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A Growing Interest and Expanding Activities in Lunar Exploration

A Lunar Orbiter
A LRO(NASA) Chandrayaan(ISRO), KPLO(KARI)

A Lunar Lander
A SLIM(JAXA)

A Human Exploration
A Artemis Project(NASA)

J

ARTEMIS

3

Image Source: KARI(Korea Aerospace Research Institute) Image Source: JAXA(Japan Aerospace Exploration Agency) Image Source: NASA
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A Importance of Building the Foundation for Sustainable Human Activities on the Moon
A Extreme Lunar Environment

A Radiation ' Lava tubes could be a possible

A Micrometeorites . solutions for lunar bases.
A Extreme Temperature Fluctuations

Extreme
-Temperature
Fluctuations

Radiation Micrometeorites Conceptual |IIustrat|on of a human habitat

insidealunar lava tube
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A Importance of Building the Foundation for Sustainable Human Activities on the Moon

A Challenges and Solutions in Lunar Communication
A Large path loss
A No direct communication on the lunar far side
A Previous relay missions have relied on ' Demonstrate a lunar communication

large satellites. e.g., Queqiao(CNSA) relay using CubeSats

No direct communication on the lunar far side

Image Source: Surrey Satellite Technology Ltd. (SSTL)
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A Mission with Both Scientific and Technological Significance

Scientific Mission Technological Mission

Exploration of Lunar Lava Tubes Demonstration of CubeSat-scale Communication
Relay Technology on the Moon

- ' S R Image Source: Surrey Satellite Technology Ltd. (SSTL)
Image Source: Lunar Reconnaissance Orbiter Camera (LROC)
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Mission Objectives
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A Primary Mission Objectives - Lava Tubes Detection

A Meyer, J. A., and J. M. Hurtado. "Detecting Subsurface Lunar Lava Tubes
Using Thermal Inertia."
A Lunar lava tubes A lower thermal inertia
A Areas above lava tubes (with ~100 m roof thickness, data from LRO)
-> 10~15 K lower diurnal temperature amplitude compared to surrounding terrain

A Detectable using Thermal Infrared (TIR) sensing
A Focus on diurnal temperature variation rather than absolute temperature

Primary Mission Objectives

A Obtain and analyze temperature data across 100% of the lunar surface for at least 6 months.
A Identify regions exhibiting thermal inertia patterns consistent with subsurface voids.
A Acquire images as a supplementary tool to support and validate thermal observation data.

Meyer, J. A, and J. M. Hurtado. "Detecting Subsurface Lunar Lava Tubes Using Thermal Inertia." 43rd Annual Lunar and Planetary Science Conference. No. 1659. 2012.

The dotted rectangle indicates a lava
tube region where thermal inertia is low.
9
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A Secondary Mission Objectives — Lunar Communication Relay

A Lunar Communication Relay using CubeSat
A Enables communications in challenging regions such as lunar far side.
A Reduces communication burden on lunar surface assets.
A No need for high-performance RF devices such as transceiver or antenna
A Lunar surface assets could focus on mission payloads

A Relay Demonstration Concept

A Relay operations in collaboration with Korea Lunar Lander and Rover (KLLR)
A Scheduled to launch in 2032 aboard KSLV-IIL.

Secondary Mission Objectives

A Demonstrate CubeSat-scale lunar communication relay by relaying
data between KLLR and Earth ground stations, and between KLLR
nodes to simulate lunar surface user communication.

Concept illustration of lunar relay communication with KLLR.

10
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A Mission Overview

Category Description

A 12U Platform

CubeSat Information ,
A Two satellites

A Circular Low Lunar Orbit

A Altitude of Perilune: 100 km
A Altitude of Apolune: 100 km

Orbit Information

A Inclination: 90°

A 1 hour and 57 minutes
Orbital Period A 12.23 revolutions per day
A Revisit the same region every 14 days
Ground Segment A NASA Deep Space Network (DSN)
Primary Payload A TIR sensor
Lava Tube Detection A CMOS camera
Secondary Payload A UHF transceiver

