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Legend: 
Interface tested in OTIS WFSC Demo 
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Interface tested in WFSC Rehearsals

Note: This is a conceptual depiction 
of major systems & interfaces relevant   
to wavefront sensing and control,  
not a fully accurate depiction of specifics. 

Non-flight interfaces used for OTIS test (“IGSS”)

FGS

ISIM Electronics 
Compartment (IEC)

Interface tested in OTIS, but separately from WFSC Demo 

During the OTIS cryo test, we used the telescope, 
instruments, and flight software together to demonstrate 
precise sensing and control of the mirrors.

JWST Wavefront Sensing & Control Operations: 
Exercising the Science Operations Center Charles-Philippe	Lajoie,	Marshall	D.	Perrin,	Carey	Myers,		

Tom	Comeau,	Trey	Kulp,	Chris	Stark,	Matt	Lallo				STScI  
D.	Scott	Acton,	J.	Scott	Knight,	Erin	Wolf,	Eric	Coppock			Ball	Aerospace	

and	many	others	on	the	JWST	Wavefront	Sensing	and	Control	Team

How are we getting ready to align 
JWST’s mirrors after launch?

We used the Mission Operations 
Center at STScI to execute the OTIS 
WFSC Demo like we will in flight.

We’re conducting rehearsals to 
exercise systems, procedures, and 
the operations team.

For More Information
Questions? Contact us at lajoie@stsci.edu, mperrin@stsci.edu 
Also, see presentations from M. McElwain & J. Gardner FM11 S6  
Proc. SPIE: Acton et al. 2012, Perrin et al. 2016, Lajoie et al. 2018

• The proper functionality of JWST’s Optical Telescope Element (OTE), 

the alignment of the OTE to ISIM, and the performance of the 

science instruments in ISIM were all verified by other portions of the 
OTIS Cryo test. Overall, the OTIS test was very successful. 

• The Wavefront Sensing Demo focused on demonstrating the 

combined functionality of all systems working together to 

accomplish the many interconnected steps needed to align mirrors.  

• This was an integrated, end-to-end test of the observatory’s optics, 
mechanics, hardware, and both flight and ground software. 

• For the first time, we used the flight scripts to interleave 

NIRCam measurements of the telescope mirrors, mirror control 

moves, and supporting tasks such as FGS guiding and repointing. 

After launch, JWST’s 18 segments and secondary mirror 
will initially deploy with millimeters of uncertainty in 
position; to achieve high image quality we will then need 
to align them within tens of nanometers in precision. The 
telescope commissioning process will take about 3 
months of iterative sensing and control, using several 
different measurement methods to progressively refine the 
co-phasing and alignment of the mirrors, their positioning 
with respect to the instruments, and the focus of each 
instrument. This will require a complex interplay between 
essentially all aspects of the observatory and its ground 
system. Demonstrating readiness for commissioning 
requires end-to-end operations demonstration of the 
integrated flight hardware & software, the Science 
Operations Center’s systems, and many systems 
interfaces between them.   

As part of our ongoing efforts to prepare for 
commissioning, we performed two major operations 
demonstrations during JWST OTIS testing:  

• a Wavefront Sensing & Control (WFSC) 
Demonstration at NASA Johnson Space Center, and  

• a Shadow Mode Operations Demo at STScI’s 
Mission Operations Center.  

We have also begun dry run and rehearsal activities at 
STScI and we have completed the first two WFSC team 
rehearsal activities in the Mission Operations Center.

OTIS offered a unique opportunity to test the Mission Operations 
Center (MOC) systems along with the flight hardware operating 
cold and in vacuum, and to demonstrate the ground system’s 
readiness to prepare observations and process data:  

• Observations were prepared in a flight-like manner using the Astronomer’s 
Proposal Tool (APT), the Observation Plan Generation Subsystem (OPGS), 
and other standard planning tools. 

• Visit files were manually copied to JSC for execution on OTIS flight hardware. 

• Image data & telemetry were recorded on the engineering Solid State 
Recorder (SSR) at OTIS.  

