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1 Introduction & Background
1.1

Introduction

Seaturns completed its two weeks small scale testing of its concept granted through the MaRINET2 at
Aalborg University’s wave basin from the 24th of February to the 6th of March 2020.
The objectives of the tests were to test the stability of the innovative mooring concept in directional seas,
to study and quantify the effect of several parameters defining the device on the performance and mooring
loads of the concept, and to explore to possibility to share mooring between multiple Seaturns main
production units.
Additionally, the data obtained during the tank test will form a database of cases for the validation of the
ongoing effort to produce a numerical model of the concept, and the data will also provide the basis of
the design of a full-scale mooring concept.
The tests are conducted at 1:30th scale, and covered decay test, regular wave tests, and irregular wave
tests. Wave directionality was considered both in regular waves, and irregular waves (directional
spreading). An innovative characterisation method was employed to quickly test a large number of
configurations and obtain the device Response Amplitude Operators (RAOs).

1.2

Development So Far

1.2.1

Stage Gate Progress
Previously completed: ✓
Planned for this project:

STAGE GATE CRITERIA
Stage 1 – Concept Validation
• Linear monochromatic waves to validate or calibrate numerical models of the system (25 –
100 waves)
• Finite monochromatic waves to include higher order effects (25 –100 waves)
• Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
• Restricted degrees of freedom (DoF) if required by the early mathematical models
• Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical
modelling tuning)
• Investigate physical process governing device response. May not be well defined
theoretically or numerically solvable
• Real seaway productivity (scaled duration at 20-30 minutes)
• Initially 2-D (flume) test programme
• Short crested seas need only be run at this early stage if the devices anticipated performance
would be significantly affected by them
• Evidence of the device seaworthiness
• Initial indication of the full system load regimes
Stage 2 – Design Validation
• Accurately simulated PTO characteristics
• Performance in real seaways (long and short crested)
• Survival loading and extreme motion behaviour.
• Active damping control (may be deferred to Stage 3)
• Device design changes and modifications
• Mooring arrangements and effects on motion
• Data for proposed PTO design and bench testing (Stage 3)



Status
✓


✓



✓




STAGE GATE CRITERIA
• Engineering Design (Prototype), feasibility and costing
• Site Review for Stage 3 and Stage 4 deployments
• Over topping rates

Status

Stage 3 – Sub-Systems Validation
• To investigate physical properties not well scaled & validate performance figures
• To employ a realistic/actual PTO and generating system & develop control strategies
• To qualify environmental factors (i.e. the device on the environment and vice versa) e.g.
marine growth, corrosion, windage and current drag
• To validate electrical supply quality and power electronic requirements.
• To quantify survival conditions, mooring behaviour and hull seaworthiness
• Manufacturing, deployment, recovery and O&M (component reliability)
• Project planning and management, including licensing, certification, insurance etc.
Stage 4 – Solo Device Validation
• Hull seaworthiness and survival strategies
• Mooring and cable connection issues, including failure modes
• PTO performance and reliability
• Component and assembly longevity
• Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
• Application in local wave climate conditions
• Project management, manufacturing, deployment, recovery, etc
• Service, maintenance and operational experience [O&M]
• Accepted EIA
Stage 5 – Multi-Device Demonstration
• Economic Feasibility/Profitability
• Multiple units performance
• Device array interactions
• Power supply interaction & quality
• Environmental impact issues
• Full technical and economic due diligence
• Compliance of all operations with existing legal requirements

1.2.2

Plan for This Access

The tests to be completed are part of the stage 1 tests, concept validation. Additionally to the common
aspect of Phase 1 testing, previous studies have highlighted the need to test the concept in directional
seas to validate the lateral stability of the mooring concept.
1.2.2.1 Objectives
The objectives of the tests are listed below:
•
•
•
•

Evaluate the effect of several parameters defining the device, such as the device width, the amount
of ballast, the level of the internal pendulum and the mooring parameters.
Validate the mooring stability in directional seas, both in regular waves (waves at 10 and 20
degrees used), and in irregular directional seas (directional spreading).
Explore the possibility of sharing the mooring points between several Seaturns principal units, in
order to limits moorings costs.
Test the concept in extreme sea states to get a qualitative understanding of the concept behaviour
in such conditions and provide data for a realistic mooring design.

