
SELENE SMALL SUB-SATELLITES FOR LUNAR GRAVITY OBSERVATION:  1T. Iwata, 2N. Namiki, 3H. 
Hanada, 4H. Minamino, 1T. Takano, 3N. Kawano, 3K. Matsumoto, 3S. Sasaki,  1ISAS/JAXA, Kanagawa 229-8510, 
Japan (iwata.takahiro@jaxa.jp), 2Department of Earth Planet Sci., Kyushu Univ., Fukuoka 812-8581, Japan, 3RISE 
Project, National Astronomical Observatory of Japan, Iwate 023-0861, Japan, 4JAXA Ibaraki 305-8505, Japan 
 
Introduction  We are planning to improve lunar grav-
ity model by combining four-way Doppler measure-
ments and differential VLBI observations using three 
orbiters of the SELENE (Selenological and Engineer-
ing Explorer) mission [1,2].  SELENE is a Japanese 
lunar probe which will be launched by H-IIA launch 
vehicle in 2007.  The spacecraft of SELENE is com-
posed of the Main Orbiter, and two small sub-
satellites: the Relay Satellite (Rstar) and the VLBI 
Radio Satellite (Vstar).  These sub-satellites are spin-
stabilized without maneuver so that they can produce 
accurate orbital determinations [3]. In this paper, we 
report results of the design of the instruments and the 
ground system for these experiments. 
   Lunar gravity field have been obtained from measur-
ing orbit perturbations of a satellite detected from two-
way Doppler ranging and ranging rate (RARR) meas-
urements.  RARR data from the Lunar Orbiter to the 
Lunar Prospector have derived the best current lunar 
gravity field model called LP165P [4].  The lunar 
gravity map is, however, less accurate on the lunar far 
side because most orbits above the far side have been 
estimated from the accumulated perturbations ob-
served above the near side.  The accuracy above the 
lunar rim is also relatively inferior because the orbital 
perturbations across the rim are scarcely detected by 
Doppler ranging methods. 
 
Four-way Doppler Measurements by RSAT  The 
Relay Satellite Transponder (RSAT) will provide four-
way Doppler measurements.  RSAT is composed of 
the transponder system on Rstar (RSAT-1), and that on 
the Main Orbiter (RSAT-2).  A schematic diagram of 
RSAT is shown in  Fig. 1 (left) where signal codes 
(“S3” to “S6”, and “X2”) are denoted in Table 1.  
Rstar will be separated from the Main Orbiter and in-
jected into the initial polar elliptical orbit of 2,400-100 
km in altitude (Table 2).  The Main Orbiter will be 
controlled to keep the circular orbit of 100 km in alti-
tude for one-year mission period.  The orbit of the 
Main Orbiter aviating above the lunar far side will be 
determined by the four-way Doppler measurements 
relayed as ground station - Rstar - Main Orbiter - Rstar 
- ground station.   

Figure 2 shows a signal block diagram of instru-
ments of RSAT and VRAD, and Table 1 summarizes 
properties of each communication link.  An S-band 
transponder: S-TRP in RSAT-1 receives ranging sig-
nals “S3” transmitted from 64-m antenna at Usuda 

Deep Space Center (UDSC).  Then, S-TRP returns the 
ranging signals as “S4” to UDSC to conduct two-way 
RARR measurements.  S-TRP also extracts carrier 
waves from S3 and relays them toward the Main Or-
biter as “S5”.  S5 are acquired by an S-band trans-
ponder: S-TRX in RSAT-2, and then returned as “S6” 
to Rstar.  An S and X-band transponder: S/X-TRP in 
RSAT-1 receives S6, converts the frequency in X-band, 
and relays as “X2” to UDSC where Doppler frequen-
cies accumulated through four-way links are measured.   
   The results will produce the first global gravity map 
of the moon without Kaula (1966)’s power law con-
straint model [5].  Analysis of the coverage consider-
ing the four-way links shows that our methods will 
present globally covered gravity map and improve the 
model of the gravity coefficients between 5 and 35 
degrees as one order of magnitude more accurate than 
LP165P [6]. 
 
Differential VLBI Observation by VRAD  Differen-
tial VLBI Radio Sources (VRAD) on Rstar and Vstar 
will accomplish phase-delay differential VLBI obser-
vations.  VRAD is composed of the radio sources on 
Rstar (VRAD-1), and those on Vstar (VRAD-2).  The 
mission concept of VRAD is shown in Fig. 1 (right), 
and codes of signals (“S7” to “S9”, and “X2”) in the 
figure are denoted in Table 1.  Vstar will be separated 
from the Main Orbiter and injected into the initial po-
lar elliptical orbit of 800-100 km in altitude (Table 2).  
Radio sources: RAD of VRAD-1 and VRAD-2 will 
deliver carrier waves for the observations on the 
ground VLBI stations.  VLBI observations will be 
done by normal operations under a two-beam method 
using VERA stations (Mizusawa, Iriki, Ogasawara and 
Ishigakijima) in Japan and by intensive operations 
using the international network including Shanghai 
(China), Urumqi (China), Hobart (Australia), and Wet-
tzell (Germany) as well as VERA stations. 
   Each sub-satellite transmits carrier waves in S-band: 
S7, S8, S9, and X-band: X2 (Table 1) to conduct 
multi-frequency phase-delay VLBI methods.  The dis-
tribution of these frequencies is chosen to calibrate the 
delay by the terrestrial ionosphere and to solve uncer-
tainties of the phase delay which exceeds one wave 
length.  Because there are no altitude and attitude con-
trol maneuvers on Rstar and Vstar, VRAD data can 
improve the accuracies of lower degree of the lunar 
gravity co-efficient [6].  It can also improve the gravity 
map above the lunar rim. 
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Table 1  Properties of radio links for RSAT and 
VRAD. 
___________________________________________ 
code  links   contents 
___________________________________________ 
S3  UDSC to Rstar/Vstar CMD, RNG, RR 
  GN to Rstar/Vstar CMD 
S4  Rstar/Vstar to UDSC TLM, RNG, RR 
S5  Rstar to MO RR 
S6  MO to Rstar RR 
S7  Rstar/Vstar to VLBI VLBI 
S8  Rstar/Vstar to VLBI VLBI 
S9  Rstar/Vstar to VLBI VLBI 
X2  Rstar to UDSC RR 
  Rstar/Vstar to VLBI VLBI 
___________________________________________ 
Notes- UDSC: Usuda Deep Space Center, GN:Ground 
Network, MO: Main Orbiter, CMD: command,  RNG: 
ranging, RR: ranging rate, TLM: telemetry,  
 
 
 
 
 
 
 
 
Fig. 1.  Schematic diagrams of RSAT (left) and VRAD 
(right) experiments.  Codes of communication links 
(“S3” to “S9” and “X2”) are denoted in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table. 2  Characteristics of Rstar and Vstar. 
____________________________________________ 
satellite Rstar Vstar 
____________________________________________
total mass 45 kg 45 kg 
electric power > 70 W > 70 W 
mission instruments RSAT-1 - 
  VRAD-1 VRAD-2 
semi-major axis 3,000 km 2,200 km 
initial apolune altitude 2,400 km 800 km 
initial perilune altitude > 100 km > 100 km 
inclination 90° 90° 
____________________________________________ 
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