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1. Next Generation small-body Sample Return

(NGSR) mission

Sample return mission from inactive comet

(289P/Blanpain). The target is cometary

material from below a depth of 1 m, which are
not modified since solar system formation.

Discussed in NGSR-WG for proposal to
JAXA/ISAS middle-class mission

Purpose of NGSR Radar

Imaging of the internal
structures of the comet
Check of the presence of
several-m rocks and
voids in the comet
("Rubble pile or Pebble
pile")

Estimation of bulk
permittivity of subsurface
materials for derivation of
bulk density distribution
in the comet nucleus

Catastrophic
disruption

Observations

A
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gravitational
collapse of
pebbles
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Sample return

In-situ analysis of the
volatile materials
Imaging internal
structures by radar and
seismometer
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2. Advantages of Bistatic radar

Selection of the radar type

Radar type Permittivity ¢, Example

Monostatic radar with Impossible to determine Apollol7/ALSE

single orbiter (Assumed in most case) MEX/MARSIS
MRO/SHARAD
SELENE/LRS
Hera/JuRa

Bistatic radar with orbiter | Possible to determine Rosetta/ CONSERT

& fixed lander

—One-dimensional ¢,
distribution

Bistatic radar with two
orbiters (OTV&Lander.
The both can be operated

as orbiters)

Possible to determine
—Two-dimensional g,
image

NGSR/Bistatic-radar




Bistatic radar with a lander & orbiter (as Rosetta/ CONSERT) vs.
Two orbiters (NGSR)

Explanation with simplified model:

Orbiter & fixed lander Two orbiters
‘ Orbiter

Lander

ytz
Orbiter 2 =5.4
+
Assumed delays  Orbiter XTy ):(52 Xty Xrz
in this simplified =4.4 =4.4 -
example One dimensional Two dimensional <¢> image
L < g> distribution and also ¢, from three
T = oC \/g (=Kirchhoff migration) || equations with three
C/ \/8_r unknown variables
(=Tomography)




Rosetta/ CONSERT

A Pioneering observation of the comet with bistatic radar

Lander orbiter
1.86 &

1.75

. 1.86
V1

1.26
1.3

Bulk permittivity
Surface (14-25m):. 1.7-1.95

Deep (25-150m): 1.2-1.32
[Kofman et al., 2020]
<k

[Kofman et al., 2020]

Learned from Rosetta:

- Using Radar and Transponder

Porosity: 65-85%
Assumed composition:
Ice (H20,C02,C0O),Dust, and Voids
—>Agree with gentle gravitational collapse
of a pebble cloud [Blum et al. 2017]
[Herique et al., 2019]

- Center frequency: 90MHz (Rosetta), 160MHz (NGSR)

Advantage of NGSR:

- Using dual orbiter for 2D imaging
- Bandwidth: 8MHz (Rosetta), 40MHz (NGSR) for better resolution




3. Specifications of the NGSR Bistatic radar

ltem Value Electronics Bowtie antenna
Operation 140-200MHz Unit number | 1 (Transceiver, DS-OTV) 1 (DS-OTV)
frequency (2.5m, in 1 (Transponder, Lander) 1 (Lander)
(Range vacuum) Mass 2.0 kg (DS-0OTV) (0.2+0.2) kg
resolution) 0.7kg (Lander)
Size 160x210x120mm (DS-OTV) | 700x200x50mm
TX peak power | <1W (TBD) 160x210x60mm (Lander)
Detection depth | >300m (TBD) Power 14.6W (DS-OTV) TBD
Data rate 500byte /shot consumption | 0.7W (Lander) (deployment)
24Mbyte/7days
BSR1-E
Fr—7 ,
{224 php ‘ b BSR2-E
' BF O3 3 FHFE it
| STOHY
. BSR1-A - BSR2-A
EEE@ }‘"Eféﬁé | CPL [ ER(EHE | Q " ik s CPL e BiEfE [
T FLATE . AT
I Bowtie %  Bowtie
chﬁ JEA L antenna c antenna | | [
A cnmmi [ DCDC omet
mtiet | RER | | nucleus .
LRER

Radar Transceiver
(on DS-OTV)

Radar Transponder

(on Lander)

