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MOTIVATION & CONTEXT

e Cryostats are key components in low-temperature experimental physics

e Precise dynamic models are required for analysis and control

e The cryostat studied is installed at our institute, available thanks to the Q

& U Bolometric Interferometer experiment
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CRYOSTAT
CONTROL SYSTEM
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The current control system is based on a Proportional—
Integral-Derivative (PID) controller.

This approach assumes approximately linear system

behavior, which is not appropriate for the strongly nonlinear
dynamics of the cryostat.




OPEN LOOP CURVES
OF THE CRYOSTAT

Heater Evolution

Temp Evolution
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Open-loop curves for different heaters and sensors in the system



CRYOSTAT
CONTROL SYSTEM

As shown by the pole analysis, the system
behavior cannot be adequately described by
a simple second-order zero—pole model
without explicitly accounting for
nonlinearities.
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SPACE-STATE
DESCRIPTION i

From the enthalpy balance equations of the system, the
foll%wlmg state equations are obtained for the reduced-order
model.

©(t) = Az(t) + Bu(t) + C + D quad(z(t))
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PARAMETER ESTIMATION
OF THE CRYOSTAT
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Open-loop curves for different heaters and sensors in the system
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To obtain the system parameters, we use the open-loop
response of the system. From this, we integrate the
impulse response and, with the established state
system, we use nonlinear least squares to obtain the
parameters.
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Curves measured and simulated from the obtained parameters



To validate the system, we analyzed it in its phased state. Since
we established two phases, the system is two-dimensional:

PHASE PLANE
OF THE CRYQO

Two-dimensional phase space due to two-state model
Expected operation around a stable equilibrium

Phase-space trajectory reveals a limit cycle

Indicates strong nonlinear dynamics and limits of linear control




KAN: Kolmogorov-Arnold Networks
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KOLMOGOROV - ARNOLD
NETWORKS

The Kolmogorov—Arnold theory (or theorem) states that
any continuous function of several variables can be

represented as a composition and sum of continuous
functions of a single variable.

Every continuous multivalued function can, on a bounded

interval, be written as a finite composition of sums of
functions of one variable.



KAN network and finalized architecture

KAN 8 NN

IMPLEMENTED

e Reduced-order thermal model identified from open-loop W W
experimental data

e Parameter estimation relies on fixed model structure and simplifying
assumptions Xt = 01121 — 0.00(—9.172; — 0.82)* — 0.00 (—9.79 22 — 1.43)*
e Cryostat dynamics remain strongly nonlinear across operating points —0.00(-4.89z; — 0.04)°

—0.00 (0.03 (4.31 — 8.205)* + 0.02 (4.89 — 9.66 z;)? — 11.08)°

+0.01 (0.02 (5.55 — 6.78 25)* + 0.02 (—10.00 , — 0.20)? — 11.34)°
+0.08

e Kolmogorov—Arnold networks are introduced to learn a more flexible
and expressive dynamic representation while preserving
interpretability

Yi = — 0.00 (—1.712; + 0.08 (—4.89 2, — 0.04)? — 6.31)°
+0.01 (0.03 (4.31 — 8.20 2,)® + 0.02 (4.89 — 9.66 ;) — 0.48)
—0.01 (0.02 (5.55 — 6.78 z,)? + 0.02 (—10.00 =, — 0.20)? — 10.55)

+0.00 (0.02(~9.172, — 0.82)% + 0.02 (—9.79 2, — 1.43)* — 0.81)"
+0.42



INTELLIGENT CONTROL SYSTEM
APPROACH

To be continue...






