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Abstract
Helicopter take-off and landing operations on ship

carrier are very hazardous and training intensive.

Guidance, Navigation and Control algorithms can help

pilots to face these tasks by significantly reducing the

workload and improving safety level. Anyway, the

design and verification of such algorithms require the

availability of suitable simulation environments that

shall be a trade-off between simplicity and accuracy.

This paper presents the simulation models developed to

support the design, pre-flight verification and validation

of helicopter trajectory generation and tracking

algorithms for automated take-off and landing on a

frigate deck. The process for generation and testing of

the code to be integrated into the real-time Software-In-

the-Loop simulator is also described. Such fast time and

real-time simulation environments contributed to reduce

algorithms design time, risks and costs, by limiting the

required flight test activities. Take-off and landing

algorithms developed by using the proposed simulation

environments were successfully demonstrated in flight.
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1 Introduction

Vertical take-off and landing operations of aerial vehicle

on ship’s deck enhance mission capabilities for military

and civilian users. Anyway, these operations are the

most dangerous flight phases for helicopters (Padfield,

1998; Lee, 2005). Indeed, a pilot have to deal with an

invisible ship air wake, poor visible cueing and a landing

spot which is heaving, rolling, pitching and yawing. At

the same time the pilot shall also monitor vehicle’s

structural, aerodynamic and control limits. Moreover,

operations take place in close proximity to the

superstructure of the ship, that means there is little

margin for error and the consequences of a significant

loss of positional accuracy by the pilot can be severe.

The availability of Guidance Navigation and Control

(GNC) algorithms for automatic operations can help

pilots to face these tasks by significantly reducing

operator workload, improving safety level and flight

handling qualities. To develop these algorithms, suitable 

simulation environments are essential in order to reduce 

the flight test time and cost and to establish safe 

operating envelopes. The simulation tools shall be able 

to model all the relevant phenomena, such as helicopter 

flight dynamics (including on board sensors and 

actuators), the motion of the ship for the given sea state, 

the influence on the helicopter of the ship air wake and 

of the environment in general.  

It is worth to note that modelling and simulation of 

each of the above listed phenomena is not a trivial task. 

Indeed, the simulation of the helicopter flight behavior 

includes kinematics, dynamics and aerodynamics of its 

subsystems (main rotor, fuselage, empennage, tail rotor, 

power plant, primary flight control system, on board 

sensors).  

The vehicle’s equations of motion, even if presented 

in several textbooks (Padfield, 1996; Johnson, 1994), 

are differential high order, nonlinear, coupled, and 

contain a large number of parameters, which often 

cannot be directly measured (Tishler et al., 2006). On 

the other hand, simplified models, which are able to 

catch the relevant dynamics, are typically required for 

GNC design purpose (Lee, 2005), to enhance physical 

understanding and lower the computational load. To this 

aim, linear parametrized models have been widely used 

(Tishler et al., 2006), but they are inadequate for 

accurate simulation of the vehicle dynamics when state 

variables significantly deviate from the linearization 

point (Gavrilets, 2006). Therefore, a suitable trade-off 

between model complexity and simulation accuracy 

shall be performed.  

Another relevant topic concerns ship motion, which 

is an important issue for helicopter deck operations. For 

helicopter GNC algorithms design and analysis purpose, 

ship motion is usually represented through linear models 

or simplified nonlinear models with benign 

nonlinearities to capture the essential behavior of the 

vessel (Li, 2009). Ship motion can also be modelled 

using pre-computed or measured time histories (Carico 

et al., 2003). In any case, the ship model shall take into 

account the effect of the environment, and, in particular, 
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of the sea waves (Perez, 2005), which lead an 

undesirable low frequency disturbance into the motion 

of the vessel.  

