
ALTAIR 5A Mission Debrief Report

Gile Mt to Etna Optical Test — 11Dec12

1 Summary

ALTAIR 5A was a test of several optical configurations with an optical test stand on the fire
tower on Gile Mt, VT and a ground station on Robert Frost Lane in Etna. The distance
between these locations is 16 km. We were able to image the green laser pointer used for
alignment, the green LED beacon, and the green and blue laser diodes both directly and
when used to excite the integrating sphere. The optical configuration did not include fiber
coupling; the laser diode outputs were fed directly into the integrating sphere. We obtained
usable images of the integrating sphere output port with exposures of 700 ms at a range
of 16 km. Since operational ranges will be more than twice that distance, and since fiber
coupling will be necessary, we can expect an order of magnitude less illuminance in actual
practice. Nevertheless, this test demonstrates the plausibility of the current design.

The A5a test stand used the flight board and firmware from the A5 mission, an old laser
heatsink from the A1 gondola and the Thor-Labs integrating sphere. No optical fiber was
used; the lasers were either aimed directly at the ground station, or coupled directly into
an unused port in the integrating sphere. In addition to the laser light sources, the LED
beacon (with only the green LEDs wired) was also provided. All communication with the
test stand was via the A5 telemetry system. The stand was mounted on a tripod for stability
and convenient aiming. In order to provide accurate aiming of the stand, it was equipped
with a green laser pointer boresighted with the axes of the heatsink and integrating sphere
output aperture.

The ground station science equipment consisted of the LX200GPS telescope with the SBIG
ST-8300 camera mounted at the prime focus and controlled by a MacBook Pro running
CCDOpsLite. Telemetry was handled by a standard ground telemetry radio controlled by
the ToughBook computer.

2 Sequence of Events

The test was conducted the evening of Tuesday, 11 December 2012. After coordinating
equipment and procedures, Max took the test stand to Gile Mt, arriving about 2000 EST.
Yorke and Will took the ground station equipment to Robert Frost Lane and set up there.
The ground station team encountered some difficulty with configuring and aligning the tele-
scope, and were forced to abandon plans to use the tracking capability for pointing. Max
reached the fire tower about 2030 and all systems were ready for testing about 2100.

The temperature was approximately −3◦C, with a west wind of 2-3 knots. The air was clear
below a variable thin cloud cover.
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Test operations began at approximately 2100 EST.

1. The imaging team was located by flashing their headlights. The laser pointer was
turned on and aimed at the headlights.

2. The green LEDs were powered on, and imaged at 0◦, 30◦ and 45◦ off normal angle.
During this process, the LEDs flickered by an estimated 30% in apparent sync with
the radio status light, suggesting the cause was inadequate power regulators on the
control board. None of the other light sources had any visible unsteadiness.

3. The green laser diode was imaged next at 0◦ and 10◦ off axis. As previously noticed,
the green laser diode did not emit light parallel to its optical axis, and could not be
aimed at the imaging team with the rest of the table. The first several meters of the
laser diode beam path was visible in the air however, and could be used for pointing
purposes in the same manner as the laser pointer. For imaging the green laser diode,
the table was slewed until the beam was approximately centered on the imaging team.

4. After imaging of the bare green laser diode, the diode was installed in the integrating
sphere. Sometime during the installation, the blue laser diode came on and could not
be turned off. It remained on for the rest of the experiment, and was simply obscured
by hand during imaging. The sphere was imaged at 0◦, 30◦ and 45◦ off normal angle.

5. The blue laser diode was imaged in the same manner, both in the bare configuration
and through the integrating sphere at multiple angles.

Off axis imaging of the LEDs and integrating sphere was accomplished by tipping the table
forward (towards the imaging team). The tripod head had a ruled gauge with markings
every 30◦ for this purpose.

Imaging was concluded at 2245.

2.1 Notes and Operational Lessons Learned

• It’s difficult to work in the cold.

• It’s difficult to work in the wind. Notetaking was problematic. (Not forgetting the ops
notebook would help...)

• Although we checked all exposures for saturation, we clearly did not set the cursor on
the brightest pixels.

• We need to improve our familiarity with the telescope, camera, and image acquisition
software. Although we had rehearsed the star alignment procedure, we made some errors
that complicated the process and resulted in hand pointing. Still, the LX200 is much easier
to star align than the LT-6! Similarly, we had difficulty operating the camera efficiently.

• Dec lock is jammed.
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• Mirror lock is not properly adjusted.

• There’s no star diagonal and ocular for the LX200! We had to improvise.

• We need a procedure for aligning the finder scope.

• The SBIG power cable is intermittent.

