architecture. 

These services communicate with each other to transfer data, perform tasks or coordinating an 

activity. 

Service could be defined as a distinct business function, self-contained, and does not depend on 

the context or state of other. From an external point of view services are black boxes. The design 

and implementation of them do not depend on the nature of the customers. 

In Local4Global main functionality has been implemented as services interconnected among 

then in an architecture defined in Deliverable 2.2 ñTSOS/Local4Global Embedded software 

needsò. 

 

  

Figure 3: Local4Global SOA services architecture in connection with physical devices 
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3 Standards for services interoperability 

3.1 HTTP 

The Hypertext Transfer Protocol (HTTP) [10] is an application-level protocol for distributed, 

collaborative, hypermedia information systems. It is a generic, stateless, protocol which can be 

used for many tasks beyond its use for hypertext, such as name servers and distributed object 

management systems, through extension of its request methods, error codes and headers. A 

feature of HTTP is the typing and negotiation of data representation, allowing systems to be 

built independently of the data being transferred. 

Practical information systems require more functionality than simple retrieval, including search, 

front-end update, and annotation. HTTP allows an open-ended set of methods and headers that 

indicate the purpose of a request. It builds on the discipline of reference provided by the 

Uniform Resource Identifier (URI), as a location (URL) or name (URN), for indicating the 

resource to which a method is to be applied.  

 

Messages are passed in a format similar to that used by Internet mail as defined by the 

Multipurpose Internet Mail Extensions (MIME). HTTP is also used as a generic protocol for 

communication between user agents and proxies/gateways to other Internet systems, including 

those supported by the SMTP, NNTP, FTP, Gopher and WAIS protocols. In this way, HTTP 

allows basic hypermedia access to resources available from diverse applications. 

 

HTTP is a request-response protocol. For example, a Web browser initiates a request to a server, 

typically by opening a TCP/IP connection. The request itself comprises a request line, a set of 

request headers, and an entity.  

The server sends a response that comprises a status line, a set of response headers, and an entity. 

The entity in the request or response can be thought of simply as the payload, which may be 

binary data. The other items are readable ASCII characters. When the response has been 

completed, either the browser or the server may terminate the TCP/IP connection, or the 

browser can send another request. 

 

3.2 FTP 

FTP (File Transfer Protocol) [11] is a standard network protocol used for sharing data or 

computer program files between hosts over a TCP-based network, such as internet or local 

intranets. A client makes a TCP connection on the serverôs port 21. This connection will be used 

for control purposes: authentication, commands. After that, another connection is opened. This 

connection will be used for data transfers. 
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Figure 4: FTP connection 
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3.3 TLS/SSL 

Transport Layer Security (TSL) [12] and his predecessor Secure Sockets Layer (SSL) are 

cryptographic protocols that provide security over TCP based communications. This includes 

many protocols such as HTTPS, FTPSé It works by going under a óhandshakeô before starting 

the communications. The handshake includes: 

¶ Certificate: The server sends the certificate to the client, who checks its validity/trust. 

¶ Encryption Keys: Public keys are exchanged, which will be used to encrypt messages. 

The client will send an encrypted message which the server will decrypt and verify. 

¶ Cypher Suite: Both client and server will check for the strongest cipher that both 

support. 

Once finished the óhandshakeô, client and server can communicate securely. 

 

Figure 5: TSL handshake example 

3.4 UMTS 

Universal Mobile Telecommunication System is one of the technologies used in 3
rd
 generation 

mobile phones and is the successor of other mobile communication technologies such as GSM 

and GSPR. This technology enables transferring both voice and data wirelessly.  
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Figure 6: Structure of an UMTS network 

 

3.5 WSDL 

WSDL (Web Service Description Language) is used to describe the functionalities offered by a 

Web Service: it describes service operations, input and output parameters and how the service is 

bound to a protocol and where the service is deployed. 