Finally yet importantly, the ship produces an air 

wake, which affects the helicopter dynamics. Indeed, 

ship air wake contains large velocity gradients and area 

of turbulence, generated by complex mechanisms of 

vortex dynamics near the ship deck, which greatly 

impair controllability of the flying vehicle and require 

additional control efforts to avoid accidents and to 

compensate abrupt changes in thrust level. Several 

accurate and complex CFD models of ship air wake are 

proposed in the literature (Kääriä, 2012), but CFD 

simulations produce a large amount of data and their use 

for GNC design and real time testing is usually 

unfeasible (Lee, 2005).  

Stochastic turbulence models have been also 

proposed to represent the air wake with reasonable 

accuracy (Lee, 2005; Yang et al., 2009). These models 

may provide some insight into the effects of the air wake 

that are typically enough relevant for real-time 

simulations and flight control systems design. 

It is also worth to note that, with reference to all the 

discussed models, a suitable code generation procedure 

and testing methodology shall be defined, in order to 

generate reliable real-time simulation models, 

applicable for GNC algorithms verification and 

performance assessment. 

This paper presents the simulation environment 

developed by the Italian Aerospace Research Centre and 

Finmeccanica in order to support the design and 

verification of algorithms for helicopter trajectory 

generation and tracking, during an automated take-off 

and landing on a frigate deck. Matlab/Simulink was 

used for implementing such simulation environment, 

which constitutes an alternative to the already existing 

Finmeccanica GNC validation environment.  

The proposed models, although simplified, are able 

to take into account the main effects of the sea’s 

disturbance on the ship motion and of the ship air wake 

on the helicopter trajectory. Concerning the helicopter 

vehicle dynamics, its model emulates the relevant 

closed loop performance of the vehicle and includes 

operating envelope limitations through a model for 

aerodynamic forces and thrust computation, whose 

parameters are identified from experimental data.  

The paper also includes some fast time simulation 

results compared to experimental data, demonstrating 

that the proposed simulation environment is accurate 

enough for GNC algorithms design.  

Finally, some models of the above mentioned 

simulation environment were also integrated into the 

detailed Software-in-the-Loop Simulator of 

Finmeccanica, to perform real-time verification and 

validation of the whole Flight Management System 
(FMS). Therefore, a real-time automatic code 

generation process has been defined and implemented, 

in order to keep consistency between the simulation 

environment used for design, and the one used for final 

software verification. The paper briefly describes such 

generation process, which allowed producing reliable 

software code, compliant to DO-178C standard and 

Finmeccanica own implementation rules.  

The proposed fast time simulation environment 

dramatically reduced the algorithms design time, risks 

and costs, by limiting the required flight test activities.  

The take-off and landing algorithms developed by 

using the simulation environment described in this paper 

were successfully demonstrated in flight, by means of a 

full-size optionally piloted helicopter: the Finmeccanica 

SW-4 SOLO. 

2 Simulation Models 

The model based design process of a Guidance 

Navigation and Control system requires the 

development of simulation models with different 

complexity level, to be used in the various development 

phases, as shown in Figure 1.  

The present section describes the mathematical 

models integrated into the simulation environment that 

was employed to design the helicopter trajectory 

generation and tracking algorithms for automated take-

off and landing on a frigate deck. Figure 2 shows the 

functional architecture of such environment. 

 

               

Figure 1. GNC Technology Development Cycle. 

Figure 2. Simulation Environment functional 

architecture. 
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The blue blocks represent the simulation models, scope 

of this paper, whereas the red blocks are the GNC 

algorithms. The following sub-sections describe in 

detail each blue block. 

2.1 Helicopter Model 

Trajectory generation and tracking algorithms typically 

require the knowledge of vehicle’s position and velocity 

only. Therefore, for the design and preliminary 

verification of such algorithms, it is sufficient and cost 

effective to model only the closed loop attitude dynamic 

response of the vehicle coupled with the high-level 

modes of the autopilot system. With this approach, a 

rigid body with three degrees of freedom, subject to 

external forces, and the rotational dynamic response of 

the vehicle to the autopilot commands represent the 

helicopter dynamics.  

