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ABSTRACT 

As a facility class instrument on SOFIA, FLITECAM will be developed at the UCLA Infrared Imaging Detector 
Laboratory. Its primary purpose is to test the SOFIA telescope imaging quality from 1.0 to 5.5 microns, using a 
1024xl024 InSb ALADDIN II array. Once the telescope test flights are finished, FLITECAM will be available to 
the science community. FLITECAM's field of view of 8/ in diameter, with a plate scale of 0.4711 per pixel, is one of 
the largest available for any facility camera. Grisms are available to provide moderate resolution of R~100o-2000, 

depending on the slit width, with direct ruled ZnSe grisms. The detector readout electronics will be provided by 
Mauna Kea m Inc. and is able to operate the detector array at all its planned operation modes, including occulations, 
telescope-nodding, high-speed shift-and-add, and optionally chopping at the longer wavelengths. Here we present 
our design approach to achieve those specifications. We also discuss the most important tests FLITECAM will carry 
out and give examples of science projects on SOFIA. For the latter, we present a preliminary list of filters which is 
expandable and open for discussions within the science community. 
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1. INTRODUCTION 

FLITECAM is the First-Light Infrared Test Experiment Camera on the Stratospheric Observatory For Infrared 
Astronomy (SOFIA). SOFIA, flying on a Boeing 747SP at altitudes of typically 41,000ft, will operate above 99 % of 
the atmosphere's water content, leaving between 5 and 10 p,m water vapor column above it.1 Between 30 p,m and 
300 p,m the atmosphere therefore becomes about 80 % transparent, with some atmospheric water absorption lines and 
almost spacebome conditions between them. Between 4 p,m and 600 p,m are only relatively few atmospheric windows, 
which also depend on the water content, so that SOFIA has significant advantages there too. The telescope is being 
built in Germany and will be delivered to the SOFIA Science Mission and Operations Center in fall 2002. At that 
time, FLITECAM is intended to test the telescope performance. 

FLITECAM is a near-infrared (1.0-5.5p,m) camera, using a 1024xl024 InSb ALADDIN array. The plate scale 
is 0.4711 with an 8/ circular field of view, which is identical to SOFIA's field. It is being built at UCLA as one of the 
facility instruments needed to support the joint assembly, integration, test and verification of the SOFIA telescope 
assembly during first light operations. FLITECAM will test the image quality, monitor the seeing, and establish the 
near-m wavelength dependence of the seeing. After the test period, it will be available to the science community for 
general scientific use as a facility instrument. Scientifically, FLITECAM will provide wide-field imaging, narrow-band 
imaging and moderate resolution (R~1300) spectroscopy, at wavelengths which are inaccessible from the ground. 
Also first light images for education and public outreach will be produced. 

During the test phase, FLITECAM will often be jointly operating with the High-Speed Occulation Photometer 
and Imager (HOPI),2 a special class science instrument on SOFIA, to run image quality tests simultaneously at 
visible and m wavelengths. FLITECAM will also support occultation measurements together with HOPI, as well 
as independently. As FLITECAM will be testing the SOFIA telescope, its performance must be well established on 
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other well-known telescopes before going on SOFIA. To accomplish this, the instrument will first be operated for 
several months at Lowell Observatory's 72-inch Perkins telescope in Flagstaff, AZ. 

With 8', FLITECAM will have one of the largest FOVs in the near-m available to the science community. We 
are considering making use of FLITECAM's capabilities at the 3-meter Shane telescope at Lick Observatory on Mt. 
Hamilton, CA. FLITECAM operations at Lick, while other instruments are flying on SOFIA, are easy to establish 
due to the proximity of both observatories. Both the Perkins as well as Lick have f-numbers of f/17, which are 
close enough to the speed of the SOFIA telescope, which is f/19.6. Given that the f-numbers are relatively close, the 
nominal cold stop optimized for SOFIA, can be used for the Perkins and Lick telescopes as well without compromising 
the performance too much. For those ground-based applications as well as for calibration purposes, FLITECAM will 
not only have a filter set to specifically take advantage of the better atmospheric conditions, but also a standard 
ground-based filter set. 