WSDL describes the public interface of a Web service and describes the form of 

communication, e.g., the requirements of the protocol and message formats required to interact 

with the services listed in its catalogue. The operations and messages are described abstractly 

supports and then linked to the concrete network protocol and message format. 
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Figure 7:WSDL 2.0 Infoset Diagram 

 

3.6 SOAP 

SOAP is an application protocol used to exchange Web Services data. It relies on other 

protocols to negotiate and transmit messages, usually HTTP, and transmit messages in XML 

format, called SOAP envelopes. Although usually used along with WSDL, it can also be used in 

other non-WSDL web services such as PHP services. 

 

 

 

3.7 UDDI 

UDDI (Universal Description Discovery and Integration) is an XML catalogue to register and 

locate Web Services: the register can be interrogated through SOAP messages to find and 

interact with WSDL Web Services. 
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Figure 8: SOAP service call 
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3.8 REST 

Representational State Transfer [3] is a set of architectural principles to transmit data over a 

standardized interface, like HTTP or FTP. Apart from XML it can use other file formats to 

transmit data, such as plain text or JSON. In Web Services, it uses a path to access a specific 

resource, in which it can use the basic HTTP set of operations: GET, PUT, DELETE, POST and 

HEAD. 

It is considered a lightweight protocol. Instead of defining and sending an application message 

like SOAP, it uses the URL to send all the necessary information. While SOAP is more oriented 

to functions REST is more oriented to resources. 

 

Figure 10: REST service invocation 

 

3.9 BPEL 

Business Process Execution Language [13], WS-BPEL is an OASIS standard for Web Services 

composition language. It is development from WSDL and XLANG, both oriented languages 

describing Web services. It basically consists of an XML-based language designed for 

centralized control of the invocation of different Web services with some logic added business 

that helps large-scale programming. 

It is used to define and manage logic processes that include calls to different web-services, 

either sequentially or in parallel. 

REST 
Server 

REST 
Client 
Sender 

JSON 
resource_Z 

http://example.com/resource_Z 

UDDI 

Client Server 

wsdl 

[1] Register Web Service 
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Figure 9: Web service registry, lookup and invocation with UDDI 
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Figure 11: Example of a BPEL process 
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4 Standards for Data Interoperability  

In TSoS one of the important required features is the data interoperability, enabling 

communications among different services. The standards considered for Local4Global 

implementation are XML, OWL and SensorML. 

4.1 XML  

XML (eXtensible Markup Language), together with "XML Schema", is used for describing data 

models, formats and data types. XML is also used as the basis for specifying other standards, 

like WSDL. 

The design goals of XML emphasize simplicity, generality, and usability over the Internet. It is a 

textual data format with strong support via Unicode for different human languages. Although 

the design of XML focuses on documents, it is widely used for the representation of arbitrary 

data structures, for example in web services. 

Many application programming interfaces (APIs) have been developed to aid software 

developers with processing XML data, and several schema systems exist to aid in the definition 

of XML-based languages. 

 

 

Figure 12: UML model for XML data in Local4Global  

 

4.2 OWL  

The Web Ontology Language (OWL) is a family of knowledge representation languages or 

ontology languages for authoring ontologies or knowledge bases. The languages are 

characterised by formal semantics and RDF/XML-based serializations for the Semantic Web. 

OWL is endorsed by the World Wide Web Consortium (W3C) and has attracted academic, 

medical and commercial interest. 
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Ontologies are a formal way to describe taxonomies and classification networks, essentially 

defining the structure of knowledge for various domains: the nouns representing classes of 

objects and the verbs representing relations between the objects. 

In Local4Global, OWL is used for enabling reasoning capabilities. The use of SWRL rules on 

the ontology defining TSoS topology allows a more complex casuistic reasoning.    

4.3 SensorML 

SensorML provides standard models and an XML encoding for describing any process, 

including the process of measurement by sensors and instructions for deriving higher-level 

information from observations. It provides a provider-centric view of information in a sensor 

web, which is complemented by Observations and Measurements which provides a user-centric 

view. 