While this modelling approach is widely used in 

fixed-wing aircraft for guidance algorithms design, it is 

quite unusual for helicopters, because it does not take 

into account the coupled dynamics of the rotor 

flexibility with the helicopter rigid flight mechanics 

(Tishler et al., 2006). 

Key original contribution of this paper is the 

development of a mixed empirical and physical 

formulation of the equations, so that the resulting 

simulation model includes only the low frequency 

effects of the neglected helicopter dynamics. As 

demonstrated by the comparisons with flight data 

reported in this paper, this allows obtaining enough 

accurate simulation results during the quasi-static 

manoeuvers of take-off and landing, while still taking 

into account the disturbance effects of wind and ship air 

wake.  

The model assumes flat and fixed Earth, with 

constant gravity acceleration, and quasi-stationary 

variation of the vehicle mass (only due to fuel 

consumption).  

The model’s commands are the reference attitude and 

collective, while wind velocity (VW) is the disturbance 

input.  

The actual attitude (φH, ϑ H, ψ H) and collective (δcoll) 

of the vehicle, used in (1) for computation of forces, are 

modelled by unitary gain second order filters applied to 

the commands provided as input to the helicopter model. 

Such filtered Euler angles and collective and their rates 

are also saturated to account for actuator velocity 

limitations and some inner autopilot protection 

functions. Overall, the linear filters and related 

saturations model the closed loop performance of the 

inner autopilot modes. The parameters of both these 

filters and saturations are scheduled with respect to 

airspeed and they were identified by analyzing flight 

data gathered in specific manoeuvers.  

The outputs are the helicopter position, velocity, load 
factors, actual attitude and angular rates.  

The following equations of motion of the vehicle 

centre of mass (CoM), in North-East-Down (NED) 

inertial reference frame (McCormick, 1995), compute 

such outputs: 

 WcollHHH V,δ,ψ, ,FV m  (1) 

HH VP   (2) 

wh   (3) 

where V is the inertial velocity vector, VH and w are its 

horizontal (included into the North-East plane) and 

vertical components (positive down), respectively; PH is 

the horizontal position and h the altitude of the vehicle 

CoM; m is the helicopter mass and F is the resultant 

force vector acting on the vehicle.  

The force vector F is composed by gravitational force 

W (constant, and directed along the down axis of the 

NED reference frame), aerodynamic force FA and 

propulsive force T.  

The computation of aerodynamic and thrust forces is 

first performed in the vehicle body reference frame, and 

then it is rotated in NED reference frame. The 

aerodynamic forces in body axes ( B

AiF ) are as follows: 

 
j

, ,jijdyn

B

Ai cSqF  
(4) 

   WW

2 VVVV 
T

TASV  (5) 

2ρ5.0 TASdyn Vq   (6) 

 TASTAS uwtg 1α   (7) 

 TASTAS Vv1sinβ   (8) 

where qdyn is the dynamic pressure, ρ is the air density, 

VTAS ≡ (
TASTASTAS wvu ,, ) is the helicopter true airspeed, 

Sj is the reference aerodynamic surface of the j-th 

aerodynamic component (that is, fuselage, vertical and 

horizontal stabilizers) and ci,j the corresponding 

aerodynamic non-dimensional coefficient, which 

depends on the angle of attack α and sideslip angle β. 

Tabled functions express the aerodynamic coefficients 

using data extrapolated from flight experiments.  

It is worthy to note that the aerodynamic angles α and 

β are not defined when the helicopter airspeed is null, 

for example in hover condition with null wind speed. In 

this case, the aerodynamic forces are negligible and the 

aerodynamic angles are not computed.  

The propulsive force is evaluated by using the 

following semi-empirical linear model (Gavrilets, 

2003): 

    wVz+Vz=T TASwTAScoll  collδ  (9) 

The parameter zcoll is a gain between the thrust and the 

collective command δcoll in level flight trim conditions. 

It is scheduled as a function of the forward speed of the 

aircraft with respect to air, and its values were identified 

applying a best-fit procedure of the rotor thrust data in 
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different flight conditions provided by the helicopter 

manufacturer.  