2. Outline of Work Carried Out
2.1
2.1.1

Setup
Working principle
The oscillating water pendulum, similar to an oscillating water
column, induces compression / depression cycles in two chambers
filled with air. The pressure differential between the two chambers
generates a flow of air that drives a turbine.
The anchoring system, in particular the peripheral fastening of the
mooring line to the float bodies, allows it to couple the pitch and
surge motions of the production unit.

2.1.2

Physical model

The Seaturns team assembled a set of several model to be tested of different width. The solo unit
configuration consists of the innovative mooring system aligned with the principal direction of propagation
of the waves and a single Seaturns float.
The PTO is modelled as a set of several circular orifices of different diameters between the 2 chambers
which can be quickly selected and adjusted on the device while installed.
The amount of water in the pendulum can be adjusted (see Figure 2-2), as well as the ballast at the
bottom of the device.

Figure 2-1: L406 model device installed in the tank.

Figure 2-2: L406 model device with water pendulum filled at 50%.

The mooring system allows the coupling of the pitch and surge motion of the production unit. This requires
a horizontal pretension of the horizontal, achieved with a set of intermediate mooring buoys as in Figure
2-3.
The test plan allowed time for testing different combinations of buoy and geometry, allowing for different
pretension and hydrodynamic characteristics.

Figure 2-3: Tank mooring schematic.

2.1.3

Instrumentation

The models were instrumented with the Qualysis system to record motions. The pressure differential
across both chambers was monitored with a set of 3 pressure gauges of different range and gain, and
load cells measured the tension in each mooring line.
Wave gauges located along a line parallel to the wave main direction of propagation recorded the wave
elevation. However, the sea states were also calibrated at the end of the tests with measurement taken
at the device location without the model itself.

2.1.4

Aalborg University wave basin

The tests were conducted at Aalborg University’s wave basin. The basin is 13 m wide. It is equipped with
a piston type wavemaker. The distance from the wavemaker is 8.4 m to the wave absorber layers at the
downwave end, and approximately 12.2 m to the end wall.
The models were located broadly in the centre of the tank.
To simulate a realistic water depth for the Seaturns concept, a depth of 1m in the tank is selected.

2.2
2.2.1

Tests
Sea states considered

2.2.1.1 Regular waves
Regular waves were considered to characterise and compare the different configurations
and to test the mooring stability:
•
•

16 waves between 4 and 16.5 seconds full scale are used to characterise the
configurations
A set of 6 waves between 6 and 15 seconds full scale and higher amplitude are
used to test the directional response of the device. For each wave, directions of
0°, 10° and 20° from the mooring axis are used

2.2.1.2 Irregular wave for configuration
To improve the productivity of the two weeks of tank tests and allow more configuration
to be tested, a specific irregular wave (Ir0) with 25 components is devised. This specific
sea state allows the characterisation of a configuration in a single run. RAOs of motions,
loads and pressure are obtained, and a Cwr curve.
A version of this specific wave with a 10° offset in the main direction of propagation is
used for directional tests.
2.2.1.3 Performance irregular sea states
15 long-crested sea states, based on JONSWAP spectrum (γ=3.3), are used to obtain the
performance, motions and loads of the concept in realistic sea state. The sea states are
run over 512 seconds, corresponding to 41 min at full scale
2.2.1.4 Survival sea states
To the 15 irregular sea states, a set of 4 additional sea states are added along the envelope
of the scatter diagram of the prospective deployment site as survival sea states. They are
also based on a JONSWAP (γ=3.3) spectral shape. Those tests are run for 2048 seconds,
i.e. 3:06 hours at full scale
2.2.1.5 Short-crested sea states
4 of the 15 long crested sea states are repeated adding a directional spreading on them.
A Cos2s model is used, with s=5 and 10. Those resulting 8 short crested sea states are
used to investigate the directional stability of the concept mooring, and its performances.
2.2.1.6 Decay tests
Decay tests, with and without the moorings were conducted to obtain the free and coupled
pitch and surge natural period of the concept. Only a selected number of configurations
are tested.

