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Abstract

Maintenance in industry is currently moving from time
planned preventive methods to condition-based
operation for better process reliability and lowered
manufacturing costs. Machine vibrations include
information from operating state and machine health
and can be used in the computing of several different
features for condition monitoring and process control.
These describing values can be used for the estimation
of remaining useful life (RUL). Local computing
enables the use of advanced algorithms for dense
vibration data on-site, right next to the monitored
process so that the data can be turned into information
without the need for large data transfers and centralized
computing. Calculated features can be supported with
other sensory data, information through expert
knowledge, modelling, and data from similar systems in
other installations. Developments in  wireless
technologies enable the use of small nodes in distributed
computing. This paper examines the use of locally
calculated generalized norms in combination with
supporting information from the global maintenance
database.

Keywords: intelligent indices, local calculation, edge
computing, vibration  measurements, generalized
norms, combined information

1 Introduction

It has been studied that a large part of the total operating
costs in all manufacturing and production plants can
consist of maintenance costs. Industry related
maintenance costs can vary from 15 percent in food
industries to 60 percent in heavy industries of the cost of
goods produced. (Mobley, 2002)

This paper introduces advantages of using combined
information from several similar targets in addition to
just monitor a single target separately. These systems or
machines can be located at the same site or at any other
location that fits into predetermined criteria. Systems
that can be classified to operate in comparable
environments make the base for the possible
measurement locations. After classification parameters
are met for the locations, the valid measurement points
can be formed only when the operating parameters for
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the machinery in these systems match. After all the
criteria for valid points are met, these values can be used
to improve condition monitoring performance in
individual locations. Measurements can be collected
along with the meta-data determining measurement
conditions and operating parameters and sent to a
centralized condition monitoring database. This
database provides supporting information to all relevant
operators. Information from the database helps in the
determining of the threshold level for the amount of
stress one machine can withstand, locating different
fault  characteristics, and improving operating
performance through best practices. The determining of
the threshold level for machine stress resistance gives
the life expectancy for the part and the variation of the
measurement points shows the reliability of these
results. Operating habits vary between different sites
and even within the same site. This framework could
include the effects of these different driving habits and
reveal the best practices quickly.

Vibration measurements are widely used in industrial
applications to monitor condition and operating state of
the machinery. Almost all machines vibrate and when
the machine operation changes, the vibrations change as
well. These changes can indicate shift in machine
condition when linked to specific faults. Predicting
developing faults leads to minimal down time and better
overall control of process maintenance with scheduling
and preventing of sudden break downs.(Rao, 1996)

Local calculation enables the use of vast amount of
data in condition monitoring and machine control.
Advanced feature extraction can be done in small
computers located next to the monitored machinery or
in the sensor itself. Informative indices extracted from
the dense accelerometer data should be used as any other
measured data. The applications include long term
condition monitoring and determining of remaining
useful life that enables the prognostics aspect and real-
time operating state detection. These values can be used
in control applications, stress monitoring or calculating
of condition indices when the machine is operating in
the predefined reference state.

Centralized database in a server with versatile
interface enables the use of this data in several different
locations by varying users at the factory. This local
database can be connected to a global framework
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providing interoperability and integrability of services
(Arrowhead). This work is done in Arrowhead project
which develops widely interoperable and integrable
service-based collaborative automation framework. Its
vision is to enable collaborative automation by
networked embedded devices and lead the way to
further standardization work. In the following section,
short style guidelines are given.

2 Local Calculation

Advances in technology have made the processing of
large datasets with small distributed systems possible.
Data acquisition (DAQ) system combined with the field
programmable gate array (FPGA) can do the data
processing while recording it (Shome et al., 2012; Zheng
et al.,, 2014). FPGA core can be faster in certain
calculations than comparable digital signal processors
(DSPs) and personal computers (PCs) (Vite-Frias et al.,
2005). It can be useful e.g. in data pre-processing where
it can filter the noise from the vibration signal in real-
time (Shome et al., 2012). Small programmable
automation controllers (PACs) can be very useful at the
algorithm development phase as they can record varying
sensory data streams and run calculations for the data.
Figure 1 presents the algorithm development for local
calculation and generalized third party data usage. The
PAC setup that we have used for vibration monitoring
cases consists of National Instruments cRIO-9024
controller with cRIO-9114 chassis which has Xilinx
Virtex-5 reconfigurable FPGA core. Vibration sensors
were connected to NI 9234 analog input module with
built in anti-aliasing filter designed for the vibration
measurements. Code for data acquisition was developed
with Labview software. cRIO can act as a versatile
platform for algorithm development for its modular
construction and easy configuration.

Determination of the machine state based on
vibrations makes efficient maintenance planning

Feedback and data
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possible through predictions of developing machinery
condition. It can be also used for planning of machine
use in order to prolong its operational time if there is e.g.
planned maintenance break coming up.

Vibration data can be used for the automatic
maintenance operations. Nowadays, spare parts dealer
gets alarm when certain threshold is exceeded and he
can react immediately and start necessary preparations
for sending replacement parts or planning of repair
operation. Data send to third parties from the plantwide
database should be carefully secured and only intended
parties should have access to this information. Data
should be carefully defined with relevant metadata
especially for third party users since values without any
connection become obsolete. Automation service
providers have applications using this presented fast
maintenance idea. ABB has a rapid response service
(Rapid Response) that promise to provide instant repairs
and needed spare parts in an agreed timeframe. They use
data from clients machinery to monitor exceptional
situations or failures and minimize the process down
time. This idea can be further developed by the use of
local processing for advanced monitoring methods.

