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• Satellite travels at high 

(angular) speed 

– Offset communication 

beams 

Point Ahead Angle 
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• Larger than iso-planatic 

angle 

– Laser Guide Star 

• Larger than isokinetic 

angle 

– … 

Point Ahead Angle 

𝜃 
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• Larger than iso-planatic 

angle 

– Laser Guide Star 

• Larger than isokinetic 

angle 

– Laser Guide Star? 

• Retrieve Tip/Tilt from LGS 

Point Ahead Angle 

𝜃 
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• Esposito 2000 
– Based on Elongation 

Perspective (Roddier 
1977) 

• 2 step 
– Derive downlink tilt from 

laser & NGS 

– Use all modes of LGS at 
science object 

136 S. ESPOSITO ET AL.

Figure1. The laser projector and observing telescope configuration.

(Rigaut and Gendron, 1992; Oliver et al., 1993; Parenti and Sasiela, 1994; Sandler

et al., 1994) that is not properly sensed by the laser beacon. This requirement re-

duces the fraction of the sky where the AOS can be properly operated considerably.

Several schemes have been proposed in the literature (Ragazzoni and Esposito,

1997; Esposito, 1998) to estimate the scientific object tilt using LGS tilt meas-

urements. Recently one of these techniques has been tested at the Starfire Optical

Range Observatory (Belenkii et al., 1999).

Using the ALFA system installed at the German 3.6 m telescope together with

the 2.2 m telescope, located in Calar Alto (Spain), we have performed some obser-

vations devoted to obtaining the absolute tilt using one of the proposed techniques,

namely the ‘Elongation Perspective’ technique (Ragazzoni, 1997). Our experi-

ments are aimed at performing some early experimental verification of theoretical

predictions.

Although this experiment suffer from some limitations (e.g. photon noise), it

constitutes a first step toward more exhaustive investigations, which could lead

within a decade to the full demonstration and implementation of this method and

provide the long sought-after solution to the tip-tilt problem mentioned above.

2. Thenatural guidestar perspective auxiliary projector technique

We briefly present the concept of the technique here. A more detailed description

can be found in Ragazzoni (1997). In this technique we use two auxiliary laser

projectors to measure the two orthogonal tilt components. The two auxiliary pro-

jectors are located at a certain distance from the main telescope so that the laser

source beam is seen from the main observatory as an elongated strip. In this case

Absolute Tilt from a Laser Guide Star 
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• 𝐿𝐺𝑆 = 𝑈𝑝 + 𝐷𝑜𝑤𝑛  

• Isolate uplink from 

downlink 

– Bulk motion of plume 

Absolute LGS Tilt 
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• Uplink 

– Common for all “positions” 

along the plume 

• Downlink 

– Different regions of the 

plume pass through 

different turbulence 

• Except the ground 

Absolute LGS Tilt 
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• Ground 

– Turbulence common in all 

directions 

• GLAO 

– Use average motion of 

NGS 

• Large FOV 

Absolute LGS Tilt 
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Absolute LGS Tilt 

• Bulk motion of plume over many 𝜃0 

– Removes high altitude turbulence 

• Average NGS Motion 

– Removes low/ground layer turbulence 

• 𝑈𝑝𝑙𝑖𝑛𝑘 = 𝐿𝐺𝑆 𝑝𝑙𝑢𝑚𝑒 − 𝑁𝐺𝑆  
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• Compensate for uplink 

jitter 

– Laser launch telescope 

• Sodium Beacon 

– LGS Tilt Sensor 

• Closed loop system 

– Scoring camera 

• Monitors LGS jitter  

LATTE 
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• ESO WLGSU 

– 20W Sodium 

Laser 

– Upgraded 

with tip/tilt 

piezo 

actuator 

Laser Launch Telescope 
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• INT 
– 2.5m diameter 