2.2.2

Configurations

The different parameters and range are presented in Table 2-1
item
Device width [mm]

Range of values
3 levels

Ballast [kg]

3 levels from 0.266 to 0.8

note
The width of the device,
perpendicular to the main
direction
of
wave
propagation.

Water pendulum [%]

Anchoring position

3 levels, from 40% to
60%
Up to 8 diameters are
available per device width
2 different positions

Mooring buoy

5 buoys

Mooring pretension [N]

Continuous

Number of devices per
mooring line

1 or 2

PTO

The PTO diameter is adapted
to the device width.
It is possible to vary the
position of the mooring
points on the device itself
Buoys of different shape and
buoyancy are used
Depending on the buoy and
position of the anchor on the
tank
floor,
different
pretensions are obtained.
Several configurations with 2
devices on a single mooring
system were tested.

Table 2-1 Parameters defining the configurations

Based on these parameters, 51 different device configurations were tested during the 2
weeks of tank access.

2.2.3

Test Plan

All the 51 configurations were tested with the irregular wave for characterisation.
The comparability between the results obtained in regular waves and the Ir0 is established
on the first configuration. 3 repetitions of the Ir0 sea state are obtained.
Once the repeatability and comparability of the results is established, the other
configurations were only tested with the Ir0 sea states, with 2 runs taken for each one.
4 configurations with a single device were identified as the most promising, offering higher
performances without increasing the loads. Those configurations are then tested in regular
waves to ensure compliance with the IEC technical standards [1], and with the irregular
waves. Decay tests are also performed with the configurations of interest.

2.3

Results

2.3.1

Decay tests results

To analyse the decay tests, an exponential decay model is applied to the observed pitch
and surge oscillations (see Figure 2-4).
The decay tests show that the natural coupled period of the different configurations of
interests vary between 2.773 seconds and 3.786 seconds. The c coefficient in Table 2-2
provides an estimation of the damping coefficient for the different cases.
The Decay 2 type of tests correspond to the free decay tests without mooring. In such
case, the natural pitch period is much lower, around 0.87 seconds. The damping coefficient
is also much higher, which imply that less energy is lost at each oscillation. In this device,
the damping is coming principally from the PTO damping and the radiation damping. For
the non-coupled pitch motion, the radiation damping is close to nothing, and therefore the
residual damping observed in the non-coupled test is the PTO damping only.

config

Ballast [g]

Orifice
[mm]

decay

run

Pitch model coefficient
a [deg]

b [deg]

c

ω [rad/s]

T [s]

τ [s]

1

800

9

1

1

-0.551

17.486

0.226

1.840

3.415

3.725

1

800

9

1

2

-0.397

14.578

0.188

1.882

3.339

3.090

2

800

0

1

1

2.101

21.051

0.139

2.266

2.773

5.653

2

800

0

1

2

3.020

15.374

0.080

2.258

2.783

2.460

3

800

5

1

1

-0.194

15.964

0.231

2.136

2.942

5.347

3

800

5

1

2

0.089

15.347

0.225

2.124

2.959

4.284

42

400

8

1

1

0.005

17.961

0.252

1.659

3.786

3.019

42

400

8

1

2

0.228

17.483

0.289

1.637

3.839

3.332

42

400

8

2†

1

-0.068

13.617

0.664

7.159

0.878

1.634

42

400

8

2†

2

-0.052

11.209

0.808

7.255

0.866

1.299

†config

42 decay 2 correspond to tests without the moorings, therefore the recorded period
is the free pitch period.
Table 2-2: Decay test results - coefficient of the pitch exponential decay model fitted to the data.

surge [m]
Figure 2-4: Decay tests observation with exponential decay model fitted to the pitch and surge data.

2.3.2

Ir0 method validation

The Figure 2-5 shows the loads’ RAOs obtained from 3 runs of the configuration 3 with
the characterisation sea state Ir0. Beside small variations at the smallest periods, the
repeatability of the tests is well established by those tests.

