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Crash simulation
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Structure of virtual testbed



VT – virtual analog of real life

• Design – CAD/CAM/CAE systems + 
direct computer simulation

• Production – design systems + ERP 
systems

• Life cycle of the product – PDM system + 
electronic archive

• Exploitation and control – full scale 
simulator + on-board intelligence systems

• Etc. 



5 The main aspects of VT

• Computing machinery – hardware
• Uniform information field – GRID, 

middleware
• Program repository – libraries
• System integration – principles of testbed 

operation
• Concept of real time systems 
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Functional aspects of VT

• Complex modelling environment 
(hierarchies of mathematical models)

• Scenarios (environment, missions, etc.)
• Computer technologies
• Information subsystem (DB, KB, AI)
• Data processing in multiprocessor system
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Scenarios

S – set of scenarios W – set of variants 
R – set of conclusions C – set of links
Nodes of net – frames that implement instances of sets S,W,R,C 





Characteristics of marine object

• A lot of components
• Different and heterogeneous 

components, complicated relations 
between them

• Uncertainty of operating conditions and 
external excitations 

• Numerous scenarios and options for 
control

• …….



Characteristics 
of complex problem

• Data processing
• Calculations

Preprocessing, 
Processing, 
Postprocessing



CAP theorem data realizations

Bogdanov A., et al. Big data as the future of information technology



Scenarios 
new approach to 

environment problem 
formulation



Wave climate - A seaway characterization determined 
primarily from climatic wave spectra obtained at a particular
geographic location. It is characterized by parametric and 
other properties of the local climatic wave spectra and by the 
associated probability density distribution of h1/3.

XVIII IMO Assembly (1993)
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Set is 
“Wave weather scenario”
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Traditional 
approach

Wave weather 
scenarios 
approach 

Significant wave height
Spectrum type
Additional spectral 

parameters 
Course angle of 

general radiation of wave 
system

Peculiarities of wave making 
conditions ;

Geographical peculiarities of 
considered region;

Changeableness of hydro 
meteorological conditions;

Scenarios of synoptic 
changeableness;

Characteristics of season 
changeableness;

Long term presence of the ship in 
considered region or in some diapason 
of exploitation conditions. 



The list of wave scenarios 

short term scenario,

stormy scenario,

scenario « mission», 

scenario «navigation»,

scenario «life time»



Basis of weather 
scenarios modeling



Synoptic variability simulation
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Simulation procedure

1. Reproduction of spectrum parameters

2. Reproduction of wind speed parameters

3. Reproduction of the system of related time series

4. Generation of metocean fields 
in correspondent time moments

( ) ( ) ( )Ξ Ψx y t t x yk k
k

, , ,= ∑α

( ) ( ) ( ) 
V x y t t x yk k

k
, , ,= ∑β Ψ

A A Et k t k
k

t= +−∑Φ

( ) ( ) ( )ζ ζ εx y t x i y j t k x y tijk
kji

, , , , , ,= − − − +∑∑∑ Φ



Reproduction 
of spatial-time wave surface field ζ(x, y, t)
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Autoregressive model
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Example of 3D waves simulation



Wave scenario modeling

S(ω,β)=S(ω,β; Ξ) 
Necessary to solve the following problems:

Spectra parameterization S(ω,β) (in space Ξ).
Separation of uniform classes of spectra.
Takeoff stable states S(ω,β,x,y,t) in time t and 

(or) space (x,y)
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Example of functional field: 
Directional spectrum of sea waves

Climatic spectrum of complex sea. 
NE–region of Black Sea

),,(S),(S ΞΘω=Θω Ξ – parameters set
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Probabilistic model of consecution
of storms and calm weather



Algorithm of weather 
scenarios modeling



Generation of weather scenario

)|(),|(

),(),(
)(

4
1
|

)(
3

1
|

)(
2

1)(
1

1

k
k

hkk
k

hk

k
k

k
k

FhFh

FF

Θγ=τγ=

γ=Θγ=τ
−
Θ

−−
τ

+

−
Θ

−
τ

−+

0 500 1000 1500

0.5

0



General algorithm of wave scenarios

Initial data

- Reanalysis
(NCEP/NCAR)

- Reg.models of
atmosphere 
circulation 
(MM5, WRF)

Verification
Hydrodynamic

modeling

WAVEWATCH
SWAN

Verification

Data
Assimilation

Statistical 
data processing

Year-to-year
rhythmic model

Annual 
rhythmic model

Modeling of 
storms and weather 
windows interchange

Stochastic 
spectra modeling

Spatio-temporal 
wave fields 
modeling

Superposition

Scenarios







Questions?
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