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PREAMBLE 
 

This document contains already many elements that are asked to be in the deliverable D1.2 

Requirements Analysis Report (public version) and specification of the SmartVortex Assessment 

Framework which should be delivered in Month 12 (September 2011). The detailed use case 

description have already been done due to confidentiality reason and to allow the work packages WP2 

(Development of information models and architecture description) and WP3 (Semantic models of 

data streams) which have the same delivery date like this document, to get completed. Furthermore 

this D1.1 delivery is a confidential document that allows the industrial partner to give detailed 

information about the sensors and signals used in generating the data streams. We intend to extend the 

validation section for the D1.2 delivery document but also to remove the exact description of the 

confidential marked data stream signals since the D1.2 delivery is public version. Therefore we see this 

document as a first version of the complete requirement documentation, even if this would have a later 

delivery date. The structure will be the same, but the description of the chapters which are missing 

explanations will be added as the confidential parts in the use cases will be removed for the Month 12 

deliverable D1.2 Requirements Analysis Report (public version) and specification of the 

SmartVortex Assessment Framework. 

 

Depending on confidentiality issues we either will extend the confidential version, or we put the data 

description in the D1.2 public version. 
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EXECUTIVE SUMMARY  
 

Along a McKinsey report about “Big Data”, analyzing large data sets will become a “key basis for 

competition, underpinning new waves of productivity growth, innovation and surplus as long as the 

right policies and enablers are in place.”. McKinsey sees the power of “innovating new business 

models, products and services” and “supporting of human decision making” in the computation of “Big 

Data” [MCK01]. 

 

In industrial applications extreme large data are produced by data streams that either are generated due 

to computational activities like simulations, from sensors and actuators due to machining operations or 

from collaborative data streams or processes which interact with previous mentioned data streams. 

 

The project SmartVortex handles the aspects of data stream management in industrial environments in 

three integrated sub-projects (ISP-1/2/3) based on innovative business model visions of the 

participating industrial partners. In this document we describe and elaborate the findings taken during 

the requirement gathering phase of this project.  

 

The focus on impact oriented requirements for solutions that can be applied for different industry 

segments gave the consortium not only the ability to care that the research focuses on sustainable 

results also the scientific demand going beyond the state-of-the-art has been taken in account while 

choosing that use-cases that are providing highest innovation potential in the areas of simulation stream 

computation, validation of stored or actual arriving in real-time generated large data streams or 

collaboration oriented data streams. 

The following main topics are discovered in this survey and requirement analysis. 

 Computation of large data streams stored in repositories with data reducing pre-analysis 

 Computation of real-time generated data streams with trend, risk and threshold validation  

 Computation of collaborative data streams with cross team and cross domain collaboration 

 Computation of data streams applying semantic query handling 

 Visualization of the computational results and new graphic supported query handling on data 

streams 

 

In the discovery phase business motivations accompanied with use cases have been recognized that 

allow generating test-beds for the validation of the research results. The industrial partners have been 

provided requirements and use cases to support their business oriented goals: 

 Productivity gain during the simulation process (Philips, or other following partners) 

 Higher reliability, availability and risk of damage reduction by improving the preventive 

maintenance process and offer of service oriented products based on intangible properties  

(Hägglunds Drives) 

 New products and improvement of existing products by data acquisition and validation to enter 

in new functional engineering methods (Sandvik Coromant) 

 Service oriented business models that guarantying higher availability with risk limitation for 

the offering company (Volvo CE) 

 

With a very large openness towards the researching and implementing consortium partners our 

industrial partners have shared strictly confidential information about all types of measurement 

sources, data streams involved and envisioned new business models. As main driver of the research 

activities it was identified their wiliness to enter in new service oriented business models which are 

based on intangible assets and open up new business opportunities as well as the strong motivation to 

start such models  using new functional engineering methods which relay on data stream computing 

technology.  

The identified scenarios, use cases and data stream elements involved, are described in the following 

chapters as well as the proof of concept for generic industrial applicability, the validation and measures 

that can be taken by the project reviewers. 
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1 INTRODUCTION 
 

1.1 The SmartVortex Vision 

 

In the last years there a trend in the industry emerged which fosters the offer of intangible assets within 

vendor-customer relation even if tangible assets represent a high volume and a very precious part of the 

delivery. These underlying business models are called “Service Oriented Models” where the product 

offer is no longer the equipment itself, but the contractual agreement to specific performances of 

intangible features like “transportation volume, reliability, physical parameters like torque, power, 

cutting speed or other measurable parameters” which are taken as contractual basis for between vendor 

and customer. While leasing and rental models still calculate the financing of the used equipment based 

on price list items which are seen as goods service oriented models define the goods only as means to 

an end to reach a specific business goal. 

From the end 90
s 
first business models based on novel licensing schemas like “Pay per Use”, “Term 

Deals with License Remix”, “All you can Eat” and other service based licensing models changed the 

mindset how to make business started in the software oriented IT and CAD/CAM industry and has now 

found strong interest from the Manufacturing Industry. While software tools with their licenses had the 

flavor of easy to reproduce assets that easily can be applied to similar business models with tangible 

assets like machinery, cars, electronic or other capital intensive goods that have been seen as critical 

and difficult to handle in service oriented business models. First successful implementation have been 

made by the Mobile-Phone and Telecommunication industries where Apple Computer introduced a 

business model of participating on margins derived from the usage of their iPhones. To enter in similar 

business models in the manufacturing industries requires exact knowledge about the behavior of the 

goods, equipment or the systems, their usage conditions, early detection of upcoming failure modes or 

maintenance requirements and dependencies with the delivered systems. Additionally it requires a new 

way of engineering and design which is called “Functional Engineering” and Design requires much 

higher efforts in simulation and validation of the goods prior to production to reduce the risk of failing 

once such business models get applied. One very significant change in the design methodology 

established functional engineering due to the split of design tasks and input parameters from each other 

used for the design and construction activities. The use and applicability of the parameters that will be 

taken for the design requires better knowledge about risk factors, criticalities, boundary conditions and 

system behavior.  

This deeper understanding of functional dependencies is combined with measurement of actual data 

derived from test systems or out of predicted simulation values which are taken to validate the design 

and operation behavior of the systems and to optimize the used simulation and design models applying 

the achieved results. To get representative and exact results either high volumes of actual sensor 

measurement data or data from a high volume of similar systems need to be reviewed and analyzed. 

One method which reduces time and efforts is based in a technology where data streams produced 

either by life operating sensors and or derived from computation activities which have produced 

extremely large data files are validated during the streaming mode to recognize immediately threshold 

violations, risk situations, uncontrolled usage patterns which require immediate action and care and 

uncritical values that can be excluded from further investigations.  

 

A core objective of the SmartVortex is to use this data effectively for supporting collaboration to 

improve the product lifecycle. Sustainable collaboration is a critical skill and competence in 

organizations. As systems and products become more complex, experts and engineers need to 

collaborate to manage integration and communication of the subsystems they design and develop. 

Parallel to this, users, clients and stakeholders are becoming increasingly often included in various 

phases of a product lifecycle, including design, user feedback, innovation and improvement cycles. 

Collaboration in the product‟s lifecycle can be supported by technology; e.g. information systems for 

planning and controlling the production process as well as for archiving, administrating and providing 

product related data. In complex design and engineering phases, different tools and techniques are 

useful at different point in the design. However, groups of engineers often do not have the knowledge 

to choose or select effective tools and techniques for specific situations. Furthermore, groups might not 
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have the skills or knowledge to effectively appropriate the tools available to them to easy get relevant 

information out of the data streams. SmartVortex addresses those existing gaps in collaboration and 

will provide intelligent support for the selection and appropriation of collaboration support tools based 

on a group‟s current interaction and process phase and the availability and accessibility of information. 

 

In the domain of SmartVortex, organizations are not isolated, but are members of federations of 

partners in which data is shared and tasks are worked on collaboratively across organizational borders. 

Data exchange between organizations nowadays is quite commonplace and explicit calls are used to 

place orders, enquire about business deals or send other data which may be important in a B2B 

scenario. However, on the technical side, these calls are often isolated in nature and lack therefore the 

support of a full-blown middleware solution. 

SmartVortex has the vision of a cross-organizational middleware, meaning, a framework which can 

automatically connect organizations seamlessly while still protecting the intellectual property of the 

partners and minding the different company policies. Instead of proposing a monoculture where every 

partner has to adopt central concepts, every organization is free to use its own terms, definitions and 

structures which will automatically be translated or mapped for the other partners - or hidden if other 

members of the federation are not allowed to see the data. 

Using this mechanism, SmartVortex allows for a more fluid and agile user experience in collaboration 

sessions, while still being able to guarantee the highest standards regarding data protection and privacy 

 

To improve the acceptance of application engineers that are not programming specialists easy access to 

the data which concern the design engineers is required and need to be addressed to speed up the 

design and validation process. Support given by graphical access methods can solve these deficits and 

allow the engineers to concentrate on their mainstream activities of design and validation. SmartVortex 

addresses those existing gaps in the current design methodology and will open the door to novel 

service oriented business models reducing risk for the industries and minimizing the resource 

consumption to make the European industries more competitive. 

    

 

1.2 Objectives and Tasks of SmartVortex 

 

The goal of SmartVortex is to provide a technological infrastructure consisting of a comprehensive 

suite of interoperable tools, services and methods for the intelligent management and the analysis of 

massive data streams produced in all phases of the product and design life cycle to achieve better 

collaboration and decision making in large-scale collaborative projects concerning industrial 

innovation engineering. Data streams will be used for validation, behavior prediction, simulation and 

simulation model improvement during all phases of the product life cycle and especially for the steady 

improvement of the offered services, combined with product enhancements, improvements which are 

used to perform those service offers and collaboration data to make design decisions traceable and 

improve the communication between the stakeholders. 

 

From an application oriented view the project takes five different kinds of data streams with different 

tasks in account: 

 

a) Streams stream which are produced from simulation programs get stored in large file 

repositories that are representing raw and unweighted simulation results. These data sets 

are generated solving complex simulation equations for the electro-magnetic or thermal 

validation of e.g. electronic printed circuit boards, where the electrical behavior of the 

components in combination with the physical layout of a board need to be tested about thermal 

robustness or electro-magnetic conformity. Due to simulators using Monte-Carlo or other 

stochastic methods which are testing for instance radiation strength in very broad frequency 

spectra for each net on the board today extreme large data sets are produced which require 

reduction of data to allow recognizing the critical nets in the design. SmartVortex will support 

the engineers to focus faster and more dedicated on the real problem areas of the electrical 

designs. 
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b) Streams from real-time measurement, generated from actuator and sensors of the 

products which are in a test or operational mode. This data can either originate from 

systems with very high measurement frequency or from a extreme volume of different 

products which are used under similar usage conditions. SmartVortex addresses both situations 

and must ensure that values which are in contradiction to each other get corrected, validated 

regarding thresholds and combined risks or give early warnings to the observers about fault 

prediction, maintenance needs and usage conditions which violate the contractual basis agreed 

for the usage. Furthermore the product or system boundary conditions as well as the optimal 

usage paradigm can be experienced from the designing engineers without damaging the 

systems or products itself. In parallel the current models used to simulate the future behavior 

can be adapted and improved. This has a direct impact on the financial health of the company 

reducing risk and preventing financial damages. 

c) Stream of design objects produced from many engineers during the design phase and the 

entire life cycle of a product. In complex systems one single design object might be used as 

element or reference by many engineers working in different global acting design teams, 

various domains and performing sketching, authoring, simulation, validation and quality 

control with very different mostly non compatible or not integrated design tools. Even if a 

design object represents only one single item is used in many design tools and requires 

attention of the other engineers if the owner changes this object which might obsolete intended 

functions of another designer. SmartVortex will investigate methods that allow single design 

objects hidden in large data streams to notify the designers if given constraints of other design 

elements get violated or damaged. 

d) Streams of multi-media sourced collaboration objects. Collaboration activities performed 

with collaboration and domain specific tools generate during the design and prototyping 

process data streams which include decision points, meeting notes, access logs, social 

interactions, chat logs, video conferencing transmissions and desktop sharing elements which 

are domain specific and contribute to the business process execution in the product life cycle. 

Traceable and focused information elements out of these massive streams are essential for the 

progress of the engineering activities. Since those streams cannot be processed manually 

SmartVortex can extract and tag the important information and decisions made during the 

collaboration session and will provide a platform to offer pregnant condensed information 

objects suited to the needs of the participants. 

e) Streams of higher level inferred events. While analyzing any kind of raw data streams higher 

level events appear, during male functions of sensors, violation of thresholds, unusual 

behavior, unexpected or planned status changes or important changes in the design data used 

as base for the functional engineering design. These data streams in combination with the 

underlying data models for the reference function are producing higher level inferred data 

streams the need to start notification processes to inform immediately the consumer about 

trends, early recognition of starting male functions or identifying needs for soon appearing 

maintenance activities or human decisions to change the machinery behavior. SmartVortex can 

analyze this event oriented derived data stream and support predefined actions like specific 

notification, calls for interventions and other possible human or machinery interactions.   

 

The application oriented view shows that within those different types of data streams, which are 

produced during all phases of the product life cycle, the recognition of pertinent information and its use 

to achieve better collaboration and decision making is the highest goal of the SmartVortex research.  

During the requirement analysis it has been obvious that this application oriented view need to be 

interpreted in a different way for the implementation in a data model and for the scientific realization 

within this project. Out of a simplified view a more sophisticated steaming model has been generated 

that is shown in picture 1 and will be determined in chapter 1.3.2. 

 

 

 

 

 Datasource 

DataStream StoredData 
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In the Integrated Subprojects ISP-1/2/3 the research concentrates on streams produced from sensors 

and actuators, simulation data repositories and collaboration activities. For those data streams the 

industrial partners are providing test data and test beds and will evaluate, test, validate and assess the 

achieved research results and combined solutions.  

 

1.3 Outline of D1.1  

 

1.3.1 Application oriented view 

 

The survey within the SmartVortex project is a preparation step within the requirement analysis to 

encounter if the envisioned and planned use cases are representative to solve problems which are 

common in the European industries and which solutions of these problems open up better conditions 

for functional engineering methods which are the key for service-oriented business models. The 

SmartVortex team has focused on the industrial partners to verify if requirements dedicated to data 

steam computing and management show similarities and can be unified to be applied with a single 

focused solution to each participant‟s industrial domain and service offer intention. 

 

During the workshops which are documented in chapter 2 requirements to perform the following 

generic goals have been discussed: 

 

a) Reduction of work iterations and reviewing time while evaluating very large data sets of raw 

data produced by multiple simulation runs of high complex simulation tools already when 

reading the data repositories.  

b) Cost reduction at maintenance obligations performed with optimized planning of preventive 

maintenance activities and enlarged service intervals  

c) Higher competitiveness reached by preparation and optimization of basis and entrance design 

parameters for the dimensioning of complex machinery systems 

d) Decreased warranty and repair costs and higher availability of systems enabled with early fault 

trend recognition and prevention of damages in the machinery 

e) Higher work quality due to improved user education, training and collaborative 

communication based on traceable interaction between humans and machinery elaborated with 

measurement of operational parameters 

f) Deeper understanding of physical interrelations during the operational process of complex 

machinery and dependencies between tools, materials and design strategies and used 

machinery parameters.  

Picture 1: Data and data streams in the SmartVortex project 
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g) Elimination of financial risk and liability entitlements while entering in business models and 

customer quotes based on service-oriented offers which are based on intangible assets like 

physical parameters (torque, speed, time to, ..) or commercial parameters (reliability, 

availability, down times,….). In this business models these parameters need to be contractually 

agreed as warranted characteristics under specific defined conditions. 

 

   

Based on the goal to produce impact-oriented results which are applicable not only for the participating 

industrial project members the consortium has entered in a technical, scientific  and impact-oriented 

survey to get an deeper understanding current practices, tools and techniques used for collaboration 

and decision making, and challenges involved by the use of data streams that and can be solved with 

technologies and methods based on data stream computing, data stream management and expected 

easy to learn and adopt access methodologies related to data streams as described in chapter 1.3.2. 

 

To recognize communalities in all reviewed processes and intended business models a common 

application oriented documentation sheet was generated and used during the workshops which shows 

the requirements in a concise manner documenting the life cycle of data stream objects from 

generation, over consumption to resulting actions.  To enable the review process and allow value 

oriented results the actions as now defined, provide a starting point including identifiers of the required 

actions that can be used while implementing the prototype applications. This excludes a detailed 

modeling of all actions that later-on will be required in a productive environment.   

 

 

 

 

 

 

 

 

 

 

 

 

 
Picture 2 : Workshop data evaluation schema 

 

Chapter 2 and 3 explains the chosen methodology to evaluate the user requirements and needs and 

investigations in possible use case scenarios using the above mentioned process need analysis and its 

documentation in more detail.  

 

 

1.3.2 Technology oriented view on data stream management 

 

As already mentioned in chapter 1.3.1 the application oriented view would not allow to implement a 

generic data model (deliverable D2.2) for the required implementation. The simplified application 

oriented view on data streams requires a better definition of data streams that need to be handled in a 

data stream management system. Not leaving the application oriented view a generic technological 

view has been defined which will be taken for the implementation of the data model. This can now 

easily been mapped to the streaming activities within the use cases that have been discussed with the 

industrial partners. There also five basic steaming elements exit. 