In the early stages, we planned to use a 1024x1024 InSb ALADDIN array on FLITECAM, re-imaging the entire 
SOFIA FOV at once. But due to problems at that time acquiring such big arrays, the design was descoped to use a 
single quadrant with 512x512 pixels, imaging only 4' of the SOFIA FOV. The PDR review committee then strongly 
recommended the use of a full array, because the test program as well as the scientific program thereafter would 
benefit largely from such an upgrade. The investigation of the overall system performance with the larger field, 
and therefore with much larger optics, has shown satisfying results. We therefore implemented the review board's 
recommendation and present this new and larger design in this paper. One design goal, though, had to be omitted 
at least for first light, due to the upgrade. The originally planned high-resolution imaging mode will not be available 
on FLITECAM for first light. This mode, with a plate scale of 0.12" per pixel, was part of the design in order to 
characterize seeing effects in the 1-5 micron range. Models based on KAO experience predict the best seeing between 
3- 8 microns. Going to shorter wavelengths, the seeing disk is expected to become larger, until the diffraction peak 
on top of the seeing disk disappears. With the high-resolution imaging mode, the diffraction peak on top of the 
seeing disk could be resolved. On the other hand, this mode will probably not be used that often once the test period 
is passed, and it was only a goal and not a strict requirement in the design with the smaller FOV. So in order to save 
space, complexity of the instrument and cost, we decided to not implement it for first light. A warm scale changer 
in front of FLITECAM might be available later to achieve higher spatial resolution. 

FLITECAM is approaching the critical design review (CDR) in summer 2000. In an informal CDR on the optics 
design, the FLITECAM 8' optics have been found to meet all its requirements. A detailed tolerance analysis has 
shown that all the lenses are manufacturable and that we are able to align them. The electronics system is well 
established by Mauna Kea m Inc. and ordered. 

First we will review the requirements on the FLITECAM design, which are mostly derived from the SOFIA test 
program. We then present the overall design before discussing the science applications 

2. REQUIREMENTS 

Most of the fundamental requirements imposed on FLITECAM are derived from the telescope test program and 
have been discussed earlier.3 As the test program has evolved,4 we will present the test requirements and their 
implications on the FLITECAM system design in more detail here. 

2.1. Test-Plan Requirements 

1. Telescope Focus 
In order to accurately and quickly focus the telescope, FLITECAM needs to have an automated focussing 
software tool. This is necessary to make other tests like assessing the image quality, etc. most efficient. 

2.� hnage quality as a function of wavelength 
Special emphasis has to been placed on the performance between 3 and 5 microns, where the best seeing is 
expected, and where the advantages of conducting airborne rather than ground-based astronomy are biggest. 
So the plate scale of 0.47" has been chosen to critically sample the best seeing at 5 microns which might be as 
good as 1.0". 

3. Telescope emissivity 
FLITECAM will have to measure the telescope emissivity, especially longward of 2.5 J.tm, in the L - and M­
bands. This test has to be performed over the entire 8' SOFIA FOV. 
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4. Monitoring the long-term background/seeing as a function of time 
The long-term seing will be measured as a function of wavelength, else the same considerations as under items 2 
and 3 apply. 

5. Telescope Pointing Stability 
A read-out speed of as fast as 100 JLs per smallest sub..frame is required in order to freeze the shear layer and 
therefore to decouple image motion due to instability and image blur from optical performance. 

6.� Chopper performance 
The chopper performance will be tested for various chop frequencies and chop amplitudes. This test will be 
done simultaneously with HOPI, and it might not be available for first light on FLITECAM, as HOPI will have 
the ability to run those tests. 

