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Introduction	
 
This SOFIA technical solution was aimed to develop a software component (i.e. G-DSS – 
Gateway Data Simulation/Scheduling) responsible for the low-level (measurement) data 
simulation and scheduling. In other words, G-DSS component provides the low-level 
data/signal emulation, i.e. emulation of signals coming from the field sensors, SCADAs, etc. 
In this way, early prototyping and testing of the SOFIA system and energy optimization 
modules for multi-carrier interconnected entities was made possible. Manual definition of 
different data types/signals was also supported. At the same time, this component provides a 
flexible way for use case scenarios definition. This included the definition of low-level 
signals, patterns as a set of low-level signals and high-level use case scenarios definition as a 
set of signal patterns. 
 
Data/signals emulated by G-DSS component are made accessible to all SOFIA system 
components and provided in a web service based manner. Furthermore, it supports flexible 
time resolution/granularity of the output data. In order to fit the needs of different 
demonstration sites, it also supports different communication protocols (such as Modbus, 
BACNet, View6000, OPC, etc.). 
 
In the following section, some of the main functionalities are specified which are supported 
by the G-DSS component in terms of field-data simulation and scheduling. Then, the 
technological background of the G-DSS was defined through the investigation of interface 
deployment diagrams. Integration design of the G-DSS component was investigated by 
analysing G-DSS data flow and the Scenario Editor GUI functionalities. Finally, some 
concluding remarks were presented. 

Data	Simulation/Scheduling	Specification	
Rationale 
The objective of the G-DSS Data Simulation/Scheduling component was to generate and 
provide the low-level data, such as data related to the energy consumption (consumption of 
electricity, thermal energy, fuel oil, etc.), for the purpose of the verification and testing of the 
SOFIA system and energy optimization module for multi-carrier interconnected entities 
before the actual deployment of the system. In other words, it deals with the simulation and 
scheduling of the low-level data fed into the system. This includes, first of all, simulation of 
the data-point values coming from the field-level devices, such as sensors, but also high-level 
data/parameters such as already filtered and aggregated data-point values coming from 
SCADA systems. 
 
By delivering the artificially generated low-level data, early prototyping and calibration of 
the overall SOFIA system (including its components and energy optimization algorithms) 
was possible to perform under different use case scenarios (such as for the SOFIA airport 
demonstration site). Therefore, G-DSS was defined flexible enough to be capable of 



 

 
 

emulating different data types, data formats, protocols (such as Modbus, BACNet, View6000, 
OPC) as they are utilized and implemented at a target demonstration site. Moreover, it 
supports flexible time resolution, i.e. granularity of the generated data fed into the SOFIA 
system. 
 
G-DSS component provides, at the first place, a flexible and intuitive way (from the 
perspective of the end-user, i.e. operator) for definition of various use case scenarios over the 
chosen time span. This includes the possibility of defining different types of data-points and 
signals which will be simulated and fed into the SOFIA system and energy optimization 
module (through the SOFIA Energy Gateway). Low-level data-points and signal values are 
defined manually. More precisely, the operator have to enter and specify the values of the 
desired data-points, their specific parameters, time point of generation/simulation, etc. This 
procedure is mainly driven and facilitated by the G-DSS graphical user interface (GUI) 
(through corresponding option menus, drop-down lists, default values, etc.) offering some 
predefined information/parameters for specific data-point types. Such predefined information 
is currently embedded within the G-DSS component itself, but it could be also additionally 
extracted from the SOFIA facility ontology model (for instance, of airport) holding various 
facility/infrastructure related data (such as related to the low-level signals/devices). 
 
On the other hand, based on the manually defined low-level signals, G-DSS component 
provides the possibility to assemble specific signal patterns defined as a set of low-level 
signals. Such signal patterns could be further utilized (by organizing them over the chosen 
time span) to assemble the high-level use case scenario which is defined as a sequence of 
signal patterns.  
 
In this way, different, complex use case scenarios could be easily defined by the operator just 
by definition of the low-level data-point values through the corresponding GUI. Definition of 
the low-level signal values, signal patterns and high-level use case scenarios is performed off-
line. After the definition of the desired use case scenario (stored within G-DSS Scenario 
Archive), G-DSS component provides the possibility to “play” the scenario (via G-DSS 
Scenario Player), i.e. to generate all the low-level signal values according to defined scenario 
and feed them into the SOFIA system (i.e. through the Energy Gateway) for further 
evaluation.  
 