The parameter zw relates the thrust to the vertical 

speed. Although an analytical relation exists to express 

these parameters as function of vehicle characteristics 

(Gavrilets, 2003), in the present work, zw was computed 

by fitting experimental data in climb and descent flight, 

and it is expressed as fraction of zcoll.  

The thrust vector is assumed to point in the opposite 

direction of the body Z-axis. This hypothesis allows 

reproducing in simulation the trim values of pitch angle 

experimented in flight by the vehicle in level flight 

conditions. 

2.2 Atmosphere Model 

This model is in charge to reproduce the environmental 

conditions, in which the helicopter flies, that can 

influence the vehicle behaviour.  

The model includes computation of atmospheric 

parameters (air density and temperature, static and 

dynamic pressure), wind velocity (wind shear, wind 

gust, atmospheric turbulence), and ship air wake 

experimented by the helicopter, based on its current 

position and velocity. International Standard 

Atmosphere (McCormick, 1995), von Karman model 

(von Karman, 1948) and standard wind model (MIL-F-

8785C, 1991) are used for atmospheric parameters, 

turbulence and wind shear and gust, respectively.  

Another element of originality included in this paper 

concerns the simplified ship air wake model, which is 

implemented as a stochastic phenomenon through a 

parameter modification of the von Karman turbulence 

model (von Karman, 1948).  

In this model, independent white noise processes are 

suitably filtered to yield the desired forms of output 

power spectral density. The transfer functions (Xug, Xvg, 

Xwg) of these linear filters in the Laplace domain are: 
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(12) 

where σu, σv, σw and Lu, Lv, Lw are gains and scale 

factors, respectively, to be tuned through the analysis of 

CFD or experimental (wind tunnel or flight test) data.  

Anyway, due to the unavailability of these data, such 

model parameters and their dependencies from 

helicopter state variables were determined through 

literature analysis and physical considerations.  

The scale factors are set proportional to the 

characteristic lengths of the ship super-structure, which 

generates the wake. Since the effects of the wake on 

helicopter depend also from ship-helicopter relative 

position, the filters gains varied linearly with the ratio 

between ship speed and the square of the helicopter-ship 

distance.  

Moreover, to take into account the local effect of the 

air ship wake disturbance and its dependence on wind 

direction, the wake’s perturbation is only active within 

a limited size parallelepiped, which is oriented parallel 

to the wind speed and has width equal to the section of 

the super-structure orthogonal to the wind direction, 

length equal to three times the superstructure’s section 

parallel to the wind direction, and height equal to three 

times the superstructure’s height. 

2.3 Ship Model 

The ship translational motion is represented through 

kinematic relations, for the computation of undisturbed 

centre of mass position and velocity, plus an additive 

stochastic model, which simulates the sea wave 

disturbance on the ship. The applied equations for 

nominal position and velocity computation are: 

 TyxNo aa 0V   (13) 

 (14) 

where ax and ay are the commanded horizontal 

acceleration of the ship; VNo ≡ (uNo, vNo, wNo) and PNo ≡ 

(xNo, yNo, hNo) are nominal velocity and position in NED 

reference frame, respectively. The actual position PN ≡ 

(uN, vN, wN) and velocity VN ≡ (xN, yN, hN) are calculated 

by adding the sea disturbance η ≡ (ηx, ηy, ηz) to nominal 

values: 

  η0V 
T

NoNoN vu  (15) 

ηPP  NoN
 (16) 

The attitude equations are defined independently as 

follows: 
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(17) 

It is assumed that the ship does not steer when helicopter 

is close, therefore its Euler angles (φN, θN, ψN) only 

depend on their initial values and on the sea disturbance 

(ηφ, ηθ, ηψ).  