7.� Dynamic ffi background� 
Here, the noise induced by changes in the amplitude of the background will be tested.� 

8. Water Vapor Monitor Calibration 
The water vapor monitor is a crucial instrument for SOFIA operations, as it will establish the contractually 
required measurement of the zenith water vapor overburden (WVO). Observations where the zenith WVO is 
above 10 JLm do not count as successful flight hours. So at first light, this water vapor monitor needs to be 
calibrated. For this purpose, FLITECAM needs to have a spectroscopy mode with a resolution high enough to 
resolve unsaturated atmospheric water absorption lines in the 1-5 micron range. The line-of-sight water vapor 
needs to be measured with an accuracy of 1 micron. The resolution requirement also imposes a lower limit on 
the size of the pupil, as the diffraction limited resolution is proportional to the pupil size. 

9. Characterization of the near-ffi spectrum of the engine exhaust plume and scattered light from the engine tail 
cone 
At the lowest telescope elevations of about 20°, it is expected that scattered light from the engine tail cone 
will add to the background. Also, CO2 emission lines from the exhaust plume will be detectable at those lower 
wavelengths. 

2.2. Secondary Requirements and Constraints 

1. FLITECAM has to provide an easy-to-use quicklook software tool in order to demonstrate ffi astronomy, i. e. 
the generation of ffi images, for education and public outreach. 

2.� On-time delivery to the SSMOC* and therefore early deployment at the Perkins telescope are essential to not 
delay the Observatory Operational Readiness Review, which is scheduled for December 2002. The test flights 
for FLITECAM and HOPI are from September to November 2002. Deployment to Perkins will be in fall 2001. 

3.� The entrance pupil has to be re-imaged in order to detect black spots on the telescope mirrors. E. g. small 
particles from the aircraft paint that come loose could fall onto the primary mirror, requiring cleaning. Also it 
could be established whether or not the mirrors need to be re-coated. The derived requirement for FLITECAM 
have been tightened. In order to critically sample a spot with unit emissivity, fs = 1, on a clean mirror, 
f m = 0.04, that increases the total emissivity of the primary by 11=0.2 %, we need nx pixels3 : 

n = 2..j e.x 
f m 11 

= 224 

The constraints for the pupil viewing mode are therefore very loose, as we have four times more pixels available 
than needed. 

4.� The camera needs to pass FAA certification, and therefore has to be delivered with a full documentation package 
that includes complete drawings, stress analysis, and failure hazard analysis of all critical components. 

5.� The camera needs to be achromatic and not require re-focusing between wavelengths. 

... SOFIA Science Mission and Operations Center 
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6. Sub-framing and fast readout are necessary in addition to chopping in order to not saturate the array at the 
higher wavelengths, L- and M-band, with the standard filter set. 

7.� Operations require frequent mounting and unmounting on SOFIA as well as on other observatories such as 
Lick and Perkins. Those procedures therefore have to be as easy as possible. 

Originally, it was planned that FLITECAM should have a Shack-Hartman test capability. This test would 
though be redundant, as HOPI will implement it too. Furthermore, it would complicate the FLITECAM 
optics design significantly, so that this mode has been dropped. 

3. THE CAMERA DESIGN 

3.1. Operations and System Design 

As already mentioned, the camera will have three optical modes, low-resolution imaging, grism-spectroscopy and 
pupil viewing. A high resolution imaging mode will not be available for first light, but might be easy to achieve with 
a scale changer in front of FLITECAM later on. Operational modes are 

•� Stare 

• Telescope Nodding 

• Dither 

•� Chopping (might not be available for first light) 

•� Occultations. 

Figure 1. The FLITECAM opto-mechanical layout. Shown is the window and aperture mechanism to the left, 
followed by the collimator, three fold mirrors and the double filterwheel with its two motors. Not visible is another 
fold mirror behind the filterwheels, which redirects the optical beam through the f/5 optics onto the detector. The 
Nitrogen can is located at the end of the cryostat. The outer diameter of the cryostat is 450mm, and its length is 
1.2m. 
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Detector ALADDIN (InSb) 1024xl024 pixels 
Read-Out Speed < 100j.ts per smallest sub-frame (currently 16x8 pixels 

per quadrant) or ~ 12Hz full frame 
Plate Scale 0.4711 X 0.4711 per pixel 
Field of View 8/ diameter 
Wavelength range 1.0 - 5.5 j.tm for imaging 