Wireless technologies enable interesting applications
for these small devices capable in signal processing.
These nodes are capable in data compression and
transferring of large amounts of data wirelessly (Huang
et al., 2015), data filtering (Ramachandran et al., 2014),
and certain transformations (Merendino et al., 2011).
Unfortunately nodes have restrictions in measurement
accuracy and computing power due to limited battery
power and the expectation for the low unit cost. Small
sensor nodes can have simple algorithms implemented
for filtering or pattern recognition but more complex
algorithms would require more processing and thereby
more battery power (Ramachandran et al., 2014).
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Figure 1. Algorithm development for local calculation and generalized use of extracted features.
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In both cases, data transfer of raw measurement data
is usually unnecessary and would require high
bandwidth. Additionally, in case of wireless sensors the
use of energy due to unnecessary data transfer should be
avoided (Lahdelma and Juuso, 2011a). Guo and Tse
listed several references to available compression
methods in (Guo and Tse, 2013) for applications where
lots of vibration data needs to be transferred. Huang et
al. presented a lossless compression scheme for the
wireless sensor network and achieved the average
compression ratio of 59.01% (Huang et al., 2015).

3 Signal Processing

Vibration signals can be used in measuring simple
vibration severity defined by default as the maximum
rms value of the vibration velocities. Peak and rms
values are just two common features used in vibration
analysis. Vibration signal provides large amount of
information and different features indicate different
processes in machine operation. Finding the right
feature for the wanted event is a matter of referencing
the calculated values to machine operation and finding
the correlations between these values. Features can be
combined to form combined indices which in some
cases increase the sensitivity of event detection.
Generalized norms can be calculated from the vibration
data and used to form intelligent indices using nonlinear
scaling.

3.1 Generalized Norms

Vibration data has large amount of information which
needs efficient processing. Advanced feature extraction
methods can describe large amount of measurement
points with one informative value. Generalized norms
are described as,

1

), - Gy - )

. @
Py

where, o € R is the order of derivation,
p (1 <p < ) isthe order of the generalized norm,
N = tN; where Ns is the sampling frequency 7 is the
sample time. Generalized norm is also known as Holder
mean or power mean and it has the same dimensions as
the corresponding signal x(®). Some special cases of the
norm (1) are arithmetic mean (p = 1), rms (p = 2), and
peak value (p = o). (Lahdelma and Juuso, 2008a)

Norm calculation compresses five second vibration
information of 128000 measurement values (25600 Hz
sampling rate) into a single value. Calculation can select
e.g. the biggest norm value out of five consecutive
values using a sliding window.

Fault detection of fast impact like events can be
increased by using derivation of acceleration signal
(Lahdelma and Juuso, 2011a). Fault detection has
traditionally used displacement x©, velocity x®, and
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acceleration x® signals. Higher order derivatives x®
and x® have been previously used in the cavitation
detection of Kaplan water turbine (Lahdelma and Juuso,
2008b). Higher order derivatives extend the range of
event detection and by selecting correct signal and norm
combination, these values can be used widely in
different applications (Lahdelma and Juuso, 2011b).
Analogue differentiators/integrators can aid in real time
calculations (Juuso and Lahdelma, 2006; Lahdelma,
1992, 1995).

Noise from motors and several other mechanisms
occurring simultaneously with the monitored property
causes false state detection and errors in values. It is
important to filter this noise generated by not desired
mechanisms before values are calculated. Sensor
placing is comparable to the importance of sampling
method in manual sampling measurements. Selecting
the right order of norms or combination of norms and
using high-pass and low-pass filters can be sufficient in
most cases. Using of displacement, velocity, or higher
order derivatives according to character of the
monitored process improves the feature extraction.
Different norm values can also be combined to make
some events more visible.

3.2 Stress Indices

Stress indices are formed from calculated norms by the
means of nonlinear scaling. Norm values are scaled to
the linguistic range of [-2, 2] for easy understanding.
These scaled values are easy to comprehend and user
without  deeper  understanding about certain
measurement from the process can easily use this
linguistic range which translates to {very low, low,
normal, high, very high}. These scaled values can be
used in decision making and control like any regular
process measurements. (Juuso, 2004, 2011a)

Stress indices can reveal sudden high stress areas in
machine operation and guide the machine operator or
change the customary habits of machine operating
cycle. Indices can reveal the remaining useful life
(RUL) of the monitored component by summing up
indices from more severe vibrations that exceed certain
threshold limit. RUL can be estimated when the stress
resistance of certain studied part is known. This
information can be achieved through monitoring of the
part from installation to break down. Figure 2 presents
the stress indices and their use in the describing of
sudden and cumulative stress.

Stress causes fatigue, which forms micro fractures.
This micro fracturing can be seen as rise in the level of
stress indices. Indices are scaled according to the current
condition of monitored part and the scaling function
needs to be updated after the fatigue have caused
changes in condition as the old range is no longer valid.
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Figure 2. Stress indices scaled to linguistic levels and used
to form cumulative stress.

New values can be included in calculations according to
changed state and the order of the norms can be re-
evaluated if needed.(Juuso, 2011b) Cumulative stress is
formed by adding the indices exceeding the threshold
level of high stress. Linear increase in cumulative stress
indicates that the stress cycles are relatively similar and
there have not been any dramatic changes in condition.
After the material has experienced enough high load
cycles, the micro fractures formed by the stress change
the vibration levels and this can be seen as increased

slope in cumulative stress meaning that there are more
indices exceeding the threshold level for the high stress.

3.3 Measurement Index

Norm values can be used also to track relative changes
over time in comparable situations with dimensionless
measurement index (MIT). (Lahdelma, 1992) This
index has been used in rating of the machinery condition
and it is defined as,

Ty TPrPn = Lyn p ”7(“0”171'
g,y — pAi=1 miW 2
Pi/y

where norms Ix{@l,,; are obtained from the signals

xlad = 1,... n. The divider represents the state where the
machine is in normal operational state, b is a weight
factor for rating individual faults or events. The sum
Yni-1bgi=n can be combined with other quantities like
temperature, pressure, or some statistical features of
signals.

