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I. INTRODUCTION

• In this work a pre-trained Artificial Neural
Networks (SPRAI) will be used to assess
seakeeping scenarios of a Frigate.

• Operativity in military ships is crucial to mission
deploy. It is expected to sail anywhere in the
world, at any time of the year and in any sea state.

• Ship operativity can be defined as probability of a
task can be made with effectiveness and safety .

• Equipment should be operative in safety during
ship navigation.

• Ship shapes and mass distribution are essential
to accomplish the seakeeping key performance
indicators in ship missions.



4

II. OBJECTIVES

• Optimization using massive exploration of different ship
geometries to improve operativity of a frigate.

• SPRAI (developed by the authors) tool will be used to carry out
massive analysis.

• Operativity will be assessed for different operational zones,
with different operational profiles of a frigate. We will use
Operational Effectiveness (OE).

• To accomplish with the frigate operativity different Key
Performance Indicators will be assessed: MSI, maximum pitch
and roll movements, vertical and horizontal RMS acceleration,
deck wetness, propeller emergence, and slamming.
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II. SPRAI

What is SPRAI and what is it used for?

• SPRAI is a seakeeping prediction tool based on artificial intelligence.

• SPRAI has been developed to predict the seakeeping parameters of  conventional monohull ships navigating under 
displacement conditions (no planning).

About SPRAI

• SPRAI is based on Artificial Neural Networks (ANNs). These ANNs have been trained for years using a dataset of  some 
20,000 ships. The training data was generated using a seakeeping code based on the Boundary element method (BEM) in 
the frequency domain. SPRAI is based on the work of  Romero-Tello et al (2023) and Romero-Tello et al (2024).

References:

• Romero-Tello, P., Gutierrez-Romero, J. E., and Serván-Camas, B. Prediction of seakeeping in the early stage of conventional monohull vessels
design using artificial neural networks. Journal of Ocean Engineering and Science, Volume 8, Issue 4, August 2023, Pages 344-366.

• Romero-Tello, P. Diseño de Buques Adaptado al Comportamiento en la Mar Mediante Inteligencia Artificial . Tesis doctoral. Universidad 
Politécnica de Cartagena (2024).
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IV. METHODOLOGY
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• We developed AI to massively evaluate thousand
of ships candidates to maximize the operativity.

• Only ships’ form coefficients are needed to
explore the seakeeping performance.
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IV. METHODOLOGY. Key Performance indicators
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IV. METHODOLOGY. Operational Effectiveness

It measures the probability (P) 
of  the ship’s operability under 
certain conditions as the 
product of  the probabilities 
of  occurrence of  each 
conditional parameter.

The ship's Operating 
Effectiveness will be 
the sum of  all Pi for 
all conditions analyzed, 
as a percentage.
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The total probability will be multiplied by (K), which

will be 0 or 1 depending on whether the KPI is

accomplished.

The number of evaluations for a single vessel

can become inordinate, if all possible

combinations are considered.

where t is the number of KPIs, p is the number

of points to evaluate in the vessel, and n and m

are the size of the matrix considered for each

probability parameter i.
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• SPRAI enables the operability optimization by massive evaluation of ship’s main form factors.

• This analysis can be carried out during the earlier ship design stages.

IV. METHODOLOGY. Operational Effectiveness
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V. APPLICATION CASE ValueUnitCharacteristics

153,300mLength overall, LOA

142,200mLength between perpendicular, Lpp

20,540mMaximum beam, BOA

19,100mFlotation beam, LFL

12,470mDepth, D

6,160mDraught, T

8424,4m3Submerged volume,   ∇ 

8636,0tDisplacement, Δ

9,493mKM

7,555mKG

1,938mGM

70,137mLCG

0,505-Cb

0,717-Cf

0,616-Cp

0,815-Cm

0,4·BmRoll radius of gyration, Rxx

0,25·LppmPitch radius of gyration, Ryy

0,25·LppmYaw radius of gyration, Rzz

DTMB 5415 was a model conceived as a preliminary design for
the U.S. Navy combat ships in the 1980s. The hull geometry
includes a sonar dome and transom stern. It has twin propeller.
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V. APPLICATION CASE