Lunar Communication Relay A UHF antenna

Key Category of Mission
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Mission Mode

nth Orbit' ) =

I Mission
Mode

(n+1)t" Orbit

Concept of Operations

12
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A Concept of Operations

A CubeSats alternate between two modes every orbit

A Mission Mode
A Primary Mission
A Activate TIR sensor + CMOS camera
A Acquire thermal infrared data

A Collect visible imagery as supplementary data

A Secondary Mission

A Receive data from KLLR and forward data back

to KLLR via UHF

A Store mission data for later downlink to Earth

A Transmission Mode

A Transmit collected science data and data received from

KLLR to Earth via S-band

A Receive telecommands from the Earth and executing

them as commanded
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Mission Mode

nth Orbit m
N

(n+1)* Orbit

Concept of Operations

13
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A Space Segment Overview
A Prioritized COTS components with proven lunar or cislunar heritage.
A For in-house components, environmental testing (Vibration, TVAC, Radiation) will be conducted.

TIR Image Sensor Frame Solar Panel LI Primary OBC Thruster
Transponder
CMOS Camera Deployment PCDU S-band Antenna Secondary OBC Reaction Wheel
Mechanism
UHF Transceiver Battery S-band Diplexer Star Tracker
UHF Antenna SEEEE ST
Sensor
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A Space Segment Configuration

Peak
Subsystem Component y A58 S Power Remarks EnduroSat 6U
_ ' - (W) Solar Panel
SMS Frame 1 5000 5000 - In-House
Solar Panel Deployment Mechanism 2 50 100 3 In-House
TCS . _ _ _ _ _ ISISPACE 12U |
EPS Solar Panel: EnduroSat 6U Solar Panel 3 390 1170 - COTS ANTENNA SYSTEM
EPS module: EnduroSat EPS III 1 1892 1892 1.27 COTS
STRX: RocketLab Frontier-S 1 590 590 6.8 COTS
SANT: IQSPACECOM S-band High | | | ol
TTINC Gain Antenna 1 180 180 - COTS Teledyne Boson+ -
S-band Diplexer 1 220 220 - In-House TIR Image Sensor
POBC: AAC Clyde Space Sirius-OBC- | . T .
CNDH LEON3FT Lo 130 130 1.3 COTS Deploy Configuration
SOBC: NARASPACE OBC 1 60 60 0.5 COTS
: ISPACE S- T . jor-
ADCS module: Blue Canyon 1 1520 | 1520 6.1 COTS ISISPACE S-Band # - Rocket Labs Frontier-S
Technologies XACT-100 High Gain
ADCS Antenna Self-Developed TTNC
Thruster: VACCO ArgoMoon | _ :
. 1 2065 2065 4.3 COTS = Diplexer
Propulsion System _|  Blue Canyon {
TIR Image Sensor: Teledyne Boson Plus 1 100 100 1 COTS 1 Technologies { 31— GOMSPACE NanoCom AX100
. XACT-100 Th- :
CMOS Came}‘a. SIMERA SENSE 1 510 510 7 COTS . ] -Nara Space OBC
PAYL.OAD ‘ TriScape 50 | | Simera Sense _ AAC CLYDE SPACE Sirius-
UTRX: GomSpace NanoCom AX100 1 24.5 24.5 2.64 COTS { 'y | TriScape 50 \ OBC-LEON3FT
UANT: ISISPACE Antenna System for | | | | I = Vacco AgroMoon : | T g
19U CubeSat 1 100 100 2.3 COTS ! A Propulsion System i 2 = “EnduroSat EPS Module Il B
—EnduroSat EPS lll Battery Pack
Components of Space Segment Stow Configuration (Front) Stow Configuration (Back)

16
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A Primary Mission Payload - Lava Tubes Detection

A TIR Image Sensor: Teledyne Boson Plus
A Detect subsurface lunar lava tubes through thermal anomaly analysis
A Characterize diurnal temperature variation to identify regions with low thermal inertia
A Lunar surface reaches 390-400 K at daytime A radiance peak at 7-9 um
A 8-14 ym matches LRO Diviner’s validated lunar science bands
A Sufficient to track the diurnal temperature cycle of the lunar surface.