• It was unclear whether the TEC was working or if we neglected to turn it on. We know
now that it was the latter.

• Furniture matters. We had difficulty working with the computers without a table.

• Ideally, all operations should be conducted from a single computer.

3 Instrumentation

The optical test stand is shown in Figure 1. The output power of the laser diode molecules
is approximately 30 mW, but is not known precisely.

• Telescope: Meade LX200GPS Schmidt-Cassegrain, 12 inch aperture, f/10 (D = 305
mm f = 3048 mm)

• Camera: SBIG ST-8300, unfiltered

• CCD: Kodak KAF-8300 3326x2504 pixels, 5.4 um square, 19.7x15.04 mm frame.

• Image Capture Software: CCDOps Lite V 1.09.2

• Image Reduction Software: ImageJ

4 Targets Imaged

Optical equipment on Gile Mountain Fire Tower, range = 16 km. Imaging was conducted
at ambient temperature of −3◦C, and no CCD cooling was used.

• 5 mW Orion SkyLine Deluxe Pro green laser pointer

• WorldStar Tech green (532 nm) laser, bare

• WorldStar Tech blue (440 nm) laser, bare

• WorldStar Tech green (532 nm) laser, coupled directly to ThorLabs sphere

• WorldStar Tech blue (440 nm) laser, coupled directly to ThorLabs sphere

• Polaris

• Dubhe
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Figure 1: Optical test stand based on ALTAIR 5 vehicle.

5 Analysis

We collected two 700 ms exposures with the telescope aperture obscured. We averaged the
two dark frames and subtracted the result from our science exposures and obtained a mean
background level close to zero. A single background exposure of the fire tower with all lights
off was obtained at the end of the experiment, but the telescope was moved in between data
and background exposures, so it proved impossible to use the background frame during data
reduction. Because we were after rough results only, we did not acquire flat field frames.
Total counts were determined via aperture photometry with a 20-pixel diameter circular
aperture. Figure 2 shows an example exposure. Due to a lack of time and our inexperience
with the LX200 telescope, as well as difficult weather conditions, our images are out of focus.
All photometric analysis presented here was performed using ImageJ.

• Green laser pointer. Two exposures were made at 700 ms. All exposures were satu-
rated; no further reduction was conducted on these exposures.

• Green laser diode (bare). One exposure was made at 700 ms. All exposures were
saturated; no further reduction was conducted on these exposures.

• Blue laser diode (bare). One exposure was made at 700 ms. All exposures were
saturated; no further reduction was conducted on these exposures.
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• Green laser diode and integrating sphere. Exposures were obtained at 0◦, 30◦ and
45◦ off normal. All exposures at 700 ms. No dimming was detected. We hypothesize
that this effect was due to the optical table’s polished aluminum surface coming into
view as the table was tipped forward, and reflecting additional light into the telescope.
However, this effect would not be present in the 0◦ off normal exposures.

• Blue laser and integrating sphere. Exposures were obtained at 0◦, 30◦ and 45◦ off
normal. All exposures at 700 ms. No dimming was detected, which we attribute to
the mechanism described above.

• Polaris. The only focused exposures were at 400 ms. All exposures were saturated; no
further reduction was conducted on these exposures.

• Dubhe. Two exposures were made at 400 ms. All exposures were saturated. However,
the dimmer star HD 95638 was also captured in the field of view. HD 95638 was not
saturated, and could be used for absolute photometry if desired.

Figure 2: Sample image and profile.

6 Results

Only the four head-on integrating sphere exposures were suitable for analysis. The results
are summarized in Table 1. Photon count, flux, and irradiance are given as calculated at
the ground, after bias correction.

Experimental constants used for making assumptions in data reduction are listed here:

• Telescope Transmittance: 90%
• Telescope Aperture: 304.8 mm
• Effective aperture: 0.0730 m2
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• Detector Gain: 0.37 (e/ADU)
• Range: 16 km

Table 1: Photometric analysis of integrating sphere excited by laser diode modules. These
results are for a range of 16 km. Precise output power of laser diode modules is unknown,
but is of order 30 mW. Detector gain is 0.37 e/ADU.

Source Wavelength ADU Electrons QE Photons Flux Irradiance
(nm) (counts) (e/γ) (γ/s) (fW/m2)

Green LD 1 532 63 816 2.4×104 0.30 8.7×104 1.2×105 640
Green LD 2 532 54 475 2.0×104 0.30 7.5×104 1.1×105 550
Blue LD 1 440 236 774 8.8×104 0.22 4.4×105 6.3×105 3 900
Blue LD 2 440 262 745 9.7×104 0.22 4.9×105 7.0×105 4 300
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