The primary focus of the Sensor Model Language (SensorML) is to provide a robust and 

semantically-tied means of defining processes and processing components associated with the 

measurement and post-measurement transformation of observations [16]. This includes sensors 

and actuators as well as computational processes applied pre- and post-measurement. The main 

objective is to enable interoperability, first at the syntactic level and later at the semantic level 

(by using ontologies and semantic mediation), so that sensors and processes can be better 

understood by machines, utilized automatically in complex workflows, and easily shared 

between intelligent sensor web nodes. 

The processes described in SensorML are discoverable and executable. All processes define 

their inputs, outputs, parameters, and method, as well as provide relevant metadata. SensorML 

models detectors and sensors as processes that convert real phenomena to data. 

SensorML does not encode measurements taken by sensors; measurements can be represented in 

TransducerML, as observations in Observations and Measurements, or in other forms, such as 

IEEE 1451. 
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5 Building/domotic standards  

Control is a key activity in Local4Global product and in this sense building and domotic 

standards are important in the development of a TSoS. In this section several selected standards 

are introduces, which the Local4Global product is compliant.  

5.1.1 BACnet 

BACnet is a data communication protocol for building automation and control networks, which 

provides a standard way of representing functions of any device, such as analogue and binary 

inputs and outputs, schedules, control loops, and alarms, by defining collections of related 

information called ñobjectsò, each of which has a set of ñpropertiesò that further characterize it.  

One of the objectôs most important properties is its identifier, a numerical name that allows 

BACnet to unambiguously access it. BACnet presently defines 25 different object types [5]. 

Any given building automation device may have zero, one, or many objects of each object type 

with the exception of the Device object, which must be present in every device. 

BACnet employs the Open System Interconnection (OSI) Basic Reference Model (ISO 7498) as 

its reference model. The following four OSI communication layers are implemented in BACnet: 

physical, data link, network, and application layer. BACnet is standardized by ASHRAE, ANSI 

and ISO organizations. 

 

BACnet can be used by different devices sharing a common LAN. Different vendors implement 

the protocol to the specific BACnet type. 

 
Figure 13: BACnet-Different vendors in common LAN 

 

BACnet can interconnect different LAN types by using routers. It can even interconnect with 

other proprietary LANôs, but gateways will be needed to translate the messages between devices 

in this last case. The translations need to be simultaneous and bi-directional, and if the modeling 

and messaging concepts differ too much, the translation wonôt be 100% accurate. 
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Figure 14: Connecting different BACnet LAN through routers 

 

 
Figure 15: Connecting with non-BACnet LAN though gateways 

 

 

5.1.2 LonWorks 

LonWorks technology is used to build non-open but guidelines have been defined to 

manufacture and to integrate interoperable devices. These guidelines should guarantee a smooth 

integration and operation of devices designed, produced, and installed by different 

manufacturers [6]. They include LonTalk (the communication protocol of the LonWorks 

technology platform) channel profiles, standard network variable types (SNVT) and functional 

profiles. A SNVT comprises syntactic as well as semantic information, like the associated 

engineering unit. 

LONMARK (association formed by Echelon and a group of LONWORKS users dedicated to 

building interoperable products) objects are defined as a set of one or more input and/or output 

network variables, with semantic definitions relating the behavior of the object to the network 

variable values and to a set of configuration properties that specify configuration data for the 

object [7]. To provide for future expansion and to enable manufacturer differentiation, the 

LONMARK object definitions consist of mandatory network variables and configuration 
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properties, optional network variables and configuration properties, and may consist of 

manufacturer-specific network variables and configuration properties. 