Figure 3 presents the use of condition indices in
condition monitoring of the load haul dumper front axle.
The change in condition can be seen as a strong raise in
index level after 250 days.

4 Advanced Wear Monitoring

Remaining useful life can be quite simple to predict if
the quality of the monitored parts is similar and the
stress constant. Known stress resistance level gives the
target value for the probable failure limit and this can be
used to predict the expected lifetime rather accurately
even without monitoring. The more common case is that
the stress levels vary and we need to monitor some
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Figure 3. MIT condition indices used in load haul dumper front axle monitoring. (Nissild et al., 2014)
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indicators that tell us about the changes in condition or
upcoming failure.

Vibration is a good indicator with rotating or cyclic
machinery. The problem here is that the vibrations
consist of information from several different
mechanisms and we need to filter the data in order to
find the valid information. Intelligent indices can isolate
the wanted mechanisms of machine operation. These
features can then be further used in combination with
other indicators in order to strengthen the observations.
Increased vibrations with particles in oil or increased
temperature can indicate the upcoming failure and this
idea can be used with information acquired from other
identical setups that have been monitored with similar
equipment.

Fault development processes are typically very slow
and require long condition monitoring periods. Stress
and condition indices require all the information from
the installation of new part until the break down occurs
to gather the information about the threshold level the
part can withstand. This sets high requirements for the
monitoring equipment as the locations are not clean and
the possibility for cable break or some other failure is
high. Single fault gives the data from a single break
down and if we want to increase the statistical reliability
of the results we need several measurement points.
Variation in the results of similar faults gives the
probability of break down after certain amount of stress.
Characteristics in machine operation and condition
monitoring data leading to identified fault can be
recorded. Recorded data is now found under this
identified fault for building knowledge for the future
condition monitoring at all connected sites. Shared
condition and stress data makes the determining of RUL
more reliable in comparison to monitoring one target
alone. It gives various points where the fault has
occurred and variation between these points can be used
to define probability for the break down if the operation
is continued at the same level of stress.

Global condition monitoring database could include
the condition information gained with varying
algorithms. This requires the scaling of these values into
the same universal range (like nonlinear scaling in the
forming of stress indices). The database has to use a
standardized way of describing data points. Universal
descriptions ensure the robustness of the platform and
verifies that we are dealing with the right dataset. The
database can use a standardized metadata format for
making the data exchange as robust as possible. The
Open System Architecture for Condition Based
Maintenance (OSA-CBM) standardized database of the
Machine Information Management Open Systems
Alliance (Mimosa) can work as a model for meta-data
as it has standardized definitions which help to locate
the wanted sensor from the specified machine in certain
location (Sreenuch et al., 2013;MIMOSA).
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General problem in using shared databases between
several operators is the integration to varying systems.
Several different clients and languages normally need
some proprietary middleware like an application server.
Representational State Transfer (REST) uses HTTP
methods to transmit data over a wide range of clients
written in different languages without the middleware.
RESTful API provide data in standardized form
according to your data model in flexible way to several
different applications. This ensures that all the different
operators can use their systems to use the data and
provide their own without unnecessary and time
consuming changes.(Rodriguez, 2008)

Local signal processing is a vital part in making
condition monitoring data into usable form. The
database cannot include all the vibration data from every
monitored target since the amount of data would be
overwhelming and the requirements for the data transfer
would be too much. Instead it is reasonable to use
feature extraction methods to describe the vibrations
with more sparsely recorded values. Figure 2 describes
the data reduction that can be achieved by using these
feature extraction methods when single describing value
is extracted from 5 seconds of raw rod mill vibration
data. Raw data is useful to have from situations where
machine is working outside of the determined operating
state or from some other exceptional situations. This can
be done by using triggering for data recording and only
save the raw data from exceptional situations since the
occasional larger data amounts are not difficult to store.

Global use Local use

e <@re

= s

Trends
stress indices
condition indices

Describing values

Local calculation

Raw data

Vibration logging

Figure 2. Local calculation in condition monitoring. Data
reduction percentages are taken from the calculations done
for the acceleration sensor data from rod mill at the
Outokumpu Chrome Oy, Kemi mine enrichment plant.

Database information can be used for forming
probabilities to back up the local measurements and
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indices. They can additionally form different statistical
indicators that can be scaled to similar range as the local
indices. These additional indices could work like other
local measurements from the same machine and give
more information to decision making process and
maintenance planning. The condition monitoring
framework could also act as a gateway to share
information about the machine operation and faults.
This information sharing could aid the machine and part
manufacturers. Manufacturers could shorten the
response time to develop more suitable products for
specific uses or environments.

Figure 3. Data sharing with centralized database. Service
provider can be e.g. some automation service provider.
Orange shapes describe the characteristics of the data.

This idea is not limited to one possible construction
only. Figure 5 illustrates the possible framework. Data
is defined by its meta-data and data can only be used by
the users with privileges so that the data has the pack of
users it concerns. Proper certification is needed for this.
Maintenance plan of the operator defines its role in this
framework. Operator can be both the data provider and
the consumer in the case where the monitoring is done
at the manufacturing site. Monitoring and analytics can
be additionally done by a third party service provider
which uses data to develop the operation and to organize
maintenance actions. Third party service providers like
automation companies have great capabilities to use this
data efficiently in their services. The framework would
provide important information for the asset lifecycle
management and it can help in determining the effects
of different factors to asset lifecycle. These effects
would also give new ideas to part manufacturers and
companies providing machinery.

The Arrowhead framework developed in Arrowhead
project can work as a base between different operators
sharing their condition monitoring data. The Arrowhead
framework is widely interoperable and integrable
service-based collaborative automation framework. It
visions to enable collaborative automation by
networked embedded devices and lead the way for
further standardization work. This would enable the
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service exchange between any actors in the global
network. (Arrowhead)

5 Conclusions

Local computing is an effective tool for extracting
information from machinery and parts that were earlier
impossible due to computational requirements.
Localized processing power is relatively cheap in
comparison with the savings it can generate through
lower down time and improvements in process control.
It is inefficient to transfer all the measured raw data to
be processed centrally and local computing transforms
the data in universally useful and understandable
numbers.