L-band for pupil viewing 
Spectral Resolution R ~ 1300 with 2/1 slit 
Camera Throughput ~ 0.4 in imaging mode 

~ 0.38 in pupil viewing mode 
Point Source Sensitivity 
(5 u -1 h flux density, R=5, 
telescope emissivity=O.l, 
seeing: 2/1 in K, 1.5/1 in L,M) K: 6 j.tJy, L: 20 j.tJy, M: 150 j.tJy 
Smallest detectable black spot at primary ~3mm 

Table 1. FLITECAM specncations summary 

Sub-framing will be possible in order to increase the read-out speed at higher wavelength, especially in the M­
band, and not saturate the array. For characterization of seeing effects, the smallest sub-frames (about 16x 8 pixels 
per quadrant of the array) can be read out in less than 100 j.tS. FLITECAM's InSb ALADDIN array is controlled by 
a read-out electronics system from Mauna Kea m Inc. The specification of the camera are summarized in Tab. 1. 

For normal operation, the detector needs to be cooled down to 30 - 35 K. Because there are no powerful closed 
cycle refrigerators available on SOFIA due to space and power restrictions, there are only a few other possibilities. 
One way to go would be to use a combination of liquid Nitrogen and liquid Helium. The use of liquid Helium though 
makes operations more complicated. We therefore investigated the use of a small Stirling cycle cooler which has been 
used already in astronomical instruments, cooling InSb arrays.5 Those coolers have a limited cooling capacity, of 
the order of 1 Watt, which could be sufficient, if appropriately supplied to a well thermally shielded detector. We 
are looking into the possibility of using such a Stirling cycle cooler together with pumped nitrogen as coolants of our 
system. The pumped nitrogen would lower the radiation load onto the detector head and the limited cooling power 
of the Stirling cycle cooler would better be accomodated. This would also help to keep the thermal background from 
the optics even lower than with just LN2 • Tests are underway to determine the long-term temperature stability of 
the Stirling cycle cooler under load. The use of LHe rather than the Stirling cycle cooler is still a save fall-back 
solution. 

The opto-mechanical layout is shown in Fig. 1. There are four mechanisms in the system, requiring one cryogenic 
operating motor each. An aperture mechanism will provide variable slit widths of 111 and wider and will open fully 
to provide an aperture stop. Furthermore, we need a double wheel for filters and grisms and a slide for pupil viewing 
lenses. 

3.2. Optics 

3.2.1. Imaging and Pupil Viewing 

The FLITECAM optics design is considered frozen at this point. The performance optimization and tolerance 
analysis has been completed for the optics in both modes, f/5 imaging and pupil viewing, shown in Fig. 2. The 
optics, including imaging, pupil viewing, and grism spectroscopy, are described in detail elsewhere.6 Here we 
present only the major performance results and specifications. 

The basic performance requirements on the optics come from the SOFIA telescope design as listed in Sect. 2. The 
f/19.6 telescope produces an 8/ circular FOV of 114mm diameter. In order to re-image this FOV onto the detector 
with a plate scale of 0.4711 per pixel, and a pixel size of 27 j.tm, an f/4.8 camera is needed. There has to be a collimated 
beam with a pupil image for placement of filters, cold stop, grisms, etc. The overall size of the optics is determined 
by the size of the pupil image and the FOV and shall be as small as possible in order to co-mount with HOPI. In 
order to still meet the performance requirements, there are limitations on getting as small a pupil as possible. We 
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F/5 Camera 

Mode BaF, UP 

Silicon-­�Double� 
Filterwheel� 

SOFIA 
Focal Plane Collimator 

-8OOmmI. .1 

Figure 2. The FLITECAM optics layout with the f/5 imaging mode being the default. The pupil viewing lenses 
are brought into the optical beam by means of a filter wheel and a slide. The pupil viewing mode from behind the 
pupil is shown in the upper left comer. 