 

The project takes these five different kinds of technology oriented data streams with different resulting 

tasks in account:  

 

Raw data 
(Streams) 

  

Derived data 
streams 

  

Meta data 
(stored) 

 
Validation 

 
    Action 
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a) Simulation streams are produced by some computational system. For example, the desired 

limits for temperature readings over time may be continuously computed as a stream by a 

simulator. In other cases simulation streams are stored in files generated off-line by a 

simulation program solving complex simulation equations for the electro-magnetic or thermal 

validation of e.g. electronic printed circuit boards, where the electrical behavior of the 

components in combination with the physical layout of a board need to be tested about thermal 

robustness or electro-magnetic conformity. Due to simulators using Monte-Carlo or other 

stochastic methods which are testing for instance radiation strength in very broad frequency 

spectra for each net on the board, extreme large data sets are produced which require reduction 

of data to allow recognizing the critical nets in the design. SmartVortex will support the 

engineers to focus faster and more dedicated on the real problem areas of the electrical designs. 

b) Raw data streams from real-time measurements, generated from actuator and sensors of the 

products which are in a test or operational mode. This data can either originate from systems 

with very high measurement frequency or from an extreme volume of different products which 

are used under similar usage conditions. SmartVortex addresses both situations and must 

ensure that values which are in contradiction to each other get corrected, validated regarding 

thresholds and combined risks or give early warnings to the observers about fault prediction, 

maintenance needs and usage conditions which violate the contractual basis agreed for the 

usage. Furthermore the product or system boundary conditions as well as the optimal usage 

paradigm can be experienced from the designing engineers without damaging the systems or 

products itself. In parallel the current models used to simulate the future behavior can be 

adapted and improved. This has a direct impact on the financial health of the company 

reducing risk and preventing financial damages. 

c) Validation data streams are data streams indicating unexpected deviations in data from other 

streams. Values of validation streams are often continuous, e.g. indicating to what degree a 

measured value differs from a simulated computed value. In other cases they are discrete, e.g., 

while analyzing any kind of data streams events are inferred indicating male functions of 

sensors, violation of thresholds, unusual behavior, unexpected or planned status changes or 

important changes in the design data used as base for the functional engineering design. Such 

notification events indicating non-expected behavior or significant deviations cause the need 

to start notification processes to inform immediately the consumer about trends, early 

recognition of starting male functions or identifying needs for soon appearing maintenance 

activities or human decisions to change the machinery behavior. SmartVortex use validation 

streams to support predefined actions like specific notification, calls for interventions, and 

other possible human or machinery interactions.  

d) Design object streams produced from many engineers during the design phase and the entire 

life cycle of a product. In complex systems one single design object might be used as element 

or reference by many engineers working in different global acting design teams, various 

domains and performing sketching, authoring, simulation, validation and quality control with 

very different mostly non compatible or not integrated design tools. Even if a design object 

represents only one single item is used in many design tools and requires attention of the other 

engineers if the owner changes this object which might obsolete intended functions of another 

designer. SmartVortex will investigate methods that allow single design objects hidden in large 

data streams to notify the designers if given constraints of other design elements get violated or 

damaged. 

e) Collaboration streams of multi-media sourced collaboration objects. Collaboration activities 

performed with collaboration and domain specific tools generate during the design and 

prototyping process data streams which include decision points, meeting notes, access logs, 

social interactions, chat logs, video conferencing transmissions and desktop sharing elements 

which are domain specific and contribute to the business process execution in the product life 

cycle. Traceable and focused information elements out of these massive streams are essential 

for the progress of the engineering activities. Since those streams cannot be processed 

manually SmartVortex can extract and tag the important information and decisions made 

during the collaboration session and will provide a platform to offer pregnant condensed 

information objects suited to the needs of the participants. 
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Picture 1 classifies the different kinds of data sources processed by Smart Vortex. Both data stored in 

repositories and produced in real-time as data streams need to be processed. A particular kind of 

repository data is meta-data describing properties about artifacts (machinery, collaborations, 

simulations, etc.). Operational data from regular enterprise databases are used by SmartVortex for 

example for accessing customer, pricing, materials, or marketing data. If desired and possible, streams 

can be saved in a repository as stored streams by a program (e.g. a simulator) and replayed later. 

 

Data streams can either be raw data streams produced by some artifact or human, or derived data 

streams whose data is continuously computed based other data streams in combination with product 

meta-data and data stored in repositories. Derived streams can contain both continuous and discrete 

values. An example of a continuous value is the power consumption of some equipment in use 

estimated by a mathematical model over other data streams and product meta-data. A discrete value 

can be, e.g., an action event generated when non-expected behavior of equipment is inferred by a 

validator.  

 

We notice that the five Smart Vortex kinds of streams listed above can be either raw data streams, 

derived streams, or stored streams depending on how they are produced.  
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2 METHODOLOGY ADOPTED 
 

2.1 The process of capturing user requirements for ISP-1, ISP-2, ISP-3 

 

While establishing the DOW for the SmartVortex project possible user scenarios have already been 

discussed in detail. Especially the expected impact provided with the vision of anticipated outcomes 

were subject of the project proposal. Due to this the consortium was able to enter directly into talks and 

discussions in workshops and extended brainstorming sessions to drill down the initial ideas to 

concrete requirements and especially to recognize added values that this project will generate. The 

workshops were hosted by the industrial partners, where the specialists of all affected domains and 

departments and the dedicated research members of the assigned work packages have taken part. In 

several iterations, done either with additional workshops, conference calls or personal on-to-one 

meetings a common brainstorming session hosted by the Technical University in Delft (TUD) has been 

prepared. In this session the consortium  identified additional research and clarification potentials 

which have been in following sessions got more deeply specified hosted by LTU and UU.  

 

To elicit requirements for ISP-1 and the collaboration and decision support tools envisioned in the 

Smart Vortex project a common workshop and brainstorming session with all partners involved was 

given the following goals: 

 

1. Get an overview of key success factors for collaboration and decision-making 

2. Get an overview of processes that are in the focus of decision and collaboration support 

3. Identify activities in these processes, decisions and data streams/documents & support used for 

these decisions 

4. Get insight in current practices, tools and techniques used for collaboration and decision-

making, and challenges involved. 

 

To support the workshop a group support system was used and in addition SMARTboards for 

collaborative modeling of the requirements. The group support system helped the team to capture the 

requirements that were discussed in the meeting. Furthermore, working with the group support system 

and SMARTboards for collaborative modeling gave the participants insights in different innovative 

tools and opportunities for collaboration support.   

The group first brainstormed on the success factors for collaboration and decision-making both from an 

academic and from a business perspective. This helped the team to see differences in perspectives on 

successful collaboration and decision-making within the product life cycle.  

A key success factor from an academic perspective is shared understanding among engineers to 

improve rational decision making, and process and tool support to improve effectiveness of 

collaboration.  From an industry perspective ease of use and accessibility and structuration of 

information were critical success factors. This shows an interesting difference in focus on tacit versus 

explicit forms of information sharing, interaction and consensus. 

Next, an overview of activities and decisions was created, that could benefit from collaboration support 

and the needs for collaboration and decision support in these activities.  Also an overview of existing 

collaboration and decision tools was established to avoid duplicate work by re-inventing the wheel. 

Based on this brainstorm, four focus scenarios for collaboration and decision support needs were 

established: 

 

1. Acting on (live) data streams, supporting decision making about these data streams or 

simulations 

2. General engineer to engineer collaboration support and interaction support 

3. Problem solving or crisis management, acting on „alarms‟ an also acting proactive, seeing 

trends, forecasting 



 

SMARTVORTEX WP1/D1.1 17 / 90 - 17 -Page 17 of 90 PAGE 19/xxx 

4. User involvement, capturing knowledge, using user feedback in design and decision making, 

learning from unspecified use, adoptions, new uses 

 

Based on these four scenarios, heterogeneous teams of academics and business participants created 

conceptual models of the envisioned collaboration and decision support systems. The models were then 

presented to the group for discussion and feedback and finally accepted. 

 

2.2 Workshop performed with the Industrial Partners 

 

In preparation to this general common brainstorming and planning team event there have been several 

workshops, meetings and conference calls performed to cover the project intentions, needs and 

requirements of the industrial participants. These workshops were set up with the dedicated industrial 

partner and the work package contributors involved in the different ISPs. 

 

2.2.1 Workshops related to ISP-1 

 

Requirement workshops related to mainly ISP-1 have been conducted according to listing below, to 

understand the case environments, limitations and gather the requirements: 

 09-Feb at Philips CE in Brugge, Belgium 

 23-Feb at Technical University Delft in Delft, Netherlands 

 06-May at InConTec in Burghaslach, Germany 

 23-May at Philips CE in Eindhoven, Netherland  

 

2.2.2 Workshops related to ISP-2 

 

Requirement workshops related to mainly ISP-2 have been conducted according to the following 

listing, to understand the case environments, limitations and gather the requirements: 

 24-Jan at Sandvik Coromant in Sandviken, Sweden.  

 7/8-Feb at Volvo CE in Eskilstuna, Sweden.  

 14-Feb at Sandvik Coromant in Sandviken, Sweden.  

 15-Feb at Hägglunds Drives in Örnsköldsvik, Sweden.  

 16-Feb at Hägglunds Drives in Örnsköldsvik, Sweden.  

 17-Feb at Volvo CE in Eskilstuna, Sweden.  

 23-Mar at Hägglunds Drives in Örnsköldsvik, Sweden  

 

 

2.2.3 Workshops related to ISP-3 

 

Requirement workshops related to mainly ISP-3 have been conducted according to listing below, to 

understand the case environments, limitations and gather the requirements: 

 23-Feb at Technical University Delft in Delft, Netherlands.  

 02-Mar at Uppsala University in Uppsala, Sweden.  

 

2.3 Identification of user base, legacy systems and service providers 

 

Mirroring the essential finding in the workshops with the industry partners it has been recognized as 

significant that the discussed possible use scenarios can be treated as very generic and work performed 

in one of the scenarios can definitely be used supporting the other scenarios. This gave the consortium 

the assurance that the planned outcome of the project is not only suitable for the participating industry 

partners but also applicable to the rest of the European or global acting industries which intend to start 

with service oriented product offers that are based on intangible assets. 
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No real legacy systems, which could be compared with the aim of the SmartVortex project were 

identified. Similar approaches but without the planned performance, power, elegance and user 

friendliness could be found in “Analog Recording Technologies” or “Hybrid Computing Equipment”. 

But this technology is outdated today and not able to cover the filter and computation process of 

systems that require fast and immediate access to succinct case describing information and is very 

limited in the threshold or boundary condition management and therefore not able to be used in today‟s 

digital design and verification world of functional engineering.  

 

Other systems like data logging systems can only cover the specific predefined situations, but are not 

able to perform complex computing tasks with large and fast changing data streams. One of the 

important technologies which can be used to differentiate the system status and behavior is pattern 

recognition which cannot be done based on the above mentioned technologies. 

 

Real service providers which are using comparable technologies are not really visible or they are part 

of the SmartVortex research team like  

 

 Alkit, which has done measurement of test drives in the automotive and tire industries 

establishing wireless and broadband technology to transmit the data from the vehicle to the 

engineers in the laboratories or 

 InConTec where the founders been for many years been involved in simulation of very 

complex electromagnetic behaviors of printed and integrated circuits which are producing 

extremely large data volume simulating radiation emissions. 

 

Both companies which are active in this market are keen to get technologies as proposed in the 

SmartVortex project to use data stream sources and management accretions to solve problems easier 

and better in their market segment. The review of the possible competition has not brought evident 

results which can be compared with the SmartVortex approach. 
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3 DETERMINATION OF THE USER BASE 
 

3.1 General policy analysis survey of users 

 

One of the core elements of the SmartVortex architecture is the technological infrastructure for 

capturing, communicating and processing measurement data from sensors and actuators in different 

kinds of technical equipment. In SmartVortex, the technical equipment providing the sensor data are 

products of the industrial partners Sandvik Coromant, Hägglunds Drives, Volvo CE and Philips (i.e. 

cutting tools,  electro hydraulic drive systems, construction equipment and consumer electronics). The 

specific types of sensors to be studied are described in detail for each of the use cases in section 5.  

 

3.2 Analysis of basic requirements of the different competence areas related to a common 

infrastructure 

 

For all sensor data streams, in all use cases, there are a number of basic requirements that need to be 

fulfilled in order to be able to develop a common technological infrastructure for data capture, 

communication, processing and analysis. Identifying and analyzing these common requirements will 

improve the opportunities of developing a technological infrastructure general enough not only to be 

applied for all of the project's use cases, but also for other applications, making it possible to exploit 

the results of the project in a wider industrial scope.  

The basic requirements of the SmartVortex platform with regards to real time measurement data 

streams originating from sensors and actuators have been divided into four categories as follows: data 

capture system requirements, data communication network requirements, backend data processing 

system requirements and user interface requirements. The requirements are listed below. 

 

3.2.1 Common requirements to build up a data stream management infrastructure 

3.2.1.1 Data capture requirements 

 

The data capture system must be able to sample a sensor at a sample rate that is sufficient for the 

particular analysis to be performed. The exact value of the sample rate depends on what kind of 

analysis is to be performed, which is application specific. 

If the sensor is analog, the data capture system must be able to digitize the sensor signal at a precision 

that is good enough for the analysis, which again is application specific. 

The latency of the measurement data capture (including sampling and digitization) must be low enough 

to be able to keep up with the sample rate required by the analysis.  

The data capture system must be installable inside or in the absolute vicinity of the product containing 

the sensor(s) to be sampled. For mobile systems (e.g. vehicles) this means that the data capture system 

must move along with the system. As a consequence, the physical dimensions and power supply 

requirements must be compatible with the limitations imposed by the application and operating 

environment.  

The data capture system must have sufficient processing power to perform at least a simple filtering 

mechanism based on comparing each sample value with a binary mask and filter value defining which 

bits of the sample must match the filter value. 

The data capture system must have a sufficient amount of onboard memory to perform at least the data 

capture mentioned above and simple filtering mechanism and to communicate the data over a network 

connection with the properties described below. 

The data capture system must be programmable in a high-level programming language (e.g. C), and a 

software development kit must be available so that the data capture and primary filtering mechanisms 

required for the application can be developed by the SmartVortex partners. 

The data capture system must have an IP stack implementation and a network programming API (e.g. 

UNIX sockets). 

The data capture system must have a network interface providing IP (IPv4/6) network access with a 

bandwidth that is sufficient to communicate the captured sensor data in real time. This may be 
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accomplished by using data compression techniques, if the data capture system has sufficient 

processing power for this. The layer 2 (MAC) technology of the network connection can be any 

technology that complies with the bandwidth and latency requirements of the application.  

It must be possible to produce such a data capture system at a price level that makes it possible to scale 

up the number of systems required by a potential customer to a number that is dependent on the 

application. The precise price level is also application-specific and should be estimated at a time when 

the exploitation of the SmartVortex results is expected to start. This start point is  estimated to be given 

with the begin of the in the SmartVortex exploitation activities.   

 

3.2.1.2 Data communication network requirements 

 

The communication network must provide IPv4 (and optionally IPv6) connectivity for all data capture 

systems and for the backend data processing system.  

The bandwidth, latency and jitter (variations in latency) of the network must, in normal operation of 

the system, be compliant with the latency and data rate requirements of the application. Strict 

guaranties regarding latency and bandwidth (i.e. QoS mechanisms) are not a general requirement, but 

may apply so for certain applications.    

If the data capture system is installed in a mobile system (e.g. a vehicle), the network access 

technology of the data capture systems must be wireless and provide roaming capabilities and coverage 

sufficient for the application at the geographical locations where the system is to be used. 

The network connection of the backend data processing system should have high enough capacity 

regarding its bandwidth to support the aggregation of many simultaneously connected data capture 

systems communicating at their operational data stream rate.  The exact number of simultaneously 

supported communicating data sources is application-specific. 

 

3.2.1.3 Backend data processing system requirements 

 

The data processing system should be based on commercially available computer hardware running a 

commercially available (or open source) operating system such as Windows or Linux. 

The data processing system should be able to get extended to a computer cluster configuration – i.e., 

the operating system should have support for this. 

A large number of simultaneous data streams analyses should be supported by the backend data 

processing system. The exact number is application-specific. 

The CPU (or CPUs for multi-core or cluster configurations) should be powerful enough for the 

(application-specific) aggregation of data stream analyses depending on the given requirements.  

The (RAM) memory of the backend data processing should have a big enough capacity for the 

(application-specific) aggregation of data stream analyses. 

The secondary storage (disk) of the backend data processing should be big enough for the (application 

specific) aggregate data stream analysis requirements. 

The backend data processing system should provide scalable search and processing of data streams by 

means of a data stream management system (DSMS) 

The DSMS should provide a query language for formulating general queries over the data streams. 

The DSMS should provide a plug-in framework for applying application-specific computations over 

the data streams. 

The data processing system should provide an access mechanism (e.g. a web Portal) giving the end 

users of the system access to the data and the search and processing mechanisms provided by the 

DSMS. 

 

 

3.2.1.4 Conceptual frame work for data stream processing 

 

We expect that the tools we mentioned in Chapter 3.2.1.1 generate large quantity of data by the 

interaction of users during their cooperation/collaboration sessions. However, the use of such data is 
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not viable in decision-making processes, due to its high amount. Generally, such processes require 

already transformed data that aggregates a certain value and therefore can support decision makers 

performing their tasks.  

 

In this section we intend to introduce a conceptual framework to transform raw data into processed 

information that can be presented to the user while taking decisions or to provide as input to software 

agents that are able to decide autonomously. This framework is detailed in picture 1. 

 

The framework is composed of 4 layers: raw data, derived data, validated data and action. 

Additionally, the framework also contains the description of the raw data, represented by the Meta 

Data entity. The characteristics of each entity will be detailed in the next paragraphs. 

