
Initial Deployment
Early in the internship, we set-up the DBSAS within the telescope dome, as shown in
Figure 5, to obtain night-time data.

We obtained data for only 2.5 hours due to several technical difficulties with the
DBSAS system.
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Fig. 1: Astronomical Seeing
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Fig. 5: Initial configuration in Keck II Dome - birds-eye view of the DBSAS system.

Fig. 8: Angle Compensation

Fig. 7: Before and After Redesign  *not drawn to scale

Redeployment

Fig. 10: Structure Constant over Time

Fig. 12: DBSAS System on Cabinet
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Acknowledgements

Fig. 11: Log Linear Relationship is “suggested”

Akamai Internship Program
Lynne Raschke, Scott Seagroves,

David Le Mignant
Center for Adaptive Optics, NSF Grant

TMT
Tony Travouillon

Project Goal
Install and test a Displaced-Beam Small
Aperture Scintillometer (DBSAS) in the Keck
Observatory telescope dome to determine if
permanent installation is feasible. If feasible,
the DBSAS is potentially able to measure the
turbulence (seeing) in the telescope dome. By
analyzing the behavior of the turbulence, we
may find a way to mitigate the seeing, which in
turn would improve the night-time
observations.

A DBSAS works by using a transmitter to
propagate two laser beams to a receiver,
which then measures how much the beams
have been distorted due to turbulence along
the propagation path.

Technical Difficulties &
Redesign

After 2.5 hours, the DBSAS system stopped working correctly.  After trouble-
shooting, we deduced that the system alignment was the cause.

Aligning the system requires at least two people on each side directing the
other on which component to tweak to get the signal beams in the desired
position.

The system is very sensitive due to:
• the long distance in between the TX and RX
• the telescope dome deck which flexes when there is any movement of weight
• a specific manner in which the signal beams must be received

From our experience with the first deployment, revisions were done to
ruggedize the system:

1) Mount system on two platforms
•Components together rather than separate
•Creates faster and easier set-up

Fig. 6: Platform on Cabinet

After testing at headquarters, the DBSAS system was taken back to the summit in its new
design, shown in Figure 9.

Using the new DBSAS configuration, daytime data
was obtained at the summit (nighttime data
gathering would have affected other
experiments).

Figure 10 shows the structure constant, a
measure of the dome turbulence which is
calculated by the DBSAS system, as a function of
time.  The gray areas show times when data were
not taken due to human interference and/or
vibrations.

Conclusion
 the new DBSAS system is more robust

•faster and easier set-up
•with fixed components, alignment is relatively
easier and faster

 the system is now more appliance-like
•an on/off switch was installed to control the
system (shown in Figure 12, next to power
supply)

 the system is still very sensitive
•takes much effort to calibrate and maintain the
system alignment
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• The TX and a flat mirror were set up
opposite the side which held the RX and
collimating mirror.
• The TX and RX are separated by 21 m for
a total path length of 63 m.
• The power supply, SPU, and JCB were
set up in between the TX and the RX.
• The laptop computer recorded
measurements up on the nasmyth deck.

• The platform containing
the TX and collimating
mirror sit on a crate tied
to one end of the deck.

• The platform containing
the RX, flat mirror, SPU,
JCB, and power supply sit
on the cabinet at the other
end of the deck.

• The DBSAS is connected
to a PC laptop located in
the control room via the
RS-485 cable.

Fig. 9: Redesigned configuration in Keck II Dome - birds-eye view of the DBSAS
system.

2) Angle correction to TX and RX mounts
•Compensates for height difference
between the TX and RX
•More “play” when adjusting the TX and RX
for desired alignment

3) Test and Add RS-485 Cable
•Allows the PC laptop to run in the control
room instead of on the deck
•Operating the DBSAS in the control room
instead of the in the cold dome improves
concentration and body temperature

The newly improved system was set-up at headquarters to simulate set-up at the
summit. Tests were run with the DBSAS to see how the modifications checked out.

A correlation was observed between the
structure constant and a quantity called the inner
scale of refractive index (l0). The l0 refers to how
much a light source is bent by turbulence cells
due to their refractive index, i.e. the bigger the
refractive index, the more the light is bent.

It must be mentioned that because this is only a small sample of data, that this is not sufficient to say that
these measurements can be conclusive. With that said, the graph, shown in Figure 11, “suggests” that
the less fluctuation there is in the inner scale, we tend to see a smaller structure constant. As the
fluctuations increase, we see a bigger structure constant. We can, however, say that we are seeing
what we expect to see. That these two values are derived from the same DBSAS data and there should
be a correlation, and therefore it seems the DBSAS is working appropriately.

All in all, I believe that installation of the DBSAS system in the telescope dome to
measure and observe dome turbulence is feasible if there is a new location which
would isolate the system from any human interference or vibrations and if there is
a trained operator for the system.

Provides 12-volts
to the SPU .

The brain of the system;
results from measurements
are derived from this
computer.

Connects cables from TX,
RX, and SPU; allows the
control of the TX by the
laptop computer.

Propagates
two parallel
laser beams,
designated as
Channel 1
and Channel
2.

Receives
the signal
beams.

Cables which connect
the SPU to the laptop
computer.

The [laptop] computer
which runs the DBSAS
software SLSRUN 2.32
CW used to record
measurements taken by
the DBSAS.

For this experiment we used a three-path configuration
of the DBSAS in order to obtain the path length
required for the sensitivity we want.  The three-path
configuration utilizes mirrors to reflect the beam from
the TX to the RX.

System Components