found an f/5 collimator producing a pupil of 28mm diameter to be about the fastest feasible. Although designed to 
be as compact as possible, the f/5 collimator triplet still has respectable lens diameters of about 170mm and a total 
weight of 5.6 kg. A glass combination of ZnS-BaF2-LiF has been found to fulfill the requirements for the following 
back-end camera and the pupil viewing mode. All lenses have spherical surfaces, and the SOFIA telescope has been 
included in the optimization process. The refractive indices used, were available from two independent sources.7,8 

With this collimator we found a back-end camera that is achromatic over the entire wavelength range, having 
a wavefront error contribution of below 1/4 wave for all field angles and wavelengths, see Fig.3. For the longer 
wavelengths though, the rms wavefront error is below 10 % for all field angles, which is reasonably close to the 
diffraction limit. The f/5 back-end camera is a split triplet consisting of BaF2-ZnSe-LiF & ZnSe-ZnS. The last two 
lenses where necessary in order to compensate for spherical aberration. The diameter of the lenses varies from about 

1.2500 

1.6500 

0,5000 2.2000 

3.5000"'w 0, 'iS00 
'i .8000 

~ ~. "1000 
z� 
~ 0.3500� 
~
 
0 
~ ".3000 
~ 
w 

e.2500 

0.2000 

~ 0.1500 

~ 0.1000 

E "' 0. 050~ 
~ 

0. 0000 ~.-;:;:;;::o-~-~~....,.:-: •.""""""'•••• .•~33"".,---'--~~-;;- •••• 
+Y FIELD IN DEGREES 

RHS WAVEFRONT ERROR VS FIELD SPOT DIAGRAH 

SOFIA l'ELESl:OPE. COLLIMATOR TRIPLET, F/S BAO:-ENQ CAMERA SO=IA lRESCCJPE. Cll.LJI1ATQR lIUf'l....I:'. F/5 BfI:(-EtlJ CRt1E1ffi FLITECAM
UED MAR I 2000 ~~I2ia£lIJHHSA1i'f"JCIlONS. 

POLY 1.250 1.050 2.200 3.500 "1.8121121 FIaO 1 2 3 S~ UCLA-ASTRONOMY 
RI1S RftllUS : 18.7Bl 'I.lSl 1\.1J7 13.683 28.769 UF~O lHAGlI£ IETECTOR LAB. 
CEO RftllUS : 18.??b 17.311 2S.b37 32.2~9 1.7.812 t~·2lIl'MDlJI_llINm.f'!iIlH."Ml 

REFERENCE: CENTROID AIRY OIft1 ~~Ull REFERENCE : CEHTlwro CONFIGURATION 2 OF 2 

Figure 3. RMS wavefront error and spot diagram for the imaging mode. The WFE diagram shows the approximate 
center standard band-wavelengths from the central field to the E! rim. The spot diagram is shows all wavelengths 
too, across the field of view. 
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60mm-80mm. The camera design, from the SOFIA focal plane on is shown in Fig. 2, see figure caption for more 
details. 

The pupil viewing mode is achieved by inserting another set of 3 lenses between the pupil image formed by the 
collimator and the f/5 back-end camera. The pupil viewing triplet collimates the pupil rays which are then imaged 
onto the detector array by the f/5 camera, see Fig. 2. It consists of Silicon-BaF2-Silicon, and is optimized for the 
short L-region, 3-3.5 microns. With diameters of 50-60mm, those lenses are the smallest in the system, as they are 
close to the pupil. The performance of the pupil viewing mode has been found to be non-critical, and the major 
performance parameters, the wavefront error and the enpixeled energy diagram is shown in Fig. 4. 

The design requires that there be space enough between the pupil and the f/5 back-end camera to insert filters, 
grisms, and the pupil viewing optics. Our design leaves sufficient space for a combination of a double filter wheel, 
carrying filters, grisms, and one of three pupil viewing lenses, and a slide mechanism carrying the other two pupil 
viewing lenses to accomodate all our different modes. 

