Laser guide star pointing camera for ESO LGS Facilities
D. Bonaccini Calia1a, M.Centroneb, F.Pedichinib , A. Ricciardic, A. Cerrutoc and F. Ambrosinob
a

European Southern Observatory, Karl-Schwarzshild-Str.2, 85748 Garching, Germany; www.eso.org
INAF - Oss. Astronomico di Roma, Via Frascati 33, 00040 Monte Porzio Catone (Roma), Italy; www.oa-roma.inaf.it
c
ASTREL Instruments s.r.l., Via Alcamo, 10 – 00182 Roma, Italy; www.astrel-instruments.com
b

ABSTRACT
Every observatory using LGS-AO routinely has the experience of the long time needed to bring and acquire the laser
guide star in the wavefront sensor field of view. This is mostly due to the difficulty of creating LGS pointing models,
because of the opto-mechanical flexures and hysteresis in the launch and receiver telescope structures. The launch
telescopes are normally sitting on the mechanical structure of the larger receiver telescope. The LGS acquisition time is
even longer in case of multiple LGS systems. In this framework the optimization of the LGS systems absolute pointing
accuracy is relevant to boost the time efficiency of both science and technical observations. In this paper we show the
rationale, the design and the feasibility tests of a LGS Pointing Camera (LPC), which has been conceived for the VLT
Adaptive Optics Facility 4LGSF project. The LPC would assist in pointing the four LGS, while the VLT is doing the
initial active optics cycles to adjust its own optics on a natural star target, after a preset. The LPC allows minimizing the
needed accuracy for LGS pointing model calibrations, while allowing to reach sub-arcsec LGS absolute pointing
accuracy. This considerably reduces the LGS acquisition time and observations operation overheads. The LPC is a smart
CCD camera, fed by a 150mm diameter aperture of a Maksutov telescope, mounted on the top ring of the VLT UT4,
running Linux and acting as server for the client 4LGSF. The smart camera is able to recognize within few seconds the
sky field using astrometric software, determining the stars and the LGS absolute positions. Upon request it returns the
offsets to give to the LGS, to position them at the required sky coordinates. As byproduct goal, once calibrated the LPC
can calculate upon request for each LGS, its return flux, its fwhm and the uplink beam scattering levels.
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1. INTRODUCTION
The 4LGSF is part of the adaptive optics facility [1], producing the reference LGS for the adaptive optics systems
GRAAL and GALAXY. 4LGSF has 4 laser guide star modular units mounted on the centerpiece structure of UT4. Each
Laser Guide Star Unit (LGSU) is composed of the laser head, mounted on the Beam Conditioning and Diagnostic
System (BCDS), together with the optical tube assembly (OTA) sitting on a steel baseplate anchored on the UT4
centerpiece. A Laser cabinet and an electronic cabinet are also part of the LGSU (see Figure 1).
4LGSF is required to point each LGS with an absolute error of ±2.5 arcs. Differential flexures hysteresis of the
mechanical structures and active optics automatic adjustments of the primary-secondary optical axes of UT4, do not
allow repeatable LGS pointing models of the launch telescope - not to mention temperature effects on the different
mechanical structures.
The resulting LGS blind pointing does not match the requirement by more than a factor two. This has the effect that the
LGS pointing requires cumbersome and lengthy field scanning with the LGS or telescope guider acquisition procedures.
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In order to reduce the otherwise long acquisition time for each LGS, i.e. the time needed to have the LGS within the 5
arcs diameter field of view of the WFS, a boresighted Laser Pointing Camera (LPC) has been designed and is being built.
The LPC, mounted on the top ring of UT4, can acquire frames in which the preset LGS and the natural stars are present.
LPC recognizes from the image sky stars using readily available astrometric SW and returns the needed coordinates
offsets of the LGS. In this way the LGS acquisition can start as soon as the UT4 active optics cycles are finished, the
LGS pointing requirements can be met and much less pointing calibrations of the launching systems are required.
Moreover the LPC, thanks to the experience acquired by the team during the Wendelstein experimentation [7] can
extract from the images useful parameters for each LGS, such as fwhm, sodium return flux, uplink beam scattering and
detection of cirrus clouds.

