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Artemis II: First humans -

to orbit the Moon in the
21st century

Artemis I: First human

spacecraft to the Moon

Artemis Support
Mission: First
high-power
Solar Electric
Propulsion (SEP)
system

" Artemis Support

Mission: First
pressurized
module delivered
to Gateway

Artemis Support
Mission: Human
Landing System
delivered to
Gateway ,

Artemis.lll:
Grewed mission
to Gateway and
lunar surface

in the 21st century
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Commercial Lunar Payload Services f !I ! / ﬁf
i

Y e ; . i
li= - CLPS-delivered science and technology payloads Varoo 500t Tares Lander B

= Increased capabilities for science
and technology payloads

Early South Pole Mission(s)

- First robofic landing on eventual human lunar
return and In-Situ Resource Utilization (ISRU) site

- First ground truth of polar crater volatiles

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions

LUNAR SOUTH POLE TARGET SITE
2020 2024




A-KEZHEITERIAD

AJTEMIS 1

Tk

sl

The first uncrewed, infegrated flight test of NASA’s Orion spacecraft and Space Launch System rocket, launching from a modernized Kennedy spaceport

1 LAUNCH
SLS and Orion lift
off from pad 39B at
Kennedy Space Center

SPLASHDOWHN

JETTISON ROCKET
BEOOSTERS

Solid rocket boosters
separate

JETTISON

LAUNCH ABORT
SYSTEM (LAS)

The LAS is no
longer needed,
Orion could

safely abort ?

Pacific Ocean landing within view
of the U.5. Navy recovery ships

OUTBOUND POWERED FLYEY (OPF)
&2 miles from the Maoon;
targets DRO insertion

L
Hellocantric Disposal
praciudes ra-contact

@ ENTRY INTERFACE (El)
Enter Earth’s atmosphere

@ OUTBOUND TRAJECTORY
CORR E'C TIDN I_DTG] BURMNS

JI.5 necessary adju sf trajectory
for Lunar flyby to DRO

A% FINAL RETURN TRAJECTORY
CORRECTION (RTC) BURN
Pracizion targeting for
BTt Sty @2 oreiT INSERTION

Enter Distant Retrograde
Orbit for next 6-23 days

DISTANT
RETROGRADE
ORBIT {DRO)
Crbit Maintenance

Dl;iTQDUND TRANSIT burns and solar

5

CORE STAGE

MaIN ENGINE

CUT OFF (MECO) ¢
and separation

ENTER EARTH
CORBIT

Perform the periges
raise maneuver

EARTH ORBIT
Systems check and

solar panel adjustments

TRANS LUNAR e
IMJECTION (TLI) BURN
Burn lasts for approximately

Raq L!rr.HS- savearal attitude maneuvars
5

,

@eeo @\

CUBESATS DEPLOY ffﬁ
ICRS doplays 13 CuboSats inlal

INTERIM CRYOGENIC PROPULSION @8 ReTURN TRANSIT

STAGE (ICPS) SEPARATION
The ICPS has committed Orion to TLI

20 minutoes

ARTEMIS _
Total distance traveled: 1.3 million miles - Mission duration: 26-42 days - Re-entry speed: 24,500 mph (Mach 32) - 13 CubeSats deployed

Lawnch - Earth Orbit = Trans Lunar — Lunar Orbit  — Trans Earth = Eariiy Be-eniry

Return Trajectory Correction (RTC)
burns as necessary to aim for Earth's
atmosphere; travel time 3-11 days

- Payload OrbitDisposal

panel adjustments;
38,000 nmi from tho
surface of the Mooan

{4 DRO DEPARTURE

Leave DRO and start
return to Earth

A5 RETURN POWER FLY-BY (RPF)

RPF burn prep and return
coast to Earth initiated

N\
(L

AMEMIS |
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ARJTEMIS Il

Crewed Hybrid Free Return Trajectory, demonsirating crewed flight and spacecraft systems performance beyond Low Earth Orbit (LEQO)
g
b .

1) LAUNCH ~

Nasa

ICPS Disposal
0 ENTRY, DESCENT, ' to Heliocentric orbit
ENTER EARTH ORBIT AND LANDING -
Periges Ralse Manouver
{PRM) by Interim :
Cryopgenic Propulsion f-f_-é’____‘“-._
Slage (ICPS) into —
100x1535 nmi
orbit

@ CREW AND ORION
CAPSULE RECOVERY

@ CREW MODULE/
SERVICE MODULE
SEPARATION

@ Lunar

FLYBY
7,500 nmi
{mean)

APOGEE
RAISE

4 4 w . S
h‘ : < bt . ¥ TRANS-EARTH RETURN

= 4 days Return Trajectory
\* Correction (RTC) Burns

hr Orion Aux Enginaa.