Managed data  
Types of data managed by G-DSS component are the following: 

• Simulated data. Simulated data-point values of measured parameters read from the 
sensors or filtered/aggregated by the SCADA system. These data are only read. 
Simulated values of the sensor readings should be accompanied with a unique signal 
ID indicating that specific reading/measurement point. 

• Set points. Data values of set points. This data can be only written. Set point values 
should be accompanied with the corresponding signal ID indicating a specific set 
point in the system. 

Technological	Specifications	
Component diagram 
The G-DSS component diagram is reported in the following Figure 1. 



 

 
 

 

Figure 1: G-DSS component diagram 
 
Deployment diagram 
Figure 2 shows the deployment diagram for the G-DSS Data Simulation/Scheduling 
component. 



 

 
 

 

 

Figure 2: G-DSS deployment diagram 
 
Communication flow  
G-DSS component encompasses low-level data-point/signal emulation including signals 
coming from the filed-level sensors and already filtered/aggregated data-point values from 
SCADA systems. Low-level data-point/signal values generated by G-DSS component are 
delivered to the rest of the SOFIA components and provided in a web service based manner. 
In terms of generated data delivery, data pushing approach was taken into account. The 
generated data were fed into the system through the corresponding Energy Gateway 
(implemented with OpenMUC framework) interface which forwards the simulated data to the 
rest of the SOFIA system for further processing.  
 
Definition of different data types/signals is performed manually and supported by the G-DSS 
GUI by providing different predefined values/parameters (embedded within G-DSS 
component itself or extracted from the SOFIA facility ontology). It supports flexible use case 
scenarios definition which includes apart from the low-level signals definition, also 
assembling of the signal patterns (sequence of low-level signals/data-points) and high-level 
use case scenarios (sequence of signal patterns).  
 
Low-level data-points, such as measured data related to the energy consumption, are 
generated by the G-DSS component according to the specified use case scenario over the 
chosen time span and further delivered to the rest of the SOFIA system and energy 
optimization module in a flexible way. Furthermore, the generated data are accessible by the 
SOFIA system in a web service based manner supporting different communication protocols 
such as FTP and SOAP.  
 
Communication with SOFIA Energy Gateway is performed through the OpenMUC data 
manager (provided with OpenMUC framework by Fraunhofer ISE) using its predefined plug-
in interface. 
 
Information persistence 
G-DSS component simulates only last sensor readings (current sensor readings acquired at a 
single time step), and therefore there is no information persistence.  



 

 
 

 
Historical and configuration data are managed by designated sub-component of the Energy 
Gateway. 
 
Deployment environment and constraints 
Simulated data will be utilized for verification and testing purposes of the SOFIA system.  
 
Therefore, G-DSS component is used before actual deployment of the system at 
demonstration site for calibration and testing of the rest of the system components and energy 
optimization algorithms. 

Integration	Design	
 

G-DSS component was aimed to provide simulation and scheduling of the low-level/field 
data. As such, it preforms the simulation and scheduling of the low-level data fed into the 
SOFIA system. 
 
Logic of the G-DSS component was wrapped into the bundle-JAR file (based on OSGi 
platform) which was deployed under the SOFIA Energy Gateway (OpenMUC framework). 
G-DSS bundle was aimed at firing data-point values from previously generated scenario file 
(for instance, manually specified by the facility operator). G-DSS component also 
implements the corresponding Scenario Editor GUI (Graphical User Interface) which was 
developed (in Swing) as a standalone application aimed for user-friendly definition of 
scenarios through the configuration files that contained all the information needed for 
scenario simulation. The most important advantage of using the Scenario Editor GUI would 
be the reusability of data-point value patterns (as well as channel and device patterns), not 
only within one scenario, but also in other scenarios defined later on, while at the same time 
providing intuitive and user-friendly approach. In this way, G-DSS plug-in provides a 
convenient way for scenario definition and testing of SOFIA system and energy optimization 
module. 
 