Figure 2-5: Loads RAOs, configuration 3, Ir0, run 1, 2, 3.

Figure 2-6: Loads' RAOs from Ir0 and regular waves - configuration 1.

Figure 2-6 shows the comparison of the mooring loads’ RAOs obtained from the regular
waves and from the Ir0 sea states for the configuration 1. The comparison is good, and it
warrants the use of the Ir0 sea state to quickly characterise a large number of
configurations.

2.3.3

Summary of the parameters effect

From the comparison of the different configurations, the following conclusions regarding
the effect of the parameters can be drawn:
•

•

•

•
•

2.3.4

It is beneficial from a production and loads point of view to reduce the amount of
ballast in the device. However, motions RAOs are increasing as a result and that
can bring its own set of issues. A variable ballast solution might be a future
solution.
Reducing the amount of water in the pendulum is also beneficial. A sufficient
amount of water must be kept to prevent air to pass from one chamber to the
other when large motions occur.
The effect of the anchoring solution is very important on the loads, motions and
pressure differential. Separating the role of the pretension and the hydrodynamic
response of the mooring buoys themselves in not straightforward. At first glance,
the mooring characteristics are frequency dependant and are difficult to
characterise with a linear mooring model (stiffness plus damping matrix)
The width of the device is important. It appears that the middle device chosen for
the tests presents the best compromise between pressure differential and loads.
In a single device configuration, the PTO setting (diameter of the orifice) does not
appear to be the most significant parameter. The effect of the mooring is more
important.

RAOs interpretation

In all cases, the RAOs of loads and pressure differential present a similar shape for a single
device configuration. A first peak is observed around 1 second or just under and should
correspond to the device free pitch period. A second peak of varying magnitude depending
on the mooring system is occurring at the intermediate wave periods. It appears to be
driven by the mooring response itself. Further study regarding the mooring system will
explore that point. Finally, a third peak of response appears at the long periods. That RAOs
increase starts around 2 to 2.5 seconds depending on the configurations, probably reflects
the variability in the coupled pitch/surge periods observed between 2.7s and 3.7s in the
decay tests for the different configurations.

2.3.5

Irregular performance results

2.3.5.1 Histograms
Three configurations were tested in long crested irregular waves (performances and
extreme). From each test, histograms of loads, motions and pressure are extracted. The
type of results corresponds to what is shown in Figure 2-7. The min, max, 2% percentile,
98% percentile are obtained.
The histogram shows that for large sea states, there is a risk of the horizontal line tension
reaching 0, which then increases the risk of snap loads during the pretension of the lines.
These observations lead to a requirement for the future mooring design to allow a large
linear range (in static loading) which will allow a higher mooring pretension without risking
the full extension of the mooring lines.

Figure 2-7: Mooring loads histograms - configuration 26 - Ir15 run1

2.3.5.2 Relation between standard deviation of loads and power / pressure
Interesting relations are obtained by observing the plots of the standard deviation of the
resultant horizontal mooring loads (front - back mooring loads) and the standard deviation
of the pitch, the pressure differential or the mean power (see Figure 2-8).
These relations allow the verification of the pressure measurement: in some cases,
pressure measurements were impacted by water ingress in the pressure tubes.
In future tests, early definition of these relations will provide a good way to monitor the
test quality. Also, these relations can be used as an actual method to quantify the effect
of the different parameters, and as an optimisation metrics/criteria.
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Figure 2-8: Link between pressure and horizontal resultant, different ballast.

2.3.5.3 Power matrices
Power matrices were obtained from the different tested configurations. Those are
normalised in this report for confidentiality reasons. Figure 2-9 shows the results obtained
for the configuration 26/33 (difference only in the mooring point attachment, no impact
on power production).

Hs [m]
Te [s]
Figure 2-9: Power matrix - configuration 26/33 - full scale values

Matrices are also obtained for the configurations 42 and 51. Those have a heavier ballast
than configurations 26/33 and show lower values but are also less susceptible of extreme
motions and longitudinal instability. This demonstrates the interest for a variable ballast,
allowing higher production in small sea states and more robust configurations in heavy
seas.