 

The Raw Data represents the data that is generated by the collaboration tools and by the interaction of 

its user. Such kind of data can be generally interpreted as the logging data of the system. For example, 

two participants of a chatting session – Jordan and Stephan – can exchange some messages to schedule 

a meeting. In this case, we intend to store the information that is being exchanged by the participants.  

 

The information transmitted through the data streams just represents the amount of data generated by 

the collaboration tools. As our major goal is to support different kinds of adaptation within our tools, 

we need to gather as much data as possible besides the outcomes of the raw data. At this point we are 

interest in collecting information about entities that are related to the outcomes of the raw data layer, in 

this case: the tools that are being used, the users that employ those tools and the processes that are 

carried out from the users. We classify those three variables that we just mentioned as being part of our 

Meta Data layer.  

 

One of the goals of this framework is to facilitate the use of data to be processed by an analyst to ease 

the decision-making process. As the collaboration data streams contain high amounts of information 

(coming from the raw data) it would be very complex for a human analyst to process all of the raw data 

without any filtering mechanism that can transform the high amounts of data into processed 

information, reducing its volume. That is why the next layer in the framework represents the Derived 

Data layer. The goal of this layer is to automatically process incoming data from the raw data layer 

using the Meta-data information, transforming data into information. For example, the system is able to 

calculate from the data streams the fuel‟s lifecycle usage of an excavator not just its statistics for hours 

or days. 

 

The derived data represents a proposal of transformed data from data streams with the support of Meta-

data, making some system variables updated. However, for the decision-making process, a continuous 

update might not be suitable because the users might not have enough time to check and react to the 

variation of these data. Therefore, we intend to create a layer of rules (Validate Data) that constantly 

analyze the data to let the user know about information preprogrammed by a rule.   

 

The transformation steps performed through the Raw Data, Derived Data and Validated Data prepare 

the data coming from the collaboration data streams to be processed and presented to decision-making 

stakeholders to that they can collaboratively agree upon a decision to take. We defined this process 

within the last layer of our framework; the Actions layer. For example, whenever a equipment is about 

to reach a downtime interval for bad usage, experts should be brought together into a collaborative 

environment, containing telemetric data of the equipment for a possible diagnosis, to take an action as 

fast as possible to avoid such time and may be also to provide possible interventions for collaboration. 

 

3.2.1.5 User interface requirements 

 

The user interface of the system should provide the end-users with the means to collaborate on, 

consume and reason about the raw and derived data streams as well as to manipulate and create new 

data stream computation instances. Using graphical and multi-modal query languages, the complexities 
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of the underlying, textual query language are hidden from the end-users for a more intuitive access to 

the information contained within the data streams. 

 

 

 
 

 

 

Suitable interaction conceptualizations are to be researched, taking into account the different use cases 

and scenarios in which the system is utilized, as well as the challenges arising from the volatile and 

real-time nature of the underlying data streams. The interaction conceptualizations are to be integrated 

into a collaboration tool, for multiple end-users with their roles to reason about the information and 

coordinate and agree upon and take actions. Furthermore part of the user interface will use appropriate 

modalities to notify end-users proactively about noteworthy occurrences regarding the system's state 

with respect to the users' observable activities. 

 

The collaborative visual environment should enable two different types of interactions, providing 

support to: 

1. synchronous collaboration between co-located users 

2. asynchronous distributed collaboration between remote users 

To support these tasks and enable collaboration among different workers, the user interface has to 

identify and provide accessible, flexible and editable artifacts for both individual-based and group-

based exploration of data streams. This requires the definition of a group interaction space for 

collaborative data analysis, where users can interactively access data streams, as well as create, layout, 

arrange and share artifacts connected with data streams. Each artifact should be enriched with 

contextual information (such as labels, scales, legends, etc.) that allows users to correctly interpret the 

information being displayed. 

Users collaborating in a shared group interaction space should be able to jointly interact with a single 

shared view of data streams, or to create different views of the same data streams in a personalized 

workspace that can optionally be shared with other participants and mapped to or fuse with other 

views. By enabling the sharing and coordination of multiple views of data streams in a common 

workspace, the visual environment allows users with different backgrounds and experience to reason 

on complementary data stream representations. 

Additional requirements, particularly targeted to asynchronous distributed collaboration, include the 

ability to: 

 allow users to trigger conversations and remote social interactions via the provided 

collaboration tools 
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Picture 3: Concepts of Multimodal Interaction with Data Streams 
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 use notifications of actions performed by other users (edited views, updates in artifacts, 

requests or comments issued by other users, etc.) 

 use metaphors to represent the timing of performed actions and to access and display the 

actions' history for the artifacts 

 provide representations of user profiles, including their roles, backgrounds and skills (as 

provided by social networks) 

Moreover, the interface should provide users having different skills, roles and capabilities with the 

possibility to explore and analyze complex data streams with little or no assistance from technical 

practitioners. To effectively support inexperienced or non-technical users, display and interaction 

techniques should partly or totally automate the selection of metaphors and interaction modalities, in 

order to constrain the configuration parameters that users have to define. On the other side, 

experienced users and technical people should be able to fine tune the appearance and behavior of their 

displays via the user interface. 

As collaboration practices often include mobility and remote interaction, the user interface layer should 

also provide representations and interaction models for pervasive computing scenarios, where multiple 

devices with different capabilities (e.g., in terms display size, screen resolution, available devices and 

computational resources) and demanding little or no technical knowledge (e.g., PDAs and Tablet PCs) 

are used. 

 

Apart from all technical features mentioned above, the user interface should support also the main 

marketing related user criteria which are: 

 Easy to learn with as much as possible intuitive handling elements  

 Fast reaction capabilities to risk situations 

 Easy adaptability if extensions are required 

 Multi-language capabilities (Unicode) with external managed accessible language files  

  

3.2.2 Computation of simulation data streams deriving from stored simulation results 

 

In general simulators are computer programs simulating the behavior of different artifacts based on 

parameters characterizing the simulated artifact. Traditional simulators are programs running some 

mathematical models to produce results stored in regular files. The results can also be stored in regular 

databases after proper reformatting. In the context of data streams it can be noticed that simulation 

methods also can be applied on live streams, rather than being run in batch over stored files. Such a 

simulator produces a simulation stream by implementing a simulation model. As a simple example, 

one could simulate the allowed temperature fluctuations in a building over time by a mathematical 

model knowing properties of the building. Often data produced by the simulation program will be 

stored in a repository and converted to a stream by reading from the repository. For example, the 

simulated temperature fluctuations over the year may be stored in a disk file and replayed as a live 

stream. 

 

A stream validator can compare a derived stream computed by a simulation program with the actual 

raw data (e.g. temperature) readings. The stream validator produces a validation stream. A validation 

stream can be a derived stream where the degree of deviations from the expected simulated result is 

computed. A validation stream can also be a stream of notification events signaling the need for action 

by some agent.  

 

When significant deviations are detected by the stream validator it may indicate either faulty behavior 

in the monitored artifact or that the simulation model is invalid.  The streamed validation program with 

some certainty verifies that the simulation model is correct if no deviations between observed and 

simulated behavior are detected 

 

In the user survey the following scenarios related to stored data streams have been identified: 
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3.2.2.1 Scenario at Philips CE regarding simulation data stream validation, extraction and 

reduction 

 

In any simulation process the focus is given to data that are produced in very high volumes by 

computational processes like typically simulators are performing that. The consortium has planned to 

take simulators as used at the partner Philips in the electrical design validation process to reduce the 

output of the simulations results to only those which are relevant to recognize existing problem areas 

given by threshold violations, peaks in graphical representations, over and undershoot situations and 

ringing or instability situations. Even complex algorithm like for pattern recognition or trend analysis 

might be possible to be used in the validation process. The resulting findings will help the simulation 

specialist to concentrate only on those elements that are requiring his attention and deeper inquiry 

activities. 

 

3.2.2.2 Scenario at Hägglunds and Volvo CE regarding stored data streams generated from real-

time measurement activities 

 

In some situations where data streams originating from real-time measurements cannot be transferred 

to the computing centre of the partners due to missing communication infrastructure or extreme high 

cost when using satellite or phone connections it is intended to store the data streams in a random 

access way and either to dump and transmit only a specific timeframe that is required to identify 

situations that have been generating specific trend or to allow the service people to take a copy of the 

data streams on portable devices. At Hägglunds such situations appear due to the wide distributed 

installed base which is spanned over many global locations 

 

 

3.2.3 Computation of real-time measured data streams deriving from sensors and actuators 

 

While in the computation of stored data streams the data streams originate from program execution in a 

computing system, in the Integrated Sub-Project 2 (ISP-2) the data streams are generated real-time 

from sensors actuators or control-units which are initiated by the machinery operation process. The 

operation condition of the machinery is providing the input for the sensors in real-time manner. This 

creates different aspects to data stream management, transmission and validation, which will be 

determined in the use cases which are concentrated in ISP-2 

 

In this this subproject the data streams are generated from actual sensor measurements with either a 

high frequency of measures or a high volume of sensors which in parallel are transferred to one center 

which interprets those volume data as combined stream. 

The validation process is similar to the validation used in ISP-1 but the algorithm will be used under 

real-time conditions with varying by volume of data or by fast changing sampling frequencies. 

 

3.2.3.1 Sandvik Coromant scenario related to real-time data streams 

 

In the Sandvik Coromant scenario some sensors provide high frequencies and other sensors are acting 

in combination. Sandvik Coromant envisions scenarios where high volumes of tooling machines are 

delivering in parallel measurements that also can be taken to get better view on the communalities of 

the usage scenarios at their customers.  

 

3.2.3.2 Hägglunds Drives scenario related to real-time data streams 

 

In the Hägglunds Drive Systems use scenario the data stream are generated from sensors of fast turning 

hydro motors the with high frequency sample rates. The installed motors are located around the globe 

and in some cases located in parts of the world where it is easy to transport the logged data online over 
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a network. In these cases, parts the data stream examination can be done locally for a faster system 

fault action a high amount of data will be used centrally to give a wider picture of the system usage.  

 

3.2.3.3 Volvo CE scenario related to real-time data streams 

 

In the Volvo CE scenarios the data streams are generated either from the sensors itself or taken out of 

the motor control unit of their construction machines. This will start during the project with two special 

equipped wheel loaders but Volvo intend to spread this observation and controlling measurements over 

complete fleets of construction machines located around the globe. In addition to the previous 

described use cases the moving location of their machines plays an important role. 

 

3.2.4 Computation of collaborative data streams resulting out of cooperation and decision 

making processes 

 

Decision-making processes generally require the support of various kinds of tools and the interaction 

of participants – cooperation processes. At this section we intend to present current tools used in the 

industry by employees to support them to cooperate with each other and to support them in making 

decisions. 

 

We collected a list of tools used mainly by the industry partners of the Smart Vortex project - Sandvik, 

Hägglunds and Volvo – during the ISP-1 workshop in Delft. We performed a brainstorming session, 

conducted by a professional facilitator, to support the process of gathering such information. After the 

session we compiled a list of tools and created categories to cluster similar types of tools. 

 

 

Category Example Tools 

Instant Messaging 

 

MSN, Skype, Google Talk and ICQ 

SVN Repositories 

 

Subclipse, JIRA, Notepad++ SVN Plugin 

Brainstorming 

 

Thinktank 

Mark-up/Tagging Tools 

 

Google SideWiki. 

Shared Calendar 

 

Google Calendar, Outlook and Lotus Notes 

E-mail 

 

Gmail, Outlook, Hotmail 

Event Scheduling 

 

Doodle, Outlook, Lotus Notes 

Screen Sharing 

 

GoToMeeting, Jing, Skype, VNC and Microsoft Remote 

Connection 

Screen Recording 

 

GoToMeeting and Jing, Mikogo, WebEx, Adobe Connect 

Document Co-Edition spreadsheet, drawing, document, presentation (Google Docs) 

Document Sharing 

 

Drop box and rapid share 

Conversation 

 

Skype, conventional telephone, cell phone 

Collaborative Drawing 

 

GoToMeeting, Skype 

Bug Tracking 

 

BugAware, BugTrack and Clearquest. 
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Table 1: Categorization of cooperation and decision-making tools. 

 

The above compilation of tools supports us in defining the information that can be generated within 

collaboration data streams. Based on those categories we can define general abstract objects that can be 

manipulated and abstract actions that can be performed as part of a whole class of tools and not just of 

one specific tool. For example, the Instant Messaging class of tools might have an abstract object 

called message and actions to manipulate the message as send or receive. 

 

These kind of abstract objects and actions represent the basis of the model (further detailed in section 

4.4.3.2) that describes the collaboration data streams resulting from the cooperation among the 

participants that are taking decisions. 

 

3.2.5 Graphical and multi modal query language to access information within data streams 

 

There are two parts to the query language as it is offered to the end-user: the creation of data 

processing instances as queries over the DSMS, and the consumption of the information delivered by 

these queries. 

Hiding the complexity of the textual query language potentially limits the expressiveness for queries to 

be expressed. The available semantic subset of the textual query language is a function of the 

employed modality. To select meaningful subsets requires the identification of suitable trade-offs 

between expressiveness and ease of use for the different modalities and user's expertise. 

Similar considerations apply to the consumption of the information from the expressed queries. The 

different modalities and employed interaction techniques determine the dimensionality and frequency 

of information from the DSMS to be perceived and processed by the user with acceptable cognitive 

load. 

The visual and multi-modal query language should support the access data streams (and related 

metadata) for both local and remote users in various formats. It should allow users to define queries 

over data streams, parameterize them and create and position resulting views in the personal or shared 

workspace. 

Query building and configuration should be based on conceptualizations with a formal syntax and 

semantics to be matched with the syntax and semantics of the underlying textual query language. The 

query building environment has to provide visual and multi-modal tools that allow unskilled end-users 

to perform data stream queries navigate the results and mine other hidden relevant information. 

Graphical and multi-modal primitives, as well as basic visual and multi-modal queries, should be made 

available via a user query library extendable by the user by adding and storing composite queries. 

The environment should enable multiple combinations and compositions of conceptualizations to 

reflect advanced query constructs and allow users to aggregate/disaggregate, filter and browse data in 

order to focus on relevant information. Depending on the textual query language capabilities, visual 

and multi-modal query formulation tools should allow both intensional and extensional queries 

operating on the data stream model or their representation. 
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4 IDENTIFICATION OF SMARTVORTEX USAGE SCENARIOS AND RELATED 

USECASES PROVIDED FOR THE THREE INTEGRATED SUB-PROJECTS ISP-1, 

ISP-2, ISP-3 
 

4.1 Business-oriented scope of the SmartVortex usage scenarios 

 

The use cases which have been identified with all industrial partners must create sustainable business 

value to have impact for the entire industry. The value potential has been identified in the user base and 

has manifested the selection of the intended or possible use cases.  

 

4.1.1 Data and time reduction handling complex simulation processes in electronic design 

(Philips CE) 

 

A usage scenario has been identified at Philips CE but due to leaving of Philips as partner it can 

currently not be finished as long as the data sets that will be provided by a substituting partner are not 

finally verified. Nevertheless in all simulation driven design activities similar cases appear where in 

large simulation data streams the results need to be reduced to those which can give the simulation 

engineer a direct hint to occurring problems identified by the simulation run. This dedicated offer 

allows the engineers who are rare and cost intensive specialists in its area to concentrate on the real 

problems and to speed up the steps that can resolve the recognized problems with design related 

changes or recommendations. 

 

 

4.1.2 Reduced transmission cost of large data streams enabled with random access 

technologies, transmission prioritization and local storage capabilities (Hägglunds drives 

and Volvo CE) 

 

At Hägglunds and at Volvo CE their products, motors and construction machines, are located in areas 

which often miss the required fast network connection for central analysis, since this is combined with 

additional high infrastructure cost. This makes it sometimes impossible to receive the data online. Here 

it is important to be able to examine the data stream locally to reduce the stored information, limit of 

the data amount and to keep down the data transportation costs. In these cases the validation results 

need to discover dangerous trends and local required emergency actions. Furthermore system need to 

set priorities what date can be stored and transferred on request or a subject of long-term machine 

usage investigation which can be transmitted as block or stochastic result in a compressed and 

meaningful manner on request, cyclic or with a dump from the repository initiated by a service person 

at a customer visit. 

 

4.1.3 Improved planning of preventive maintenance and dimensioning of electro hydraulic 

drive systems with establishment of novel physical parameter based sales and service 

models. (Hägglunds Drives) 

 

Hägglunds Drives we recognized that providing high reliability and availability will become more and 

more important in industrial settings.  New business model can only emerge if functions are provided 

and not only products get combined with services. This requires control of many aspects, and for 

instance real-time monitoring of critical systems allows for detection and prevention of failures so that 

measures can be applied when indications of a failure arise instead of when they have occurred. To be 

able to monitor critical systems at customer sites requires not only adequate IT-infrastructures but also 

the ability for efficient large scale management and analysis of the multiple product data streams 

generated at the customer sites during the product life-cycles. In addition, meta-knowledge about the 

data streams needs to be developed to be able to understand them. 
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As Hägglunds Drives is interested to learn more and develop capabilities within: availability, 

reliability, decision making, functional products, optimized lifecycle cost, customer value, data stream 

management etc., the strategy is to focus on how to optimize the drive system and its life-cycle cost. 

Thus, the technology and service development will be tighter tied to the business activities as more 

software and services are required when Hägglunds Drives approaches selling a function with an 

agreed upon level of availability. 

