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• Evaluate post-processing techniques (e.g., RDI, ADI, KLIP) 
– These will be used to recover embedded exoplanets and circumstellar disks

• Verify the CGI error budget 
– Predicts dark hole changes analytically using model-derived sensitivities to 

allocate performance requirements

The Need for Time Series Modeling

Target Star Reference Star
Target Star –

Reference Star
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• Diffraction model (including LOWFS)
– Computes the dark hole by propagating the wavefront through the system 

model using Fourier-based algorithms
• STOP model

– Structural, Thermal, and Optical Performance
– Finite-element modeling of thermally-induced structural deformations
– Ray tracing to derive resulting wavefront changes

• Dynamics model
– Structural perturbations induced by reaction wheel vibrations
– Primary effect is rapid pointing error (jitter)

Time Series Models
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Initial Dark Hole
10-4 contrast Iteration 1 Iteration 2 Iteration 3

Iteration 5 Iteration 6 Iteration 7 Iteration N
10-9 contrast

The initial dark hole:
     The dark hole immediately 
     after running high-order 
     wavefront control

Target Star Reference Star Difference

- =
The “dynamic” dark hole:
     The dark hole as it varies 
     over time due

Modeled using:
     Diffraction 

Modeled using:
     STOP, pointing

The Dark Hole
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CGI Wavefront Control

Before flattening
No HLC DM pattern

No masks

After flattening
No HLC DM pattern

No masks

After flattening
No HLC DM pattern

HLC masks

After flattening
HLC DM pattern

HLC masks

After HOWFS
HLC DM pattern
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The same wavefront control algorithms are used in the models, testbeds, and on-orbit
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CGI Observing Sequence

~1 h ~2 h ~2 h ~2 h ~2 h ~1 h

Reference star:
Tune-up Dark Hole

Reference star:
Reference Image

Target star:
0° Roll Image

Target star:
23° Roll Image

Dark hole Reference image Target 0° Target 23° Target 0° Target 23° Reference image
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Observing Scenario 11 Timeline
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OS11 Orbital Parameters
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OS11 Reaction Wheel Speeds

~30 min to slew
~15 min to roll
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OS Time Series Computation Process
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red = STOP-computed zernikes, black = LOWFS-corrected zernikes (1 m timesteps)
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OS11 Pointing Jitter
(after Fast Steering Mirror correction)
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0h 44h

CGI OS11 Speckle Time Series
HLC Band 1
(no detector noise)

Time series available from:
      https://roman.ipac.caltech.edu/sims

Target Star +
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Input
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5 x 10-9 @ 
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2 x 10-9 @ 
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OS11 HLC Band 1 Results
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OS11 HLC Band 1 – Without, With Z4-Z11 LOWFSC

Jitter not included

0h 44h



19August 26-27, 2024 CGI Test Results Info Session

OS11 SPC-Spec Band 3 Results

Error bars show intensity variation relative to mean over OS11
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OS11 HLC Postprocessing Gains

From Ygouf et al. "Roman Coronagraph Instrument Post Processing Report – OS11 HLC Distribution" (2024)



21August 26-27, 2024 CGI Test Results Info Session

• The OS11 simulations show that the speckle stability is 
– worst for brief periods after slews when the reaction wheels are spinning down
– otherwise dominated by residual coma, which is roll-dependent
– may be improved by tuning the LOWFS for the lower wavefront changes 

compared to requirements
• Advanced post-processing techniques (e.g. KLIP) provide an improvement 

of up to 2x over classical RDI
– the more unstable the system, the greater the improvement factor

• Error budget was verified using a previous OS
• OS11 time series are provided on roman.ipac.caltech.edu for the 3 

base modes (HLC, SPC-Spec, SPC-WFOV)
• Revised OS11 coming? Maybe. I don't know.

Summary


