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Introduction: NIRS is a near-infrared spectrometer 
on-board the spacecraft HAYABUSA, which 
rendezvoused with the near-earth asteroid, (25143) 
Itokawa in September through November 2005.  
HAYABUSA was launched by a Japanese M-V-5 
rocket on May 9, 2003 [1].  After the Earth swing-by 
on May 19, 2004, the spacecraft successfully arrived at 
the Gate Position approximately 20 km from the 
asteroid on September 12, 2005.  During the 
rendezvous phase with the asteroid, NIRS obtained 
more than 80,000 spectra of Itokawa.  NIRS has a 
64-channel InGaAs photodiode array detector and a 
grism grating system [2].  The relation between 
observation wavelength and pixel number of the 
detector is: Wavelength [nm] = 2271.44 – 23.56 x 
(Pixel Number).  However, the observational limit at 
the long wavelength end was determined by the cutoff 
wavelength of the InGaAs photodiode array at roughly 
2100nm.  The short wavelength cutoff is 763.60nm.  
The NIRS field of view (0.1 x 0.1 degrees) was aligned 
with the LIDAR and the AMICA field of view before 
launch.  During the cruise phase before arriving at 
Itokawa, NIRS observed some bright stars and planets 
[2],[3].  At the Earth swing-by, NIRS obtained the 
spectrum of the Moon and the Earth.  NIRS has a 
calibration lamp and LED, which are used in order to 
monitor the response and possible variations between 
the channel number and observed wavelength over 
time.  NIRS’ characteristics and prelaunch calibration 
results were summarized in a previous paper [3].  

Operations of NIRS during the rendezvous: The 
first spectrum from Itokawa was obtained by NIRS on 
September 10, and the distance at that time was 50 km 
from the asteroid.  During mission operations, NIRS 
spectra were obtained at solar phase angles ranging 
from near 0 degrees up to 38 degrees, and footprint 
sizes ranging from 6 to 90 m excluding the Touchdown 

phase of the mission.  After successfully arriving at 
the Gate Position at approximately 20 km from the 
asteroid on September 12, we started continuous 
observations with asteroid tracking using ONC-W on 
September 15, simultaneous observations with 
AMICA 7-color observations on September 17, and 
one-dimensional scan observations by slewing the 
altitude of the spacecraft on September 24.  After 
switching to the Home Position at an altitude about 7 
km from the asteroid on September 30, we moved the 
spacecraft to change the observation aspect angle and 
solar phase angle to obtain spectra of the polar regions 
under different lighting conditions.  We observed 
almost the whole surface of Itokawa during the 
rendezvous phase of the mission.  During the 
Touchdown Rehearsal phase, which started on 
November 4, NIRS successfully detected the 
reflectance of the LIDAR signal from the surface of 
Itokawa.  From these data, we confirmed that the 
co-alignment of NIRS with the LIDAR has not 
changed since the launch of Hayabusa.  We 
performed the acquisition of the on-board calibration 
lamp and LED data on September 4, October 30, and 
November 24, which was before the arrival at the Gate 
Position and before/after the first Touchdown 
operation on November 20 respectively.  From this 
operation, we confirmed that the overall response and 
relationship between the channel and observed 
wavelength had not changed during the rendezvous 
phase of the mission.  During the Touchdown phase, 
the temperature of the detector was successfully 
maintained to within 1 degree, at approximately -15 
degrees centigrade using the optical bench heater and 
electric cooler under the detector.   

Data Set: Data transmitted to the Earth were the 
average of 32-512 stacked output voltage from the 
InGaAs array.  The onboard computer also calculated 



 

the deviation of output voltage during the stack.  The 
total deviation values were also transmitted.  The 
maximum and minimum voltages of each channel 
during the stack were also transmitted before the 
failure of 2nd. momentum wheel of the spacecraft.  A 
total of 42,000 data sets with average, deviation, 
maximum, and minimum values were obtained.   
Another 139,000 data sets include only the average and 
deviation values.  However, about a half of the 
181,000 data sets were obtained when NIRS did not 
point at Itokawa’s surface.  The number of effective 
spectra obtained is 80,000.  Figure 1 shows an 
example of an obtained average and a standard 
deviation.  The figure indicates that the S/N ratio in 
the range of 0.8 – 2.1 micron is larger than 100.   

Preliminary results from NIRS: Figure 2 shows an 
obtained spectrum of NIRS on September 17 at a 
distance of 17 km from the asteroid.  This observation 
was performed simultaneously with AMICA 7-color 
observation.  The footprint is at the north side of 
MUSES Sea, where one of the smooth terrains on the 
surface of Itokawa is located (Figure 3).  The 
footprint size of NIRS during this time is about 30 m.  
The spectrum of Itokawa obtained by NIRS compares 
well with ground-based disk-integrated spectra [4],[5].  
NIRS found that there are variations in albedo, changes 
in depth of the absorption bands, and spectral slope 
differences among the spectra of Itokawa due to the 
specific lighting conditions and/or surface properties of 
the different surface locations.  Even with these 
differences, preliminary analyses of NIRS data 
suggests that Itokawa is an object that contains a 
significant amount of olivine and pyroxene on its 
surface.  These and other NIRS results will be 
presented and discussed.   
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Figure 1. An example of output from NIRS. 
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Figure 2. Near infrared spectrum of 25143 Itokawa obtained 
by NIRS on September 17.  
 

 
Figure 3. AMICA image during simultaneous observation 
with NIRS on September 17. The red square is NIRS’ 
footprint. This image is provided courtesy of the AMICA 
team. 
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