4.1.4 Improvement of tool quality, reliability and machine availability due to function oriented 

design methodology based on real-time measurement feedback and heuristic model 

improvement methods (Sandvik Coromant) 

 

Sandvik Coromant has a vision to provide efficient functional product offer through a short term loop 

and a long term loop. The long term loop enables a closer cooperation between product/service 

developers and customers, capturing unmet customer needs and requirements for future product 

upgrades. The short term loop enables possibility to help the customers to optimize the usage of 

products, and to find the mix of products and services that satisfies the customer needs and increases 

the capability to implement green sustainable machining. It has been identified that suitable 

combination of cutting tools, process parameters, machine tools and cutting strategies will support 

efficient manufacturing of parts leading to less power consumption and a green sustainable machining 

operation. Further on, Sandvik Coromant sees a potential effect also in an increased capability to 

follow up products and services used and identification of new user needs. 

 

Picture 4: Hägglunds Drives’ vision of future functional product architecture   

  (Copyright - Hägglunds Drives) 
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Picture 5: Sandvik Coromant’s vision of future customer-supplier relationship model  

 (Copyright - Sandvik Coromant) 

 

To help Sandvik Coromant understanding the whole picture of customer requirements, a large scale 

analysis approach needs to be applied as Sandvik Coromant has customers using the products in 

various ways in many countries all over the world. In order to be able to do large scale analyses, a tool 

for analysis of product data streams generated by products used at customer sites is needed. Further, 

identification of meta-knowledge is needed to be able to understand the data streams. By doing this, 

Sandvik Coromant will enable re-linkage of product data and knowledge generated by customers to 

product management and the development teams.  

The use case which can be generated out of these findings is generic, since especially the machinery 

and automotive industry is moving towards functional engineering capabilities. 

 

4.1.5 Increase of construction machine fleet availability combined with cost reduction by real-

time validation of maintenance requirements, conformity of usage conditions, energy 

consumption and abrasive wear to allow entering in service oriented business models. 

(Volvo CE) 

 

Volvo CE has a vision where the construction machinery in operation at customer sites are monitored 

in more detail than today, giving the possibility to perform improved support for product planning, 

design, customer support agreement validation, maintenance prediction, data driven fault detection, 

automated fault diagnosis calibration, interactive remote fault diagnosis and optimization of site 

logistics and operator driving behavior.  

Commonly to all use cases that have been identified at Volvo is the global distribution of locations 

where their construction machine fleets are used. Connecting places with low mobile phone and 

satellite coverage represents an impressive high cost factor to transfer the data streams. This 

necessitates an analysis of how much computing power and storage should be assigned for the 

machines and how this should be traded towards the communication cost and availability of 
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communication means. Volvo CE will work on a global view of this problem to address how markets 

such as the African continent shall be dealt with. At the African continent Volvo CE will develop low 

costs solutions and have low or infrequent access to the machines. This is a lot harder in comparison to 

markets where more expensive machines are used and where there is better access and lower 

communication costs to send large amounts of data. 

 Especially use cases that take this situation in account create a challenge for the consortium and help 

to generate solutions that can be applied in similar difficult scenarios. 

 

 

 

 

 

 
 

 
Picture 6: Volvo CE’s vision of future customer-user machine monitoring solutions   

 (Copyright – Volvo CE) 

 

 

As a first step in realizing this, Volvo CE has recently begun to equip the Volvo CareTrack and Volvo 

Matris information systems together with every heavy production machine. These information systems 

enable monitoring by use of onboard telematics equipment. These systems are connected to the vehicle 

via the CAN-bus, and are able to acquire data from all sensors onboard the vehicle. In a previous set up 

used by Volvo CE, some data sets were transmitted from the vehicle using the telematics system while 

other data sets were stored on-board the vehicle electronic control units. The stored data sets were 

downloaded to the service database when the vehicle was serviced. Due to current limitations in 

bandwidth and storage capacity, the major part of the information (i.e. the data sets) available is not 

recorded today.  

 

4.1.6 Higher work quality due to improved user education, training and collaborative 

communication based on traceable interaction between humans and machinery 

elaborated with measurement of operational parameters 

 

The goal of SmartVortex is to provide a technological infrastructure consisting of a comprehensive 

suite of interoperable tools, services and methods for the intelligent management and the analysis of 

massive data streams produced in all phases of the product and design life cycle to achieve better 

collaboration and decision making in large-scale collaborative projects concerning industrial 

innovation engineering. This technological infrastructure can create different kind of business values 

for the entire industry. To identify the sustainable business values of SmartVortex for the entire 

industry, different usage scenarios have been analyzed with the industrial partners during the sub-
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projects ISP-1, ISP-2 and ISP-3. The identified scenarios have been focused on the use of data streams 

in all phases of the product and design life cycle as well as on different kind of collaboration; such as 

cross-organization, engineer-to-engineer or engineer-to-customer collaboration. Together with the 

industrial partners, a set of possible usage scenarios has been selected that present for the industrial 

partners a high value potential. The next sub-section will describe these usage scenarios with regard to 

the industrial partners, who will use these scenarios to verify the resulting technological infrastructure 

of SmartVortex. 
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5 USE CASE DESCRIPTIONS FOR THE INTEGRATED SUB-PROJECTS 1-3 
 

5.1 ISP-1 Data streaming computation from stored file sets 

 

5.1.1 Use-Case ISP-1.1 Data streams derived from complex simulations in the electronic design 

process (Use case provided by Philips CE) 

 

 

 

5.1.1.1 Scenario 

 

Due to the unexpected loss of the partner Philips CE the data descriptions in the use cases have been 

removed, but intended example oriented description have been entered to give an impression about 

possible ISP-1 use case data. The consortium will replace this partner by a new one using similar tools 

and processes, but the raw data stream structure depends on the used simulator and its output. 

Nevertheless the generic elements of this uses case remains the same, only the delivering simulator 

need to identified once more. The following scenario has been discussed and is now in this document a 

placeholder for a substituting use-case scenario. 

 

To reduce the time-to-market and high development costs by e.g. producing costly prototypes of 

electronic products Philips is performing several complex simulations in different areas during the 

whole development cycle. The goal of those simulations is to eliminate possible noise problems during 

the design phases instead of building prototypes of products and investigate such problems by doing 

“traditional” measurement. Such problems could result in either malfunction of devices or the entire 

product or such a product could even interfere with other products and cause malfunction there.  

 

The target objects in electronic design for those simulations can be: 

 

 Integrated Circuits (IC, here the silicon portion) 

 Package (of the circuit) 

 Printed Circuit Boards (PCB) 

 Multi-boards (Backplane plus PCBs) 

 Enclosures 

 Cabling 

 

DataSource 

StoredStream 

DataStream 

RawDataStream OperationalData MetaData 

StoredData 

DerivedStream CollaborationStream 

ValidationStream SimulationStream 

Picture 7: Data stream schema with highlighted elements participating at use-case ISP-1-1,1 
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The simulations to be performed can be divided into two major groups, where each group contains of 

several effects to be considered: 

 

 Signal Integrity 

 Reflections 

 Crosstalk 

 Ground bounce  

 Simultaneous Switching (digital circuits) 

 Thermal-, flicker-, shot-noise (analog circuits) 

 Burst-, Avalanche noise 

 Power Supply Noise 

 

and 

 

 Electromagnetic Compatibility / -Interference 

 Narrow Band or Broad Band 

 Radiation 

 Irradiation 

 

 
 

Picture 8: Principal scenario 

 

 

The simulators typically require design data coming from the respective design tools (logical and 

physical layout software), simulations models representing devices (e.g. integrated circuits, resistors, 

capacitors, etc.) and electrical and geometrical characteristics of other material of the product (e.g. of 
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the PCB substrate, cables, enclosures). During/after the simulation bulks of files are generated which 

can be post-processed by visualization and analysis software. The goal of the post-processing will be to 

divide the results into critical and non-critical situations. While the non-critical once will be ignored, 

the critical once will be further analyzed. These analyses usually result in design changes or adoptions. 

 

5.1.1.2 Raw data 

 

The raw data produced by most of the SI simulation tools is an ASCII or binary file containing 

measurement unit, scale, net names and x,y coordinate pairs representing a waveform, typically voltage 

over time. For EMC simulation they contain i.a. measurement unit, scale, net names, test distance and 

x,y, z coordinates representing e.g. the spectrum of an electric field E over frequency f. 

 

5.1.1.3 Metadata 

 

Metadata is data about data, and is needed for the understanding of the analysis of the data collected. 

The following metadata are expected to be collected and compiled: 

 

Meta Data: 

Characteristics of simulation models 

PCB layer stack-up 

PCB substrate material (Dielectric constant) 

Distance between layers 

Customer defined rules for validation (e.g. threshold values) 

Technology-dependent rules from component vendors 

Application-dependent rules from standards and regulations 

 

 

 
Table 2: Meta data required for EMC simulation case 

 

 

 

 

5.1.1.4 Derived data 

 

The derived data stream can only be defined if the exactly used simulation tool is known and the input 

output formats have been reviewed. Due to the change caused by the loss of Philips, we left this 

paragraph open and will complete them as soon as the used tool set of the substituting partner for this 

case has announced.  

 

5.1.1.5 Validation 

 

Validation means to compare independent measured values of parameter data with calculated values 

from other raw data and metadata. The calculation should render an “ideal” value. If the values are the 

same (or within a tolerance), the parameter values are validated. Else, they are falsified and one has 

thus identified losses or other errors in the system. 

In case the validation is falsified, an action should be triggered to either notify any operator or if any 

automatic measures can be applied. Below are identified validations applicable for the case: 
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Table 3: Proposed validation tasks 

 

 

5.1.1.6 Action 

 

Collected data can be used when analyzed to trigger actions (either to notify design engineers or 

automatic actions) in the development environment. Already identified actions that can be possible to 

invoke are as follows (these will be further concretized later on during the project): 

 

 

Action 

Signal Integrity related: 

 

 Reflections: 

 Reduce transmission line lengths 

 Introduce transmission line terminations (e.g. pull-up/-down resistors) 

 Change transmission line characteristics (line width, line thickness, distance to ground  

 (microstrip characteristics) 

 Crosstalk: 

  Increase transmission line distances in x,y,z dimensions 

 Change transmission line characteristics (line width, line thickness, distance to ground  

 (microstrip characteristics) 

 

 EMC/EMI related: 

 Redraw critical nets on the outer layers of a PCB on the inner layers between Power and 

Ground layer 

 Introduce shielding with ground lines between transmission lines 

 Shield particular areas with a metal shield connected to ground 

 Redesign location and geometry of apertures (enclosures) 

 

 General: 

 Simulation model refinement 

 Change placement of components on a PCB 

 Replace particular components with “slower” technologies – where applicable 

 Feed results of “lessons learned”/recommendations back into design 

 
Table 4: Actions related to the proposed EMC use-cases depending on chosen simulated effect 

 

 

 

Validation 

Signal Integrity related: 

 Compare voltage peaks (reflections: overshoot, undershoot, ringing) with max. acceptable 

 values from customer/vendor/regulations rules  

 Compare voltage (crosstalk) between reference nets and neighbors with max. acceptable 

 values from customer/vendor/regulations rules 

 Compare voltage (simultaneous switching) between reference pins and neighbors of a digital 

 device with max. acceptable values from customer/vendor/regulations rules 

EMC/EMI related: 

 Compare electric field peaks with max. acceptable values from  customer/vendor/regulations 

 rules and requirements from conformance marks (e.g. CE) 
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5.1.2 Use-case ISP-1-1.2 Data stream computation of data streams that have previously been 

stored in file sets (Use Case provided by Hägglunds Drives and Volvo CE) 

 

As already mentioned in chapter 3.2 at both companies it can be happen that the transmission situations 

requires to store the data in either large file repositories or dump them from random access memories. 

The structure of the data remains identical as described in the following chapters 5.2.1 – 5.2.3. The 

priorities of data to be preserved and stored will be defined in the rule and policy frame work. 

 

 DataSource 

StoredStream 

DataStream 

RawDataStream OperationalData MetaData 

StoredData 

DerivedStream CollaborationStream 

ValidationStream SimulationStream 

Picture 9: Data stream schema with highlighted elements participating at use-case ISP-1-1.2 
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5.2 ISP-2 Computation of real-time data streams 

 

Based on the findings in the ISP-1 subproject a general methodology was chosen to describe the 

requirements of integrated subprojects in the same way to recognize progress in the project and to 

allow the different consortium members to contribute following standardized schema. Figure 2 shows 

the basic workflow concept which has been followed establishing this requirement document 

 

From a data modelling perspective the workflow schema which shows in application oriented way 

which workflow elements are combined a cannot be taken to be directly implemented in a data model 

for the data stream management system. This application oriented schema need to be applied to the 

technological view o data streams, which is shown in the following picture 10. 

 

Formulated information requirements from the industrial business cases related to real-time data 

streams show that basic data from sensors, actuators and other types of units are not enough to meet the 

information needed to be able to offer services and functions to the customer in a new way. Some of 

this required information must be based on data calculated and derived from the basic data.  

 

When it comes to large amounts of data the derived data has to be calculated in real-time to be able to 

deliver the information within time requirements for the user as a designer or analyst.  

Some examples of derived data pointed out as important from the industry requirements gathering 

work are  

 vibration levels over a certain time frame in a machine, measured in a specific scale,  

 sound levels over a specific time where the operator is working in the cockpit of a machine,  

 the build-up of hydraulic pressure in certain time frames, such as when shifting gears in a large 

machine,  

 considerable deviating data for analysis of operator behavior and possible reasons for sudden 

machine collapse. 

 

Raw 

Data 

Derived 

Data 

Validated 

Data 

Meta 

Data 

 
Call for Action 

Picture 10: Basic Data stream computation workflow with resulting action event 
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These information needs are based on the ability to propose new service and function-oriented business 

offers to the customers. These derived data streams have to be matched with other data to be able to 

design machine parts that will fit a set of services for the customer in a satisfactory way. 

 

 

 

 

 

5.2.1 Use-Case ISP-2-1: Real-time data streaming and computation from actual sensor data in 

hydraulic systems (Use case provided by Hägglunds Drives) 

 

The most important factors for Hägglunds drive systems are high availability with no unplanned stops 

and best possible Total Cost of Ownership (TCO) for the customer. An important factor to improve 

the TCO is to increase the energy efficiency by optimization of the operating point. However this 

means higher usage of the system components where Hägglunds Drives needs the online monitoring 

tools to follow the system behavior to keep the high reliability and to improve the maintenance 

possibilities for increased system availability.  

 

Hägglunds Drives wants to improve the knowledge of system performance in customer installations in 

order to learn about system behavior prior to problems. To get statistical data, also some data from 

system monitoring needs to be stored for trend analysis. The expected benefits are:  

• Central consolidation of process information for analysis  

• Collected process data can be used for dimensioning/capacity calculations  

• Understanding of system behavior in customer installations 

• Status monitoring via Key Performance Indicators (KPIs) 

• Addition of analysis capability to support proactive maintenance 

• Possibility to integrate process data with data from maintenance system 

• Reduce time to fulfill and create reports about service level agreements 

• Standard interface available for customers to access their data 

 

The online monitoring tools also gives the additional effects for further application and system 

knowledge, improved proactive fault monitoring, improved system monitoring, extension of system 

knowledge data base, and additional management and operational level reports using real-time data. 

 

Hägglunds Drives has a vision to provide functional sales based on hardware, software and services 

where there is a need to monitor system drive parameters online where data stream management will 

be crucial. 

 

DataSource 

StoredStream 

DataStream 

RawDataStream OperationalData MetaData 

StoredData 

DerivedStream CollaborationStream 

ValidationStream SimulationStream 

Picture 11: Data stream schema with highlighted elements participating at the use cases in ISP-2 
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Picture 12: Hägglunds Drives pilot environment (first stage) 

 

 

 

Initially, a working concept using a shredder machine at Hägglunds Drives will be developed and 

verified. The next step is to test the concept at a customer site in a real operational environment. 

Picture 12 shows the shredder machine and Picture 13 the schematic set up for the information 

communication with the customer site. The shredder machine uses the same schematic set up. 

 

 
 

Picture 13: Hägglunds Drives information handling environment (second stage)   

   (Copyright – Hägglunds Drives) 

 

 

The case in the SmartVortex project will address using existing sensors or measurement points to 

extract product data from a system at a production unit. The data streams will be tunneled and initially 

also stored at a service provider (MOPSsys), and the data files will then be used as input to the data 

stream management system and analyzed. The outcome of the continuous analyses will be available in 

a “cockpit chart” at an operator dashboard similar to the figure example below: 
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5.2.1.1 Scenario 

 

5.2.1.1.1 Objectives: 

 

The objectives are to develop methods for efficient and scalable search of product data and meta-

knowledge produced during the entire life-cycle of a product, and further to develop collaboration 

environments supported by decision making systems. 

 

5.2.1.1.2 Problems / Challenges: 

 

The main challenge is to achieve higher availability of the electro hydraulic drive system compared to 

today‟s availability level. 

 

5.2.1.1.3 Requirements to describe and analyse: 

 

Better monitoring of critical systems and parameters to in advance be able to detect and predict failures 

avoiding interruptions and damages. Parameters to monitor are for instance effect distributions of 

system parameters over time (pressure, temperature, rpm, leakage flow, vibrations etc.). After 

identification of critical parameters, the system will be analyzed and modeled to improve system 

availability. 

 

Picture 14:  Terminal dash board example  

  (Copyright – Hägglunds Drives) 
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5.2.1.2 Raw data 

 

The following raw data is planned to be collected from various sensors and data sources at adequate 

frequencies (i.e. with such granularity that the data collected is useful and reveals variations or 

abnormalities): 

 

Raw Data
Particle counter

Tank temperature 

Current, electric motor 

Angular Speed

High Pressure

Low Pressure

Temp oil before cooler 

Temp oil after cooler 

Temp cooling media(water) after cooler 

Temp cooling media(water) before cooler 

Ambient temp 

Temp house motor 

Temp house pump 

Temp loop 

Filter pressure 

Temp electric motor 

Oil saturation 

Stroke angle 

House pressure pump 

House pressure motor 

Current electric motor 

Tank level 

Vibrations? 