The proposed framework takes this locally
preprocessed information and makes it useful for several
actors. Other operators would benefit from increased
information from their processing equipment.
Automation and analytics providers could use the
information to create new services and add new value to
their  existing ones.  Processing  equipment
manufacturers would also benefit from increased
knowledge about how their products perform at
different conditions. Open framework between these
operators would enable sustainable development and
versatile use of data in several different systems. This is
a preliminary work and continuation work includes
testing of this idea in practice as a pilot. It also requires
further studying in order to find the practical and sound
implementation methods.

Acknowledgements

This study was made in the Artemis project “Production
and energy system automation and Intelligent-Built
(Arrowhead — Ahead of the future)”. Outokumpu
Ferrochrome Ltd Kemi Mine is acknowledged for the
collaboration.

References

W. Guo and P. W. Tse. A novel signal compression method
based on optimal ensemble empirical mode decomposition
for bearing vibration signals. Journal of Sound and
Vibration, 332(2): 423-441, 2013.
doi:10.1016/j.jsv.2012.08.017.

Q. Huang, B. Tang and L. Deng. Development of high
synchronous acquisition accuracy wireless sensor network
for machine vibration monitoring. Measurement, 66: 3544,
2015. doi:10.1016/j.measurement.2015.01.021.

E. K. Juuso. Integration of intelligent systems in development
of smart adaptive systems. International Journal of
Approximate  Reasoning, 35(3): 307-337, 2004.
doi:10.1016/j.ijar.2003.08.008.

E. K. Juuso. Intelligent Trend Indices in Detecting Changes of
Operating Conditions. In 2011 UkSim 13th International
Conference on Computer Modelling and Simulation
(UKSim), pages 162-167, 2011a.
doi:10.1109/UKSIM.2011.39.

September 12th-16th, 2016, Oulu, Finland

1127



EUROSIM 2016 & SIMS 2016

E. K. Juuso. Recursive tuning of intelligent controllers of solar
collector fields in changing operating conditions. In
Proceedings of the 18th World Congress The International
Federation of Automatic Control, Milano (ltaly) August,
pages 12282-12288, 2011b.
doi:10.3182/20110828-6-1T-1002.03621.

E. K. Juuso and S. Lahdelma. Intelligent cavitation indicator
for Kaplan water turbines. In 19th International Congress
on Condition Monitoring and Diagnostic Engineering
Management, pages 849-858, 2006.

S. Lahdelma. New vibration severity evaluation criteria for
condition monitoring, Research report (University of Oulu),
1992.

S. Lahdelma. On the higher order derivatives in the laws of
motion and their application to an active force generator
and to condition monitoring. D.Sc.Tech. thesis. University
of Oulu, 1995.

S. Lahdelma and E. K. Juuso. Signal processing in vibration
analysis. In 5th International Conference on Condition
Monitoring and  Machinery  Failure  Prevention
Technologies, pages 867-878, 2008a.
doi:10.1109/1ISCCSP.2004.1296338.

S. Lahdelma and E. K. Juuso. Signal processing and feature
extraction by using real order derivatives and generalised
norms. Part 1: Methodology. International Journal of
Condition Monitoring, 1(2): 46-53, 2011a.
doi:10.1784/204764211798303805.

S. Lahdelma and E. K. Juuso. Signal processing and feature
extraction by using real order derivatives and generalised
norms. Part 2: Applications. International Journal of
Condition Monitoring, 1(2): 54-66, 2011b.
doi:10.1784/204764211798303805.

S. Lahdelma and E. K. Juuso. Vibration analysis of cavitation
in Kaplan water turbines. In Proceedings of the 17th IFAC
World  Congress, pages  13420-13425, 2008b.
doi:10.3182/20080706-5-KR-1001.02273.

G. Merendino, A. Pieracci, M. Lanzoni and B. Ricco. An
embedded system for real time vibration analysis. In 2011
4th IEEE International Workshop on Advances in Sensors
and Interfaces (IWASI), pages 6-11, 2011.

K. R. Mobley. An introduction to predictive maintenance
(second edition). Burlington: Butterworth-Heinemann.
pages 1-22, 2002. doi:10.1016/B978-075067531-4/50000-
2.

J. Nissilg, S. Lahdelma and J. Laurila. Condition monitoring
of the front axle of a load haul dumper with real order
derivatives and generalised norms. In 11th International
Conference on Condition Monitoring and Machinery
Failure Prevention Technologies, pages 407-426, 2014.

V. R. K. Ramachandran, A. S. Ramirez, B. J. van der Zwaag,
N. Meratnia and P. Havinga. Energy-efficient on-node
signal processing for vibration monitoring. In 2014 IEEE
Ninth International Conference on Intelligent Sensors,
Sensor Networks and Information Processing (ISSNIP),
pages 1-6, 2014. doi:10.1109/1SSNIP.2014.6827691.

B. K. N. Rao. Handbook of Condition Monitoring. Elsevier.
1996.

A. Rodriguez. Restful web services: The basics, 1BM
DeveloperWorks. 2008.

S. K. Shome, U. Datta and S. R. K. Vadali. FPGA based
Signal Prefiltering System for Vibration Analysis of

DOI: 10.3384/ecpl71421122

Proceedings of the 9th EUROSIM & the 57th SIMS

Induction Motor Failure Detection. Procedia Technology,
4: 442-448, 2012.
doi:10.1016/j.protcy.2012.05.070.

T. Sreenuch, A. Tsourdos and I|. K. Jennions. Distributed
embedded condition monitoring systems based on OSA-
CBM standard. Computer Standards and Interfaces, 35(2):
238-246, 2013. doi:10.1016/j.csi.2012.10.002.