2.3.6

Effect of directionality

The configurations 26, 42 and 51 were tested in directional seas, both regular and
irregular. In the range of angle and directional spread utilised, no adverse effect was
observed.
The RAOs of loads are similar, and no concern for the mooring lateral stability were raised.
In short crested seas, the performance and loads were also similar after accounting for
the variability in HS observed between the calibrated sea states.
Altogether, these tests provide a solid validation of the mooring stability and the
performance of the device in directional seas. It should also be noted that the concept is
targeted for rather shallow environment (around 30 m water depth), and therefore some
degree of wave alignment should be expected at the target deployment sites.
Future work will explore the combined effect of directionality and multiple device
configurations.

2.3.7

Multi-device configurations

Several configurations with 2 devices along the mooring line were tested, with different
PTO and mooring characteristics. The objective is to verify if the mooring loads are not
increasing rapidly in such conditions, and if the second device is not too masked by the
first one.
The configurations were tested with the Ir0 sea state.
Figure 2-10 shows a comparison of RAOs of the horizontal resultant mooring force for each
several configurations. Configurations 42 and 51 are single device configurations, the other
have 2 devices on the mooring line. As seen in section 2.3.5.2, there is a direct link between
this quantity and the power absorbed by the device. This figure shows that the 2 devices
configurations actually show much higher performance than the single device
configurations, which is very positive.
The peaks of performance for each device are not located at the same period, and
therefore one can expect that the overall performance of a line of device will have a broad
band response, broader than the performance of single devices.
Figure 2-11: Mooring loads RAOs - configuration 42, 43, 46, 47, and 51.Figure 2-11 shows
the mooring lines loads RAOs of the same configuration. It can be observed that the loads
in individual mooring line loads are not significantly different between the single and dual
device configurations. There is therefore a significant performance increase in dual device
configuration without incurring a load penalty on the mooring lines than are common
between single and dual devices configurations. This is a significant positive finding for the
concept and further studies will focus on these aspects.

Figure 2-10: RAOs of mooring horizontal resultant forces - configuration 42, 43, 46, 47, and 51

Figure 2-11: Mooring loads RAOs - configuration 42, 43, 46, 47, and 51.

2.4

Analysis & Conclusions

The tank tests at Aalborg University have fulfilled the objectives for Seaturns. A large number of parameters have
been investigated and several important outcomes for the future development of the concept have been identified.
The proof of concept for the mooring have been completed. The lateral stability of the mooring had been
highlighted as a potential risk in early TPL studies. This risk is now significantly reduced. Further studies will be
used to lift that risk entirely.
The tests with multiple devices on the same mooring lines have been very promising. The device performance,
instead of decreasing, is significantly higher than in single device configuration. Additionally, this increase in device
performance is not correlated by an increase in mooring loads. These findings open a substantial area of
development for the Seaturns concept, with further optimisation possible and cost saving in the mooring lines.
The rest of the test have focused on the effect of the parameters, understanding of the device behaviour in
extreme seas and obtaining an initial estimation of the loads and performance of the single device configurations.
This will support the design phase of the following single device prototype.

3. Main Learning Outcomes
3.1
3.1.1

Progress Made
Progress Made: For This User-Group or Technology

The concept has been significantly de-risked by testing the mooring in directional seas and checking the possibility
of having multiple devices on a single mooring line without significant penalty. In both cases the results obtained
are positive and warrant future development.
Valuable data have been obtained to validate and calibrate numerical model of the device which is currently
developed. The pressure/flow data will also be valuable for the development of the Power Take Off.
A better qualitative understanding of the device dynamics and sea-keeping properties in heavy seas has been
obtained by the technical teams and will be incorporated into the design of the sea going prototype.
The device has been further optimised during the tank tests: the effect of many parameters has been identified
and configurations have been selected.
1.1.1.1
Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed?
A dual strand of R&D will be pursued by the technical team from this stage:
Regarding the single device configuration, the stage 1 can be considered complete. There are still several areas
of development for the concept, but sufficient data has been gathered to evolve the conceptual design and start
the work on the first sea going prototype. Notably, a mooring design is already started through the Marine Energy
Alliance program, and the PTO design is initiated. The design of the prototype will then have to be tested
thoroughly (stage 2) to verify it and possibly evolve it further.
Additionally, work will be conducted on the multiple device configurations. The present tests are a concept
feasibility tests only, and more tests are required before moving to the next stage with this type of configurations.
However, multiple device configurations are identified as the long term goal of the technology and fundamental
R&D time will be invested to further understand and develop them.