Block diagram of NGSR Bistatic-radar




Estimation of echo power 300m
' 5km p 500m

The echo power can be estimated by H, H
_ ﬂ“ZGA Fix Ga (1_ r)Z 10-2R/10
¥ 4z 4z(H,+D+H,)
. 2 & tand
The equation is written as
10log,, P 20dBm
Jho , ) If radar pulse with a
| A" (1-r) power of 0.1 W is
+10log,, 7 > | -92dB ted. the och
(477) (H1+D+H2) transmitted, t e echo
+20log,, G, +6dB can be observed with
an SNR of >10 dB.
—aD -12dB
______________ =10100,0 Froe >1010G3, N —78dBm > 90dBm
G, (Antenna gain): 3dB a=-0.091f [MHz]ve tan 5 [Chyba et al. 1998]
Nryx (Noise level): -90dBm =-0.091x160x+/2 x 2x107 = 0.041dB/m
¢ (bulk permittivity): ~2 5x10™ (Ice&silicates)
2 2 . -3 .
o Je -1 _ J2 -1 003 tan s = %‘leo (Ice&chondrite) Kofman e
Je +1 J2 +1 ' Ime /Ree, \2><1O‘2 (Metalic chondrite) al., 1998]




BBM of radar transponder with evaluation tools
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In order to avoid the
power amplifier (PA)
oscillation in the radar
transponder, the PA
gain should be less
than the isolation of
directional coupler.




Antenna Operation plan
Antenna
DS-OTV | location Good for radar
armgaamey (0MOgraphy
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In 7-days operation, we can
scan the comet and obtain
enough data for tomographic
analysis. The data amount is
estimated to be 24 Mbyte/7day.




5. Tomographic analysis

y = AX y: Measured propagation time (known)
A: Propagation distance in each pixel (known)

x: Slowness in each pixel (unknown) "
X can be numerically obtained by SIRT (1) _ ) 1 Y _Zm: An¥n | A

method (Simultaneous Reconstruction X Xj + Z'AY Z Z'Aﬁ
Technique; Gilbert, 1972) j o m

Due to severe refraction, d_X _Ow dk ow
A have to be obtained by ray tracing:  dt ok dt oX
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Dry run and
practice with
synthetic data
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decrease | needed.
. [cavity (Ongoing)
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How much data should be obtained?

0o—+L2 Number of pixel with a size of 3 X 3m: ~8000
3/ 4| .. | .| <Assumptions>
( // \ "Malp orblte_r: Fixed |
\ 7 300m / Orbital period of Sub orbiter: ~2 days
= 4 i A T Rotation period of the comet: ~9 hours
( e | e Interval of pulse transmission: 1s
LT (7849 _(Operated during 166<®<180° )

—->Number of propagation time data in 1 day: ~7000
In tomographic analysis,
y = AX y. Propagation time data (known)
A: Given by propagation distance (known)
x: Slowness in each pixel (unknown) ——— 1/V = \/E/C

This inverse pr_?blem can be solve_oll using A=UAV' as
x=(ATA) ATy =(VATAVT) ATy
In order to solve without numerical instability, the condition number (ratio of

the max. & min. eigen vales, A,../A.,) should be enough small.
- Required data number: ~48,000 (~6x8000).

- The dataset can be obtained in 7 days with a radar pulse transmission at
an interval of 1s. Storage amount: 24 Mbyte (500byte for 1 echo profile).




Radar tomography with micro solar salil probes
separated from DS-OTV

@ Gravity assists, 3 Probe deployment @ Constellation (® Multi-static
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[Sugihara et al., 2024]



6. Summary

An ambitious comet observation plan with bistatic radar has been
Investigated for Next Generation small-body Sample Return (NGSR)
mission.

1. The bistatic radar consists of a radar transceiver installed on DS-
OTV (Deep Space Orbital Transfer Vehicle) and a radar
transponder installed on Lander operated as sub-orbiter. Using
dataset of the propagation time for multiple penetrating paths from
DS-OTV, to comet, and to Lander, distribution of the bulk
permittivity (&) can be derived by tomographic analyses.

2. The operation frequency range and transmission peak power for
NGSR Radar has been determined as 140-200MHz, and 0.1W,
respectively. Antenna design (with a size of 700x200 mm) and
operation plan (7days, generating data with an amount of 24Mbyte)
were also investigated.
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