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Introduction:  Observational astronomy has benefited 
greatly from the advent of spaceflight.  Space-based 
observatories have the advantage of being able to study 
astronomical targets without atmospheric losses caused 
by ultraviolet (UV) absorption in ozone layers at 50-
km altitude above the Earth.  Absorptions due to the 
telluric water content beginning in the near infrared 
(NIR) at 0.73 µm, and extending non-uniformly 
through the mid-IR with increasing absorptivity, are 
also eliminated above 100 km.  Major advances across 
all fields of astronomy have been made with space-
borne telescopes in Earth orbit (e.g., Hubble Space 
Telescope, Spitzer Space Telescope).  
     Existing space-borne robotic telescopes cannot, 
however, observe near the Sun (for example, the solid 
angle excluded around the Sun for HST is 50o [1]; for 
SST, it is 82.5o [2])  A unique need exists to observe 
Solar System objects remotely from Earth orbit, using 
telescopes that can point within that solid angle ex-
cluded for most of the robotic telescopic spacecraft.  
From Earth’s heliocentric distance, observations of the 
Aten and inner-Earth asteroids, Sun-grazing comets, 
comets approaching the Sun through perihelion, and 
the planets Mercury and Venus, all must be made in 
the vicinity of the Sun.  Observations of these objects 
provide clues to the existence, composition and physi-
cal structure of Solar System materials, which in turn 
teach us about Solar System evolution and the attrib-
utes of populations of objects that threaten the Earth 
through impact. Ground-based observations of these 
objects are often constrained to twilight observations 
with the resulting interference of stray sunlight and 
effects of a high, rapidly-changing air mass on the ob-
servations.  In addition, they still fail to eliminate the 
attenuation of light at different wavelengths caused by 
the Earth’s atmosphere. 
     Suborbital robotic rockets and balloons have carried 
instrumentation to high altitudes in the past to study 
some of these astronomical targets in inaccessible 
spectral regions.  These experiments are likely to be 
single or limited flights.  If something fails to operate 
properly, the results can range from a nonproductive to 
catastrophic flight. 
     Aircraft ranging from fully equipped observatories 
such as the Kuiper Airborne Observatory, to NASA 
F/A-18 aircraft outfitted with portable photometers and 
data recorders, have been used in the past to conduct 
astronomical observations.  These experiences offer 
many “lessons learned” about structuring and execut-
ing astronomical observations during a flight.  But, 