Acoustic emission?  
 
Table 5: Hägglunds Drives raw data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Hägglunds Drives 
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5.2.1.3 Metadata 

 

Metadata is data about data, and is needed for the understanding of the analysis of the data collected. 

The following metadata are expected to be collected and compiled: 

 

Meta Data
System hardware 

Number of pumps 

Which pumps 

Number of motors 

Which motors 

Cooler 

Piping (no.bends, length) 

Tank (volume , no.of tanks) 

Operational history

Oil type

Theoretical  efficiency map

Customer 

Agreed duty cycle 

Cost of down time 

Longest possible stop time 

Order number 

Position 

Wheather 

Enviroment 

Coolant quality 

-Power 

-Repair data 

Why? 

Motor nr,type 

Operational conditions 

(during lifetime) 

Electricity prices 

Traceable Service history 

Operational data 

Speed 

Pressure 

Cooling effects  
 
Table 6:  Hägglunds Drives meta data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Hägglunds Drives 
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5.2.1.4 Derived data 

 

Derived data is data that can be computed/compiled/extracted from one or more raw data elements, i.e. 

the data is derived from underlying data items. The following derived data is planned to be extracted: 

 

Derived Data 
Wear 

Oil condition 

Particles 

Water content 

Temperature 

Efficiency 

components 

Leakage 

Cooling function 

(calculating cooling flow, cooling effect ) 

Risk levels 

Internal leakage

Wear 

Fatigue 

Cooling circuit problem 

Seizure 

External leakage 

Overall risk level 

Numerical value 

Risk trend 

Numerical value  
 
Table 7:  Hägglunds Drives derived data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Hägglunds Drives 

 

5.2.1.5 Validation 

 
Validation means to compare independent measured values of parameter data with calculated values 
from other raw data and metadata. The calculation should render an “ideal” value. If the values are the 
same (or within a tolerance), the parameter values are validated. Else, they are falsified and one has 
thus identified losses or other errors in the system. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Picture 15:  Validation schema 

 

Raw data1 Metadata

Xideal = f(Raw data1, Metadata) Xmeasured = actual value

Validate towards

Raw data2
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In case the validation is falsified, an action should be triggered to either notify any operator or if any 

automatic measures can be applied. Below are identified validations applicable for the case: 

 

Validation
Risk levels 

Sensor functionality 

System calibration 

Duty cycle overidden? 

How many times 

Efficiency within bounds? 

Evaluate  oil quality  
 
Table 8: Hägglunds Drives validation 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Hägglunds Drives 

 

5.2.1.6 Action and queries 

 

Collected data can be used when analyzed (in real-time) to trigger actions (either to notify operators or 

automatic actions) in the manufacturing or operations environment. Already identified actions that can 

be possible to invoke are as follows (these will be further concretized later on during the project): 

 

Action
Alert signals 

Stop system

Get oil sample and record data 

Visualization 

Adjust calibration parameters 

Exchange sensor 

Change  sample rate 

Collaboration event  
 
Table 9: Hägglunds Drives actions 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Hägglunds Drives 

 

 

To collect the raw data, metadata, derive data, and produce validation requests, queries to pose to the 

DSMS are needed. Queries will be developed during the project. 
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5.2.2 Use-Case ISP-2-2: Real-time data streaming and computation from actual sensor at 

milling tools (Use case provided by Sandvik Coromant) 

 

There are many factors and dependencies in machining that must be considered when developing 

efficient sustainable machining solutions. In order to develop, validate and provide functional products 

within this area, all parts in the machining system (including cutting tools, machine tools, part to be 

machined, materials, controller, machining strategy, cutting data etc.) need to be considered in a 

comprehensive way. Consequently, data parameters from all these different but interlinked parts need 

to be captured, combined, and analysed. The complexity is high due to very large amounts of data 

(static and dynamic), and that these data originate from many different sources such as:  

 PLM systems (product data of components to be machined)  

 Manufacturing resource management systems (data about cutting tools, machine tools etc.) 

 CAM, process planning systems (machining strategies, cutting data, clamping methods etc.)  

 Material databases (material data) 

 Sensors  (in-process monitoring data of the machining process) 

 Controllers (in-process data such as axis positions, current power values etc. parameters for 

productivity analyses etc.) 

 Metrology and quality evaluation (critical dimensions, tool wear parameters etc.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 16: Sandvik Coromant pilot set-up        

 (Copyright – Sandvik Coromant) 

 

A challenge is to be able to capture and interlink all wanted data from a large number of machine tools 

and machining operations, and to be able to use these large data sets for comprehensive analyses (also 

including identification of meta-knowledge). 

Efficient methods and tools are necessary in order to be able to implement, verify and validate 

functional products and related models, processes and software tools. In addition, needed is to support 

identification of the important customer values, i.e. both spoken and unspoken customer needs.  

Monitoring and efficient usage of large data streams from many different sources, both internal and 

external ones, enables the support for sustainable machining solutions. 
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The data parameters to monitor and collect, can be grouped into the three main categories, i.e. process, 

resources (equipment/machines) and product data. A detailed categorization and classification of data 

and data sources, as well as data quality issues are needed to be dealt with during the project. The data 

collected during the project originates from the machine below: 

 

 
 
 

 

In essence, the purpose is to capture relevant information that can be related to the machining of a 

component and interlink these with parameters related to the resources and the product data. The 

process-related parameters include data before, during and after the machining process. By capturing 

process data and combine these with data from resources and product data a comprehensive view of the 

machining situation will be available and represent knowledge. This will facilitate development of new 

solutions, process improvements, trouble- shooting as well as to efficiently validate and verify models, 

software tools and procedures used in the functional product itself. Further, both a proactive and 

reactive view can be applied.  

 

 

 

 

 

 

 

 

5.2.2.1 Scenario 

 

Picture 17: Test Milling Machine used for the SmartVortex ISP-2 scenario 
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5.2.2.1.1 Objectives: 

 

Demonstrate operational data acquisition from a machining process, subsequent data processing  and 

evaluation at Sandvik Coromant.  A concept for large data stream management, quality assurance of 

data and models will be developed. 

 

Develop collaboration environments supported by decision making systems 

 

Case study #2 will in the first steps be carried out within Sandvik Coromant and Sandvik Tooling 

Supply. When the technology and methods are feasible to be scaled up, Hägglunds Drives, will be 

jointly involved as an external collaboration partner. 

 

5.2.2.1.2 Problems / Challenges: 

 

The following challenges appear and need to be addressed: 

 Collaboration between involved business partners. The following steps need to be addressed: 

 stakeholder identification 

 identify data and information needs related to stakeholders 

 identification of data to be extracted from large data streams 

 selection and prioritization 

 Processing massive data streams, the following steps need to be addressed: 

o quality assurance of data and models 

o identification of meta-knowledge 

o specification and implementation of software modules for data acquisition and 

processing 

o implementation of a method for data management when scaling up from one machine 

tool to a large number of machine tools 

 

5.2.2.1.3 Requirements to describe and analyse: 

 

How to find unmet customer needs, optimize utilization of products/services 

 

How to re-link the product data stream feedback from the market/customers with company ideation 

and development processes to: 

 identify consumer needs 

 monitor the customer‟s key performance indexes regarding the level of capability to utilize the 

introduced services and product solutions 

 suggest possible improvements for the customer‟s process and facilitate improvement of the 

customer‟s process 

 capture new needs for product upgrading or totally new innovations 

 quality assure simulation models and optimization methods used in product and service 

development (needs to be quantified) 

 

5.2.2.2 Raw data 

 

The following raw data is planned to be collected from various sensors and data sources at adequate 

frequencies (i.e. with such granularity that the data collected is useful and reveals variations or 

abnormalities): 
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Raw Data 

Torque (1kHz) *

Sound (max 80 kHz) *

Temperature (20 Hz) 

Power consumption (1kHz) *

Spindle speed (1kHz) *

Tool position (1kHz) *

Acceleration  (max 80 kHz) *

Cutting forces (from Kistler dynamometer, max 80 kHz) *

* The values reflect wanted levels of frequency. With current 

available technologies the levels are considerable lower.  
 
Table 10: Sandvik Coromant raw data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 
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5.2.2.3 Metadata  

 

Metadata is data about data, and is thus needed for the understanding of the analysis of the data 

collected. The following metadata are expected to be collected and compiled: 

 

Meta Data

Cutting data 

Depth of cut 

Feed 

Cutting speed 

Engagement 

Rake angle

Tool 

Insert

Geometry 

Grade 

Overhang 

Holder incl. interface 

Tool material 

Dimensions 

No of teeth 

Pitch angles 

Run out 

Machine tool 

Condition 

Stiffness 

Spindle type 

Operation 

Down/up-milling 

Coolant 

Component feature 

Fixture 

Work piece 

Material 

Feature geometry  
 

Table 11: Sandvik Coromant meta data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 
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5.2.2.4 Derived data 

 

Derived data is data that can be compiled or extracted from one or more raw data elements, i.e. the data 

is derived from underlying data items. The following derived data is planned to be extracted: 

 

Derived Data 

Cutting forces E7

Vibration classification 

Forced vibration 

Chatter 

Stable frequencies 

Spindle pos position) correlated to raw data (cutting 

forces from Kistler, Power consumption)

Velocity (derived from acceleration) 

Displacement (derived twice from acceleration)

Stress 

Elongation of tool (from strain) 

Deflection of tool 

Chip control  
 
Table 12: Sandvik Coromant derived data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 

 

5.2.2.5 Validation 
 
Validation means to compare independent measured values of parameter data with calculated values 
from other raw data and metadata. The calculation should render an “ideal” value. If the values are the 
same (or within a tolerance), the parameter values are validated. Else, they are falsified and one has 
thus identified losses or other errors in the system. 

 

 
 

 

In case the validation is falsified, an action should be triggered to either notify any operator or if any 

automatic measures can be applied. Below are identified validations applicable for the case: 

Raw data1 Metadata

Xideal = f(Raw data1, Metadata) Xmeasured = actual value

Validate towards

Raw data2

Picture 18: Validation Schema 
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Validation

Cutting forces can be calculated from Torque/Power and tool position, diameter of tool (combination 

of raw data and meta data) 

Compare accelerometer  data with strain gage data 

Relate tooth pass frequency (sound measurements)  to spindle speed (control system)

Compare predicted surface quality (form error) with actual surface quality (form error) – possible 

objective function development 

Determine eigenfrequences from  sound data compared with frequency response functions from tap 

test  
 
Table 13: Sandvik Coromant validation 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 

 

5.2.2.6 Action 

 

Collected data could be used to trigger actions either to notify operators or automatic actions in the 

machining environment. Actions can mainly be divided into two categories: 1. Real–time process 

deviation notification or adaption, 2. Off-process actions e.g. model refinement, lessons learnt, 

recommendations etc. (these will be further concretized later on during the project): 

 

Action

Collaboration event

 
 

Table 14: Sandvik Coromant actions 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 

 

To collect the raw data, metadata, derive data, and produce validation requests, queries to pose to the 

DSMS are needed. Already identified queries are as follows (further queries need to be developed): 

 

Queries
Chatter 

When is chatter present? (Is the system unstable?) 

When is chatter unacceptable?

When is the amplitude of the eigenfrequency dominant within the frequency spectrum?

Cutting forces 

When is the cutting force too high given machine

When is the cutting force too high given component material

When is the cutting force so high so it cause unwanted deflection?

For how long time has the cutting force to high?

When is the cutting force so high so that the fixture will be affected?  
 

Table 15: Sandvik Coromant queries 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Sandvik Coromant 
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5.2.3 Use-Case ISP-2-3: Real-time data streaming and computation from actual sensor in 

construction equipment (Use case provided by Volvo Construction Equipment) 

 

Volvo CE has a vision that customer support sells services to customers where the machines are 

monitored in more detail. In this project, the information needed by such a support is realized for one 

or more machines. Upon alarms, immediate and corrective actions are then taken to avoid failures or 

updates maintenance schedules if there is a perceived increase regarding for instance the level of 

failure risk. The streaming data from the machines can then be compared to find machines behaving 

differently to the rest of the complete Volvo CE customer base machine fleet. This is an approach that 

reduces the need for diagnoses based on detailed knowledge of the machine behavior, which in practice 

often cannot be realized due to resource needs and the complexity in modeling material imperfections 

etc. since not only electronics fail but also mechanics. The alternatives to this so-called model based 

diagnosis are rule-based and case-based reasoning. Rule-based reasoning uses a set of fixed rules set up 

to find every possible error based on expert knowledge. Case based reasoning mimics the human mind 

where similar historical cases are compared with to find the one with the  closest match. Apart from 

simple comparison of trends and absolute values with compensation of operator and application 

characteristics, case-based reasoning could be employed in this project to compare events among the 

various machines using data from previous failures among the machines. If the data is real-time, 

corrective actions can be undertaken using short term trends early and fast enough to avoid also some 

the random failures that cannot be predicted from long term trends.  

 

Customer support would in this vision have a central monitoring function with a number of operators 

surveying the connected machines, whose volume could exceed 10 000. Similar requirements can be 

imagined in nuclear power or large chemical plant surveillance. The number of operators should of 

course be kept low which means that a large amount of information needs to be condensed into 

decision information to be presented to the operators. If an operator finds a machine of particular 

interest, the operator could be given the option to get more detailed information. The latter mechanism 

and the remains of this paragraph are implemented in this project. The operator could then demand a 

different type of data stream from that machine with more internal signals and higher time resolution to 

evaluate the severity of the problem but also the cause of male function initiated by the operator, the 

environment or the machine itself. Another option is to automatically provide more details to the 

operator if severe problems appear that require calls for urgent action or in other cases put it in a task 

list for investigation. 

 

In the Smart Vortex project, Volvo CE will realize data driven fault detection and remote fault 

diagnosis for a wheel loader demonstrator. Machine usage characterisation and fault detection is 

primarily performed using on-board solutions including the Smart Vortex DSMS. Information is sent 

to a test set-up of a Volvo CE centre upon request to tap any information needed for comparison with 

other machines in the fleet to find deviations in general (data driven approach) and for remote fault 

diagnosis purposes. The goal in Smart Vortex is to prove (through analysis) an improved uptime of the 

machine by 10%. Another contribution from Smart Vortex will result from less travels needed when 

using remote diagnostics (compared to the on-site assessments required today).  
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Usage profile

Fault indication

Team performing

interactive diagnostics

using decision support system

together with machine operator 

on remote connection

Actuation

Nominal behaviour

Actuation

Nominal behaviour

Determination of nominal 

behaviour from actual

behaviour

Identification of high risk 

machines

Notification to expert team 

when needed to perform

Interactive diagnostics

on high risk machines

Simulation of remaining machine fleetPrototype onboard solution on wheel loader

 
Picture 19:  Volvo CE pilot set-up         

 (Copyright – Volvo CE) 

 

 

The use case includes research on a framework/implementation of a wheel loader demonstrator, and 

simulation. Further, the use case addresses running machines in which faults regarding the 

transmission can be detected (through comparison with variables from other machines being used in 

similar settings) and where interactive remote diagnostics can be performed effectively (resulting in a 

reduced need for travels and thus improved uptime for the machines).  

 

 
Picture 20:  Process for monitoring, fault detection and analysis at Volvo CE    

 (Copyright – Volvo CE) 
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The framework will be further described during the research, but in general the vision is that the 

availability of live data collected from a large population of machines gives the possibility to introduce 

data driven fault detection and condition prognosis. Only machines being used in similar ways in terms 

of operator characteristics, external loads etc are compared when searching for anomalies in the signals 

of interest. One signal could be the transmission clutch pressure build-up for a particular gear switch. 

The distinction between where to apply a data driven approaches such as general clustering and case 

based reasoning in comparison to model based, needs to be clarified during the project.  

 

Below is a picture (Picture 21) showing the machine (or construction equipment) that will be used as 

data source: 

 
Picture 21: Volvo CE L70 wheel loader equipped with sensors  

  (Copyright – Volvo CE) 

 

 

 

 

 

Machine usage characterization 

 

The fault detection, fault diagnosis, and condition prognosis are based on trends, deviations among 

machines etc., but also on information on how the machine is used including operating cycle time, and 

average velocity as well as other factors. This information is immediately useful for other purposes 

such as product planning and product development.  

 

In Smart Vortex, this type of information is stored as sequences in time of different types of operating 

cycles that in turn are made of phases. The operating cycles can be:  

 Short cycle loading 

 Load and carry 

 Transport 

Whereas the phases can be: 

 Approaching pile 

 Bucket fill 

 Reverse from pile 

 Towards load receiver 

 Bucket emptying 

 Reverse from load receiver 

 

The algorithms needed for finding the start- and end time points of each phase are developed in a 

parallel project outside of SmartVortex. Within the parallel project, research is performed for deriving 

the operating cycle types and applications described later in this document.  
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For each phase, at least the information below is stored: 

 Duration in time 

 Load duty [rev*Nm^3]. This is the accumulated damage to a component. This can for one 

revolution of a shaft be the average torque raised to some exponential between 3 and 7 

depending on damage type of interest. For a complete time trajectory, the damage is the sum of 

one revolution‟s damages.  

 Average value, value at start and end point for: 

o Load in bucket [kg] 

o Engine torque, speed and momentary fuel consumption  

o Machine position and velocity from GPS 

o Road slope 

 Stored at switching points together with time stamp: 

o Lever positions: lift +/-/0, tilt +/-/0 and/or steering +/-/0 

o Gear N,R1,R2,R3,R4, F1, F2, F3, F4 

 Sampled at 10 Hz. The sampled data can be retrieved through the telematics system. 