Figure 1: UT4 telescope with the four LGS Units mounted on the centerpiece. Each LGSU is composed of the laser head mounted
wit the launch telescope system on a steel baseplate, a laser electronic cabinet and a control electronic cabinet. The LPC is mounted
on the top ring of the telescope, above the Nasmyth B.

2. LPC MAIN FUNCTIONAL REQUIREMENTS
The LPC functional requirements have driven its design. LPC is to be based on a ‘smart’ CCD camera, with standalone,
on-board computing capabilities, based on Linux OS. The LPC has to require only power supply and communicate via
Ethernet. The LPC will be used as a server, a subsystem of the 4LGSF client, through the link established within the
4LGSF internal LAN network.
The LPC has to cover a field of view with a radius of at least ~12.5 arcmin, with arcsec resolution, and capable of
detecting 15th magnitude stars, with S/N better than 5, with a 20 sec exposure. During feasibility on-sky experiments2,
the size of the objective has been determined: a 150mm diameter f/12 objective with an Astrel CCD smart camera will
give a pixel sampling of 0.62”, allowing to sample the sky down to 15th visual magnitude stars in 20 seconds exposures,
with a S/N ratio better than 5 - which is sufficient to achieve subarcsec absolute coordinates accuracy, when more than 3
known stars have been identified. Shorter exposures times would require larger and bulk objectives to reach the same
S/N ratio.
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From a sky coverage analysis and from previous experiments done, this LPC field of view and sensitivity ensures 100%
sky coverage for the star patterns recognition and the absolute coordinates determination, within the AOF pointing range
[2]. This will further be validated using a prototype system at the Osservatorio Astronomico di Roma (OAR) in the initial
stages of the project. The astrometric field recognition SW has been successfully tested, and it runs under the smart
camera Linux OS. The control SW shall allow standalone operation with simple command/reply strings, to which the
exchange of input and output parameters are associated. The Astrel CCD camera and the 4LGSF controls will
implement a watchdog to monitor/reset the communication channels if needed. Besides the storage of the acquired
images, as a goal under user request the LPC shall provide for each LGS the measured parameters of the return flux
(phot/s/m2), fwhm in arcsec and uplink scattering intensity parameter, in phot/s/arcsec2.
For an unobstructed, minimum 25’ field of view diameter, centered on the optical axis of UT4 to be able to see all four
LGS, and to reduce the impact of scattered light, a good solution is to have the LPC mounted on the UT4 top ring.

3. LPC DESIGN
3.1 Opto-mechanical design
The LPC is composed of a Maksutov optical tube with attached a field rotator and a CCD smart camera. More precisely
the LPC (Figure 2 LEFT) is using the components listed below:
1. Optical tube Maksutov 150 mm F#12
2. Camera rotator (Figure 2 RIGHT TOP) to avoid trailing of close to the Zenith images due to field rotation based
on the smart axis motor (c) Faulhaber EN-2232-BX4-CXD-DFF. It is controlled through the camera RS 232 port
and it is mechanically connecting the camera to the telescope output flange.
3. Smart CCD Camera ASTREL-A01-X described in the next paragraph.
4. Sliding shutter to avoid entrance optics lens dust contamination during period of not use.
5. Mechanical frame to hold sub components and to connect LPC to the top ring of VLT-UT4.
6. Cover to protect from dust and to reduce dome pollution from any Visible or IR light.
7. Electronic interface board for power supply conditioning and subsystems communication.
The LPC overall dimensions are 400 x 300 x 600 mm. and the mass is estimated to 32 kg. Preliminary F.E.A. analysis
performed on this model shows negligible differential tilt of the optical tube due to gravity, in the operational Zenith
angle range [0,30] degrees. (See Figure 2 RIGHT BOTTOM).

Figure 2: LEFT: Assembled view of the LPC opto-mechanical concept, the cover has been removed to show the inner components
labeled. RIGHT TOP: Camera rotator exploded view. RIGHT BOTTOM: FEA analysis of flexures at 45 deg. of Zenith angle.