– 476m off-axis 

• Measures LGS 
position 
– Estimate Tilt from 

Laser uplink 

LGS Tilt Sensor 
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• Small Cassegrain 

telescope 

– Monitors LGS 

position 

– High frame rate 

• NGS reference 

– Measure telescope 

vibrations 

Scoring Camera 
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• Centroiding 
– Centre of mass 

• Plume 

• Stars 

• Ground layer 
– Average star centroids 

• Uplink 

– 𝐿𝐺𝑆 𝑝𝑙𝑢𝑚𝑒 − 𝑁𝐺𝑆  

INTRODUCTION

In this poster we present the preliminary results of the ongoing campaigns assessing the feasibility of determining the down and uplink 

atmospheric tip-tilt from the LGS itself.

The resulting 100% LGS-AO sky coverage will be strategic for astronomical adaptive optics and for free-space satellite communications using 

LGS-AO. The experiments are done in synergy with European astrophysics and space institutes.

This paper relates to experiments done in open and closed loop at the Observatorio del Roque de los Muchachos, using the Isaac Newton 

Telescope in La Palma (Canary Islands), the ESO transportable Wendelstein LGS unit and specific setups built by the DLR and ESA teams, 

together with the Durham University team. INAF contributes for the control SW and the data reduction pipeline SW.

Experiments to recover the uplink and downlink atmospherically induced tip-tilt from the LGS
ESO: D.Bonaccini Calia , J.Hellem eier , I .Guidolin, F.Gago, W .Hackenberg
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Further information may be obtained by writing to dbonacci@eso.orgPresented at the June 20119 AO4ELT6 conference in Quebec City by D.Bonaccini Calia
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SCIENTIFIC RATIONALE

Wendelstein Laser Guide Star System, Raman Fiber Amplifier based

• Feasibility tests open loop acquisitions completed May 2018

• Taken Open Loop and Closed Loop data in May 2019 with the INT

• Special DLR and ESA receivers at WLGSU and INT

• Removed Uplink……… More data to process/confirm

÷3

LGS tilt.  rms CL= rms OL/1.4

Datafrom LGS plume from INT

In closed loop the LGS  uplink tilt is 

removed

October 2018

Manufactured

July 2018

CAD model
March 2019

On Telescope

9-14 May 2019

Closed Loop 

Time

WLGSU LASER TRANSMITTER

ConclusionSCORING CAMERA

Images LGS + NGS

at the same time

Built by DLR

PCO CMOS

40cm Tel.

WLGSU RECEIVER SCORING CAMERA

Today we have enough flux from LGS for most current LGS-AO applications

We have two more issues related to LGS-AO:

1. Removal of focus uncertainty : see POSTER-LAS-077

2. Detect DOWNLINK tip-tilt from the LGS itself

We are exploring a variation of the LGS Elongation Perspective  (Esposito et al., 2000)

to cure its drawback.

WHERE? at Observatorio del Roque de los Muchachos – La Palma – with WLGSU + INT 

ESA BUILT LGS TILT AND NGS SENSOR

2x PCO CMOS fast cameras

LGS TILT SENSORS INSTALLED ON 2.54m INT

WLGSU AT ORM 2.54m INT AT ORM

Rx Tx

u

20W CW at 589nm

D2a and D2b emission

2 MHz linewidth

Remote, Automatic Operation

426m

Rx

OBSERVATIONS
@ INT

1 is WORKING

4 are WATCHING

Data Processing 
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• May & September 

– Commissioning 

– Open/Closed 

comparisons 

• Closed loop reduces 

measured centroid 

variance 

 

 

Preliminary Data Analysis 
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• Histogram of 

centroids 

– Measured at INT (Tilt 

Sensor) 

• Closed Loop reduces 

centroid variance 

– × 1.4  

Preliminary Data Analysis 
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• Point ahead angle 
– Reduces AO performance 

– Lack of sources 

• Laser Guide Stars 
– Sensing Tilt from LGS 

• Proof of concept 
experiments 
– Seem to work 

– Further analysis ongoing 

Summary 
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