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ASTEROID 433 EROS: HIGH RESOLUTION IMAGING AND 
SPECTRAL MAPPING FROM NEAR J. Veverka, Cornell University; M. Malin, Malin 
Space Science Systems, Inc.; S. Murchie, Applied Physics Laboratory; J .  Bell, III, NASA Arnes 
Research Center; C. Chapman, Planetary Science Institute; L. McFadden, University of Maryland, 
M. Robinson, U.S. Geological Survey; and P. Thomas, Cornell University. 

Primary objectives of the NEAR orbital mission to asteroid 433 Eros include detailed 
measurements of surface morphology, constraining the internal structure of Eros, and determining 
the composition of its surface. These will be addressed by an imager-spectrometer instrument 
package in the payload. The MultiSpectral Imager (MSI) will determine morphology at scales 
down to -5 m, as well as gross physical properties of the asteroid including size, shape, large- 
scale roughness, and spin state. From imaging alone the volume will be determined to within -2- 
5%, providing the basis for a very precise determination of Eros's mean density. High resolution 
color imaging will map spectral variations and characterize impact, regolith, and other geologic 
processes. The imaging data will be combined with spectral maps produced by the Near Infrared 
Spectrometer (NIS) to investigate the mineralogy of the surface and search for correlations between 
mineralogical variations and geology. 

Science Background. Eros (13 x 15 x 36 km), one of the largest near-earth asteroids, is 
intermediate in size to Gaspra and Ida, the two S-asteroids studied by Galileo. Eros is also an S- 
asteroid and as such is a representative of the very important class which dominates the population 
of the inner asteroid belt, and which has been at the center of an important scientific controversy: 
"Are S-asteroids undifferentiated bodies akin to ordinary chondrite meteorites, or are they 
differentiated bodies related to stony-iron meteorites?'' The Near-Earth Asteroid Rendezvous 
(NEAR) mission will yield important measurements addressing these and other questions that were 
not achievable during the Galileo flybys. 

Instrument Description. The MultiSpectral Imager (MSI) consists of a 5-element 
refracting telescope, having at its focal plane a Si CCD with 244 x 537 active elements sensitive in 
the 0.4-1.1 pn wavelength region. Individual pixels have an aspect ratio of 5:3 with 161 x 95 
p a d  resolution, equivalent to a pixel size of -5 m at a range of 35 km. The overall field-of-view is 
2.9 x 2.25 degrees (Fig. 1). An 8-position filter wheel provides a choice of a broadband clear filter 
for optical navigation and acquisition of Eros, plus 7 spectral filters for color and spectral 
measurement of the asteroid. Filters are narrow-band and centered at 450, 550, 760, 900, 950, 
1000, and 1050 nm. These wavelength positions allow both characterization of color in the visible 
wavelength region and measurement of reflectance systematics inside the 1-pn  mafic mineral 
absorption. 

The Near-Infrared Spectrograph (NIS) is a scanning imaging spectrometer covering the 
wavelength region 0.8-2.6 pm. Light admitted to the instrument is reflected from a mirror 
scannable in 1 dimension, and passes through 1 of 2 slit plates that define a field of view. The 
light is dispersed from a grating onto a short-wavelength (0.8-1.45 micron) Ge 32-element detector 
array providing a wavelength resolution of 22 nm, and a long-wavelength (1.45-2.6 microns) 
InGaAs 32-element detector array providing a wavelength resolution of 44 nm. Each detector array 
is covered with an appropriate filter to block out-oflorder signal. The narrow slit plate provides a 
field-of-view of 0.38" x 0.76" (Fig. 1) and allows measurements at full spectral resolution of the 
detector arrays. A wide slit plate provides a field-of-view of 0.76" x 0.76" which admits twice the 
light for improved signal under low-light conditions, but at the expense of half spectral resolution. 
A gold calibration target is viewable at the sunward limit of the mirror's scanning range. 

Both instruments are body-fixed to the aft deck of the spacecraft, and are boresighted together 
to within 0.1" at right angles to the spacecraft's sunward axis (Fig. 1). MSI has a fixed 
orientation, with the long dimension of the field-of-view parallel to the sunward axis. It is pointed 
actively by reorientation of the spacecraft, or passively using spacecraft drift which during orbit of 
Eros is typically perpendicular to the sunward axis. NIS nominally is boresighted at the center of 
the MSI frame, but the mirror is scannable to view up to 30" in the sunward direction or 110" in the 
antisunward direction. The mirror scanning and spacecraft motion together provide 2 spatial 
dimensions of NIS coverage, such that a scene imaged by MSI can be imaged nearly 
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simultaneously by NIS in all spectral channels. This configuration allows complementary high 
spectral and spatial resolution of a target: The scene viewed by MSI can be measured with a 3 x 8 
pixel NIS image in 64 channels, providing high spectral resolution measurements of diagnostic 
mafic mineral absorptions in the 1-pn and 2-pn wavelength regions. The MSI image has -70x 
greater spatial resolution which allows characterization of morphology, yet sufficient spectral 
resolution near 1 pn to extrapolate spectral heterogeneities detected by NIS down to small spatial 
scales that can be associated with specific geologic features. 

Expected Data. During approach of NEAR to Eros, both MSI and NIS will view the 
asteroid at a phase angle of 60"-90°, with an MSI spatial resolution of -400 m. The approach 
phase will end in a very slow flyby at -500-km range. During the approach and flyby NIS will 
map the asteroid in 64 spectral channels, at phase angles down to 0" and at resolution as high as 3 x 
6 km . Once the gross physical properties of Eros are determined from flyby data, the spacecraft 
will be placed into progressively lower circular orbits from which Eros will generally be viewed at 
moderate phase angles. Most of the -10 months of the orbital phase of the mission will be spent in 
a 35-km orbit from which MSI will image Eros at -5-m resolution, while NIS will obtain spectral 
maps at -350-m resolution. 

Summary: The combined MSI-NIS investigation on NEAR will provide essential new data 
on the geologic processes that have shaped the evolution of small S-asteroids. One focus will be to 
use imaging data to infer the collisional and fragmentation history of Eros. A second will be to use 
these data in conjunction with other NEAR measurements to assess the internal homogeneity of the 
asteroid. A third will be to use high-resolution color and spectral data to assess the degree of 
compositional diversity and regolith processes on Eros. Such detailed studies of Eros will 
complement ongoing investigations of Gaspra and Ida to provide a deeper understanding of S- 
asteroids and their diversity. 

Imager field of 
view, 2.25' x 2.9" 

NIS field 
of view, -- 
0.38" x 0.76" 

- NIS mirror 
scan direction 

- Strip scannable by 
N IS w/o spacecraft 
motion 

Spacecraft Z 
(sunward) axis 

Direction of spacecraft 
roll or relative motion 

Fig. 1. Shapes and orientations of the MSI and NIS fields of view. 
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