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* Axel Schild, 44 years old
+ Senior Technical Consultant, Automation Solutions Energy Sector @ IAV GmbH
* Phd. in Control Theory, Field of Expertise is nonlinear model predictive control

* Over 15 years of industrial experience in model predictive control across diverse
application domains

Chemical/process industry applications

Automotive applications
Wind Energy applications @

Energy management / infrastructure applications 'W) eco
|

Initiator & technology lead of large publically-funded project

- Discussion focus: Mastering (technical) challenges of industrial lidar-assisted model predictive turbine control
— What are the current challenges?
— What are solution components are existing?

— What are open issues?
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https://www.enargus.de/detail/?id=612157

Challenges of industrial lidar-assisted model predictive turbine control s |

Many people read and/or wrote papers on model predictive turbine control & ... Google Scholar  model predictive control wind turbine

Artikel Ungefahr 79.000 Ergebnisse (0,14 Sek )

+ ... implemented their solution ... ,“well”, on an office PC
—> because theory behaves so much nicer than reality!

« Along the way from a theoretical to a series solution, manifold engineering challenges must be overcome

Establish mapping between closed-loop behavior features and their Looe
contribution

Loads
Prototype testing f———_ — ~[ Control objective specification }%< —
E Ha\ // Priorization of competing objectives OJ| AEP

- \

\ \ Pitch utilization
\ Structural simplification to render model control-feasible  ©  Handling of "data-driven” model parts

(@ process simulator

® Deplﬂyme"‘f — N ) ) / Data-driven model calibration of free parameters  ©
T — Turbine modeling [ | @ time-series from the field

Cha“enges Ofindustrial |idar—aSSiSted \ Model validation ©  Coherence in time & frequency domain
model predictive turbine control

- Robust & accurate short-term disturbance forecasting, esp. rotor-effective wind o Machine-learning based approaches
®| Testing & QA |——— T~ ] spesd /
\ B ‘[ Wind speed foreca sting ] Lidar-measurement based approaches

\\ Elicitation and consolidation of all operational constraints ©  Maost constraints are only implicitly defined / documented

{
/ |" Avoid proxies, where possible; no tracking costs
/ H Compilation of meaningful performance metric  ©

— MPC conﬁguration & calibration | Employ suitable proxies for coping with finite prediction horizon

@ sw q q - || Pareto fronts
engineering '\ Systematic MPC calibration and handling trade-offs &~
\ Cloud-based scalable infrastructure

- The more methodolical obstacles to overcome
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Challenges of industrial lidar-assisted model predictive turbine control s |

Many people read and/or wrote papers on model predictive turbine control & ... Google Scholar  model predictive control wind turbine

Artikel Ungefahr 79.000 Ergebnisse (0,14 Sek )

+ ... implemented their solution ... ,“well”, on an office PC
—> because theory behaves so much nicer than reality!

« Along the way from a theoretical to a series solution, manifold engineering challenges must be overcome

Conduct statistically meaningful measurement campaign, which allows for
performance comparison with state-of-the-art controller

Certification of prototype with lidar-assisted MPC conerol )& Prototype testing 7—__\ /_— { Cantrol objective specification ]@

Enzure HW platform independence, to circumvent legacy issues \ /
While exploiting ful hardware capabilites ' Highly-automated migration from office pc to contral hardware ™, R Turbine modeli =
- o Deployment — N o ng ¢

MPC and MC must work together! = Seamless integration & synchronisation with conventional control system

Challenges of industrial lidar-assisted
model predictive turbine control

Use one framework for il & Hil tests

Avoid simulator-proprietory interfacing \

Enzure transparency and traceability of test results \L . — \H-h
( Testing & QA }— — — —[ Wind speed forecasting ]@
Implement comprehensive quality f

ent

Valid aszessment of extreme loads under lidar-assisted control

Enzure smooth transitions between many different operating modes /

Realize fall-back and robustness improving measures \E) Embed MPC module(s) into fully-fledged. modular automation solution e

Provide all peripherial functionalities, like manitoring, recovery actions, etc. } \ / \

Enzure rapid prototyping with low manual effort

//
i i =1 SW engineerin — \HH_,_ - N
Generate as-built documentation on the fly — MPC configuration & calibration

Smart software architecture 2 Keep software readable and managable by persons other than the original author

Make uze of cutting-edge numerical algorithms to ensure reasonable update rates

- The more practical obstacles to overcome
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An industry-grade technology platform is critical for making MPC a mass wne |
market solution

Developing & maintaining such a technology platform requires numerous experts and is very time-consuming & costly...

« ... if each market player develops this platform all for himself

@| Prototype testing Control objective specification ]@

@ Turbine modeling & “’*;I‘)

Challenges of industrial lidar-assisted
model predictive turbine control

UmLo1 N . > e
\—I wind speed forecasting ]© vmiaz — = Movinghorizonotor - ——— ire.n smen‘l'

ULzt . Dre, N

- Lidar-assisted MPC should be perceived as an technological enabler for differentiating from competition via
designing & implementing the best operating strategy, not a goal by itself
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Contact

Dr. Axel Schild
IAV GmbH

Rockwellstr. 16, 38518 GIFHORN (GERMANY)
Phone +49 5371 80-55890

dr.axel.schild@iav.de

WWW.iav.com



