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Control system: modeling




Control system modeling

|ldentify components in the control loop
=> Block diagram

System identification

=> Transfer function measurements of individual components
=> Loop transfer function measurements

=> Frequency (= laplace) domain modeling of the components

Loop performance analysis

Noise analysis



Control system modeling

System identification

=> Transfer function measurements of individual components
=> Frequency (= laplace) domain modeling of the components
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Control system modeling

System identification

=> Loop transfer function measurements

=> Frequency (= laplace) domain modeling of the components
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Control system modeling

An example of a servo block diagram

Frequency stabilization control (TAMA300)
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Figure 8.2: Block diagram of the frequency stabilization system for TAMA300.

Shigeo Nagano et al., "Development of a multistage laser frequency stabilization for
an interferometric gravitational-wave detector "
Rev. Sci. Instr. 74, (2003) 4176-4183

Shigeo Nagano, Ph.D thesis, Univ of Tokyo (1999)



Control system modeling

An example of the noise estimation project

Frequency stabilization control (TAMA300)
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Figure 8.6: Noise estimation of Ly Servo: Seismic; seismic noise, Pendulum; ther-
mal noise of pendulum, Internal; thermal noise of mirror internal, Shot noise; laser
shot noise, Error Signal; error signal of L, servo; MC Servo, frequency noise of the
transmitted light through the mode cleaner.

Shigeo Nagano et al., "Development of a multistage laser frequency stabilization for an interferometric
gravitational-wave detector *, Rev. Sci. Instr. 74, (2003) 4176-4183

Shigeo Nagano, Ph.D thesis, Univ of Tokyo (1999)



Control system modeling

An example of a complicated block diagram

Arm Length Stabilization control (green locking)

Aty D FALS T
AUX-cavity loop D Acgn oise
AUX laser AAUX FAUX
frequency noise o—=P Sg‘g noise /
(1064nm) ? noise
——
J>—' Caux D Daux
transmitted beat note detection
N———————>]
Caux greenlaser g, noise / DFD ADC
I>_|—’ PD noise noise noise
+ >—>| L—v (532nm) Haux g i i
SHG I:)DFD A A
inoise r beam
SHG D combining

>—-{ L—v (1064nm) | PSL PDH sensing

oD

I EENTZ o
CosL |—> splaceme!

&P L—v (1064nm) HpsL g MC A :Actuator response
f transmitted IR G- Cavily pols
.o . D : Detector response
seismic noise of MC F : Servo filter
H

: Cavity high pass filter

PSL-MC loop s & : Noise injection point
_ CpsL Dps. —‘

PSL — displacement signal

frequency noise 0—>€B

—— 1064nm optical signal
(1064nm)

—— 532nm optical signal
— electronic signal

APSL FPSL

K. Izumi er al, “Multicolor cavity metrology”, J. Opt. Soc. Am. A 29 (2012) 2092-2103
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An example of a complicated noise estimation project

Arm Length Stabilization control (green locking)
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K. Izumi er al, “Multicolor cavity metrology”, J. Opt. Soc. Am. A 29 (2012) 2092-2103
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