DEMCON HIGH-TECH SYSTEMS

svd 1n decoupled control for nm-level
positioning with coupled dynamics.

RUBEN BUITENHUIS, MICHAL GAJDUSEK, DENNIS VAN DE KETTERIJ,
MARTIJN KRIJNEN, MICHEL DANSBERG

Contact person Delft: ruben.buitenhuis@demcon.com

USE CASE

- Control a nm-precision 6-DoF stage (Figure 1) with crosstalk. Isolation
- Goal: use decoupled (SISO) control: simple and well-known.
- Challenge: coupling causes. Optics
1. SISO stability analysis to be invalid.
2. SISO performance predictions to be unreliable.
- Solution: design notches for crosstalk modes within SISO architec-

ture using SVD (Singular Value Decomposition).
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NOTCH DESIGN FOR CLOSED-LOOP
- Figure 2 gives insight into open-loop resonance directions.
= . Max Singular Value 1 Gain>1: - Open-loop is conservative due to small-gain stability.
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1. Augment the loop (Figure 3).
o | 2. Open the loop between D(jw) and D~*(jw) for small-gain.
S | Resonance 3. Optimize D(jw) to minimize the max. singular value.
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Figure 2: Open-loop SVD. Top: max. singular value . Mid and bottom: the in- and output
vector corresponding to g, respectively.

Figure 3: Augmented closed-loop used for D-scaling analysis.

CONCLUSIONS

- SVD-approach halved cumulative control error on Demcon’s levitating | [[--= WithoutSVD-based notches | .

Stage (Figure 3) o — With SVD-based notches : L
- D-scaling enables targeted notch placement. . | Halved
- Achieved high-performance control for a coupled system without resorting = o) ,'

to full MIMO complexity. = o E !
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cir . : , : Figure 4: Cumulative controller error (3a) for control design based
within the project’s constraints. on (1) SISO metrics and (2) SISO and SVD metrics.
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