J. A. Vite-Frias, R. J. Romero-Troncoso and A. Ordaz-
Moreno. VHDL core for 1024-point radix-4 FFT
computation.  In  International  Conference  on
Reconfigurable Computing and FPGAs ReConFig, 2005.
doi:10.1109/RECONFIG.2005.36.

W. Zheng, R. Liu, M. Zhang, G. Zhuang and T. Yuan. Design
of FPGA based high-speed data acquisition and real-time
data processing system on J-TEXT tokamak. Fusion
Engineering and Design, 89: 698-701, 2014.
doi:10.1016/j.fusengdes.2014.01.027.

Arrowhead — Ahead of the future.
http://www.arrowhead.eu/, 2016.

Rapid response | ABB. http://new.abb.com/uk/service/rapid-
response, 2016.

MIMOSA | An Operations and Maintenance Information

Open System Alliance. http://www.mimosa.org/mimosa/,
2016.

1128

September 12th-16th, 2016, Oulu, Finland


http://www.arrowhead.eu/
http://new.abb.com/uk/service/rapid-response
http://new.abb.com/uk/service/rapid-response
http://www.mimosa.org/mimosa/

	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	Introduction
	Calculation formulas
	Calculation of Intra-Ocular Lens for Non-Normal Eyes

	Back ground of studies
	Artificial Neural Network
	Real data
	Collected Data
	Specification of Patients Data Selected for Collection
	Specification of Preprocessing Parameters


	Results
	Objective
	ANN training
	ANN settings
	Results

	Conclusion
	Future work
	Introduction
	Homeostasis, Disturbance Rejection and Set Point Tracking
	Controller Motifs

	Results
	Dynamic Properties of Controller Motifs
	Tuning of Individual Controllers

	Conclusions
	Introduction
	Modelling the pharmacokinetics of propofol
	The 3-compartmental model
	Effect-site concentration model
	Model parameters

	Model verification
	Simulation results
	Propofol inflow
	Plasmatic concentration
	Effect-site concentration
	Evaluation of the predictive quality of the model

	Conclusion
	Introduction
	Modular Model Predictive Control Concept
	Building Setup
	Modular Predictive Control Concept

	Energy Supply Level - ESS - Models
	Linear Models
	Hybrid Models

	Model Predictive Controllers
	Objective Function
	LMPC
	MI-MPC

	Simulation Results
	Simulation Setup
	Demonstration of MPCC Performance
	Comparison between MPCC and RBC

	Conclusion
	Introduction
	Data Properties
	Macro Money Systems in QEs
	Behavior in QE1=(2008m11,2010m06)
	Behavior in QE2+=(2010m11,2012m08)
	Behavior in QE3=(2012m09,2014m10)

	Transmission Path of Housing Price from Reserve to Economic Activity
	Decomposition of M2 into Transaction and Precautionary Money Demands in (1975m10, 2016m03)
	Estimation of Precautionary Money Demand
	The Role of Business Condition u(t)=napm-50 in Transmission Mechanism of QEMP during QE1, QE2+ and QE3

	Conclusion
	Introduction
	Mathematical Model
	Model Parameters and Geometry
	Results and Discussions
	Conclusions
	Introduction
	Field Excitation Control
	Capability Curve
	Classical Control

	Concept and Formulation of MPC
	MPC as Excitation Control
	Modeling and Control Workflow

	Tuning the MPC Controller
	Time Response
	Open Circuit Conditions

	First-swing Angle Stability Enhancement
	Long-term Voltage Stability Enhancement
	Steady-state Voltage Stability
	Power System Simulator
	LTVS Simulations

	Discussion
	Conclusion
	Introduction
	Grid impedance model
	Impedance-based instability studies
	Practical implementation
	Conclusion
	Aknowledgements
	Introduction
	Literature Review
	Circulating Fluidized Bed Boilers
	Characteristics of RDF
	Agglomeration

	Methodology
	Description of Model
	Mass and Energy Balances
	Hydrodynamics

	Results and Discussion
	Validation
	Agglomerate Prediction

	Conclusion
	Introduction
	Theory
	Stability of Grid-Connected System
	Maximum-Length Binary Sequence

	Implementation in dSPACE
	System Setup
	Experiment

	Conclusions
	Introduction
	Governing Equation for Flow Modeling
	KP Numerical Scheme
	Simulation of the River Flow
	Results and Discussion
	Simulation Results
	Simulation Results for Numerical Stability Analysis

	Conclusion
	Introduction
	Air preparation process
	Fuzzy identification
	Takagi-Sugeno fuzzy model
	Fuzzy clustering

	Data collection
	Structure selection
	Input and output variables
	Representation of the systems' dynamics
	Fuzzy models granularity

	Fuzzy clustering and model validation
	Comments on resulting model performance

	Control experiments
	PID control
	Supervisory logic

	Conclusions
	Introduction
	First step - DES model
	Second Step - Portfolio optimization

	Stochastic DES model through markovian properties
	Product-Form Networks - Convolution algorithm
	Marginal probability
	Mean response time

	Load-haulage cycle
	DES model: Load-haulage system
	Project portfolio formulation
	Conclusion
	Introduction
	Overview of the Method
	Computing the Encounter Probabilities
	Example

	State Transition Matrix
	Projectile with a Single Sensor Fuzed Submunition
	Example
	Projectile with Two Sensor Fuzed Submunitions

	Failure Probability of the System
	Conclusion
	Hydro-pneumatic Accumulator
	Recent Research
	Purpose of This Study

	Logical Structure of Simulation Model
	Physics of Piston Type Hydro-Pneumatic Accumulator
	Nitrogen gas
	Mechanical Structure
	Hydraulic Fluid

	Conceptual Model

	Mathematical Model
	Equations for Nitrogen Gas
	Equations for Piston
	Equations for Friction
	Equations for Hydraulic Fluid
	Equations for Orifice