3.1.2

Progress Made: For Marine Renewable Energy Industry

The process of calibrating and comparing the configurations with an irregular wave specified for this purpose was
a success. It leads to an efficient process to compare a large number of configurations and therefore an increased
productivity of the tests.

3.2
•
•
•
•
•
•
•

Key Lessons Learned
Configuration characterisation, in the tank or numerically, can be efficiently achieved with the irregular
wave Ir0 and adapted analysis;
The mooring stability in directional waves appears to be good for the range of directional waves that could
be tested, and warrant further development of the concept;
Dual device configurations are very promising, with high performance and no mooring loads increase
compare to single device configuration;
Reducing the ballast increases the device performance and decreases loads but might compromise the
longitudinal stability in heavy seas. A variable ballast should be investigated;
Similarly, reducing the pendulum level increases the production and reduces loads, but it increases the
risk of communication between the chamber in heavy seas;
The single device configurations are heavily impacted by the mooring characteristics, whereas the dual
device configurations appear to be less dependent on it.
The mooring design should have a large linear range, which will allow to increase the mooring pretension
without increasing the risk of large non-linear loads in heavy seas.

4. Further Information
4.1

Scientific Publications

List of any scientific publications made (already or planned) as a result of this work:
•

4.2

Planned: EWTEC 2021 communication focused on the characterisation method with the irregular wave.

Website & Social Media

Website: http://seaturns.com/, www.innosea.co.uk
YouTube Link(s):
LinkedIn/Twitter/Facebook Links: https://www.linkedin.com/company/seaturns/, https://twitter.com/seaturns
Online Photographs Link:

5. references
[1] IEC TC 114, “Marine energy - Wave, tidal and other water current converters - Part 103: Guidelines for the
early stage development of wave energy converters: Best practices and recommended procedures for the
testing of pre-prototype scale devices,” IEC, 2017.

6. Appendices
6.1

Stage Development Summary Table

The table following offers an overview of the test programmes recommended by IEA-OES for each Technology
Readiness Level. This is only offered as a guide and is in no way extensive of the full test programme that should
be committed to at each TRL.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated underpinning Scientific knowledge generated underpinning
observed
and hardware technology concepts/applications.
basic properties of software architecture and
reported.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept
and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical
function
and/or
characteristic proof
of concept.

Analytical studies place the technology in an
appropriate
context
and
laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions using
non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component breadboard
is built and operated to demonstrate basic
functionality and critical test environments,
and associated performance predictions are
defined relative to the final operating
environment.

Key, functionally critical, software components
are integrated, and functionally validated, to
establish interoperability and begin architecture
development.
Relevant
Environments
defined
and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions.
Documented
definition
of
relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented and
interfaced with existing systems/simulations
conforming to target environment. End-to-end
software
system,
tested
in
relevant
environment, meeting predicted performance.
Operational
environment performance predicted. Prototype
implementations developed.

Documented
test
performance demonstrating
agreement with analytical
predictions.
Documented
definition
of
scaling
requirements.

6

System/subsystem model or
prototype
demonstration in
an operational
environment.

A high-fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially
integrate
with
existing
hardware/software
systems.
Limited
documentation
available.
Engineering
feasibility fully demonstrated.

Documented
test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high-fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged and
fully integrated with all operational hardware
and software
systems. All user documentation, training
documentation,
and
maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented
test
performance
verifying
analytical predictions.

9

Actual
system
flight
proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged and
fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated in
the operational environment.

Documented
operational results
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