Effective Focal Raw Data Per

Spectral Band Field of View P GSD Swath Orbit TELEDYNE BOSON+

LWIR: 8 =14 pm 24° 18 mm 66.7 m 3413 km 3.9 MB
Key Parameters of TELEDYNE BOSON+ @100km

A CMOS Camera: SIMERA SENSE TriScape 50
A Visible range imager offers optical validation of lava tube candidate sites, providing
complementary support to the TIR image sensor.

Spectral Band Raw Data Per Orbit

450 -670 pm 60 m 24 km 2.8 MB 1
Key Parameters of SIMERA SENSE TriScape 50 @100km SIMERA SENSE TriScape 50

17
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A Secondary Mission Payload - Lunar Communication Relay
A UHF Transceiver: GomSpace NanoCom AX100

Frequency Range Data Rate Modulation RF Output Power Protocol
430-440 MHz
500-19200 bps GFSK, GMSK 24-30 dBm CSP
395-405 MHz

Key Parameters of GomSpace NanoCom AX100

A UHF Antenna: ISISPACE Antenna System for 12U CubeSat

A 0 dBi Omni-directional Antenna
A Reliable relay links without precise pointing

Frequency Band Antenna Gain Radiation Pattern HPBW
UHF O dBi Omni-dirctional 76.0 deg

Key Parameters of GomSpace NahoCom AX100

ISISPACE Antenna System for 12U CubeSat

18
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A TTNC

A S-band Transponder: RocketLab Frontier-S
A The Moon has no GPS coverage
A Orbit determination must rely on ranging techniques
A RocketLab Frontier-S supports ranging techniques
A Turn-around tone ranging
A Regenerative PN ranging
A Fully compatible with the DSN RocketLab Frontier-S

Frequency Range Data Rate Modulation RF Output Power Ranging Compatibility

RX:2020 to 2120 MHz ~ RX:100Bd to1MBd  pM, BPSK, QPSK, 8.5 dBm Turn-around tone ranging DSN, SSC, SN, KSAT,
TX: 2200 to 2300 MHz  TX: 100 Bd to 10 MBd O/SQPSK ' Regenerative PN ranging TDRSS-SA

Key Parameters of RocketLab Frontier-S

19
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A ADCS

A Thruster: VACCO ArgoMoon Propulsion System
A The Moon's magnetic field is too weak for magnetorquer-based control
A Additional attitude control module is required. A Thruster-based system is selected.
A Also, supports post-mission disposal.

Features Description

Propellant LMP-103S & R134a
Green thruster x1 100 mN, 783 N-sec of total impulse
Cold gas thruster x4 25 mN each, 72 N-sec of total impulse

Each thruster independently operates to perform both

Function delta-V and ACS maneuvers
Dry 1.430 kg max
Mass
Wet 2.065 kg max

VACCO ArgoMoon Propulsion System
Key Parameters of VACCO ArgoMoon Propulsion System

20
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A Power Interface

T T T T T T T T e e e e m s ——— - - y T T T T T T T T T T T T T TS S S SSmCm——m eSS eSS - s - - - - I
! | 1 |
, CMOS C '
: Thruster ADCS module i E TIR Image Sensor (SIMERA ZIE;I:E !
' | (VACCO X17025000 BCT XACT-100 ! ' Teledvne Boson Plus . !
i ( ) ( ) i | ( y ) TriScape 50) i
|
e D DD ! e e e e e e e e T ___________ !
T ADCS T 5 T PAYLOAD ;
1 1
: UTRX :
e (GomSpace NanoCom i
aaiaieieieiieiiiiiiaieiaiaiaieiaiaiaiuieieieteietetetetebintete ey |- i ! AX100) .
| EPS : : :
| 1 |
E Depl Sﬂ'ﬂl'tl;f;ﬂelll i < E (f: PSSm:) (];l;’l; I : : UANT |
: eploymen echanism (EnduroSa I E SN (ISISPACE Antenna |
e e T : System for 12U CubeSat) :
- l
l CNDH _i TTNC
33V .
5V — Secondary OBC Primary OBC STRX

12V  —— (NARASPACE OBC)