Otherwise, it is analysed to produce information on application etc. and not stored:  

o Angles of lift, tilt and steer 

o Machine position and velocity 

o Road slope 

o Transmission output torque and speed 

o Hydraulic cylinder forces and speeds. Bucket lift, tilt and steering cylinders.  

o Transmission clutch pressures 

 

For each operating cycle, the following information is derived and stored on top of the information 

above stored for each phase: 

 Cycle type: short loading cycle, load and carry, transport 

 Application: Bucket, pallet or timber 

 Altitude (via engine inlet pressure) 

 Weather (given by ambient temperature and windshield wiper) 

 Material handling (light or heavy) 

 Loaded weight [kg] 

 Cycle time 

 Distribution in time of: 

o Cylinder forces and speeds 

o Transmission input and output torque and speed 

o Road slope 

o Fuel consumption 

o Engine torque and speed 

o Gears 

o Brake and throttle pedal position 

 

 

The operation of deriving the data streams above for each operating cycle is dependent on meta-data 

on: 

 Sensor positions 

 Sampling frequencies 

 Sensor data types (temperature, vibration etc.) 

 Sensor ID (for comparison with manufacturer data sheets that are also stored) 

 Software versions 

 Operator ID (gives information on training and work hours) 

 Average behaviour of other alike machines. This is updated regularly from the Volvo CE 

centre. Per application, material handling, cycle type and phase:  

o Load duty and its increase slope 
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o Fuel consumption  

o Distribution in time of … (see operating cycle above) 

o Time trajectories of transmission clutch pressure build up per gear switch 

 Machine ID (gives machine model and configuration) 

 Customer: 

o Agreed operating cycles and maximum loadings and velocities 

o Service history 

o Cost of down time 

o Longest possible stop time 

o Position 

o Weather 

o Environment 

 

The information above is sent to the Volvo CE centre upon request from the centre or when on-board 

memory is full. The information is compressed at the centre if needed, ensuring that only time 

distributions per operating cycle type and phases for each operating cycle type remain with the chosen 

sampling rate (e.g. once a day), and not time trajectories of measurement data. Using this stored data, it 

would be possible to find changes from one day to another in for example the time distribution of 

transmission output from torque during bucket fill in short cycle loading.   

 

5.2.3.1 Scenario 

5.2.3.1.1 Objectives: 

 

Provide possibility for adequate product feedback to stakeholders such as research and development 

organizations, service organization and customer. (Analytic tools will however be developed outside of 

the project). 

 

Develop collaboration environments supported by decision making systems. 

 

5.2.3.1.2 Problems / Challenges: 

 

The main challenges are to acquire additional product knowledge and enable increased availability of 

the construction equipment. 

 

5.2.3.1.3 Requirements to describe and analyse: 

 

In the project the Use CareTrack and Matris systems is used for demonstrative purposes holding data 

of every heavy production machine. The data monitored are: performance data, position, service 

information, and real-time use data from on-board sensors via telematics systems. (Further 

development of Volvo CE‟s back office systems, to be able to handle all information contributed from 

the project, will be managed outside of the project. The back office systems will help interpret the 

results and offer support decision making based on the gathered information). 

 

5.2.3.1.4 Machine classification 

 

It is valuable to be able to classify machines into groups with same machine models and similar usage 

as defined in earlier. Any deviations in the operation of the machine components among machines in 

the same group will be less due to external factors, and more due to manufacturing tolerances and 

component condition. This narrows down the scope when performing fault detection or fault diagnosis. 

Below is an example of a question that could be given at a Volvo CE centre level with access to the 

complete set of machines produced by Volvo CE with the Smart Vortex tools installed 
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• Show 3 machine groups (given certain machine model and machine configuration and operator 

experience in hours) based on clustering techniques where the classification is performed with 

the following as input (moving average for last week) 

– Time distribution of 

• Applications 

• Operating cycle types 

– Per operating cycle type and application combination 

• Average handling 

• Average bucket load 

• Average machine velocity 

• Average ambient temperature 

 

5.2.3.1.5 Detecting deviations and faults within context groups 

 

For every machine group from above, from now on called context groups, we now can state a number 

of questions to find deviations in general that need further attention. The common context will make it 

easier in the end to understand the causes of the faults or deviations that have occurred. A few 

examples of relevant questions are given below: 

• For each context group, show the 5 machines which produced most critical error codes last 

week. Any ghost error codes are not included (induced by other errors).  

• For each context group, show the 5 machines which had the steepest slope for load duty and/or 

fuel consumption last week.  

 

5.2.3.1.6 Detecting deviations and faults when comparing with nominal behaviour 

 

To detect deviations in machine components, where the external environment and applications 

contribute less than in the previous example, Volvo CE would like to compare the operation variables 

with an average or nominal behaviour gained from the complete machine fleet of the same model.  

 

The nominal behaviour is analysed and following sent out to the machines in the form of thresholds 

etc. depending on usage profile. This help to calibrate the fault detection routines on each machine.  

 

In the Smart Vortex project, an example where the pressure build up in transmission clutches will be 

studied. If the pressure build up is not correct, the results will be slippage which must be avoided. Any 

deviations from the nominal behaviour can help to indicate that slippage might occur in the future. The 

following data stream is needed to study the gear shift from forward first gear to forward second gear: 

 Show the average of the 10 latest gear shifts F1-F2 for the time data of control valve 

downstream pressure starting at gear switch and ending 1 s after clutch speed difference is 

zero. 

 

Given this type of data stream for all possible gear switch combinations:  

 Show the group of 10% machines of a given model that deviates the “most” from the others in 

terms of all the pressure build up data streams 

 

A similar case is the deviation of gear shift comfort among machines. This demands on-board Fast 

Fourier Transformation (FFT) filtering: 

 Show the average of the 10 latest gear shifts F1-F2 for the frequency range of 1-3 Hz for FFT 

filtered time data of longitudinal accelerometer starting at gear switch and ending 1 s after 

clutch speed difference is zero. 

 Show the group of 10% machines of a given model that deviates the “most” from the others in 

terms of all the FFT filtered longitudinal acceleration data streams 

 

5.2.3.1.7 Detecting deviations and faults when comparing with nominal behaviour 
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The deviating groups of machines could even be hierarchic, if the deviating groups in the last section 

were retrieved from each context group. In this way, the deviating machines can be studied in more 

detail using interactive fault diagnosis: 

• Given a deviating machine with respect to transmission clutch pressure build up data stream, 

initiate a remote interactive fault diagnosis session. Operator secures safety.  

• Show in real-time in a flow diagram the pressure of all transmission clutches with sampling 

frequency 50 Hz. At the same time display the reference pressure from transmission Electronic 

Control Unit (ECU) 

• The mechanic demands actuation of valves according to given scheme and/or manually. Show 

deviation of valve position to reference signal.  

• Play sound of mobile microphone with upper frequency limit from database. Machine operator 

places microphone at suitable position.  

 

 

5.2.3.2 Raw data 

 

The following raw data is planned to be collected from various sensors and data sources at adequate 

frequencies (i.e. with such granularity that the data collected is useful and reveals variations or 

abnormalities): 

 

Raw Data
Min. 10Hz for all raw data 

Angles (deg. lift, tilt, steer), 

engine rpm (Hz) 

Engine torque 

pressure 

Lift 

Tilt 

steering 

Actual gear (over time) 

Lit lever (%) 

Tilt lever (%) 

Cdc lever (%) 

Brake pedal pos. 

Accelerator pedal pos. 

Load (of bucket) 

Rel. Velocity of Machine & ground (via ground radar) 

Transmission input and output shaft speed 

Ambient temperature 

Inlet pressure of motor 

Windshield wiper on or off? 

Turbine torque 

Position (via gps) 

PWM downstream pressures for all gears ,10Hz (needed for 16Q regarding gears) 

Accelerometer (for gear shift comfort) 100Hz 

Clutch pressure ref. value from transmission ECU. 

Torque sensor inside drive line (NOT EXISTING) 

Frequency analysis onboard (for evaluating gear shift comfort) 

For validation: 

CPU load 

bandwidth 

Used bandwidth 

Video 

Still images  
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Table 16: Volvo CE raw data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Volvo CE 
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5.2.3.3 Metadata 

 

Metadata is data about data, and is thus needed for the understanding of the analysis of the data 

collected. The following metadata are expected to be collected and compiled: 

 

Meta Data
SENSORS 

Position 

Sensor name

Sampling frequency 

Data typ (temp,vibration) 

Resolution

Hysteres 

software version 

OPERATOR 

Operator ID (training, work hours) 

SYSTEM HARDWARE 

Operational history (Previous data of other alike units) 

MACHINE: 

Machine Id 

Machine model 

Configuration (part of) 

CUSTOMER 

Normal values of data 

agreed duty cycle 

Traceable Service history 

Cost of down time 

Longest possible stop time 

Order number 

Position 

Weather 

Environment 

Coolant quality 

Repair data 

SI standard for comfort estimation (driver/vibration dose level) 

Legal req.  
 

Table 17: Volvo CE Meta-data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Volvo CE 
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5.2.3.4 Derived data 

 

Derived data is data that can be compiled or extracted from one or more raw data elements, i.e. the data 

is derived from underlying data items. The following derived data is planned to be extracted: 

 

Derived Data 
Pressure trends 

Altitude via inlet pressure of motor 

weather (Ambient temperature +Windshield wiper) 

Application (bucket, pallet or timber) 

Load cycle (load & carry, short load, transport) 

Handling 

Environment 

compare to agreed duty cycle! 

Dominatng factor 

Show 3 machine groups 

Higest no. of error codes last week 

top 10 most frequent 

top 5 machines with most error codes 

top 5 machines with steepest trend 

Pressure build up F1, F2 (until speed diff. over cluch is 0) 

10 last gear shifts from F1 to F2, average pressure buildup over time. 

Accelerometer ? Transfer function, operator effectiveness 

Gear shift comfort 

Whole body vibration over time (driver)  
 

Table 18: Volvo CE derived data 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Volvo CE 

 

5.2.3.5 Validation 
 
Validation means to compare independent measured values of parameter data with calculated values 
from other raw data and metadata. The calculation should render an “ideal” value. If the values are the 
same (or within a tolerance), the parameter values are validated. Else, they are falsified and one has 
thus identified losses or other errors in the system. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Raw data1 Metadata

Xideal = f(Raw data1, Metadata) Xmeasured = actual value

Validate towards

Raw data2

Picture 22: Validation schema 
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In case the validation is falsified, an action should be triggered to either notify any operator or if any 

automatic measures can be applied. Below are identified validations applicable for the case: 

 

Validation
Sensor functionality 

System calibration 

Duty cycle overidden? 

Validate Customer Support Agreement 

Norm pressure buildup is available 

Compare Clutch pressure ref. value from transmission ECU to actual pressure buildup.  
 
Table 19: Volvo CE validation 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Volvo CE 

 

5.2.3.6 Action 

 

Collected data can be used when analyzed (in real-time) to trigger actions (either to notify operators or 

automatic actions) in the manufacturing or operations environment. Already identified actions that can 

be possible to invoke are as follows (these will be further concretized later on during the project): 

 

Action
Collaboration event  
 
Table 20: Volvo CE action 

 

The information in the table above is confidential and must not be used in any publications 

unless granted by Volvo CE 

 

 

To collect the raw data, metadata, derive data, and produce validation requests, queries to pose to the 

DSMS are needed. Queries will be developed during the project. 

 

5.2.4 Use-case Background ISP-2-4: Customer usage modelling. (Background provided By 

Volvo CE) 

 

This use case is not a real part of project, but must be made visible for setting requirements of future 

usage of the tools and methods of the project. To mark this, this section has been written in “Italic” 

letters. The findings of this section are not seen as deliverable, but give background knowledge for 

future market oriented activities of the consortium partners.   

 

In product planning and product development, Volvo CE needs to have a clear view of how the 

machines are used in different regions and applications and the distribution among applications. This 

information is used for planning product features and for sizing components and designing systems to 

achieve high enough fatigue life and good fuel economy. On a higher level, Volvo CE needs to be able 

to estimate the total cost of ownership for a large set of our customers for a new model range. How 

much could operator support affect the fuel consumption and how could a new gear shift strategy 

affect transmission fatigue life, both given how the new machine would be used by our customers. To 

answer these questions, Volvo CE really needs to measure the machine independent variables, such as 

road slope, curvature etc. Volvo CE work in parallel projects on how to analyze the signals measured 

on machines to derive the machine independent variables and how to measure in a cost efficient 

manner as the measurements will take place on a large part of the machines produced.  
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The data quickly grows large and thus Volvo CE works in parallel projects on also how to compress 

the information using pattern recognition to divide the data into typical machine operation cycles, 

where each cycle is characterized with a few attributes and saved rather than saving the sampled time 

data. Some processing thus needs to be performed locally. Storage and higher level analysis however 

is performed on a Volvo CE central server.  

 

There is no real-time demand in this use case, rather there is a need to empty the measurement buffer 

regularly on the machines due to limited local storage. In total this will generate a data stream to the 

server.  

 

By and large Volvo CE wants to measure and validate 

 operator characteristics (to validate operator models) and operators’ influence on 

performance. Preferred velocity for given outer conditions.  

 environment (temperature, humidity etc.) 

 ground surface profile / curvature / stiffness / slope … 

 position using GPS 

 properties of handled material 

 type of attachment currently used 

 time spent at each torque and speed combination for engine and in analogue for other 

components. Torque and speed in this case are divided into a finite number of ranges, such as 

100-200 Nm and 100-200 rpm. The latter combination will have figure related stating the 

number of seconds spent in that operating range.  

 accumulated load duty [Nm*rev] for various components 

 Emissions for governments 

 

 

Volvo CE would also need, in the central server, relate the machine’s position to GIS information that 

gives us information of ground material properties, country (Which can be used to draw conclusions 

on operator characteristics), surrounding terrain profile etc.  

 

The data is stored and directly updates a number of Volvo CE customer and application profiles 

primarily used by product planning. Product planning prepares business opportunity descriptions 

based on this data in which it is shown how new products will improve customer satisfaction in the end 

for a chosen part of the customers and their applications.  

 

The data also updates a number of machine usage profiles that product development use for sizing 

components and for developing control strategies that will improve operability and fuel efficiency for 

the largest part of the applications.  

 

Typical questions: 

 What is the top 5% torque range the transmission output shaft is subjected to during periods of 

time > 5 s for the application re-handling and operating cycle “short cycle” and phase 

“bucket loading” 

 For which regions 3 do the operators have the largest influence on fuel economy in 

comparison to environment and applications?  

 

SmartVortex will lead to flexibility in how questions can be asked to the usage data and the possibility 

to combine factors in a more complex fashion. This will lead to less need for (expensive) 

questionnaires used by product planning and marketing and sales by 20%. This will be shown 

analytically but based on test cases where product planning employees try the SmartVortex system for 

a large number of artificial data to cover information on which country the machine is in and similar 

operation or environment related use paradigms.  

 



 

SMARTVORTEX WP1/D1.1 64 / 90 - 64 -Page 64 of 90 PAGE 19/xxx 

At the same time, fewer measurements need to be performed on existing machines, so called CUP’s 

(customer usage profiling). A reduction of 20% of tests here will be shown analytically compared to 

the machine monitoring of today. The analysis is based on evaluation of the Smart Vortex system by 

product platform engineers using actual measurement data where machine independent variables are 

measured as explained above while making them available in an intuitive fashion using visualization 

means for the queries.  
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5.3 ISP-3 Data streams within collaborative environments 

 

Finding experts within a company for any kind of problem is a complex and time consuming task. Few 

isolated applications for expert finding exist, however the demand for effective solutions keep on being 

a non-trivial task [cf. M06, PC08, S09, ZT10]. Numerous factors are involved in the indication process 

that designates the right person as expert for being a part of a problem solution.  The bases for such a 

designation process are all accessible and relevant information about the expertise of a possible 

candidate. Such information could be the persons profile, data from collaborative tasks, role in a 

specific environment or the involvement in production processes (e.g. design, development, production 

or testing), but are not limited to those. On top of an ontology based representation of such data, 

Entity/Relationship search approaches could be applied in order to support expert finding and hence 

maintenance tasks or decision making process. 

 

 

 

5.3.1 Use-case ISP-3: Cross-Partner Collaboration  

 

This is a fictive use case where Sandvik, Hägglunds and Volvo CE would collaborate on condition 

monitoring of our machine elements using acceleration information, temperature and so forth to 

estimate remaining life of the machine element in question. For Hägglunds it could be sliding bearings, 

for Volvo CE gears and for Sandvik cutting tools. The partners are interested to support this use case. 

 

We would have a common knowledge base that can be shared that is basic research on condition 

monitoring and wear and fatigue while the application knowledge would be hidden from the partners. 

Any claims on the common results should be handled by the information system such that the dividing 

of results is unambiguous. It shall be possible to search the system for background, foreground and 

accompanying common findings, to be able to judge whether we are exposing too much or if another 

partner‟s foreground could be of interest.  

 

Typical questions: 

 Is this result coming from partner background, foreground or common established knowledge? 

 Should we keep this result hidden as it might be of interest to patent by the other partners? 

 What are the use rights for this result for all partners? 

 

DataSource 

StoredStream 

DataStream 

RawDataStream OperationalData MetaData 

StoredData 

DerivedStream CollaborationStream 

ValidationStream SimulationStream 

Picture 23: Data stream schema with highlighted elements participating at use-case ISP-3 
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With the SmartVortex solutions for a number of project leaders (not legal experts) a measure should be 

established what percentage of misunderstandings exists related to the written agreements. This should 

be rectified by 30%. The time needed to answer question should be shortened by 50%.  