	Modelling in MATLAB/Simulink
	Calibration and Validation of the Simulation Model
	Testing Setup
	Laboratory Tests
	Validation

	Conclusion
	Introduction
	Contributions
	Setup for the analysis
	Experimental data
	Compressor Map
	Compressor Isentropic Efficiency
	Corrected Mass Flow
	Data Treatment

	 Pressure Losses in Gas Stand
	Pressure Loss in Straight Pipe
	Friction Factor - Laminar Flow
	Friction Factor - Turbulent Flow
	Pressure Loss In Bend
	Pressure Loss in Inlet Nozzle and Outlet Diffuser
	Adjust Measured Data
	Calculate New Compressor Efficiency

	Effect of pressure losses on measured compressor efficiency
	Compressor and Pipes Dimensions
	Case 1: Straight Pipes
	Case 2: Pipes with Diffuser and Nozzle
	Case 3: Pipes with Diffuser, Nozzle and Bend

	Summary and Discussion
	Future Work
	Conclusion
	Introduction
	Traffic Regulation: Stage selection
	Signal Control Schemes
	Pre-timed network control
	Max-Pressure Practical (MPract)

	Modelling and Simulation Overview
	An event-driven approach
	PointQ design

	Case Study-Data description
	From theory to applications
	System Stability
	Trajectory Delay Measurement
	Queue Delay Measurement
	Varying Traffic Conditions

	 PointQ versus AIMSUN Network Performance
	Evolution of phase (137,154)
	Evolution of phase (254,237)

	Conclusion
	Introduction
	Background
	MVB and Master Transfer
	Multifunction Vehicle Bus
	Mastership Transfer

	Model Checking with temporal logic

	System Modelling
	Bus Administrator Modelling
	basic data structure
	finite state machine of Bus Administrator

	Communication and Timing Modelling
	communication mechanism of BusAdmin
	timing mechanism


	Property Modelling
	Property Classification
	safety property
	liveness property

	Live sequence charts
	Observer Automata modelling

	Experiments
	Conclusion
	Introduction
	Experimental data
	Modeling
	Compressor
	Turbine
	EGR Blowers
	Auxiliary Blower
	Exhaust Back Pressure
	Combustion Species and Thermodynamic Parameters

	Parameterization Procedure
	Complete stationary parameterization
	Dynamic estimation

	Model Validation
	Conclusions
	Nomenclature
	Introduction
	Fundamentals
	Safe Active Learning
	The high pressure fuel supply system

	Design and Implementation
	Training of the hyperparameters
	The discriminative model
	The risk function
	The path to the next sample
	The algorithm

	Evaluation
	Evaluation in simulation
	Evaluation at a test vehicle

	Conclusion
	Introduction
	Modelling
	Centre of Gravity
	Aerodynamic Forces
	Definition of Angles
	Lever Arms
	Catenary
	Equations of Motion
	Velocities
	Self Stabilisation
	Complete Model

	Model Parameters
	Simulation Results
	Gliding Flight
	Towing Process

	Conclusions
	Introduction
	Context
	Compton scattering tomography (CST)

	Modelling of the new CST modality
	Proposed setup by back-scattering
	Direct problem : Image formation
	The half-space Radon transform (HRT)
	Image formation

	Inverse problem : Object Reconstruction
	Inversion of the HRT
	Filtered back-projection


	Simulation of the new CST modality
	Energy resolution of the detector
	Spatial discretization
	Window functions

	Conclusion and perspectives
	Introduction
	Powertrain model
	Problem formulation
	Tip-in problem constraints
	Boundary conditions for the tip-in problem
	Path constraints during tip-in

	Optimal control problem formulation
	Numerical solution of optimal control problems

	Optimal control results
	Extreme transients
	Compromise between time, Jerk and energy
	Jerk-Energy trade-off
	Efficient state and control transients

	Conclusions
	An Improved Kriging Model Based on Differential Evolution
	1 Introduction
	2 Theory of kriging model
	3 Kriging model based on DE algorithm
	3.1 Theory of DE algorithm
	3.2 Kriging interpolation based on DE algorithm
	3.3 Process of kriging Model based on DE algorithm

	4 An engineering example
	4.1 Setting DE algorithm parameters
	4.2 Data preprocessing
	4.3 Model computation and optimization

	5 Conclusion
	Introduction
	Model for slug flow
	Simulation for slug flow
	State estimation
	Control strategies
	Model predictive control
	PI control

	Simulation results and discussion
	Control structure I
	Control structure II
	Control structure III

	Computational time for MPC
	Maximum valve opening
	Conclusion
	Introduction
	Description of the loading bridge
	Modelling with Modelica
	Package of mechanical components Mechanics
	Package of causal components Blocks
	Structure and components of the overall model
	Model of the loading bridge
	World
	Cart
	Pendulum
	Drive


	Controller in Matlab Simulink environment
	Experiments
	Open loop experiments
	Closed loop experiments

	Conclusion
	Introduction
	MMT - Mathematics, Modelling and Tools
	Structure of MMT
	Usage of MMT

	Maple T.A. - Maple Testing and Assessment
	Structure MTA
	Usage MTA
	Mathapps
	MTA - Moodle Connector

	Case Study
	Conclusion
	Outlook
	Introduction
	Signal processing
	DFT and derivatives
	lp-norms and MIT-indices
	Nadaraya-Watson nonparametric regression

	Measurements and gearbox properties
	Load haul dumper front axle
	Water power station gearboxes

	Calculations from the LHD measurements
	Calculations from the WPS measurements
	Conclusion
	Introduction
	Preliminaries
	Problem Statement
	Vector Smoothing Splines

	Trajectory Planning
	Trajectory between Two Lines
	Centerline and Intermediate Time Instants
	Smoothing Spline Trajectory