 

 
Figure 16: LonWorks Architecture  

 

5.1.3 EIB 

EIB, the European Installation Bus is a fieldbus designed to enhance electrical installations in 

homes and buildings of all sizes by separating the transmission of control information from the 

traditional main wiring. Every component is able to send commands to other components, no 

matter where they are. A typical EIB network is made of electrical components such as 

switches, pulsers, electric motors, electro valves, contactors, and sensors. In 2004, EIB was 

merged with Batibus and European Home System to create a new KNX standard (European 

Home and Building Electronic System standard). 

 

5.1.4 KNX 

KNX is a standardized (EN 50090, ISO/IEC 14543), OSI-based network communications 

protocol for intelligent buildings. KNX is the successor to, and convergence of, three previous 

standards: the European Home Systems Protocol (EHS), Batibus, and the European Installation 

Bus (EIB or Instabus). The standard is based on the communication stack of EIB but enlarged 

with the physical layers, configuration modes and application experience of Batibus and EHS. 

KNX defines several physical communication medias: 

- Twisted pair wiring (inherited from the Batibus and EIB Instabus standards) 

- Powerline networking (inherited from EIB and EHS - similar to that used by X10) 

- Radio (KNX-RF) 

- Infrared 

- Ethernet (also known as EIBnet/IP or KNXnet/IP) 

KNX is designed to be independent of any particular hardware platform. A KNX Device 

Network can be controlled by anything from an 8-bit microcontroller to a PC, according to the 

needs of a particular implementation. The most common form of installation is over twisted pair 

medium. 

Central to KNX application concepts is the idea of data-points: they represent the process and 

control variables in the system. These data-points may be inputs, outputs, parameters, diagnostic 
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data, etc. The standardized containers for these data-points are Group Objects and Interface 

Object Properties. The data-points types are defined as a combination of a data type and a 

dimension. It has been preferred not to define the data types separately from any dimension. 

This only leads to more abstract naming and identifications (Figure 17). Any data points type 

thus standardizes one combination of format, encoding, range and unit. 

 
Figure 17: Structure of Datapoint Types in KNX Standard 

 

5.1.5 OPC 

OPC consists of standard interfaces, properties and methods for use in process control and 

manufacturing automation applications. OPC provides a common interface for communicating 

with diverse process-control devices, regardless of the controlling software or protocols used in 

the process. Recently, the OPC Foundation developed the next generation of OPC, OPC 

Unified Architecture (UA) . A new and independent stack for OPC-UA replaces COM/DCOM. 

The new communication stack reflects the beginning of various innovations. The OPC UA 

architecture is a service-oriented architecture (SOA) and is based on different logical levels. 

OPC Base Services are abstract method descriptions, which are protocol independent and 

provide the basis for OPC UA functionality. The transport layer puts these methods into a 

protocol, which means it serializes/de-serializes the data and transmits it over the network. Two 

protocols are specified for this purpose. One is a binary TCP protocol, optimized for high 

performance and the second is Web service-oriented. The OPC information model is a so-called 

Full Mesh Network based on nodes. These nodes can include any kind of meta information. The 

OPC specification states that process data are made available by means of OPC Item objects 

(Figure 18). It is up to the server implementer to design relationships between OPC Items and, 

for instance, data items or device objects. OPC Item objects cannot be accessed directly through 

the OPC Data Access custom interface, but only via OPC Group objects. OPC Group objects 

are used to organize the OPC Clients data access. OPC Item and OPC Group objects are created 

by the OPC Server object on behalf of OPC Clients. OPC Item and OPC Group objects are 

transient objects. By settings attributes of its OPC Group objects, a client can parameterize its 

subscriptions. 
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Figure 18: OPC Data Access concepts 

 

5.1.6 Modbus 

Modbus is a communication protocol oriented to programmable logic controllers (PLCs). It was 

created in 1979 by Modicon (now Schneider Electric) and has been widely used at industrial 

level since. It uses a master-slave approach for the requests. 