3.2 Smart CCD camera
The ASTREL-A01-X [3] is a CCD camera equipped with a Kodak True Sense detector [4] with 3326 x 2504 pixel of 5.4
µm side and managed by means of an embedded TI-AM1808 microcomputer running Linux (Figure 3). It has several
GB of solid disk (SD) internal data storage and an ETH connection to host computers for remote control. The
microcomputer manages standard image processing (flat, bias, etc.) and can perofrm more complex computation on the
acquired images like astrometry of sky fields, or pattern recognition of the LGSs and their plumes. Several digital I/O
lines, 2 USB and an RS232 ports are present on the camera for expansion and control of slaved devices. Shutter, filter
wheel and a fan-less Peltier cooler dissipated through flexible thermal straps are included in the camera of the LPC.
Typical read out noise is less than 10 electrons with a pixel rate of 1 Mpix/s. In the application of LPC to achieve the
best compromise between astrometric resolution, read out time and processing time, the camera performs a 2x on-chip
binning. With this set-up, using the f/12, 150mm diameter Maksutov telescope, the final image cover a field of 36 x 25
arcmin with a binned pixel scale of 1.24 arcsec., the read out time is 8 sec and the average astrometry processing time is
4 sec. (see also section 4.2).
3.3 SW functionalities
The Astrometry engine loaded in the camera computer is based on the Linux CHARON package and tuned to the camera
sampling and dynamic [6]. The GSC II star catalog is stored inside the SD card of the camera and the retrieval of the
coordinates of the stars present in the acquired image from the catalog is speeded up thanks to the knowledge of the UT4
pointing coordinates and the parallatic angle. This quickly reduces the combination of possible asterism to look for the
matching of the field. The first iteration is performed with five stars and then four or three if few sources have been
detected. Following the early tests done, the star field astrometry on the whole frame is performed with an r.m.s.
precision of 0.3 arcsec within 4 sec after the read out of a 20 sec. exposure. The sensitivity of the system is enough to
reach with a 20 sec. exposure the detection of sources faint as mag 15 This, together with the wide field of the optics, is
sufficient to guarantee the effectiveness of LPC also in the less populated sky areas at high galactic latitudes.
Beyond the main task to determine the exact positions of the LGSs in the sky the other tasks of the LPC software are the
computation of the sky background level, the LGSs fwhm and flux and the measurement of the Rayleigh scatter along
the laser beam. This secondary tasks are requested from the host once the 4LGSF is locked on the wave front sensors and
are relevant goals of the LPC project aimed to monitor the sodium layer population and the atmosphere transparency.

Figure 3. LEFT: Top view of the camera ASTREL-A01X. RIGHT BOTTOM view of the camera to show the fan-less heat sink with
the treaded hole where connect the flexible thermal straps to dump the heat generated from the Peltier hot side.

3.4 The electrical HW
Two input connectors provide respectively 24V power supply and digital I/O for watch-dog and remote power On/Off of
the LPC system. A custom ASTREL electronic does signal conditioning and interconnects the different subsystems,
providing also Glass to Copper ETH conversion. The motorized axes of the image rotator and the sliding LPC shutter use

the F. Faulhaber Gmbh smart brushless motor EN_2232_BX4_CXD_DFF (c) [5] and a RS232 bus control, directly via
the existing camera computer RS 232 port. A dedicated driver takes care of resetting communication hangs on this line.

4. SIMULATION AND FEASIBILITY TESTS
4.1 Images Simulation
Simulating images of the LPC system is very useful to extract sensitive information about the opto-mechanical design,
see the effects of uplink scattering and fine-tune the astrometry field reduction software. Toward this aim we developed a
dedicated IDL code, which is capable of providing simulations of the images as close as possible to the real ones. The
fits images generated take into account the following factors that are configurable parameter of the simulation:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Rayleigh scatter intensity up to an altitude of 30 km above ground;
Mesospheric Sodium fluorescence (LGS) from 80 to 120 km above ground;
Defocus effect on the Rayleigh scatter plume depending on the UT4 pointing altitude angle;
Decreasing brightness by using a second order power law due to the distance from LPC objective;
Air density profile depending on altitude;
Extra Rayleigh scatter from thin cloud layers (cirrus).
LGSs Asterism pattern configuration.
Laser uplink beams and LPC positions with respect to the VLT-UT4 telescope optical axis.
Integration time.
Lasers output power.
AZ and El angle of the VLT-UT4.