The stochastic variables introduced in (16) and (17) 

for representing the sea disturbance are generated using 

the same equations. A mean velocity VS and 

displacement DS produced by the disturbance is 

associated to each variable. VS and DS depend on ship 

speed and sea state, and are provided by look up tables, 

which collect experimental data.  
The sea disturbance is periodic and it pulsation ω is 

given by (Holthuijsen, 2017) 

 TNoNoNoNo wvu P
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SS DVπ2ω  (18) 

The time evolution of the generic component of the sea 

disturbance ηi is then evaluated as follows 

   tAt i ii ωsinη   (19) 

The gain Ai is a random variable with Rayleigh 

distribution, whose parameters depend on sea state and 

ship speed and are provided by a look up table based on 

experimental observations. During a simulation, the 

gain Ai is updated at the end of each wave period (that 

is, each DS / VS seconds) by performing a new random 

draw. 

2.4 Sensor Model 

Two kinds of sensors are available on-board the 

helicopter and are included into the simulation 

environment: a standard navigation suite (composed of 

an inertial navigation system and an air data system) and 

a differential GPS, with centimetric precision, denoted 

as Precision Positioning System (PPS) and needed for 

accurate relative navigation during take-off and landing 

operations.  

Each measurement (M) is computed starting from its 

simulated true value ( M ) taken from the models of the 

helicopter, the ship or the atmosphere.  

For what concerns the inertial navigation sensor, each 

true variable to be measured is filtered and sampled. 

Then it is corrupted by introducing a scale factor 

deviation (CSF), a bias (ebias), white noise (ewhite) and an 

additive magnetic declination error (edec), which is zero 

for all the measurements but the helicopter heading: 

decwhitebiasSF eeeMCM   (20) 

The air data measurements are generated through the 

relation: 

whitebias eeMM   (21) 

Concerning the GPS sensor, it is simulated corrupting 

the true measurements with bias, white noise and 

diluition of precision error (eDOP): 

DOPwhitebias eeeMM   (22) 

All the additive errors in (20), (21) and (22) are 

stochastic and derived from the specification data sheet 

of the real sensor.  

In the GPS model, these errors depend on the 

configuration of the sensor, which can work in SPS 

(Standard Positioning Service), DGPS (Differential 

GPS) and RTK (Real Time Kinematic) mode. The 

model also allows injecting a failure which degrades the 

precision of the sensor from RTK mode (also denoted as 

Precision Positioning System) to SPS mode. 

3 Code Generation and Verification 

As said, some of the developed models (e.g. ship, ship 

air wake and GPS sensor) were automatically software 

coded after the implementation in Matlab/Simulink, in 

order to allow their integration into the Finmeccanica 

real-time Software-In-the-Loop (SIL) simulator, which 

is used to test on ground the GNC prototype. Figure 3 

shows the applied code generation process and testing 

methodology.  

1 Check & Update Simulink Model

2 Set Simulation Configuration

3 Run Model Advisor DO-178C

[Simulation test fails]

4 Run & Test Simulation

5 Set Coder Configuration

[Validation fails]

6 Code Generation

7 Polyspace Verification

8 Visual Studio Integration

[Verification fails]

[Test fails]

[Test OK]

[Verification OK]

[Simulation test OK]

[Validation OK]

Simulink Model

               

Figure 3. Code generation operational flow. 

The flow starts with the selection of the Simulink model 

from which the code shall be generated. This model 

shall follow Finmeccanica proprietary design rules and 

specifications; to this end, a proprietary Simulink library 

have been developed and used to implement the models.  

In step 1, the Model Update command in Simulink 

environment allows to check for errors and warnings. 

Then, the configuration settings are applied by running 

a Matlab script (step 2), that is customized to make the 

Simulink model compliant to the DO-178C standard. 

This compliance is verified in step 3 by means of the 

Mathworks Model Advisor tool. Next, the unit test for 

each Simulink model is performed, still in Simulink 

environment (step 4). In step 5, a proprietary Matlab 

script defines the Code Configuration settings; then the 

source C Code of the model is automatically generated 

(step 6) using Real Time Workshop. The Mathworks 

Polyspace tool is applied in step 7, to perform a static 

analysis of the generated code in order to check the 

absence of overflow, divide by zero, out of bounds array 

access, and other kind of run-time errors. If the 
generated code passes Polyspace tests, it can be 

integrated into Microsoft Visual Studio Environment 
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(step 8) to be tested with the same test vectors used in 

Step 4. Finally, the test outputs of step 4 and step 8 are 

compared, in order to check the correctness of the 

generated code.  