To have a clear view on the G-DSS component and its features, integration design and data 
flow between Scenario Editor GUI component and G-DSS bundle component were illustrated 
in Figure 3. The interaction of these two components (GUI and logic) was envisioned to 
implement the following action flow: 
 

1) Scenario Editor GUI component of the G-DSS plug-in was envisioned to be 
accessible to the operator sitting in front of the SOFIA cockpit (main user interface) 
while providing a way for testing SOFIA system in different scenarios (action (1) in 
diagram: starting the Scenario Editor GUI by the operator) 

2) By using the Scenario Editor GUI, operator is capable of defining the data-point 
values, channels and devices as part of different scenarios (action (2) in diagram: 
saving the specified scenario into the file by the operator) 

3) Desired scenario file is played by activating the G-DSS plug-in under the OpenMUC 
framework (action (3) in diagram: starting/activating the G-DSS bundle through the 
OpenMUC framework) 

4) G-DSS bundle should “fetch” and read the selected scenario file stored locally or 
remotely (action (4) in diagram: initialization of bundle with data-point values stored 
within the desired scenario file) 



 

 
 

5) G-DSS emulates the data-point values according to the scenario file (interaction (5) in 
diagram: firing the data-point values through the OpenMUC framework) 

 

 

Figure 3: Integration design and data flow of G-DSS plug-in. 
 
User Interface Manual 
The main functionalities of the Scenario Editor GUI are provided through the following three 
main tabs: 

1) Datapoint Channel tab – used for definition of data-point channels (saved with file 
extension *.dpc) as a sequence of data-point values in time coming from certain 
sensor/meter (Figure 4 (a)), 

2) Device Configuration tab – used for definition of specific device (saved with file 
extension *.cnf) as a set of corresponding data-point channels belonging to a specific 
device (previously defined at Datapoint Channel tab) (Figure 4 (b)), and 

3) Scenarios tab – used for definition of the SOFIA scenarios (saved with file extension 
*.scn) as a set of corresponding devices (previously defined at Device Configuration 
tab), i.e. for definition of which devices will be part of a specific scenario (Figure 4 
(c)). 

 
Each of these tabs contains the corresponding GUI components and toolbar buttons for easy 
definition of the scenarios and their segments which could be easily reused in another 
scenarios. For proper import/export of specified channel/device data and dependencies during 
the definition of scenarios, it is important that all created/generated files (for data-point 
channels (*.dpc) and devices (cnf) belonging to a single scenario) are located within the same 
folder. Finally, for playing the scenario created in that way, scenario file (*.scn) may be 
placed independently on the belonging channel and device pattern files (but for another 
editing it is important to be located at the same location as its dependencies).  
 



 

 
 

 

 

Figure 4: G-DSS Scenario Editor GUI 

Conclusion	
 
Considering that SOFIA system requires involvement of large number of different 
components and systems, its testing would not be possible on a live system, operating at the 
target/demonstration site (facility such as airport for instance). Therefore, within this SOFIA 
technical solution it was required to develop a component that will provide for a low-level 
data/signal emulation which would replace signals from the field sensors, monitoring 
equipment, SCADAs, etc.  
 
This objective was delivered by development of the G-DSS (Gateway Data 
Simulation/Scheduling) component which offers definition of flexible use case scenarios – 
including definition of low level signals, signal patterns as well as high-level use case 
scenarios. Logic of the G-DSS was wrapped into the bundle-JAR file deployed under the 
SOFIA Energy Gateway (implement ted with OpenMUC framework). In addition, as part of 
the G-DSS component, corresponding Scenario Editor GUI (Graphical User Interface) was 
developed which was aimed for a user-friendly definition of scenarios through the 
configuration files that contained all the information needed for scenario simulation. 



Review of the technical solution 
Monitoring infrastructure emulator for 
testing the system for optimization of 

energy flows among multi-carrier 
interconnected entities 

 
In this SOFIA technical solution, the PUPIN institute has successfully 
developed a software component for energy data simulation and scheduling, 
so called G-DSS (Gateway Data Simulation/Scheduling). G-DSS was 
envisioned for emulation of all signals generated from the field-level sensors 
and SCADA systems. In this way, by implementing such monitoring 
infrastructure emulator, early prototyping and validation of SOFIA energy 
optimization system for multi-carrier interconnected entities was made 
possible.  
 
By developing G-DSS software component, the PUPIN institute delivered a 
flexible way for practically any use case scenario definition, by manual 
definition of different data structures/types, sensor signals, etc. This was 
achieved by providing a way for definition of low-level signals, then patterns 
as a set of low-level signals and high-level scenarios as a set of signal 
patterns. All energy related data-points generated by G-DSS were made 
accessible to SOFIA framework in a web-based manner, in flexible time 
resolution and granularity. 
 
Finally, the PUPIN institute successfully developed a G-DSS software 
component for emulation of energy monitoring infrastructure practically in 
any multi-carrier system. Software component was envisioned in a flexible 
manner so the patterns of energy data-points could be easily reused in 
generation of more complex high-level energy consumption scenarios. 
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