	Numerical Examples
	Path with Piecewise Linear Boundaries
	Path in Obstacle Avoidance Problem

	Concluding Remarks
	Introduction
	Literature Review
	Dynamic multi-workstation model based on electrical components

	Simulation Model with a PI Controller
	Test and Results
	Final Remarks
	Introduction
	Related Work
	Methodology
	DataSet

	Semantic Identification Through Multiple Classifiers
	Global Feature Extraction through Wavelet Decomposition
	Deep Learning of Neural Network

	Image Retrieval
	Performance Analysis
	Conclusion
	Motivation
	Related work
	Data set and pre-processing
	Defining the curvature of a steel plate
	Experiment
	Discussion
	Conclusion
	Introduction
	New Evolutionary Computation
	Island model parallel distributed in NN-DEGA
	Self-adaptive using Neural Network
	Reconstruction of differential vector
	Elite strategy

	Numerical Experiments
	Benchmark Functions
	Experiment Results
	Comparison for Robustness

	Conclusion
	Introduction
	Classical RF Prediction
	Fuzzy Clustering Prediction
	Analysis
	Conclusion
	Introduction
	Dynamic Artificial Neural Network 
	Back Propagation Through Time (BPTT)
	Real Time Recurrent Learning (RTRL)
	Extended Kalman Filter Learning (EKF)

	Experimental Set-up
	Results
	Simulation Study
	Experimental Study

	Conclusion
	Introduction
	Overview of Toolbox
	DANN Main
	Uploading data set
	Division of data set
	Validation check
	Bias
	Learning algorithm
	Learning parameters
	Past inputs and outputs
	Additional parameters

	Parameter Tuning
	Plot Menu
	Performance plot
	Regression plot
	Prediction plot
	Parameter plot
	Error plot

	Additional information
	Installing the MATLAB DANN toolbox

	Case Studies
	Case I: BPTT learning algorithm for flow measurement
	Case II: EKF learning algorithm for temperature measurement
	Case III: RTRL learning algorithm for mortality prediction

	Conclusion
	Modeling and Simulation of Train Networks Using Max-Plus Algebra
	1. Introduction
	2. Max-plus algebra
	3. Scheduled max-plus linear systems
	4. Timetable stability
	4.1 Delay sensitivity analysis
	4.2 Dynamic Delay Propagation
	4.3 Recovery Matrix

	5. Conclusion
	Introduction
	Construction of DBN metamodels
	Utilization of DBN metamodels
	Example analysis - simulated operation of air base
	Conclusion
	Introduction
	Metastable liquids

	Model for two phase flow and phase transition
	The van der Waals equation of state

	Solver
	Stiff pressure relaxation
	Stiff thermodynamic relaxation

	Experiments
	Simulation set-up
	Results and discussion
	Conclusion
	Introduction
	ParModelica
	Previous Research on PDEs in Modelica
	Partial Differential Equations (PDE)
	Explicit Form

	Numerics
	Discretisation
	Runge-Kutta with Variable Step Length

	General-Purpose Computing on Graphics Processing Units (GPGPU)
	PDEs in Modelica
	Algorithmic Modelica and ParModelica
	Solver Framework
	User Defined State Derivative and Settings
	Types Used by the Solver
	Solvers

	Use Case — Heat in Plane
	Poor Insulation and Constant Temperature
	Constant Temperature Depending on Location

	Performance Measurement
	Pros & Cons of Solver Written in Modelica
	Conclusions
	Blood Flow in the Abdominal Aorta Post 'Chimney' Endovascular Aneurysm Repair
	1 Introduction
	2 Methodology
	2.1 Governing Equations
	2.2 Anatomical Model
	2.3 Numerical Model
	2.4 Numerical Discretization

	3 Results
	3.1 Validation
	3.2 Flow Patterns
	3.3 Flow Regime

	4 Discussion and Conclusions
	Introduction
	Spin-Image Algorithm
	The Proposed Parallel Spin-Images Algorithm
	Results and Analysis
	Platform Specification
	Experimental Data
	Results

	Conclusions and future work
	Introduction
	Overview of Python API
	Goal
	Installing the OMPython Extension
	Status
	Description of the API
	Python Class and Constructor
	Utility Routines, Converting Modelica  FMU
	Getting and Setting Information
	Operating on Python Object: Simulation, Optimization
	Operating on Python Object: Linearization


	Use of API for Model Analysis
	Case Study: Simple Tank Filled with Liquid
	Model Summary
	Modelica Encoding of Model
	Use of Python API
	Basic Simulation of Model
	Parameter Sensitivity/Monte Carlo Simulation

	Discussion and Conclusions
	Introduction
	Related Work
	Virtual Testing of Open embedded Systems
	Simulator Coupling for Network Simulation
	Network Fault Injection Testing
	Case Study
	Conclusions and future work
	Validation Method for Hardware-in-the-Loop Simulation Models
	1 Introduction
	2 Validation Methods
	2.1 Open-Loop Operation
	2.2 Independent Closed-Loop Operation
	2.3 Compensated Closed-Loop Operation

	3 Related Work
	3.1 Example Circuit
	3.2 Simulation Models

	4 Simulation Results
	4.1 Models with Different Switching Delays
	4.2 Discrete-Time Models
	4.3 Fixed-Point Models

	5 Conclusion
	Introduction
	Control Engineering: The Teacher's Challenge
	New Curriculum For Teaching Automatic Control
	Luma Activity
	Conclusion
	Introduction
	The Activated Sludge Process
	Mass balances and expression for the sludge age
	The settler

	ASP with ideal settler model
	Steady-state solutions
	Substrate input-output relationship for constant sludge age

	ASP with DZC settler model
	Steady-state solutions
	Substrate input-output relation for constant sludge age

	An approximation for S* given 0
	Numerical example
	Theorem 1
	Theorem 2

	Conclusions
	Introduction
	Materials and Methods
	Gaussian Mixture Models
	GMM based fault detection criteria