28V

SIRIUS-OBC-LEON3FT)

I |
I '
I 1
I I
(AAC Clyde Space : :
! :
. !
I I

———————————————————————————————————————————————

Power Interface
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A Data Interface

i I ! [
I I I I
! ' CMOS C
: O X170 A 1o : i LR Image Sensor (SIMERA :IEIII;r;E i
1 1 [
| (VACCO X17025000) (BCT XACT-100) | i (Teledyne Boson Plus) TriScape 50) i
1 I 1 |
o (N | s N S I I |
ADCS T I PAYLOAD
EPS A

— l  — VY VY 'l"'""":

| ! I -

: EPS module o > Frimary OBC < :

: (EnduroSat EPS III) | 1) (AAC Clyde Space !

! ! 1 | SIRIUS-OBC-LEON3FT) | |

1

[ [ I ‘l

: | CNDH

: Solar Panel |

: Deployment Mechanism !

i :

TTNC PAYLOAD

RS-485 i_ ! i_ y !
RS-422 — : STRX ! : UTRX UANT ,
SpaceWire —— ! (RocketLab Frontier-S) ! '| (GomSpace NanoCom (ISISPACE Antenna !
CAN ! ! ! AX100) System for 12U CubeSat) | |
12C — b ! . :
GPIO _—

Data Interface
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A RF Interface
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TTNC
| — @ —
: ! l
! ! B R
! i PAY ! PAY
: ! > >
: ' T™M | ™ SANT
| | STRX | S-band (IQSgiEEEOM
I ! = i B
i : | (RocketLab Frontier-S) | RNG | Diplexer High Gain
! ! : Antenna)
: N— —
| omc | 1€ e
: ' I RNG
I | I
; e e
: ! y o oTTTTTTTTTTTTTTTTTTTTTTTTTETE_ TR
: | |
I : >
! | PAY | UTRX PAY UANT
| | | (GomSpace NanoCom (ISISPACE
! | : AX 100) “““““““““““ Antenna System
| . ! -« for 12U CubeSat) [*
! ' PAY : PAY
: | |
CNDH PAYLOAD

RF Interface

RF RX
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A Power Budget
A Evaluated for two modes in CONOPS: Mission Mode and Transmission Mode
A Analysis performed after completing one Mission Mode and one Transmission Mode cycle

State of Charge (SOC) Proflle

100

. X3.92333
Mode Power Budget Analysis ?29”333?“““ \ 196306 /—lY —
Y 75.0268

A Peak power consumption: 24.4 W

[{s]
o

o]
[=]

- |
o

Mission Mode :
A Average power consumption: 16.27 W

[+2]
[=]
T

o A Peak power consumption: 13.27 W
Transmission Mode ,
A Average power consumption: 8.5 W

Battery SOC (%)

State of Charge A Increased by 2.8 percentage points 0+
(SoC) A 90% t0 92.8% ol
Depth of Discharge A Decreased by 15 percentage points 10
(DoD) A 90% to 75%
Power Budget Analysis Result | “Time (hours) |

State of Charge

24
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A Link Budget

A Analysis performed across four cases: S-band Up/Downlink and UHF Relay Up/Downlink
A All cases satisfy a link margin greater than 3 dB

Feature S-band Uplink S-band Downlink UHF Relay Up/Downlink
Transmit Antenna gain (dBi) 63.95 (K 0
Receive Antenna gain (dBi) 1 63.95 0
EIRP (dBm) 130.95 37.759 22.853
Total Loss (dB) -212.75 -213.46 -127.28
Total Signal Power (dBm) -74.302 -114.11 -110.57
Bit Rate (bps) 256,000 19,200 9,600
Eb/NO (dB) 41.602 13.052 15.78
Required Eb/NO (dB) 9.6 9.6 10.4
Link Margin (dB) 32.002 3.452 5.38

Link Budget Analysis

25
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A Implementation Plan
A Extensive experience in developing multiple CubeSats at Yonsei University
A Scheduled for launch in 2032 by KSLV-III, in coordination with the KLLR
A Collaboration required with KASA (Korea AeroSpace Administration) and KARI(Korea Aerospace
Research Institute)