The window as well as the fluorides except LiF, will be coated, so that we get average transmissions for all 
lenses throughout the 1-5 micron range of about 95%. The throughput is therefore about 40% in the imaging 
mode, assuming a filter throughput of 80 % and taking the detector quantum efficiency of 80 % into account. The 
throughput in the pupil viewing mode will only be slightly worse, as an optimized, narrow-band coating can be 
applied. 
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Figure 4. RMS wavefront error and spot diagram for the pupil viewing mode. The WFE diagram shows the 
polychromatic performance throughout the field, reflecting the fact, that a 3.0-3.5Jjm filter is used. The spot 
diagram is for 3.0 and 3.5J-Lm across the field of view. 

3.2.2. Grism Spectroscopy - Filter Selection 

FLITECAM will have a variable slit width of about 1/1 to >4/1 in order to accomodate the expected worsening seeing 
from 5 J-Lm to 1 Jjm. Assuming average conditions from 2.5 to 5.5 microns, the grisms for spectroscopy have been 
designed for a slit width of 2/1. 

In order to achieve a resolution of about R = 1300 for a slit width of 211 and a collimator focal length of 
£Coli = 550 mm, we are planning to use either ZnSe or KRS-5 (both n:::::2.4) direct ruled grisms with an apex angle 
of 40°. The grisms have to be direct ruled, as resin grisms have an absorption feature at around 3.4 J-Lm originating 
from an organic C-H stretch in the epoxy. 

Under the conditions of Nyquist sampling of the smallest resolution elements and filling the entire array, the 
order-sorting filter bandwidths for two grisms, are plotted in Fig. 5. Each grism will be used in multiple orders (at 
maximum to fourth order), but not all possible order sorting filters will be implemented for first light. We will focus 
on the wavelength regions where no ground-based spectroscopy is possible. However, while comparing the standard 
filters with the grism orders, one can see that the standard J- and H-filters can be used for the 3rd and 4th orders 
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Atmospheric Transmission on SOFIA: 39k ft & lOI-1m line-of-sight H
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Figure 5. Atmospheric transmission for a typical SOFIA altitude of 39,000 ft and a line-of-sight water vapor 
overburden of 10J.Lm for the FLITECAlvI wavelength range. 9 Overlaid are the spectroscopy filters, the standard 
filters and one special filter as planned so far. The dashed lines are grism orders where no filter is being planned. 
Note that the KL filter will have an obscuration at the atmospheric C02 lines. Not shown are narrow-band imaging 
filters. 

of grism # 1 and the M-filter falls entirely in the second order of grism # 2. Silicon immersion grisms,10 as well 
as Germanium direct ruled grisms have been considered too. Those materials would yield even higher resolution 
due to their high refractive index (n(Si)~3.4, n(Ge)~4). However, the techniques of those grisms are currently still 
being developed, so that their implementation has been postponed. Special scientific projects could validate their 
acquisition during the first years of operation. 

3.3. Mechanics 

As any other instrument on SOFIA, FLITECAM needs to be FAA certified. So attention has been paid to mitigate 
risks where possible. Major parts, like the cryostat, will therefore be out-sourced to companies familiar with the FAA 
certification process, which is necessary for welding, for example. The less FAA critical, but scientifically crucial 
components like lens-mounts and mechanisms will be designed and fabricated in-house. Also where possible, existing 
designs like e. g. the double filterwheel and the slide will be used and upgraded where necessary. 

The collimator mount however has to support large heavy lenses while placing them accurately enough to remain 
within tolerances. The mounts also have to be designed to flex to avoid thermal stresses at cryogenic temperatures. 
The present design is different from mounts previously used in near infrared instruments built at UCLA, NIRSPEC ll 

and Gemini.12 In the previous designs, the lens is held by flexible fingers aligned longitudinally (in the direction of 
the optical axis). The entire mount is fabricated from a single piece of aluminum.13 The weight of the FLITECAM 
collimator, 5.6kg, would flex those longitudinal fingers too much, so that the optical alignment tolerance on lens 
decenter, which is ±0.1 mm for each collimator lens, can not be met. The new design that we present here, orients 
the fingers along the circumference of the lens. A retaining flange on the back of the mount will guide the lens against 
a spacer to constrain it axially. Each individual spacer will rest upon a common reference plain in each assembly (see 