After that, the model code can be integrated into the 

final detailed simulation model, being sure that it 

performs exactly as the simulation environment used for 

design. 

4 Simulation Results 

The principal phenomena that influenced the design of 

the trajectories and tuning of the tracking algorithm for 

automatic take-off and landing are the wake 

phenomenon near the ship, the PPS availability along 

the trajectory, the disturbance of the sea waves on the 

ship deck motion and the performance and dynamic 

behavior of the helicopter. 

The validity of the proposed helicopter model for 

GNC algorithm design can be demonstrated by Figure 4 

where comparison of flight data versus simulation data 

is reported for attitude.  

The differences that can be noted have negligible 

effects on the algorithm design and preliminary testing, 

as the helicopter low frequency behavior is almost 

accurately predicted. Similar results hold for 

acceleration, not reported here for the sake of brevity.  

Moreover, Figure 5 compares the collective 

deflections in trim condition at 650ft altitude computed 

by using the model with a validation data set provided 

by Finmeccanica: the model reproduces quite well the 

vehicle behavior, confirming the validity of the 

proposed helicopter thrust model. 

               

Figure 4. Comparison between simulated and 

experimental attitudes. 

               

Figure 5. Comparison between simulated collective 

deflections in trim condition and validation data. 

         

Figure 6. Schematic representation of the landing 

trajectory. 

The other main simulated effects on a sample automatic 

landing trajectory are also presented below.  

The designed landing trajectory, schematically 

shown in Figure 6, is structured in three phases. In the 

Proximity phase the helicopter is almost aligned with 

the ship direction at a desired speed in order to follow 

properly the descending path to the first relative 

hovering way point (Approach phase). In the Final 

phase, after the operator acknowledgment, the 

helicopter moves to the second relative hovering 

waypoint (P2
HOVER) and finally lands on the ship deck. 

The modelled action of the air wake on the helicopter 

vertical acceleration, during the automatic landing 

manoeuvers, is shown in Figure 7.  

It is worth to note, in the second graph, how the effect 

of the air wake is null until the helicopter enters in a 

proper area (near P1
HOVER). As said, such area depends 

on the ship super-structure and wind direction (which in 

the test is aligned with the ship speed). When the ground 

operator gives the acknowledge command, the relative 

distance between the ship and the helicopter decreases 

while the wake effect increases. The same happens as 

the relative altitude decreases in the last manoeuver for 

deck landing.       

    

Figure 7. Air wake effect on the helicopter vertical 

acceleration. 

Figure 8 presents the effect of the sea waves on the ship. 

It refers to Type 23 frigate at two different speeds for 

see state level six.  

2100 2105 2110 2115 2120 2125 2130 2135

0

5

10

R
o

ll 
a

n
g

le
 

(d
e

g
)

TIME (S)

 

 

2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

-2

0

2

4

P
it
c
h

 a
n

g
le

(d
e

g
)

TIME (S)

810 820 830 840 850 860 870 880

100

120

140

TIME (s)

Y
a

w
 a

n
g

le
(d

e
g

)

Flight Data Model Command to AP

0 5 10 15 20 25 30 35 40

6

8

10

12

Forward Speed (kts)

C
o
lle

c
ti
v
e

(d
e
g
)

 

 

Validation dataset

Model

EUROSIM 2016 & SIMS 2016

233DOI: 10.3384/ecp17142228       Proceedings of the 9th EUROSIM & the 57th SIMS
September 12th-16th, 2016, Oulu, Finland



As expected, it is highlighted how the frequency and 

the mean amplitude of ship deck motion decrease with 

the increase of the ship speed. Indeed wave disturbances 

are low pass filtered by the ship inertia, and the cut off 

frequency of this filter decreases when ship speed 

increases. Such movements are taken into account in the 

last part of the landing manoeuver when the helicopter 

waits for a quiescent state of the ship deck before 

landing. 