 

5.3.2 Scenario 

 

In the ISP-1 Delft workshop two processes were determined to improve decision making in product 

lifecycle: engineer to engineer collaboration and interaction; problem solving for maintenance. The 

major challenges in both processes are related to collaborative design decision support problems and 

require the participation of various designers and engineers. Identifying the best possible participants 

for the collaborative process will be one of the major tasks for the Semantic Social Collaboration Suite 

(SSCS). The following sections focus on the process support itself. 

 

5.3.2.1 Objectives: 

 

Set up of a cross-organizational IPR protected and self-configurable collaboration environment. This 

will guide to two main tasks which address the following demands: 

 

5.3.2.1.1 Intelligent self-configurable collaboration environment to support maintenance 

The construction industry is currently putting a lot of efforts to develop new mechanisms to collect and 

monitor data generated from construction equipment to obtain a better feedback of the machinery use 

[I03]. The feedback data is valuable to these companies because they can better understand current 

limitations of their equipment and allow engineers to work together to constantly improve equipment‟s 

availability and reliability.  

 

However, besides the efforts of collecting large amounts of data generated by equipment, one 

limitation present in these companies nowadays is the lack of a suitable environment to allow 

engineers to collaborate with each other processing such amount of data and making decisions about 

equipment improvement or even equipment maintenance. 

 

With the natural evolution of diverse types of technology, companies are migrating their maintenance 

equipment policies from the fail and fix (FAF) methodology to the predict and prevent (PAP) 

maintenance methodology [IL09]. Maintenance addresses the fundamental needs of predictive and 

intelligent tools to monitor the degradation of an equipment usage in order to allow interventions to be 

taken before a unscheduled downtime or unexpected breakdown. 

 

For example, if an excavator starts to present possible failure signs, identified by the telemetric data, 

e.g. that its engine is operating over a certain limit, experts then need to be brought together into a 

collaborative environment to analyze the problem and take decisions to avoid an abrupt breakdown. 

Besides solving an emergent situation, such collaborative environment should also support experts to 

improve future generations of the equipment. The near breaking down state can be interpreted as 

feedback data that allows experts identifying the design or usage causes that led to such extreme 

situations and improve future generations of the equipment. 

 

In the Smart Vortex project we will develop a new collaboration environment that brings together the 

right experts, to make decisions based on the relevant related information from the data streams in 

order to solve certain maintenance and improvement problems. The following Figure, introduces the 

Virtual Collaboration Room, a mockup representing a possible collaboration environment that can be 

used. This mockup was used during the ISP-1 workshop in Delft (Feb-23) to discuss with the industrial 

partners a technological infrastructure that offer access to necessary collaboration tools, information 

and bring together people for collaboration and decision making. 
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Picture 24:  Virtual Collaboration Room, an intelligent environment to support experts in 

maintenance processes. 

 

 

The virtual collaboration room will offer access to necessary collaboration tools, information and bring 

together people to take decisions about equipment maintenance. 

 

Along Picture 24 we describe the idea on how we envision a collaboration environment to solve a 

maintenance problem of certain equipment. The scenario consists of a certain equipment that started to 

give unconventional signs that it is about to breakdown or stop working, after some unsuccessful 

automatically software agent interventions. 

 

The environment realizes this situation and starts its intelligent configuration process to bring together, 

based on an automatically pre-diagnosis of the problem, professionals that might understand current 

causes of the problems, or professional who already experienced similar situations. The environment 

also configures tools that professionals should use to diagnose the problem and to communicate with 

each other. Some example of tools and its configuration can be seen in the Picture 24, as 

videoconferencing tools where professional involved in the diagnosis process are automatically 

brought together, graphs presenting current values of equipment variables, reports containing previous 

similar stories and their solutions, and brainstorming tools to capture creative ideas on how to diagnose 

and solve the current problem. Compared to current collaboration environments, we will investigate a 

self-configuration of the environment depending on the situation being handled and in order to support 

an effective collaboration process. 

 

 

5.3.2.1.2 Decision support model for decision based design and collaborative decision support 

framework 

 

The conceptual product design is characterized as a collaborative task with several decision-points that 

involve the participation of various designer and engineers for product definition and optimization. 

During this process, a design team collects and monitors data streams generated from parameter studies 

and simulation as a foundation for its decision making process. Streams are handled in two forms of 

data: verbal-conceptual and visual-graphic. 

 

In the Smart Vortex project we will develop new collaboration environment that bring together the 

right experts to make decisions in a collaborative environment. During this process, the system should 
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provide relevant information from the data streams which is needed to make a decision as well as 

relevant information about possible experts profile, which should be part of the problem solution. Data 

stream of the product lifecycle will be analyzed for possible decision points in the definition and 

realization stage. The environment detects these points and starts its intelligent configuration process to 

bring together engineers and designers from different domains, such as mechanical and electronic 

design, which provide knowledge or skills that will be needed for decision making. The environment 

also configures collaborative tools that the design team can use to analyze and interpret data as well as 

to support the communication of a distributed team. According to the massive data stream of the 

product lifecycle, the system needs to filter relevant data for the design decision-making process.  

At early stages of product design; the data might not be complete or accurate. For that purpose, the 

collaboration environment provides a fuzzy decision-making approach that allows designers and 

engineers to describe the confluence of the different criteria. The system can use this information to 

analyze the influence of a criterion on a given decision results and to provide an alternative decision if 

the situation change during the product lifecycle. 

 The system should further capture previous decisions and their influence on the product lifecycle. This 

data can be used for future decision making as best practice or solutions that did not solve a problem 

but provide information for its fail. 

 

. 

 

5.3.2.1.3 Problems / Challenges: 

 

One goal of SmartVortex is to provide a technological infrastructure to achieve better cross-

organizational collaboration and decision making. As a result the following challenges appear and need 

to be addressed:  

 to support group formation and collaboration in a cross-organizational environment; 

 to manage data exchange in a cross-organizational environment; 

 to support all needed collaboration activities that are necessary for collaboration and decision 

making; 

 to adapt collaboration tools and collaborative process to new situations in the product lifecycle 

management, which results out of a constantly changing data stream. 

5.3.2.1.4 Requirements to describe and analyse: 

 

To achieve better collaboration and decision making in SmartVortex, we need  

 to identify and analyze collaboration tools the industry partners generally use in the product 

lifecycle (see section 3.2.4); 

 to identify and analyze collaboration activities the industry partners generally use in the 

product lifecycle; 

 to identify and analyze data and information the industry partners need for collaboration and 

decision making; 

 to identify and analyze rule and policies the industry partners generally use for the exchange of 

data in a cross-organizational environment; 

 to identify and analyze rules and policies the industry partners generally use for group 

formation. 

 

As a result out of this analysis we need to define a formal description for a  collaboration that can be 

used to design and adapt a collaboration process; 

 to define a formal description for relevant information about the employees that can be used 

for group formation; 

 to define rules for the use of data out of the data streams for a collaboration process; 

 to define rules for the adaptation of a collaboration process; 

 to define rules and policies for group formation; 
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 to define rules and policies for the for the exchange of data in a cross-organizational 

environment; 

The collaboration data stream consisting of data generated in collaboration and decision making 

processes. There are different kinds of data that can be generated out of such interaction, such as: the 

design decisions of a product that a group takes, documents generated about design decisions and 

records from group meetings. As collaboration data streams can easily become complex due to a high 

amount of data around a product, we adapt the data stream computation schema (shown in 4.2.2) to 

process the collaboration data stream and to filter relevant information that is presented to 

stakeholders. 

The framework is not constraint to process only data based on documents, models of decisions, 

generated by the collaboration among stakeholders. Another goal is to detect the behavior of 

stakeholders, whenever a collaborative session takes place. This information is particularly important 

for intelligent applications that are supposed to guide stakeholders during collaborative sessions for 

achieving effective results. This way, the applications may use the collaboration data stream to 

analyzing collaboration and project performance according to metrics, such as, commitment, quality, 

impact, shared understanding, progress and quality of intermittent results.  

Like the data stream computation schema (Picture 23) we used the four entity categories: raw data, 

meta data, derived data, validated data and call for action. The next paragraphs describe with more 

details these entities. 

 

5.3.2.2  Raw data 

 

The Raw Data entity represents the data that is generated by the collaboration tools and by the 

interaction of its user. Such kind of data can be generally interpreted as the logging data of the system. 

For example, two participants of a chatting session can exchange messages to schedule a meeting. In 

this case, we intend to store the information that is being exchanged by the participants. 

 

We present in the following list the raw-data entities related to each category of tools, as we defined in 

the section 3.2.4 

 

Collaboration Tool Raw Data 

Instant Messaging  

 <user> <search> for <user> 

 <user> <send> <messageContent> to <users> 

 <user> <receive> <messageContent> from <users> 

 <user> <create> <multiTalkingRoom> 

 <user> <add> <user> to <contactlist> 

 <user> <remove> <user> from <contactlist> 

SVN Repositories  

 <user> <commits> <document> & <comments> 

 <user> <renames> <document> 

 <user> <copies> <document> 

 <user> <move> <document> to <location> 

 <user> <checkout> <document> to <location> 

 <user> <queries> <documentHistory> 

Brainstorming  

 <user> <generate> <contribution> 

 <user> <adapt> <contribution> 

 <user> <reads> <contribution> 

 <user> <creates> <category> 

 <user> <merges> <category> 

 <user> <votes> <contribution> 

Mark-up/Tagging 

Tools 
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 <user> <reads> <comment> for a <web page selection> 

 <user> <writes> <comment> for a <web page selection> 

Shared Calendar  

 <user> <makes> an <appointment> 

 <user> <changes> an <appointment> 

 <user> <invites> <user> to an <appointment> 

 <user> <accepts> attending the <appointment> 

 <user> <rejects> attending the <appointment> 

 <user> <cancel> an <appointment> 

E-mail  

 <user> <sends> <message> to <user> 

 <user> <sends> <message> to <group> 

 <user> <receives> <message> 

 <user> <deletes> <message> 

Event Scheduling  

 <user> <writes> <dates> 

 <user> <receive> <agreement> from <system> 

Screen Sharing  

 <user> <shares> <screen> 

 <user> <watches> <screen> 

Document Co-Edition  

 <user> <creates> <document> 

 <user> <edit> <document> 

 <user> <deletes> <document> 

 <user> <shares> <document> 

 <user> <join> <collaborative document editing> 

 <user> <leaves> <collaborative document editing> 

Document Sharing  

 <user> <shares> <document> to <user> 

 <user> <grants Permission> to <user> to share <document> 

 <user> <removes Permission> from <user> to share 

<document> 

 <user> <edit> <document> 

Conversation  

 <user> <calls> <user> 

 <user> <creates> <conferenceRoom> 

 <user> <joins> <conferenceRoom> 

 <user> <leaves> <conferenceRoom> 

Collaborative 

Drawing 

 

 <user> <draws> <object> 

 <user> <edit> <object> 

 <user> <saves> <object> 

 <user> <loads> <object> 

 

Additionally, some general activities in collaboration using technological support need to be defined as 

 

Raw Data from Abstract User Action 

<user> <types> <key> 

<user> <does left click> <object> 

<user> <does right click> <object> 

<user> <moves> <mouse> over <object> 
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5.3.2.3 Metadata 

 

The information transmitted through the data streams just represents the amount of data generated by 

the collaboration tools. As our major goal is to support different kinds of adaptation within our tools, 

we need to gather as much data as possible besides the outcomes of the raw data. At this point we are 

interested in collecting information about entities that are related to the outcomes of the raw data layer, 

in this case: the tools that are being used, the users that employ those tools and the processes that are 

carried out from the users. We classify those three variables as being part of our Meta Data layer. 

 

It has to keep in mind that within SmartVortex, the data is used in a cross-organizational manner. This 

implies that the data to be collected may be subject to different terminologies and interpretations. 

Mapping mechanisms will be used to translate these concepts seamlessly during a collaboration session 

to make sure that the metadata gives a consistent picture for all parties involved. 

 

For this to work, a common infrastructure is used. This infrastructure uses rules and definitions to map 

foreign concepts to local representations using a common language which consists of terms defined in 

a so-called general social ontology. These mechanisms can be applied to both conventional data sets 

and data streams and they can be used not only for a better understanding between cooperating parties, 

but also to enforce privacy and data protection policies by restricting the data a foreign party may 

receive. 

 

We present in the following list the meta-data 

 

 Meta Data 

Collaboration 

Process 

 

 ID of the Collaboration Process 

 Goal of the Collaboration Process 

 Relation to the Product Lifecycle  

 Active Activity in the Collaboration Process 

Collaboration 

Activity 

 

 ID of the Collaboration Activity 

 Goal of the Collaboration Activity 

 Relation to the Collaboration Process 

 Time Duration of the Collaboration Activity 

Collaboration Tool  

 ID of the Collaboration Tool 

 Application field of the Collaboration Tool 

 Configuration of the Collaboration Tool 

Group  

 ID of the Group 

 Role of the Group in the Collaboration Process 

User  

 ID of the User 

 Role of the User in the Collaboration Process 

 Skill of the User 

 Company of the User 

 Rights of the User 

Data  

 ID of the Data used by a Collaboration Tool 

 Owner of the Data 

 Datastream of the Data 
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5.3.2.4 Derived data 

 

As the collaboration data streams contain high amounts of information (coming from the raw data) it 

would very complex that a human analyst processes all of the raw data without any filtering 

mechanism that can transform the high amounts of data into processed information, reducing its 

volume. That is why the next layer in the framework represents the Derived Data layer. The goal of 

this layer is to automatically process incoming data from the raw data layer using the meta-data 

information, transforming data into information. For example, the system is able to calculate from the 

data streams the current collaboration situation like the number of contribution for the categories of a 

brainstorming session or information about the behavior of a group. 

 

5.3.2.5 Validation 

 

The Derived Data represents a proposal of transformed data from data streams with the support of 

meta-data, making some system variables updated. However, for the decision-making process, a 

continuous update might not be suitable because the users might not have enough time to check and 

react to the variation of these data. Therefore, we intend to create a Validate Data layer that constantly 

analyzes the derived data using predefined rules. For example, the number of contribution for a 

category can be compared to a predefined scale that indicates if the number of contributions is 

sufficient as input for a decision-making. A system can further use this information to analyze group 

dynamics and to decide when to intervene. 

 

5.3.2.6 Action 

 

The transformation steps performed through the Raw Data, Derived Data and Validated Data prepare 

the data coming from the collaboration data streams to be used by the stakeholders for decision-making 

or by the system for interventions. We defined this process within the last layer of our framework; the 

Call for Actions layer. For example, a system will monitor the collaborative brainstorming process and 

detect small or insufficient quality contributions. The system make an intervention by changing the 

focus of the participants to these contributions and provide prepared information like criteria or 

background information to support the generation of better contributions. 

 

 

5.4 Verification of requirements for industrial appliance 

 

Related to the value prepositions mentioned in chapter 4 the consortium has verified if the dedicated 

research areas can be applied in general to the industry or similar acting business models. To really 

create impact based on the findings and results of the SmartVortex project it is required to verify the 

applicability and portability of the achievements in other companies or industry segments. We have no 

doubt that the results that are envisioned by the current industry partners can also be achieved in 

following commercial implementations in the European industries.  

 

 

5.4.1 ISP-1 Computation of data streams deriving from stored simulation result file sets 

 

Simulation is consumes a high portion of the design process. The experts are very rare and require high 

investments in salaries, environment, education and experience building. Reducing their workload will 

allow to generate a higher throughput and increase therefore their productivity. This can be applied to 

all kind of simulation processes where high data volumes are generated. Typical examples are noise 
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simulations to validate Wi-Fi networks in medical applications and equipment, thermal analysis, 

cooling flow analysis, all kind of electromagnetic analyses, and many more.  

 

5.4.2 ISP-2 Computation of real time data streams deriving from sensors and actuators  

 

Volvo CE expects to get about 10% increased uptime regarding construction equipment (machines) 

when the results from the SmartVortex projects are implemented and integrated with the organization 

and information systems used to manage the construction equipment in the field. Further, Volvo CE 

foresee a decrease in the travel time and travelling required for maintenance, and in particular the 

first diagnosing trip, as more monitoring information is available to analyze and base planning upon. 

 

Hägglunds Drives expects to get increased system availability in the electro hydraulic drive systems 

as the main result. Additional potential effects are also further knowledge and tools enabling energy 

optimization, improved proactive fault monitoring, improved system monitoring, extension of system 

knowledge data base, and additional management and operational level reports using real-time data. 

 

Sandvik Coromant expects to get increased availability, reliability and quality of delivered products 

and services as well as increased capability to implement green sustainable machining, Further on, 

Sandvik Coromant sees a potential effect also in an increased capability to follow up products and 

services used and identification of new needs. 

 

All these factors and earnings are applying for the automotive, machinery test, test facility, electronic 

and logistic companies, transportation and manufacturing industries. We see a very high potential of 

re-use capabilities for many different applications. Being successful, some are intended to be 

productized by a number of participating consortium members.  

 

5.4.3 ISP-3 Data streams within collaborative environments 

 

To increase efficiency in information exchange in collaborative environments, the involved 

organizations need to be able to do or provide the following: 

 

 use a shared vocabulary (GSO – general social ontology) 

 agree upon a social communication protocol 

 establish trust levels 

 specify rules and policies for access control and IPR management 

 collaborate 
 

Potential applications using the above are for instance foreseen at Hägglunds Drives for pre-sales 

decisions and sales activities, system dimensioning work, work related to system reconfiguration when 

the system has been deployed at a customer site, as well as for support for maintenance and trouble 

shooting. 