Figure 4. LPC system simulation of 4LGSF for both astrometric and photometric measurements. To be noted the star field background
selected from SLOAN digital sky survey and an extra Rayleigh scatter from a thin cirrus cloud layer 300 m thick, located at an altitude
of 11 km.

A star field, retrieved from the SLOAN digital survey [8], is used as background for the simulated images after a flux
and scale pre-calibration in order to make both astrometric and photometric measurements possible. In Figure 4 we show
the simulation of the sky image seen from LPC system, when the 4LGSF launches a square asterism of 20 arcsec

separation, for 20 sec integration time. To avoid LGSs saturation the Laser power is dimmed by a factor 20, or
propagated for 1 sec.
4.2 LPC prototype preliminary field tests.
To validate the LPC system design, during the night of April 16th a prototype of the LPC system (see figure 6),
assembled using a 150 mm F#12 Maksutov telescope and an Astrel-A01 CCD camera, acquired several fields at high
galactic latitude to verify its detection sensitivity. This field test demonstrated the robustness of the preliminary study for
LPC yielding detection at 10 sigma of stars fainter than magnitude 14 with half-moon on sky and a seeing of 3 arcsec
fwhm. The camera microcomputer processed the images in less than 4 sec. with an average astrometry accuracy of 0.3
arcsec r.m.s. on the whole field.
Further tests will be soon performed using a camera rotator to emulate the field rotation when LPC is installed on the
UT4 top ring. We will also verify the capabilities of the astrometry software, in the cases of very crowded fields.

Figure 6. LPC prototype field tests done on April 16th 2014. Left: raw data from a 10 sec. exposure of a field at +78 deg. of galactic
latitude. 10 sigma automatic detection finds stars fainter than mag. 14. Right: transportable 150mm diameter Maksutov with the
Astrel-A01 CCD camera mounted at its focal plane.

5. LPC PROJECT TIMELINE AND PLAYERS
The LPC project is managed by the Osservatorio Astronomico di Roma (OAR) and done in collaboration with
ESO. The OAR has Astrel and Emmepi as industrial subcontractor partners. Two LPC cameras will be delivered to ESO,
and one prototype LPC will be assembled and tested before the design review, to validate the design. The project is on
fast track to allow the LPC to be used already in the first commissioning of the 4LGSF Laser Guide Star Units, in early
2015.

Table 1 : (Left) LPC Project Timeline, with milestones, the time of completion and the date related. (Right) The LPC Project
Tasks with the corresponding Players. The collaborative project is managed by the Osservatorio Astronomico di Roma
(INAF).

6. CONCLUSION
The stringent pointing requirements of the 4LGSF launch telescope systems have driven the design and implementation
of a special UT4 boresighted ‘smart camera’ as subsystem of the 4LGSF for the pointing of the Laser Guide Stars
asterisms. The Laser Pointing Camera is designed as a standalone, autonomous subsystem, which has a simple control
interface via the LAN using the TCP/IP protocol.
The LPC compact design complies with the requirements set by the VLT operation and allows reaching the targeted LGS
absolute pointing accuracy, saving considerable time during LGS acquisitions. It also allows measuring the main LGS
parameters, such as LGS fwhm, flux and uplink scattering, and storing them as part of the observation data.
Simulations and prototype field tests have been done to minimize risk and validate the proposed design. Particular care
has been taken for the thermal management as well as for the Earthquake-proof design, since the camera is located at the
top ring of UT4.
The collaborative OAR-ESO project is on fast track, to be completed and validated in Europe in December, and
commissioned in the spring of 2015.
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