 

Figure 19: Modbus request-response 

 

Modbus defines a unique identifier for each device and four data tables: discrete inputs, discrete 

outputs (coils), input registers and holding registers. Discrete inputs and outputs are oriented to 

single bit values, while registers are oriented to 16bit values. 
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Figure 20: Memory tables in ModBUS 

The most common ways of using Modbus is over serial communications (Modbus RTU) and 

over Ethernet (Modbus TCP/IP). In both ways Modbus defines how the data is structured, while 

each type has specific methods to wrap the structured data for transmission 

 

5.1.7 M-Bus  

M-Bus, also called Meter-Bus, is a European standard for remote reading of gas meters, 

electricity meters and heat meters, as well as other sensors and actuators.  

The M-Bus is a hierarchical system, with communication controlled by a master (Central 

Allocation Logic). The M-Bus consists of the master, a number of slaves (end-equipment 

meters) and a two-wire connecting cable. The slaves are connected in parallel to the 

transmission medium - the connecting cable. 

 

Figure 21: M -Bus System principle 
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Figure 22: Different meters connected with M -BUS 

 

 

5.1.8 MP-Bus  

Multi -Point Bus was developed by Belimo to act as a simple sensor and actuator bus in the field 

of building automation. It allows up to eight device to be connected to a MP Master, usually 

PLC with MP interface or gateways to other filed bus systems such as LonWorks or EIB/KNX. 

 

Figure 23: Different devices connected to a MP gateway 

 

5.1.9 Technologies Interoperability 

It is worth mentioning that all these technologies are direct competitors but are NOT mutually 

exclusive. Each one has their own customer and developers base, but many systems use more 

than one of these technologies altogether, using translating gateway devices. Some providers 

even provide support for their competitorsô products. E.g. BACnet has developed a protocol to 

work over LonWorks proprietary LAN, LonTALK. 
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6 Use of standards in Local4Global 

Service Interoperability standards are widely used in the Loca4Global project. These can be 

divided between the already existing elements in the test pilots and the software that will be 

developed during the project. 

6.1 Local4Global System Product 

The next table summarizes the different technologies and standards, the rationale for choosing 

them as well as how it is implemented in the Local4Global project. 

Table 1: Implemented standards in Local4Global 

Standard Rationale Implementation  

UML UML is one of the most visual ways of 

expressing the data model that will be 

used. Every partner has previous 

experience with it. Tools like Visual 

Paradigm even include functionalities to 

transform UML into source code. 

Used in the design phase for the 

Local4Global software. This 

includes data models, flow 

diagrams, sequence diagrams, and 

component diagrams. 

SOA/OSGi The Service Oriented Architecture offers 

greater adaptability and scalability, 

splitting the functionalities in services.  

The OSGi approach could be considered 

similar, as it encapsulates different 

functionalities in completely functional 

components called bundles. This allows 

to easily deploy new functionalities 

without the need of modifying the 

existent solution.  

The Local4Global software will 

follow the SOA/OSGi approach. A 

core service/bundle will offer the 

generic functionalities (data and 

configuration management, 

control logic and optimization 

algorithms) while different  

communication drivers/bundles 

will be downloaded and deployed 

to meet the use case requirements  

HTTP/FTP HTTP and FTP are two of the most 

extended protocols for long distance 

communications between machines. 

Most existing development libraries 

make use of these protocols  

Used for communications between 

the different components of the 

traffic use case. Web/online 

communication drivers will use 

HTTP/FTP as their base protocol. 

TSL/SSL TSL and SSL are used along with HTTP 

and FTP to provide a security layer in 

the communications. Itôs a well extended 

standard and known to every partner in 

the project. 

Web communication drivers will 

support the use of TSL/SSL along 

with HTTP/FTP. 

UMTS UMTS provides inexpensive wireless 

long distance communication. It is used 

in the existing infrastructure of the 

traffic use case 

Different components of the traffic 

use case use this technology:  

-Junction control units 

communicate with the road 

Administration through UMTS 

-The Apps deployed in the 

smartphones will use the UMTS to 

communicate with the services in 

TUM 
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WSDL/SOAP WSDL and SOAP are widely applied in 

Web Services, WSDL for defining the 

web service and SOAP as message 

format. 

