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Introduction: Thermal radiometry is an often used  

method in planetary missions to observe the physical 

properties of planetary surfaces without touching them 

directly. This is very important especially under a low 

gravity condition where the planetary surface layers are 

covered with a porous or loosely bound regolith. In 

case of a probe orbiting around a planetary body, point 

radiometry can globally map the surface along the track. 

But in case of an explorer staying at an altitude, two 

dimensional thermal imageries can take a disc-resolved 

thermal map and investigate regional distribution of 

thermo-physical properties.  

TIR is a 2D thermal infrared imager on Hayabusa2 

[1], the second asteroid mission organized by JAXA to 

visit asteroid 162173 Ryugu (formerly 1999 JU3) [2]. 

TIR observed the Earth and the Moon before and after 

the Earth swing-by of the Hayabusa2 spacecraft on its 

way to Ryugu. It was a very important opportunity to 

observe them because there are no other targets than 

the Earth and the Moon which can be used as calibrants 

for the TIR before arriving at the asteroid. We briefly 

present the results of Earth and Moon observations by 

TIR, and implies that TIR will be able to observe 

Ryugu during the Approach Phase to the asteroid and 

also could detect small moons orbiting around Ryugu if 

they exist. 

Hayabusa2 and Ryugu: Hayabusa2 was launched 

in Dec 2014 by the 26th H-2A launch vehicle, and will 

visit Ryugu in 2018, collect surface sample from there, 

and return them back to Earth in 2020 [3]. Ryugu is a 

near-earth asteroid, classified as C-type in taxonomy, 

with a diameter of ca. 0.9 km, and rotates in 7.63 hours. 

Its geometric albedo is estimated about 0.05, and its 

thermal inertia is 250 ± 50 [tiu = J m-2 s-0.5 K-1] [4]. 

The mission is to understand surface thermo-physical 

properties, composition, degree of aqueous and thermal 

alteration, and density (or bulk porosity) of the asteroid, 

and also investigating the asteroid origin and evolution 

as well as the surface processing, with remote, surface, 

and sample multi-scale analysis. 

 TIR performances: TIR is a thermal imager based 

on a two dimensional uncooled micro-bolometer array, 

suitable as a light-weighted thermographic camera that 

covers 8 to 12 am range, because it does not need a 

cryocooler. The design of TIR is inherited from that of 

LIR on Akatsuki Venus climate observer [5]. 

TIR has been proven during the pre-flight tests and 

in-flight operations to confirm the wide temperature 

range from 150 to 460 K [1]. This fact implies that the 

sunlit areas of Ryugu, and even the nighttime areas if 

thermal inertia is larger than 50 tiu, can be measured 

during the 1.5 year-long rendezvous phase around the 

asteroid. Field of view of TIR covers 16.7° x 12.7° in 

horizontal and vertical directions with its 328 x 248 

effective pixels, while the IFOV is 0.051° per pixel. 

This corresponds to ca. 17 m per pixel from the Home 

Position (20 km altitude from asteroid surface) and to 

ca. 85 cm per pixel from 1 km altitude from the surface. 

Closest views of asteroid surface by TIR will be ca. 1 

cm per pixel from 10 m altitude during the final free 

fall approach to the surface for touchdown.  

Earth and Moon Observations by TIR: We have 

already reported about the in-flight performances of 

TIR when it observed the deep sky thermal images as 

backgrounds and took Earth and Moon images during 

the Earth swing-by [6,7]. In this study, we investigated 

a distance dependency of thermal radiation intensities 

from the Earth and the Moon. Observations of them 

started on 13th of October 2015 when –Z axis of the 

spacecraft was pointed to the Earth for the first time 

and the Earth could be observed with all of science 

instruments. The attitude of spacecraft was controlled 

to point the Earth before the Earth swing-by. After the 

Earth swing-by, a large angle attitude maneuver of the 

spacecraft was conducted to point the Earth again until 

22nd of December 2015. During that period, the Earth 

and the Moon were observed by TIR on 14th, 16th of 

October, 10th to 13th, and 26th of November before the 

swing-by on 3rd of December 2015, and on 4th to 22nd 

of December after the swing-by.  
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The first detection of the Earth and the Moon by 

TIR was on 14th of October, when the distance from 

Hayabusa2 was 2 x 107 km and SPE (Sun-Spacecraft-

Earth) angle was as large as 53°. At that time, the Earth 

and the Moon occupied 50 % and 3.3 % areas of a pix-

el, respectively. TIR thermal images are produced on-

board by subtraction of shutter-close dark frames from 

shutter-open bright frames. The peripheral brightness 

of each thermal image is then corrected with the deep 

sky image as backgrounds. The brightness intensity of 

the target body was estimated the value of 8 x 8 pixels 

minus the average value of its surrounding pixels.  

Figure 1 shows the surface plot extracted from the 

image of the Earth and the Moon by TIR on 14th of 

October in 2015. The Earth was clearly observed with 

sufficiently high signal-to-noise ratio able to be treated 

quantitatively. The Moon was also detected although it 

looks less clearly. As the result, the image on 14th of 

October was taken at the longest distance during that 

period, so that other images showed stronger intensities 

and higher signal-to-noise ratio. Figure 2 shows the 

plots of thermal radiation intensities by TIR dependent 

on distance. The trends of thermal intensities for both 

of the Earth and the Moon show the relation inversely 

proportional to the square of distance. This means that 

the trends go valid even for a sub-pixel size. A 1-σ 

dispersion of backgrounds is about 3 DN for each pixel, 

so that we define the detection limit as 10 DN (> 3-σ). 

In this case, the longest detectable distance for the 

Earth and the Moon at 53° SPE angle is estimated as 

1.5 x 108 km and 6 x 107 km (about 1.0 and 0.4 AU), 

respectively. Intensity of the Earth is about 6 times 

higher than that of the Moon although the area of the 

Earth is about 15 times larger. This is simply because 

the Earth is colder than the Moon because the Earth 

has higher albedo (lower absorption coefficient). 

Implications to Ryugu and its Moons: Ryugu is a 

C-type asteroid with its estimated geometric albedo of 

0.05, which is lower than that of the Moon. The SPE 

angle will be smaller than 53°. We can make a rough 

estimate of the detection of Ryugu and its moons if 

they exist, when we consider the geometric parameters 

like the diameter and the heliocentric distance. 

At the Approach Phase to Ryugu, its diameter is ca. 

0.88 km, and the solar distance is 0.96 to 0.98 AU. We 

estimate the distance from Ryugu at the low detection 

limit is 1.5 x 104 km. This implies that Ryugu can be 

detected by TIR at the beginning of Approach Phase 

whose distance is ca. 3 x 103 km and whose intensity is 

ca. 3 x 102 DN (S/N ~ 100) at the current best estimate.  

In order to search for the moons, distances at the 

detection limit for C-type rocky bodies with diameters 

of 10 m and 1 m are 1.7 x 102 km and 1.7 x 10 km, 

respectively. This suggests that a C-type moon of 10 m 

or larger size will be detected during the Approach 

Phase, and that a moon of 1 m or larger diameter is 

possibly detected by TIR from the Home Position.  
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Figure 1. Surface plot of the Earth and the Moon taken 

by TIR on 14th of October in 2015. 
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Figure 2. Distance dependency of thermal intensity 

from the Earth and the Moon. 
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