although they offered platforms that were flexible - 
able to be positioned away from clouds or in the line of 
a planetary occultation, for example - the service ceil-
ings of these aircraft limit their altitudes: the advan-
tages of observing above ozone absorption in the UV 
at 50 km, or any higher altitudes, cannot be met.  
     Human-tended observations on suborbital flights 
can observe spectral regions inaccessible from the 
Earth’s surface, while limiting the developmental ex-
pense and maximizing the flexibility of the flight 
hardware.  Simply by inserting “human-in-the-loop”, 
real-time adjustments and decisions about the function-
ing and execution of the experiment are also possible.  
A reusable equipment suite that can be reflown multi-
ple times maximizes investment in equipment cost. 
     Telescope System Needs and Challenges:  For 
Solar System observations, a crewed suborbital system 
comprises the telescope/detector/data recorder instru-
mentation, the suborbital spacecraft (including the pi-
lot), and the human in the loop.  Robust designs for the 
hardware incorporated in the spacecraft advance plane-
tary sciences use of these suborbital spacecraft, and 
must address these considerations (and probably 
more): 
     What hardware is required?  Equipment mass, vol-
ume for both the stowed position and during operation, 
power requirements for operation, power sources for 
all hardware (e.g., camera, gimbal systems).  What can 
be obtained commercially (e.g., ruggedized commer-
cial optics and cameras)?  What must be custom fabri-
cated (e.g., mounting systems including gimbals, 
brackets, etc.)? 
     How should data be recorded?  Commercially-
available software for data acquisition should be avail-
able for use; no real-time data streaming from the 
spacecraft should be required, and no data storage re-
quirements should be levied on the vehicle. 
     How can the suborbital flight environment be opti-
mized?  A single experiment likely will take up an en-
tire flight.  Pointing and spacecraft stability require-
ments probably limit the number of experiments re-
quiring pointing on a flight, and are likely not suitable 
for flying tourists.  Night launch could be required for 
some temporally-driven experiments.  What safety 
constraints exist? 
     What special requirements are levied by reusable 
suborbital spacecraft?  A telescope system probably is 
mounted to observe through a window on the space-
craft.  Transmissions requirements could require a cus-
tom window.  Degradation of the window with reflight 
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must be considered.  Creative means of light and heat 
shading from sunlight are required. 
     Solar System Study Example:  Target acquisition 
and tracking for faint, moving point sources represents 
the greatest observational challenge.  Solar System 
targets that could benefit from the scientific data pro-
vided by human-tended suborbital spacecraft, and the 
design challenges presented by them, illustrate the util-
ity of these types of observations.  As an example, 
consider an inner-Earth asteroid mentioned above: 
     From ground-based telescopes, these asteroids re-
quire twilight observations through high atmospheric 
air masses for both asteroid searches and photometric 
or spectral characterization.  These objects are also 
point sources.  These asteroids are, however, compel-
ling to observe and study both scientifically and opera-
tionally.  They are likely representative of daughter 
asteroids that moved to near-Earth space following the 
collisional destruction of a main-belt asteroid, but 
could be extinct comets or comet fragments.  Near-
Earth asteroids do not have stable orbits; they survive a 
few Myr before crashing into the Sun, a terrestrial 
body, or being ejected from the Solar System [3], [4].  
We benefit scientifically from observing these objects 
as they represent asteroids that were disrupted during 
recent Solar System history, and can be windows into 
the interior composition and formation conditions that 
occurred in the inner main asteroid belt, much less 
affected by surface alterations due to exposure in space 
(“space weathering”).   
     The near-Earth asteroids also represent the popula-
tion of objects most likely to produce the next major 
impacting body to the Earth.  An impactor has the ca-
pability of wreaking major damage to the Earth’s liv-
ing occupants. For the first time in human history, we 
have the technological ability to address mitigating this 
issue.  Designing this technological capability requires 
an inventory of the number and physical characteristics 
of NEAs.  As well, an imminent impactor on its final 
approach to the Earth with limited time for study could 
also be a good candidate for rapid response observa-
tions by suborbital human-tended spacecraft. 
     Asteroid reflectance spectra are governed by the 
crystal structure of surface materials.  Most NEAs have 
reflectance spectra similar to those of iron-bearing 
mafic silicates (e.g., olivines, pyroxenes, plagioclases), 
consistent with the S-class asteroids that dominate the 
inner main asteroid belt.  Other NEAs, however, have 
characteristics similar to the C-class asteroids that 
dominate the outer main belt, many of which have re-
flectance spectra similar to aqueously-altered rocks 
(e.g., phyllosilicates, iron alteration materials).  Physi-
cal properties of these different minerals vary, suggest-
ing important differences among asteroids of these 
classes. Two examples here show the need for knowl-
edge of the different properties possible for asteroids. 

     (1) Different mineralogical composition suggests a 
different grain density (object mass divided by volume 
occupied only by mineral grains).  Asteroid densities 
measured are bulk densities (object mass divided by 
volume of material grains and pore spaces) [5].  Bulk 
densities of asteroids divided into the two broad classi-
fications of C (1.4 gm/cm3) and S (2.7 gm/cm3) vary 
by almost a factor of 2.  Bulk density differences will 
affect mass calculations needed for mitigation efforts.  
The mineralogical composition of the asteroidal mate-
rial is one factor in understanding the bulk density of 
the asteroid. 

(2) The geometric albedo (percent reflected light) 
among asteroids can vary through a range of 0.03 to 
0.5.  A factor of 10 difference in albedo translates to a 
factor of 3 difference in diameter of the object.  The 
size difference will affect the design of NEO strike 
mitigation techniques for a given object.  Visible pho-
tometry provides one means of estimating geometric 
albedo through assumptions about absolute magnitude, 
H, from photometric measurements [6].  Thermal IR 
radiometry coupled with visible photometry provides 
an extremely accurate measure of the albedo. 

Characterizing asteroid compositions, size, and 
structural state requires both visible photometry and 
thermal infrared radiometry.  Narrowband filters at 
specified wavelengths would elucidate the surface 
mineralogy well.  A camera with a sufficiently wide 
field of view would be able to capture a known aster-
oid in its FOV; stable tracking allows for longer inte-
gration times which allows us to acquire photometry of 
fainter objects. 
     Visible and NIR spectral region photometry should 
include filters to define the existence of iron-bearing 
silicates and phyllosilicates, and the overall trend of 
the slope of a featureless spectrum.  Thermal infrared 
radiometry requires mid-IR observations made at a 
wavelength near 10 µm.  Measuring temperature from 
observations at two different thermal IR wavelengths 
permits a measurement of albedo.  Background signal 
for thermal IR observations is greatly reduced, and 
affords better detection of a faint NEA. 
     The equipment described here can be used for 
short-notice targets of opportunity, or objects for 
which space-based observations provide significant 
advantage. Other examples covering the range of pos-
sible Solar System targets will be presented. 
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