.'� 
Fig. 6. The individual spacers help control each lens to maximum accuracy in order to hold it within tilt tolerances. 
This becomes critical on the first lens of the f/5 imager, where we will use the same lens mount concept. Finger 
flexibility can be estimated fairly accurately from its length, width and base dimensions. This proves crucial for a 
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Figure 6. The lens mount concept for the collimator triplet. 

few reasons. First, the weight of the collimator lenses may be enough to distort the mount under normal gravity (the 
heaviest lens in the assembly is approximately 2.4 kg). Second, since there is a fixed number of contact points, care 
must be taken to limit the pressure on the lenses. A finger pressing too hard could be damaging. The inner radius 
of the mount provides a maximum deflection point. From a worst case point of view, this radius must remain above 
the warm temperature diameter of the mounted lens at cryogenic temperature. This is the case if the lens mount 
cools extremely quickly, contracting around the lens. The mounts are still in the prototype stage. A dummy lens 
and test mount are to be made. Future tests will be run to help study the cold temperature reaction of the mounts 
and to refine their geometry. 

3.4. Software 

As a facility instrument on SOFIA FLITECAM will be available to the general science community. FLITECAM 
will also be mounted on at least one ground based observatory. The instrument software therefore needs to be 
user friendly and a simulation version of the software that is easily accessible to users in preparation for general 
investigator missions would be desirable. To achieve this goal, it is essential that the FLITECAM software be 
written in a platform independent fashion. However, the FLITECAM software must also interface with legacy code 
provided with the detector electronics from Mauna Kea m (C++ and assembler) and take advantage of existing 
data reduction routines written in IDL,14 e. g. These considerations constrain the basic software architecture of the 
FLITECAM instrument control software. 

The FLITECAM software will be designed in a modular fashion to allow components to be incorporated into 
other instrument software packages. The software architecture used for FLITECAM, is shown in Fig. 7. The platform 
independence been achieved by using the Java15 programming language rigorously down to the lowest level. Proto­
type studies have shown that Java can be used to control all of the internal mechanisms within the FLITECAM 
instrument. Since code written in C++, Assembler, and IDL will be used in critical areas of the software architecture, 
a middle-waret communication technology is necessary to link FLITECAM Java code with the legacy code-base. To 
evaluate the available technologies, proto-type mechanism control systems were constructed using CORBAt and a 
combination of RMI§ and JNI~.16 Although both systems were found to be workable the CORBA architecture was 
found to be easier to implement and inherently more powerful. 

The core of the FLITECAM software design is the notion that each mechanical and electrical subsystem (filter 
wheels, slide mechanisms, temperature monitors) can be represented as distinct objects with specific properties. The 
FLITECAM software will control all of the mechanical and electrical assemblies of the instrument by manipulation 

t'middle-ware' is a software communication protocol that allows code written in different computer languages to commu­
nicate with one another across a network 

~Common Object Request Broker Architecture 
§Remote Method Invocation 
'JAVA Native Interface 

To appear in Proc. SPIE 4014, 2000 9 



._­ UncIeII_lIet ofT.-copa 
And 8econclary llinor 
"-nblr_.......... W_ 
V_Monitor, VI_I 

~: ca...... .........�
,.0... ..-..
,a1It_.
2t1.._. 

'~211
 
'~ho.. 330� 

Figure 7. The FLITECAM software architecture showing the key blocks and communication flow. 

of these objects. An abstract representation of the instrument and observatory components will be constructed in 
both the clients and the servers. The objects in the Java client will possess methods for changing the state of the 
instrument's subsystems. Since we want to be able to control multiple objects at the same time, each instrument 
object will run as a separate thread within the client and will be serviced by a separate server. By running in 
multiple threads it will be possible to simultaneously move two components at the same time without waiting for one 
operation to be completed. The instrument object model in the Java clients will be implemented as reusable Java 
Beans containing the core CORBA functionality. A preliminary version of the FLITECAM temperature monitoring 
and temperature control software has already been completed using this model. 

