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• NFIRAOS simulating 
bench at NRC-
Herzberg
• Compare simulated 
performance with 
real, but controlled, 
data
• Validate NFIRAOS 
calibration procedures 
and control algorithms
• Real-time PSF 
reconstruction on 
MCAO system

HeNOS: Herzberg NFIRAOS Optical Simulator



 

 

 
 

Returning to consider the natural visible light that passes through the lower-right (natural vs laser) beamsplitter, we see 
that OAP4-V reimages this light, and on its way to focus, a pair of pointing and centring mirrors pick one natural guide 
star and send it to the VNW bench.  The first of these mirrors is shown directly below the tip/tilt stage. The second is on 
the lower edge of the VNW bench, before a collimator and atmospheric dispersion corrector. For observing without 
lasers, this bench contains a 60x60 WFS for NGS SCAO mode. Because this WFS uses quad cells of pixels, there is a 
fast steering mirror to dither the spots on the 60x60 NGS WFS to estimate centroid gain as seeing changes. For LGS 
mode, a motorized fold mirror directs the light to a 12x12 Truth WFS to detect quasi-static aberrations. These especially 
include spherical aberration and Zernike 21 induced by aliasing from the sodium layer onto the LGS WFSs, plus non-
common path calibration errors together with changes in telescope aberrations that vary with range distance to the laser 
guide star. 

 
     Figure 2 Isometric view of all NFIRAOS optics 

All of the items in Figure 2 are contained in a cooled enclosure operated at -30 Celsius to reduce thermal background 
and reduce observing time. In K band, spectroscopic observations between the OH lines will be 2.5 times faster than if 
operating at dome-temperature on Mauna Kea. 

  

3. TRADE-OFF STUDIES FOR A COMMON-SIZE OF DEFORMABLE MIRROR 

During 2013, we undertook an extensive trade study on changing the size of one or both DMs, with the aim to reduce 
risk and deformable mirror cost. However, in the end, we chose not to redesign NFIRAOS. The two deformable mirrors 
in the baseline design of NFIRAOS are of different size: DM11 has 76 actuators across the diameter and DM0 has 63 
actuators across its diameter. These are large and expensive mirrors, and a DM failure would cripple NFIRAOS. DM 
vendors indicated that if both mirrors were the same (preferably small) size it would reduce cost, risk and manufacturing 
time. 

On the face of it, if DM0 were to break, then NFIRAOS would be inoperable, which would be an especially severe 
setback during integration and commissioning, because the team would be at a standstill. Full commissioning and even 
first light on TMT (defined as diffraction-limited images) would be delayed for several years until a replacement DM 
was obtained. Budgets and manufacturing capacity make it unlikely that we actually would have a spare DM on-hand 
during this critical phase.  

NFIRAOS, the first light AO for TMT
the Narrow Field Infrared Adaptive Optics System

• MCAO with 6 LGSs and 2 DMs
• 1 NGS FWS and 1 TWFS
• 30” diffraction-limited and total of 2’
   correction
• feed up to 3 instruments

Herriot et al.  2014
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HeNOS: Herzberg NFIRAOS Optical Simulator

• simulating 8 m telescope
• 4 LGSs, 2 DMs, 3 PSs
• NGS science camera, PTWFS



Design Measurement

LGS asterism 4.5” 4.5”

Telescope size 8 m 8.13 m

Actuator distance 0.89 m 0.914 m

Subaperture size 0.27 m 0.267 m

Science FoV 10.9” 11.04”

DM heights [0, 11.2] km [0, 12] km

Phase screen 
heights

[0, 4.2, 14] km [0.6, 5.2, 16.3] km

LGS heights 90 km 98.5 km

HeNOS bench parameters



NFIRAOS HeNOS

FOV 120” 10.9”

Telescope diameter 30 m 8 m

Wavelength λ 1.6 µm 670 nm

LGSs 6 4

LGS asterism diameter 70” 6.4”

Altitude stretch 1 11

r_0 (@ λ) 0.75m 0.751m

NFIRAOS vs HeNOS
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• simulating 8 m telescope
• 4 LGSs, 2 DMs, 3 PSs
• NGS science camera, PTWFS



Adaptive Optics for Extremely Large Telescopes
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Fig. 1. Elongated LGS spot image and LGS–aberrations induced by the fluctuation of the sodium layer (time
series of 88 sodium profiles from the LIDAR of University of Western Ontario).

2 Radial thresholding

For CoG–based SH–WFS, a uniform threshold is usually applied on the pixels of the image prior to
computing the spot centroids in order to discard the contribution of the background. However, the
thresholding also discards the two fainter extremities of each elongated spot and may act as a circular
field–stop, generating centro–symmetric LGS aberrations. This statement is confirmed by an analytical
model (Fig. 2) and experimental results obtained with the UVic LGS–WFS test–bed (Fig. 3).

More details about the analytical model can be found in Ref. [4]. It can be shown that the LGS
aberrations induced by a uniform threshold are a combination of focus and spherical aberrations (Z11,
Z37, etc.) which scale as the threshold value Thres, the maximum spot elongation E and the sodium
profile asymmetry (defined by the function g). It is interesting to note that a uniform threshold (or a
field–stop) would not induce any error with symmetric sodium profiles.

A non–uniform thresholding method, termed ”radial thresholding” has been proposed to cancel
out most of the LGS aberrations without altering the centroid accuracy [4]. The threshold value is now
not uniform over the whole pupil, but is defined independently for each subaperture, proportionally to
the maximum of the local spot. The aberration induced by such a thresholding is a pure focus with
no spherical aberrations. This focus error is not an issue since it will be corrected by the zoom optics
already required to track the sodium layer [1].

3 LGS–aberration filtering in the frequency domain

3.1 Principle

As the fluctuations of the sodium layer are much slower than the turbulence (typical timescale between
10 and 60s [7]), any residual LGS aberrations can be filtered out in the temporal frequency domain.
This filtering technique is applicable to any kind of LGS WFSs and requires:

– a low bandwidth natural guide star (NGS) WFS in addition to the LGS WFS,
– a digital high–pass filter (HPF) on the LGS WFS path.

Basically, the low temporal frequencies are sensed by the NGS–WFS, while the high temporal
frequencies are sensed by the LGS–WFS. In other words, we prefer to use the NGS–WFS for sensing
the quasi–static aberrations and the slow turbulence, but we still trust (and still need) the LGS WFS

First conference on Adaptive Optics for Extremely Large Telescopes

05016-p.2

LGS induced aberration

Lardiere et al. 2010



Michaille et al. 2000

Na layer altitude/profile changes
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Pyramid wavefront sensor
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microlens array
off-the-shelf

double roof prism
from Subaru

by Maaike Van Kooten

double pyramid
from Arcetri

(spare for LBT?)
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