               

Figure 8. Ship deck motion under sea state level six at 30 

knots ship speeds (red) and null ship speed (blue). 

5 Conclusions 

Accurate, yet simple, simulation environments are 

fundamental tools to develop GNC algorithms.  

This paper presented an effective simulation 

environment to be used specifically for design, 

preliminary test and software implementation of 

automatic take-off and landing algorithms on a ship 

deck. 

With reference to rotary-wing applications, an 

original modelling approach based on both empirical 

relations and appropriate mathematical formulation has 

been proposed that still accurately reproduce helicopter 

and ship transactional motion and ship air wake.  

Simulation results demonstrate effectiveness and 

accuracy of such modelling approach.  

The developed simulation environment contributed 

to reduce design time, risks and costs of automatic take-

off and landing algorithms on a ship deck that were 

successfully tested in flight.  

Future work will be focused on the refinement of the 

model’s parameters (especially for what concern the 

ship air wake model) based on the analysis of flight data. 

References 

G. D. Carico, R. Fang, R. S. Finch, W. P. Geyer Jr., H. W. 

Krijns, and K. R. Long. Helicopter/Ship Qualification 

Testing, RTO AGARDograph 300, Flight Test Techniques 

Series, 22, 2003. 

V. Gavrilets. Autonomous Acrobatic Maneuvering of 

Miniature Helicopters, PhD thesis, MIT, 2003. 

L. H. Holthuijsen. Waves in oceanic and coastal waters, 

Cambridge University Press, 2007. 

doi:10.1017/CBO9780511618536. 

W. Johnson. Helicopter Theory, Dover, New York, 1994. 

C. H. Kääriä. Investigating the Impact of Ship Superstructure 

Aerodynamics on Maritime Helicopter Operations, PhD 

thesis, University of Liverpool, 2012. 

T. von Kármán. Progress in the Statistical Theory of 

Turbulence, Proceedings of the National Academy of 

Sciences, 34 (11): 530-539, 1948. 

doi:10.1073/pnas.34.11.530. 

D. Lee. Simulation and Control of a Helicopter Operating in 

a Ship Airwake, PhD thesis, Pennsylvania State University, 

2005. 

Z. Li. Path Following with Roll Constraints for Marine 

Surface Vessels in Wave Fields, PhD thesis, University of 

Michigan, 2009. 

B. W. McCormick. Aerodynamics, Aeronautics, and Flight 

Mechanics, John Wiley & Sons, New York, 1995. 

MIL-F-8785C. Military Specification Flying Qualities for 

Piloted Airplanes, 1991. 

G. D. Padfield. The making of helicopter flying qualities: A 

requirements perspective, The Aeronautical Journal, 102 

(1018): 409 – 437, 1998. 

G. D. Padfield. Helicopter Flight Dynamics: The Theory and 

Application of Flying Qualities and Simulation Modeling, 

AIAA Education Series, Virginia, 1996. 

T. Perez. Ship Motion Control, Springer, 2005. doi:10.1007/1-

84628-157-1. 

M. B. Tishler and R. K. Remple. Aircraft and Rotorcraft 

System Identification, AIAA Education Series, Virginia, 

2006. doi:10.2514/4.868207. 

X. Yang, H. R. Pota, and M. Garratt. Design of a Gust-

Attenuation Controller for Landing Operations of 

Unmanned Autonomous Helicopters, In Proceedings of 

18th IEEE International Conference on Control 

Applications, Saint Petersburg, Russia, 2009. 

doi:10.1109/CCA.2009.5281074. 

 

 

 

 

  

EUROSIM 2016 & SIMS 2016

234DOI: 10.3384/ecp17142228       Proceedings of the 9th EUROSIM & the 57th SIMS
September 12th-16th, 2016, Oulu, Finland


	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