 

In the traffic use, the 

Local4Global algorithm will be 

deployed as a service in IK4-

Tekniker premises, along with 

other functionalities. These web 

services will use SOAP and 

WSDL for the communications. 

REST REST offers a very extended more 

lightweight alternative to the WSDL 

services, using HTML commands (GET, 

PUT...) as functions. 

 

Local4Global services use 

WSDL/SOAP, but REST could be 

used for exposing the services as 

an alternative. 

Specific communication drivers 

could use REST services as data 

sources. 

XML  XML is a well know and extended 

standard for structured data exchange. 

SOAP messages are XML 

messages will specific tags. 

The web services used in the 

traffic use case services will use 

SOAP or plain XML to exchange 

measurement data and control 

strategies. 

OPC OPCôs use is very extended standard in 

industrial and building environments. 

This standard is used in the pre-existing 

infrastructure for the building use case. 

Is used in the building use case 

infrastructure, in order to make 

data available to the BMS.  

An OPC-UA communication 

driver will be developed in 

Local4Global. 

BACnet This standard is used in the pre-existing 

infrastructure for the building use case. 

Used in the building use case 

infrastructure, connects the 

different control units and sensors 

with the OPC server and the BMS. 

MP-Bus This standard is used in the pre-existing 

infrastructure for the building use case. 

Used in the building use case 

infrastructure as a field bus 

protocol for the sensors. 

LonWorks 

EIB 

KNX 

ModBus 

M-Bus 

Tekniker has developed the 

communication drivers using the 

openMUC framework as guideline, 

which includes working communication 

drivers for many of these standards. 

Support for the different existing 

communication protocols is desired in 

order to have greater interoperability. 

openMUC framework[17]  has 

already working driver 

implementation of these standard 

and they could be easily be 

adapted in order to be used in the 

Local4Global software system.  

They are not used in any of the 

proposed use cases, but will be 

taken into account for the 

supporting the final product. 
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6.2 High Level Integration in BMS 

The Local4Global System will include drivers to connect to different field bus and 

communication protocols, but what happens if it needs to be integrated with already existing 

Building Management Systems (BMS)? Both BMS and L4G share similar functionalities: 

-Communication Layer: Interoperability to connect and access different assets. 

-Data & Configuration Management: Measurement data and device configuration. 

-Control/Optimization Logic: Models the behaviour of the system. 

In BMS the existing assets and infrastructure, communication layer and management 

functionalities will be reused. Only the Local4Global Optimization & Control Logic will need 

to be integrated / updated. This can be done in different ways.  

One of the ways is to encapsulate the Local4Global algorithm in a logic component specific to 

the system. For example, the building use case from the Local4Global project uses 

MATLAB /Simulink in order to define the building behaviour. This approach integrates firmly 

with the existing BMS logic, but clashes with the ógenericô nature of the Local4Global software, 

as it implies making use case specific ócustomizedô solutions, reusable for similar BMS. 

BMS usually include interfaces that are used by UI to allow human interaction. A second 

approach would be to use these interfaces and develop drivers to access the different assets from 

the Local4Global system. This approach would result in two co-existent control systems, which 

would provide flexibility in how Local4Global system affects the BMS. It could be used to send 

action recommendations to the human users, acting like an advisory component; or it could be 

used to partially (or totally) manage the building with direct control actions, overtaking 

management and responsibility from the BMS control logic. 

6.3 Traffic Use Case 

The traffic use case [14] includes various entities distributed in different locations, including 

sensors, control and data providers. Because of this, long distance communication standards will 

be used for data transfers.  Also the use of FTP standard in this use case is required due to 

previous implementation made by Road Administration. 

  

Figure 24: Implementation of the Local4Global Traffic Use Case 
