• Saved SSR files were downloaded to STScI and ingested into the Flight 
Operations Subsystem and processed. The image data were calibrated and 
archived in the Data Management System and images were delivered to the 
wavefront team for analysis.  

This was the first time that data from the flight hardware were 
processed all the way through the entire S&OC ground system.  

• All of the OTIS WFSC Demo observations were processed successfully.   

• Shadow Mode yielded valuable lessons learned in systems integration and 
configuration that led us to address a few issues and further build readiness 
for flight operations. 

• We use the full JWST control center and ground system to prepare mock 
observations, run them on a high-fidelity observatory simulator,  
“downlink” image and telemetry data just like in flight, and calibrate and 

analyze images to derive mock mirror correction moves and science 
instrument calibrations.  

• In March, we conducted the first “Wavefront Rehearsal”, a 4-day-
long, rehearsal of selected pieces of the 90-day OTE commissioning 

plan. That was the largest, longest exercise to date in the JWST 
control center, involving nearly the entire mission operations team 
working together (flight ops team; spacecraft engineers; telescope, 

instrument, and guider teams; and ground system engineers).   

• In June, we conducted another WFSC practice, continuing on with 
additional commissioning activities.  

• We have opportunities for additional rehearsals given the launch date 
slip. We will make use of this time to ensure our teams are collectively 
ready to bring JWST into smooth and efficient science operations. 

Example processing of the “Fine Control Demo” observations that demonstrated precise 
positioning of segments. Left: Observations were prepared in APT and processed to produce 
the Visit files that were executed on the OTIS flight hardware. Center: The recorded data was 
transmitted from JSC to STScI and calibrated by the DMS data pipeline. Right: Image data 
and mirror telemetry were delivered to WSS for analysis. 

Above:  OTIS entering Chamber A for 
cryo-vac testing.  

 
Below: Key activities making up the 
WFSC Demo at OTIS. 

Top:  NIRCam Dispersed Hartmann Sensor spectra from the 
Coarse Phasing Test. Here we used NIRCam for the first time to 
measure actual pistons of the OTE primary segments. Bottom: 
WSS Coarse Phasing analysis successfully yielded measured 
segment pistons. Note, this test intentionally used only a subset 
of segments due to the OTIS test setup. 

Bottom Right:  NIRCam focus-diverse phase retrieval measuring the 
wavefront for segment C6, from the Global Alignment Demo. Only a 
pie-wedge-shaped portion of the segment is illuminated, by design 
due to the auto collimating flat used in the pass-and-a-half test config. 
Despite the test setup limitations, this test successfully demonstrated 
complex flight-like operations and for the first time measured primary 
segment WFE using NIRCam.

Above:  WFSC scientists 
analyzing Fine Control Demo  
data at the WSS console (top).  
We worked closely with the 
NIRCam and OSS teams and 
others to achieve flight-like 
operations of JWST’s many 
systems (bottom).

Activity What did it test?

Dispersed Hartmann 
Sensor Functional Test

NIRCam measurement of segment pistons.

Coarse Phasing Demo
Flight-like ops of “Coarse Phasing”  

OSS script.

Fine Phasing Demo
Flight-like ops of “Fine Phasing” script; 
NIRCam weak lens meas. of segments. 

Fine Control Demo
Precise fine control of segment tips and tilts. 
Flight-like ops of “WFSC Commissioning” 

script.

Global Alignment Demo

SM focus diverse phase retrieval; 
coordinated SM+PMSA movements; Flight-

like ops of “Global Alignment” script 
including interspersed NIRCam and FGS 

imaging.
WFSC Guider 

Handshaking Test
Coordination of ADU and FGS modes 

between sensing and mirror control tasks.

Mirror Influence 
Function Tests

Cross-checks WSS’s optical models for 
delta WFE in mirror corrective moves. 

Left: Staff in the MOC WFSC Office during WFSC Practice in June 2018.   Right: FOS Consoles in the 
Mission Ops Center.

Above: Diagram of subsystems and interfaces 
for WFS&C which we have tested over the past 
year.
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