 

Sandvik Coromant sees potential that the points above will make information exchange more reliable 

and efficient when collaborating with business partners.  

 

Volvo CE sees a high of potential using the above results in applications where on the one hand user 

onsite and on the other hand central located user groups communicate and collaborate.  

 

In general it can be stated that due to globalization efforts in the entire industry the importance to 

support collaboration processes is steadily growing. Where ever data streams are involved suited 

collaboration solutions need to be existing. SmartVortex can close this gap and provide with its 

research results solutions that can be used in all data stream oriented collaboration efforts, regardless of 

the industry section or domain.  
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6 IDENTIFICATION OF SMARTVORTEX USAGE SCENARIOS FROM THE 

RELATED USECASES TO DETERMIN THE CONCEPTUAL REQUIREMENTS OF 

THE DATA STEAM MANAGEMENT SYSTEM (DSMS) 
 

6.1 Scope of the SmartVortex usage scenarios related to data stream management 

 

To cover the use cases described in section 4, the data stream management system must be extremely 

flexible in terms of which kinds of data can be processed, what kind of algorithms can be implemented 

to process the data in the desired way, how the computations over the data streams can be scaled to 

many CPUs, which queries can be formulated over the streams and how the results of the querying and 

processing is delivered to the user interface components for presentation. The performance of the 

DSMS must be good enough to give the desired answers to queries in real time, even when the system 

is scaled up to hundreds of thousands of simultaneous data sources. 

 

6.2 Preliminary results of the SmartVortex requirement analysis for the Data Stream Data 

Management (DSDM) architecture 

 

For each of the use cases, a data processing application needs to be developed that performs the desired 

computations over the data streams and delivers the results of the queries in the desired way, with high 

enough performance. Developing these data processing applications using a DSMS is expected to be 

easier and less error prone, compared to developing the applications from scratch in a lower level 

programming language (e.g. C++). The DSMS components for processing data streams (e.g. searching, 

filtering, splitting, joining) are reused for all the use cases (and other applications), which improves 

maintainability and stability of the systems. 
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7 SMARTVORTEX ASSESMENT FRAMEWORK FOR THE VALIDATION OF 

THE PROJECT OBJECTIV 
 

 

7.1 Test beds provided to validate the SmartVortex integrated subproject use cases 

 

To verify that the SmartVortex technology works, test beds will be used to generate large volumes of 

data streams with some of the streams containing anomalies or values that should be noted, as well as 

used for aggregation and validation purposes.  

 

7.1.1 Test bed use case ISP-1-1.1: Philips CE: Simulation of electronic design data 

 

The test bed is defined by the data. Every computer can be used and no additional equipment is needed. 

The simulator the delivers the data must be defined here with referenced to the file formats produced 

by the simulator output. Due to the leaving of Philips from the consortium a replacement need to be 

taken. Since this use case can be done with every simulation tool that produces high volume of data 

that can be seen as a stream we are confident to find a fitting test bed within our partners or in liaison 

with a new partner. 

 

7.1.2 Test beds use-case ISP-1-1.2 and ISP-2-2.1: Hägglunds Drives: Real time data streaming 

and stored data streams 

 

The test bed has two options depending on possibility to get live data streams available over the 

Internet. Option 1 includes the use of live data streams and simulated data streams, whereas option 2 

includes only simulated data streams. The test bed should comprise many data streams and within 

those one or more data streams should contain anomalies etc. that should be detected. 

 

If option 1 is possible, the shredder at Hägglunds Drives will be used and run in provoked modes as 

well as for instance low oil pressure or similar conditions can be induced to produce sensor values that 

should be detected. 

 

7.1.3 Test beds use case ISP-2-2.1: Sandvik Coromant: Real time data streaming 

 

The test bed has three options depending on possibility to get data streams over the Internet combined 

with optional post process data.  

1) includes the use of on-line  streams  

2) includes the use of off-line data streams (stored e.g. on file) 

3) includes on-line and/or off-line data streams combined with optional post-process data such as 

surface roughness and tool wear 

 

The test bed should comprise many data streams and within those one or more data streams should 

contain anomalies etc. that should be detected. 

 

Sandvik Coromant aims to be able to capture and interlink all wanted data from a large number of 

machine tools and machining operations, and to be able to use these large data sets for comprehensive 

analyses, including identification of meta-knowledge. 
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7.1.4 Test beds use-case ISP-1-1.2 and ISP-2-2.3 Volvo CE: Real time data streaming and 

stream storage 

 

The test bed has two options depending on possibility to get live data streams available over the 

Internet. Option 1 includes the use of live data streams and simulated data streams, whereas option 2 

includes only simulated data streams. The test bed should comprise many data streams and within 

those one or more data streams should contain anomalies etc. that should be detected. 

 

If option 1 is possible, the excavator in the pilot set-up at Volvo CE will be used and run in provoked 

modes as well as for instance low maintenance conditions can be induced to produce sensor values that 

should be detected. 

 

Furthermore Volvo CE will equip two of their wheel loaders with all requested sensors and 

transmission capabilities to transfer the generated data stream. Even signals that are only giver by 

internal operations on the CAN bus or in the motor control unit will be made available but under 

specific confidentiality requirements. 

 

 

7.1.5 Test bed for collaboration, cooperation and decision making 

 

The test bed definition is still in progress but since there are no additional signals required we can state 

that all stream related information from actuators and sensors is available in the ISP-1 and ISP-2 test 

beds. The Meta data are under discussion since we have to deal here with person oriented information 

that require special confidentiality and care. Due to different legal backgrounds in the different 

European countries we need to respect laws like in Germany the “Betriebsverfassungsgesetz” and 

agreements with the local worker units. Nevertheless we believe there will be the possibility to use 

neutralized information that don‟t allow  conclusions on the real person mapped with its skill set, 

experience and additional person related background, that we consider as social graph. 

 

7.1.6 Test bed for the graphical user interface in data stream querying  

 

In order to arrive at measurable success criteria for the evaluation of the user interface regarding 

DSMS query expression and consumption, we will follow a three step approach: 

1. Identify important, prototypical use-cases of the SmartVortex user interface regarding 

expression and consumption of DSMS queries. 

2. Conduct user-studies in a controlled environment; if real data streams are missing or classified, 

we will make use of mockup data. 

3. The findings of the controlled user studies are to be confirmed with on-site user studies. 

The test bed specification mostly depends on requirements and test bed specifications for the identified 

use cases and scenarios. 

The evaluation and assessment of the visual and multi-modal environment requires to identify, for each 

use case and scenario, the context of use, i.e., involved users, tasks to be performed, required 

equipment (hardware, software, machines and other materials), and the physical and social 

environments. 

The first step consists of identifying primary end-users and characterizes them in terms of: 

 organizational experience, role and qualifications 

 system skill/knowledge 

 task experience  

 level of training 

 technical capabilities and I/O device skills 

To evaluate the overall usability and functionalities, it is required to clearly define tasks and goals that 

users are supposed to perform and achieve. Tasks and goals should be decomposed into sub-tasks and 

sub-goals, linked to each other (i.e., for each sub-task specify the corresponding sub-goals). For each 
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(sub-)goal relevant satisfaction criteria to be measured should be specified, and characteristics of (sub-

)tasks which may influence usability should be described. 

A set of key tasks will be selected to be executed in a controlled environment, in order to cover all 

relevant usability and functional aspects to be assessed. 

In addition relevant characteristics of the required equipment need to be described. Visual and multi-

modal interactions may require to set up a hardware infrastructure consisting of digital video cameras, 

microphones, loudspeakers, smartboards, multitouch devices and surfaces. If required, smartphones, 

Tablet PCs and other mobile devices should be considered as part of the test bed. At this early stage, 

attributes or performance characteristics of the hardware to be used cannot be clearly determined and 

should be considered in subsequent phases. 

 

 

7.1.7 Test bed for the application of graphical query languages 

 

To test the graphical query language the same test bed as in 6.1.6 defined will be used. 

 

 

7.2 Success measures to be applied in the integrated subprojects 

 

We will define all success measures in the extended delivery D1.2 September 2011 

 

7.2.1 Simulation of electronic design data 

 

TBD in Deliverable D1.2 

 

7.2.2 Real time data streaming in Hydro motor applications 

 

TBD in Deliverable D1.2 

 

7.2.3 Real time data streaming in milling machine operations related to the used tools 

 

TBD in Deliverable D1.2 

 

7.2.4 Real time data streaming in construction equipment fleets 

 

TBD in Deliverable D1.2 

 

7.2.5 Cooperation and decision making processes 

 

TBD in Deliverable D1.2 
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7.2.6 Graphical and multi-modal data stream query language 

 

Success criteria, measures and metrics to be evaluated in order to assess the overall usability (i.e., the 

extent to which the visual and multi-modal environment can be used by identified users to achieve 

specified goals with effectiveness, efficiency and satisfaction one or more contexts of use) include: 

 Effectiveness: accuracy and completeness with which users achieve specified goals; it can be 

measured in terms of: 

– percentage of goals achieved (e.g., number of queries successfully built/intended 

number of queries); 

– percentage of tasks completed successfully on first attempt (e.g., number of queries 

successfully built on first attempt); 

– percentage of users successfully completing a given task (e.g., define a set of queries); 

– average accuracy of completed tasks (e.g., evaluating produced queries wrt intended 

queries); 

– percentage of errors performed by users or reported by the system (e.g., mean number 

of mistakes/problems for building a visual query); 

– mean number of assistance operations required per task 

 

 Efficiency: resources expended in relation to the accuracy and completeness with which users 

achieve goals; it can be measured in terms of: 

– time to complete a task (e.g., mean time to build a visual query); 

– tasks completed per time unit (e.g., number of queries built per time unit); 

– relative time spent by users compared with time spent by an expert user to perform a 

task (e.g., to build a query); 

 

 Satisfaction: freedom from discomfort, and positive attitudes towards the use of the visual and 

multi-modal environment; it can be measured through questionnaires, including: 

– rating scale for satisfaction of provided features and interaction modalities 

– rating scale for ease of use and comprehensibility of the environment 

– rating scale for ease of learning (learnability) 

– rating scale for provided support facilities 

– rating scale for attractiveness of the graphical environment 

 

Additional metrics to be evaluated, mainly related to the multi-modal interaction environment, include: 

 

 Responsiveness: ability of the environment to perform (near)real-time interaction modalities 

recognition 

 User adaptability and feedback: ability of the environment to adapt the interaction modality to 

users' needs and requirements, as well as to provide feedback about the correctness of the 

provided input (voice, gestures, etc.) 

 Learnability: learning rate and ability of the user to perform and remember available actions 

provided by the environment, to be weighted wrt complexity of the task, user experience and 

user cognitive and technical skills 

 Accuracy: ability of the environment to detect, track and recognize user inputs, actions and 

commands 

 Intuitiveness: ability of the environment to provide a clear cognitive association between 

available commands and the functions or actions they correspond to 

 Cognitive and physical load: mental and physical load required to the user to perform intended 

tasks (wrt to user abilities and skills) 

 Re-configurability: effort and time required to train the environment to support different types 

of users and interaction modalities 
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As additional basis for the user interface validation the  ISO9241-11 can be taken. 

(http://www.it.uu.se/edu/course/homepage/acsd/vt09/ISO9241part11.pdf) 
 

While these metrics and associated measurements can give a fairly complete assessment of the 

performance of the overall user experience, we will only employ subsets suitable for the selected use-

cases and user-base. 

 

http://www.it.uu.se/edu/course/homepage/acsd/vt09/ISO9241part11.pdf
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8 CONCLUSION AND RECOMMENDATIONS 
 

In this chapter we intend to make the references to the other documents in WP2 and WP3 and WP16. 

This will be done in the edition D1.2 of this document. 

 

8.1 Recommendations for the configuration of the data streaming processes  

8.2 Recommendations for the Rule and Access framework 

8.3 Recommendations for the design of the Metadata repository 

8.4 Recommendation for the user interface layout 

8.5 Recommendation for the usability of the graphical query language 
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11 EXPLANATION OF TERMS USED IN THIS DOCUMENT  
 

Terms and their explanations used in the document: 

 

 

API  Application Programming Interface 

CAD Computer Aided design 

CAE Computer Aided Engineering 

CAM Computer Aided Manufacturing 

CAN-Bus Controller Area Network bus (in Automobile network applications) 

CPU Central Processor Unit 

DSMS Data Stream Management System 

EMC Electro Magnetic Compatibility 

EMI Electro Magnetic Interference 

FAF Fail And Fix 

GPS Global Positioning System 

GSO General Social Ontology 

I/O Input and Output 

IC Integrated Circuit 

IPv4/6 Internet Protocol  

IPR Intellectual Property Rights 

IT Information Technology 

KPI Key Performance Indicator 

MAC Media Access Control (internet address) 

Matris Machine performance measurement application at Volvo CE 

MOPSsys Application of s service provider at Hägglunds Drives  

QoS Quality of Service 

PAP Predict And Prevent 

PC Personal Computer 

PCB Printed Circuit Board 

PDA Personal Digital Assistant 

PDM Product Data Management 

PLM Product Lifecycle Management 

RAM Random Access Memory 

SI Signal Integrity 

SSCS Semantic Social Collaboration Suite 

TBD To Be Defined 

TCO Total Cost of Ownership 

Wi-Fi Data Transfer using Wireless Network Connection Technology 
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12 APPENDIX 
 

12.1 Sensor and control unit data provided as confidential information from Volvo CE  

 

The pictures (sensor data split into two parts) below contain typical signals measured today to cover 

load duty and performance of Volvo CE wheel loaders.   
 

 
 

Picture 25: Example sensor data from a Volvo CE wheel loader (Part1) 

 

 
 

The information in the picture above is confidential and must not be used in any publications 

unless granted by Volvo CE 
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The information in the picture above is confidential and must not be used in any publications 

unless granted by Volvo CE 

 

12.2 Information systems used at Volvo CE 

12.2.1 CareTrack info 

 
CareTrack is a telematics based system that has been developed to work with the on-board diagnostic 

systems in Volvo CE machines. CareTrack combines global positioning (GPS) with data transmission 

via mobile phone networks or satellite. The machine is activated by the dealer through a password 

protected web portal.  

 

CareTrack was introduced on the market four years ago. The development of the telematics system has 

benefited the dealers and customers immensely, by having a real-time system. The primary functions, 

which are explained in more detail below, allow them to map and track machines, view operation 

reports, and plan service time. 

 

Telematics services require certain communications infrastructure, and further depend on regulations 

that can vary from country to country. Today, CareTrack is available in most countries in Europe, 

North America, Asia and various countries in Africa and the Middle East. CareTrack is available in 

two versions – basic and advanced. Basic is intended for use on all machines including other Volvo 

and non-Volvo machines. Advanced is approved for current models of General Purpose Production 

Equipment (GPPE) machines, as well as future releases. 

Picture 26: Example sensor data taken from a Volvo CE wheel loader (part 2) 



 

SMARTVORTEX WP1/D1.1 86 / 90 - 86 -Page 86 of 90 PAGE 19/xxx 

 

To help customers become familiar with all features offered by CareTrack, Volvo CE announced in 

December 2009, that all larger machines will be equipped with telematics as a standard feature, and at 

no charge included is a 3-year CareTrack customer subscription that enables owners to enlist to the full 

range of benefits available by using remote monitoring. 

 

 

Volvo CE sees 3 major benefits from using the CareTrack. These are summarized below: 

 

 Mapping and tracking - allows the dealer or customer to keep track of every machine they 

have registered, right down to street location. A machine can also be set up with a Geofence 

and Timefence. This can be set to a certain radius or time period. A user can then be notified 

by email, mobile text messaging, or the website if a machine is being used outside a 

determined time period or geographical area. Once outside its allowed time period or 

prescribed area, the machine cannot be restarted once it is shut down. This feature helps 

prevent unauthorized use. A user can also view the fuel level of each machine with the 

mapping and tracking capabilities. 

 Operations report - the dealer or customer can view the daily hours report of the machine, 

which show how many hours per day a machine is used. This report is excellent when renting 

out a machine because the invoicing to customers will be more accurate. Machine utilization is 

a general report the shows fuel consumption rate, litres consumed, percentages of time spent 

working and idling, and engine hours. 

 Service management - a major benefit for the dealer or customer that shows all of the alarms 

or error codes that have appeared for a machine. A customer can receive an email or mobile 

text message when certain problems occur, which gives a technician insight into a problem 

before they go to the job site to look at it. This even helps to do initial diagnosis before 

travelling to the machine, saving unnecessary trips. Furthermore, if parts need to be ordered to 

fix the problem, this can be done ahead of time which also saves time. 

 

12.2.2 Matris 

 

Matris is an application used to evaluate machine performance for different machines and different 

machine populations. Around 1700 daily readings are performed. The selection function gives the right 

population based on selection criteria such as model, serial number, machine equipment, primary 

application and environmental factors, time and actual parameters.  

 

Following there are typical readings from Matris: 
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Picture 27:  Matris Structural view product 

  (Copyright Volvo CE) 

 

 

 

 

 

 

 

 

 
Picture 28:  Matris structural view system 

  (Copyright Volvo CE) 
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Picture 29:  Volvo CE Matris readings       

 (Copyright – Volvo CE) 

 

 

 

 

A few examples of narrowing down the data to be presented 

 

 
 
Picture 30:  Detailed view on system data 

  (Copyright Volvo CE) 
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SmartVortex Deliverables: 

 

Delivery D2.1: An RDF-based model describing streams and other data from 

products, social networking systems, collaboration and products in use for scenarios 
Delivery D3.1: Semantic models of data streams 

Delivery D16.2:  Software development quality assurance plan 

 