	Case Study: Monitoring a Secondary Settler
	Results 
	Discussions
	Conclusions
	Introduction
	Industrial Process Description
	SIAAP Waste water and sewage Sludge Treatment Process
	Incineration Process
	The Furnace
	The Heat Exchanger


	Identification Process Overview
	Sludge Incineration sub-models: Input-output interaction.
	Identification Strategy

	Validation Methods
	Absolute Criteria
	Relative reference-model criteria

	Results and Discussions
	Relative Reference-Model Criteria Results

	Conclusion
	1 Introduction
	2 Modelling
	2.1 Basic Process Components
	2.2 Boiler Evaporator Loop
	2.3 Test Model

	3 Simulation Tests
	3.1 Comparison of Numerical Solvers
	3.2 Effects of Initial State and Parameters

	4 Conclusions
	Introduction
	TCP-100 solar field description
	Mathematical modeling of TCP-100 solar field
	 Optical and geometric efficiencies
	Characteristics of the heat transfer fluid
	Thermal losses

	Simulations
	Conclusion
	Introduction
	Description of a Basic Gas Turbine Model
	Compressor
	Combustion Chamber
	Turbine Module

	Computational Causality And Conditions for Numerical Convergence
	First Principles Compression and Expansion Maps
	Compression Case
	Expansion Case

	Simulation Results
	Conclusion
	Appendix
	Introduction
	Modelling methodology, libraries and tools
	Plant Description
	Innovative aspects
	OTSG topology

	Device modelling
	Re-used components
	Custom component models
	Separator
	Feedwater heater
	Deaerator
	MS fluid model


	Plant modelling
	OTSG model
	Turbine model
	Feedwater preheaters train
	Plant control system
	Complete plant model

	Simulation objectives - methodology
	Simulation performance
	Conclusion
	Introduction
	Formal Problem Statement and SVM
	SVM by Set-Valued Training Data
	A Modification of the AdaBoost
	Imprecise Updating Weights of Robots
	Conclusion
	Introduction
	Methodology
	Power grid connection
	Electrolyser
	Interim gas storages
	Methanation
	MEA CO2 capture
	CH4 compression

	Control sequences
	CH4 compression
	Start-up
	Power grid connection
	Methanation reactor
	Electrolysers
	Interim gas storages
	CH4 compression

	Shutdown
	Methanation reactor
	CH4 compression
	Interim gas storages
	Electrolysers


	Results
	Conclusion and future work
	Acknowledgment
	Introduction
	Mathematical Model
	Assumptions
	Development of Model
	Material Balance
	Energy Balance
	Heat Exchanger


	Simulation Results and Discussion
	Simulation Results
	Comparison with Previous Work

	Conclusions
	1 Introduction
	2 Herding behavior of rhinos
	2.1 A synoptic model of space use
	2.2 Population size updating model

	3  Rhino herd (RH) algorithm
	3.1 Synoptic model
	3.2 Population size updating model
	3.3 RH algorithm

	4 Simulation results
	5 Discussions and conclusions
	Acknowledgements
	References

	Introduction
	Structure and Kinematics of the Double-Spiral Mobile Robot
	Structure
	Forward kinematics
	Gripper positions
	COG

	NESM
	Numerical Case Study
	Conditions and methods
	Results

	Discussion
	Conclusion
	Introduction
	Data analysis
	Nonlinear scaling
	Interactions
	Uncertainty
	Natural language

	Recursive analysis
	Scaling
	Interactions
	Fuzzy logic
	Smart adaptive systems

	Temporal analysis
	Trend indices
	Fluctuations
	Changes of operating conditions

	Conclusion
	Introduction
	MOEA/D
	Algorithm
	Focused Issue

	Proposed Method: Chain-Reaction Initial Solution Arrangement
	Aim and Concept
	Method

	Experimental Settings
	Results and Discussion
	Search Performance at Final Generation
	Search Performance over Generations

	Conclusions
	Introduction
	Modeling demand-side management
	Markets
	Actors
	Other elements

	Controlling consumption
	Optimizing scheduling
	Controlling (via) frequency

	Discussion and conclusions
	Introduction
	Components and Parameters of Musical Expression
	Learning Support System of Musical Representation
	Generation of Example of Musical Expression
	Construction of Kansei Space
	Image Estimation
	Parameter Values Estimation using Fuzzy Inference
	Interactive Modification of Musical Expression

	Comparison of Parameter of Musical Expression
	Advice for Parameter of Musical Expression

	Range of Learner's Musical Expression on Kansei Space
	Estimation of Range of Musical Expression
	Advice about Impression


	Experiment
	Results and Discussions

	Conclusion
	Introduction
	Formulating the GA Optimization
	The Problem Encoding
	The Objective Function (Fitness)
	Selecting The GA Operators
	Tuning the GA Parameters

	FPGA Implementation
	GA's HDL Entities
	Fitness
	Selection
	Crossover
	Mutation
	Generating Pseudo Random Sequences
	Replacement

	Performance Evaluation
	Functional Verification
	Fitness
	Selection
	Replacement
	Crossover
	Mutation
	LFSRs
	Comparator


	Integrating GA into the SoC
	Interfacing GA with the HPS
	Controlling GA from the Linux host

	Conclusion and Future Work
	Introduction
	Related Work
	Earthmoving Simulator
	Workspace Subdivision with Scoop Area
	High Point and Zero Contour Methods
	Simulation Results and Discussion
	Conclusion and Future Work
	Introduction
	SDNized Wireless LAN Testbed
	 Central Manager
	 Aggregator and Transport Network
	 Network Edge
	 Android Measurement Application
	Experiment Automation

	Mobility Management - A Use-Case Scenario Implementation
	Mobility Handling in Developed Testbed
	Logging 
	Running the Experiment
	Parsing and aggregating results


	Conclusion