Probability of Ship Course - Fn

180º150º120º90º60º30º0º

0,020,020,020,020,020,020,020,05

Fn

0,070,070,070,070,070,070,070,10

0,300,300,300,300,300,300,300,15

0,500,500,500,500,500,500,500,20

0,100,100,100,100,100,100,100,25

0,010,010,010,010,010,010,010,30

• 4 navigation zones (9, 17, 25, and 26)
• 121 points (scatter plot Hs –Tp)
• 6 velocity considered
• 7 ship courses
• 4 seasons
• 8 points of  analysis

2,6 × 10଺ 
assesments /ship

Points of  analysis
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V. APPLICATION CASE. Ship candidates

RangeParameter

[120,7; 163,3] mLength between perpendicular, Lpp

[16,235; 21,965] mFlotation Beam, BFL

[5,228; 7,073] mDraught, T

[0,701; 0,948]Flotation coefficient, Cf

[0,693; 0,937]Midship coefficient, Cm

Optimization constraints:
• Displacement is constant.
• Six parametric variations for each parameter.
• Block coefficient should be within the range of  ±15 % of  the original ship

5.148 Ship candidates
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IV. APPLICATION CASE. Initial verifications

• SPRAI versus 
Hydrostar BV

• Initial verifications
• Three Froude 

numbers

Pitch (Head waves)Heave (Head waves)

Roll (Beam waves)
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V. APPLICATION CASE. Results

• Only four ships has annual Operational Effectiveness 
higher than 60%

• Original ship has an OE of  15%
• Small changes (less than 15%)  in ship’s form 

coefficients increases the OE up to 45%.
• North Atlantic navigation reduces OE significantly
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IV. APPLICATION CASE. Results
Est 4Est 3Est 2Est 1

38082949418945940-10%
71385351234010%-20%
25753420914320%-30%
1763111225930%-40%
115181921040%-50%
6610522150%-60%
121022160%-70%
1710070%-80%
0420080%-90%
000090%-100%

Est 4Est 3Est 2Est 1
39652279387047990-10%
746122980629610%-20%
2496052565120%-30%
137455144230%-40%
5021068040%-50%
11543050%-60%
01231060%-70%
0870070%-80%
060080%-90%
000090%-100%

Est 4Est 3Est 2Est 1
00000-10%
004420310%-20%

257046470320%-30%
561134735164130%-40%

12314271392136440%-50%
1255713117976950%-60%
1114133683627460%-70%
478135130814270%-80%
2059271785280%-90%
4726012090%-100%

Est 4Est 3Est 2Est 1
46372823435250560-10%
34110935279210%-20%
132612175020%-30%
3827189030%-40%
01405040%-50%
01080050%-60%
0790060%-70%
0220070%-80%
000080%-90%
000090%-100%
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Number of  ship candidates per range of  operativity and operational zone
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IV. APPLICATION CASE. Results

• Natural periods are increased 
• Roll amplitudes at natural frequencies are reduced 

significantly.

Pitch (Head waves)Heave (Head waves)

Roll (Beam waves)
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VI. CONCLUSIONS

• High number of  calculations (up to 2,1 × 10଼) 
to achieve best operational profile

• Most ships candidates have low OE
• Improving OE in all seasons and operational 

zones.
• This analysis is not allowable with traditional 

techniques.
• Computation times less than 48h.

Est 4Est 3Est 2Est 1
1%6%2%0%North Atlantic

50%67%45%36%
Eastern 

Mediterranean
3%9%3%1%Cantabrian
2%5%1%1%South Atlantic

Est 4Est 3Est 2Est 1
37%73%44%19%North Atlantic

88%95%86%78%
Eastern 

Mediterranean
58%85%60%37%Cantabrian
78%85%70%62%South Atlantic

Original Frigate

Optimum Frigate
Optimum hull

Original Frigate

OriginalOptimum
142,20120,70Lpp

20,5421,97B
6,165,60T

0,5050,568Cb

0,7170,849Cf

0,8150,693Cm

0,1460,659OE
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V. DISCUSSION 

Ship modelling

Pre-processing Calculation

Post-processing

(10 - 20 h)

(2 - 4h)

(~1h)

(2 - 4h)

CLASSICAL 
APPROACH

(per case and Fn)

Collect data

(~1 min)

(~1 min)

(~1 s)

SPRAI 
APPROACH

(per case and Fn)

Requires hull geometry!!

Does not required 
hull geometry!!
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VI. SPRAI WEB 
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THANKS FOR YOUR ATTENTION
jose.gutierrez@upct.es

Questions?