The system will be a client / server implementation with multiple servers dedicated to control of individual 
mechanical and electrical subsystems. A mediator program will start and continuously monitor the multiple servers. 
CORBA will be used as the primary communication mechanism between clients and servers. Inprise's Visibroker 417 

will be used as the preferred object request broker. Communication with legacy code provided by Mauna Kea m will 
be handled by providing a CORBA interface to the C++ and Assembler code controlling the detector electronics. 
Image display and data reduction will use the extensive existing IDL code base by employing the ION server, which 
provides a Java interface to IDL. The resulting software system will have a completely platform independent client 
and a server architecture that can operate as a simulator on any platform. The software system will be deployed on 
a Solaris Sun 60S workstation connected to a SPARC station controlling the detector electronics. The system will 
allow FLITECAM to be remotely controlled from anywhere on a wide area network. 

4. SCIENCE APPLICATIONS 

Scientifically, the larger array and therefore larger field of view has important advantages over smaller ones. For 
example to survey the stellar population embedded in starforming regions would typically require observing fields of 
tens of arcminutes (e. g. Orion or M 16). Extragalactic studies of the starformation in spiral arms of nearby galaxies 
also requires large field of view. Number counts of galaxies that could be done at KL or at M, are more efficient with 
the 81 field of the full 1024 x 1024 array. Another interesting study would be deep integrations in KL, L or M in the 
Hubble deep field. 

How efficient deep integrations in the near infrared are on SOFIA is shown in Fig. 8, where the background photon 
counts have been calculated18 for two cases. In J, H, and K, the OH airglowl9,2o affects both airborne and ground­
based observatories, as it is located above SOFIA's flight altitudes. The atmospheric absorption has been calculated 
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Figure 8. The number of background photons per second per square meter of telescope aperture per micron 
wavelength interval and per square arcsecond, for a ground-based telescope (top curve) and for SOFIA. 

with 10 p,m precipitable water along the line-of-sight for SOFIA, and 1mm for the ground-based observatory. That 
figure shows that the 30 K difference between ground-based and airborne observatories has a significant impact on 
the background. However, to compile point source sensitivities and compare this with other large 8- to lo-m class 
telescopes, one has to take into account that their area compensates this advantage. Furthermore, the ",0.5" seeing of 
a good ground-based site has a strong impact on the point source sensitivity too. On SOFIA, the seeing is expected 
to be around 2.5" in J and H, 2" in K and around 1.5" in L and M. The 5 - u 1- h flux densities for SOFIA translate21 

into J =20.8 mag, H = 21.3 mag, K = 20.0 mag, L =17.7mag, KL =19.0 mag, and M =15.0mag. 

Another very important feature for FLITECAM is its ability to have moderate resolution grism spectroscopy of 
R~1300. At such resolutions, spectra of brown dwarfs could reveal water and methane features, for example, which 
are difficult to detect from the ground.22 And the richness of spectra in generallongward of 2.5 microns has been 
shown by ISO.23,24 The grisms have been designed to cover the most interesting regions, those which cannot be 
done at all or only rarely from ground (see Fig. 5). Some atomic and molecular lines which fall into the FLITECAM 
grism bands are Pa-a at 1.88 pm, Br-,8 at 2.63 pm,18 and a C2H2 band at 2.6 p,m.23 A filter for the observation 
of PAH features at 3.3 pm25 will be available too. The study of active galactic nuclei with spectroscopy of the Si VI 
line at 1.96 p,m26 could be efficient on SOFIA due to the good atmospheric conditions. 

Narrow-band filters are not planned for first light, but will be available during the first year of operations. One 
possibility would be a set ofPa-a, and maybe Br-6 or Br- {3. Independently, special filter sets can be implemented in 
the camera by guest investigator teams. That is true also for special grisms and filters if necessary. With high-index 
grisms made out of Silicon or Germanium, resolutions of R~2000 are possible. 
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