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1. Executive summary 

This document describes the initial and final administration tool prototypes for the BEMO-COFRA 
platform. The final prototype is mainly targeted for the final review demo and supports the visualization 
of the WSAN of the BEMO-COFRA resources in real-time together with additional information. It 
supports the administration protocol developed in WP4. 

Both tools interface with the BEMO-COFRA environment through the event manager of the underlying 
LinkSmart platform. In the visualization, active components are highlighted in green when working 
within expected parameters and red when an error occurs. 
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2. Introduction 

This document specifies the administration and monitoring tool for the BEMO-COFRA system. Chapter 
3 presents the background for the work: the requirements and proposed architecture. Chapter 4 
presents the implementation of the tool and describes how it is used in the final demo. The final 
chapter 5 discusses planned future extensions of the administration tool. 

 

Figure 2-1: Stakeholders running the BEMO-COFRA system 

There are different stakeholders, depicted in Figure 2-1, that need to monitor and administer different 
parameters of a BEMO-COFRA environment. The ultimate goal of the administration tool is to serve 
all those users with their various demands and to present only relevant data in their view. 
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3. Specification 

3.1 Requirements 

The requirements identified for the tool are as follows: 

 Visualization of the high level state of the system [fulfilled] 

 Visualization of network management and resource monitoring data of the WSAN [fulfilled] 

 Enable notifications to the user [partly fulfilled] 

 Allow setting of WSAN parameters [partly fulfilled] 

 Running on a portable device (Mobile phone / Tablet) [fulfilled] 

3.2 Baseline 

Based on the existing work, we conclude that we require a possibly simplified browser-based interface 
as it is widely accepted format used by the existing monitoring tools. In addition, to present e.g. a 3D 
representation of the high-level system state, standalone version must be supported on the main 
mobile and desktop platforms. This requirement suggests the usage of a platform-independent 
framework that introduces minimal code porting overhead. 

In order to achieve a maximum of supported platforms the administration tool is implemented with 
Unity3D and can be run on Android, iOS, Windows and as web application. 

 

3.3 Architecture 

Here we present two architectures: the first is the Unity3D based web application, which shows the 
high level state. The second is a lighter browser (HTML5/Javascript) application, which currently 
shows the state of the system controlled by the WP4 administration protocol. 

3.3.1 Architecture 

The administration tool consists of three elements, the Web Service Client, the Event Processing and 
the GUI Engine, see Figure 3-1. 

 

Figure 3-1: Administration tool architecture 

The Web Service Client is used to connect with the BEMO-COFRA environment through the Event 
Manager of the LinkSmart platform. It subscribes to the events of interest and passes them on to the 
Event Processing. 

The Event Processing unit creates a new object instance to represent new resources, if an event comes 
from a resource that is not known by the administration tool yet. In all other cases the current state 
of the resource representation is updated according the received events. 

Finally the visualization of the BEMO-COFRA environment is generated by the GUI Engine that is 
responsible for the interaction with the user. 
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3.3.2 Architecture for the browser based tool 

The administration tool consists of three elements, the Administration Tool Manager, the Event 
Processing and the GUI Engine, see Figure 3-2Error! Reference source not found.. 

 

Figure 3-2: Administration tool architecture 

The Administration Tool Manager serves the web content (HTML5 and Javascript) representing the 
Administration Tool to the client browsers. The Administration Tool can access LinkSmart resources 
through the use of SOAP API, and optionally also receive asynchronous events over the WebSocket 
connection, if it becomes available in the BEMO-COFRA platform. 

The Event Processing creates a new object instance to represent new resources, if an event comes 
from a resource that is not known by the administration tool yet. In all other cases the current state 
of the resource representation is updated according the received events. 

Finally the visualization of the BEMO-COFRA environment is generated by the GUI Engine that is 
responsible for the interaction with the user. 
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4. Implementation 

 

4.1 Overview 

The application was implemented using the Unity3D cross-platform game engine [Unity3D]. For 
scripting, Unity3D uses Mono [Mono], an open source implementation of the .NET framework. Mono 
has been ported to several operating systems such as Windows, Linux, Android, OS X etc. In addition 
Unity3D features a Web Player that can be used to run the application inside a web browser.  The 
usage of Mono ensures that the tool is portable with little effort to the aforementioned platforms and 
more. During the M12 demo at the review in Bonn, the tool was shown running simultaneously on a 
Windows PC and an Android tablet 

The tool communicates with the rest of the BEMO-COFRA components by utilizing the LinkSmart 
eventing system that allows the tool to subscribe to events of interest and publish administrative 
events towards the other components. For this purpose, it uses Mono’s web service capabilities. The 
web service –based connectivity also provides remote-monitoring; multiple instances of the application 
can be run remotely and connect to the BEMO-COFRA installation via the appropriate LinkSmart Event 
Manager. 

