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Functional AO

• The wavefront of light from astronomical 
objects is aberrated by  the atmosphere

• Aberrations can be:

– Measured ➔wavefront sensing

– Described ➔Zernike polynomials

– Removed ➔deformable mirror
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Conversationally, one can interchange “aberration” with “distortion”, but optically 
they have separate meanings.



Measure

• Shack-Hartmann Wavefront Sensor (SHWFS)
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Wavefront sensor types
1. Shack-Hartmann – Uses centroids multiple pupil images to describe wavefront aberration
2. Pyramid – A literal pyramid at the pupil plane splits the image of the pupil
3. Curvature – early AO systems, fallen out of favor



Describe
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Order

Red = High, Blue = Low
Aberrations in the pupil plane can 
be described as a linear 
combination of Zernike 
polynomials

Retinal plane = focal plane
For opticians, the 2nd order is 
what we have in our eye glasses
Sphere = Defocus, 
Cylinder = Astigmatism



Remove
• Deformable Mirror
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Current Keck DMs
• Built by Xynetics
• 349 actuators
• Sits very near pupil plane (image of the primary mirror)
• DM is oversized (~11.2 m equivalent) with respect to 

primary mirror
• The hexagonal primary image rotates on the DM



Keck AO Baseline

• On both K1 & K2:

– Shack-Hartmann-based wavefront sensors

– NGS

• WFS measures TT and high-order

– LGS

• WFS -> LGS (high order only)

• STRAP -> TT (tip-tilt only)

• LBWFS -> TT (focus + higher orders)
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Computers + Function
• Unix

– kNaoserver: GUIs, keyword services

• VxWorks
– SC: Supervisory Controller 

• telescope communications
• commands to stages

– OBS: Optics Bench
• optics stages motion control

– NGWFC: Next-Gen (2006) WaveFront Controller
• AKA Real-Time Controller (RTC) 
• calculator
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Upgrades are in progress
- New kNaoservers
- SC as a softIOC
- RTC (+WFS) upgrades



Simplified Control Flow
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Science
Camera

WFS

NGS

Wavefront
Controller

Tip/tilt

IR transmissive
dichroic

beamSplitter

Telescope pointing offload
Every 2-3 sec

Offload 
focus to

Telescope
20+ sec

Light from
Telescope

NGS AO Control

NGS Reconstructor Flux
Rot & pupil angle
When TT closedCentroid Origins

= COGs = “the cals”



Science
Camera

STRAP

LBWFS

WFS

NGS

Wavefront
Controller

Focus

Optimized centroids offsets = COGs

Tip/tilt

IR transmissive
dichroic

LGS

Sodium 
transmissive

dichroic

Lenslets

Telescope pointing offload

Offload 
focus to

telescope

Tip/tilt 
to Laser

Light from
Telescope

LGS AO Control

LGS Reconstructor

TSS x,y,z stage

Laser 
TT mirror Laser pointing offload

Laser Orientation
Spot size & flux
Rot & pupil angle
When DM closed



AO Enclosure

El Ring

NIRC2

NIRSPEC

Electronics

AO bench
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AO Bench
(diagram)

SFP (fiber)

Rotator

TT mirror

DM

ACAM

IR dichroic

WFS

FSMs

TSS: STRAP + LBWFS

BS/SOD
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Night Operations
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Documentation

• The issue is NOT too little documentation

• Too much, too many places

• What works for you?
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Tool Summaries?

LBMngr
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https://www2.keck.hawaii.edu/inst/ao/lbmngr.html


Troubleshooting Guides?

AO Troubleshooting
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https://www2.keck.hawaii.edu/optics/trouble/aotrouble.html


Night Operations
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Night Operations Notes
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The red circles denote what I 
watch during the night.

1. STRAP status – do we have the TT star?
2. WFS intensity – do we have the laser?
3. TT Graphs

1. Are the balls green?
2. Are the arrows mostly in the center?
3. If not green and/or not in the center, you may have lost the star

4. LBMngr
1. Is the wavefront error (WFE, red) graph stable and a reasonable value (<200-300 nm)
2. Is the focus error (black) graph stable and a reasonable value (absolute < 0.5 mm)
3. Does the LBWFS image look like a regular hexagon? If not, there is something wrong



Ops & Troubleshooting
• Where is the light?

– Stages: FSM, TSS, AFM

– Tel: PO’s/Offsets/Focus

– Laser/LTCS/SpaceCom

– Tip-Tilt/LBWFS
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TT Graphs

• No mirror position? => reboot WFC

• Mirror wandering? => 1. Bad/fast seeing

2. Low TT gain

3. cycle TT offloading

4. reboot SC

2021-07-08 AO Overview - J. Lyke 20



LBWFS

• Want

– Regular Hex pattern

– Flat-ish plots

– Abs(Focus) < 0.5 mm

– RMS WF < 200 nm
• Some nights we don’t get there

• Watch for

– Tel focus runaway

– Vignetting

– Non-regular Hex pattern
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Troubleshooting Hammers

Poor Correction

1. NGS: New background

2. LGS: Check LBWFS

3. Restore an old COG

4. Reacquire

5. Reboot WFC + Reacquire

6. Check correction on 
brighter star

7. Verify ACS snap
1. Use PCS snap

8. Re-calibrate (30-60 min)

Offset Issues

1. Reset AO/DCS

2. Reset AO/DCS + Reacquire

3. Re-run Nighttime script + 
Reacquire

4. Reboot SC + Reacquire
1. LGS needs LBWFS recovery

5. Reboot WFC + Reacquire

6. Another rotator?
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What’s New?

K1

• TRICK
– Near-IR TT sensor

• TOPTICA laser

• KAPA
– New RTC

– New WFS

– Laser tomography

K2

• Pyramid WFS
– Different method than SH

– Works in IR

• KPIC
– Fiber-injection (NS feed)

• RTC upgrade
– RTC + WFS
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