4.2 Graphical User Interface 

The Graphical User Interface (GUI) of the tool is shown in Figure 4-1. It visualizes the monitoring 
information gathered from the BEMO-COFRA installation in a continuous-time 3D representation. The 
screenshot features the main objects used in the M12 demo: the car body, welding robots, and the 
grippers. Detailed information about each object is available when clicking or touching them on the 
screen. Active objects are rendered in green colour whereas idle objects are rendered in grey and 
objects that are in erroneous state are rendered in red. 

 

 

Figure 4-1: GUI implementation on Unity3D 
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The menus feature a server setup, where one can define the Uniform Resource Identifier (URI) of the 
LinkSmart Event Manager to connect to, and several subwindow toggles. In the screenshot, a debug 
log window, showing all the received and sent events is shown in the lower left corner. This information 
is mainly targeted for a technician providing means for detailed troubleshooting. The lower right corner 
features a system state info window that summarizes the high-level state of the system (car body 
location, robots and grippers active / idle etc.).  

 

4.3 Browser based Graphical User Interface 

The browser based application is implemented using the HTML5 (Javascript). The usage of HTML5 
ensures that the tool is usable or adaptable to any platform. 

The tool communicates over the HTTP connection with the rest of the BEMO-COFRA via Web Service 
components. 

The Graphical User Interface (GUI) of the tool is shown in Figure 4-2. The tool retrieves the status 
information from the WSANProxyMultiRadio using the SOAP API, and the response is processed as a 
set of events. The GUI Engine (based on d3js library) visualizes the resulting state in real time as a 
tree (dendrogram). 

 

Figure 4-2: GUI view 

4.4 iPad native user interface 

The iPad user interface is intended for the line manager who supervise the manufacturing lines. After 
conducting interview, we concluded that the line managers need different level of information. Firstly, they 
need to know a global overview of the line performance including the number of cars have been produced, and 
the cycle time. In the future when energy consumption is a key factor that needs to be optimized, they would 
also like to have an overview of the total energy consumptions, and the average consumptions required to 
produce a type of a car. Moreover they would also to get a notification if there is a faulty condition in one of the 
station so they could call the right technician to fix the faults. 

Based on these requirements several prototypes of the iPad user interface (Depicted in Figure 4-3) were 
designed and validated to the users.  
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First prototype 

 

Third prototype  

 
Second prototype 

Figure 4-3: Prototypes of the user interface for line monitoring 

After several iterations, as shown in Figure 4-4 the final design was adjusted and approved. 
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Figure 4-4: The final user interface design 

 

4.5 Event specifications 

Table 1 lists the events that were subscribed to in the M12 demo by the tool. In addition the table 
specifies the actions that the tool will take upon the reception of each event. 

Table 1: List of subscribed events and corresponding actions 

Name Description Action 

PowerConsumption The power consumption of the 
last welding cycle in Wh. 

Value shown in the welding robot 
info window. 

bemocofra/event/WSN Spectrum occupancy values  and 
car body acceleration from the 
wireless sensors. 

Occupancy plotted in spectrum 
window. Acceleration shown in the 
car body info window. 

SkidWeldingPosition Car body in the welding station. Car body model moved to the 
welding station position and 
stopped. 

MoveSkidBack Car body leaves the welding 
station. 

Car body model starts to move 
towards the start position. Car body 
object state is set to idle. 

SkidStartPosition Car body at the starting position. Car body model moved to the 
starting position and stopped. 

MoveSkid Car body leaves the starting 
position. 

Car body model starts to move 
towards the welding station 
position. 

SkidWeldingPositionOk Car body position correct at the 
welding station. 

Car body object state is set to active 
if the car is at the welding station. 
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SkidWeldingPositionError Car body position error at the 
welding station. 

Car body object state is set to error 
if the car is at the welding station. 

ConfirmClamps Grippers closed. Gripper objects’ states are set to 
active. 

ConfirmClampsOpen Grippers open. Gripper objects’ states are set to 
idle. 

ClampsError Grippers in error state. Gripper objects’ states are set to 
error. 

StartWelding Welding robots start welding. Welding robot objects’ states are set 
to active. 

StopWelding Welding robots stop welding. Welding robot objects’ states are set 
to idle. 
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5. Future work 

The browser based Administration Tool can expand further to include views that can approximate the Unity3D 
GUI. However this requires a support of WebSocket BEMO-COFRA/LinkSmart for delivering asynchronous 
messages to the browser. 
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