BURN
TO HIGH
EARTH ORBIT
Followed by ICPS
separation and Orion
sysiems checkout

. ORION TRANS-LUNAR INJECTION

(TLI) BY ORION'S MAIN ENGINE

LN

TRANS-LUNAR OUTBOUND .
4 days with Outbound Trajectory L
Correction (OTC) Bums by

Orion Aux Engines

»

Launch Low Earth Ovbif High Earth Orbif == Trans Lunar Trans Earth — Earth Re-Eniry

SLS Canﬁgmﬂm ml'nek 1) with Human Hﬂ!‘ﬂl‘ ICPS | 15x1200 nmi insertion orbit | 28.5 dng .‘m:tinaﬂun
ﬂmw | hhndﬂtﬂuﬂ 1Dﬂm] m:pﬂﬂﬂ' E!P,!llﬂln.phﬂlnuh 3@]

AITEMIS &8%s
Payioad OrbitDisposal
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National Aeronautics and
Space Administration

AJTEMIS Il

Landing on the Moon in 2024

LAUNCH @ rensiunan @) tisascenp

SLS and Orion lift off from INJECTION BURN LOW LUNAR ORBIT

Kennedy Space Center Burn lasts for Then to Gateway Orbit
approximately 20 minutes to dock with Gateway

JETTISON ROCKET

BOOSTERS

Solid rocket

boosters separate

@ oronoutsouND 15
TRANSITTO MOON ik N
Requires several Undocks from Gateway
: attitude maneuvers Gateway, and departs Orbit

JETTISON LAUNCH Gateway Orbit
ABORT SYSTEM (LAS) . ORION OUTBOUND I
The LAS is no longer POWERED FLYBY
needed, Orion could
safety abort . GATEWAY ORBIT
CORE STAGE MAIN Orion performs burn and
ENGINE CUT OFF rendezvous to dock to the
With separation Gateway ENTR TERFACE
Enter Earth's
ENTER EARTH ORBIT HUMAN LANDING atmosphere
Perform the perigee SYSTEM (HLS)
raise maneuver Undocks from Gateway SPLA JOWN
Pacific Ocean landing
EARTH ORBIT HLS ENTERS LOW within view of U.S. Navy
Systems check and solar LUNAR ORBIT recovery ships
panel adjustments Descends to lunar
touchdown

18
INSERTION BURN @
18
19

During lunar surface
mission
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ARTEMIS IV

International Habitation Module @8
delivery to Gateway followed by

Crewed Lunar Landing

LAUNCH

SLS with I-HAB co-manifested payload
and Orion with 4 crew members lift-off
from Kennedy Space Center.

JETTISON ROCKET BOOSTERS,
FAIRINGS, AND LAUNCH
ABORT SYSTEM

CORE STAGE MAIN
ENGINE CUT OFF
With separation.

ENTER EARTH ORBIT
Exploration Upper Stage (EUS)
performs circularization of Low
Earth Orbit. Systems check and
solar panel adjustments.

TRANS LUNAR INJECTION BURN
EUS commits astronauts in Orion
and I-HAB to lunar trajectory.

ORIONTUGS I-HAB TO MOON
Orion separation from Universal
Stage Adapter (USA), ejection of 3
USA, Orion docking with I-HAB for
extraction from EUS/ Payload
Adapter Fitting (PAF) followed by
Orion tug of I-HAB to Gateway Orbit
and EUS disposal.
15
ORION OUTBOUND TRANSIT
TO MOON
Requires several outbound
trajectory burns.

ORION OUTBOUND
POWERED FLYBY
60 nmi from the Moon.

@ GATEWAY ORBIT INSERTION BURN

Orion performs burn to establish
rendezvous point and executes
rendezvous and docking.

I- HAB dnckmg wnh Orlon to Power and
Propulsion Element (PPE) and Habitation
and Logistic Outpost (HALO) module.

I-H ACTIVATION ANC
Astronauts ingress, acllvate and utilize
I-HAB as part of larger Gateway complex.

LUNAR LANDING PREPARATION
Crew activates Lander and prepares
for departure.

LANDER UNDOCKING AND SEPARATION
LANDER ENTERS LOW LUNAR ORBIT
Two astronauts descent to lunar

touchdown.

LUNAR SURFACE EXPLORATION
Astronauts conduct week long surface

mission including moon walks, rover ops,

and surface science.

OF

GATEW
Olher two aslronauls tend to Gateway
during lunar surface mission.

LANDER ASCENDSTO
OW LUNAR ORBIT

LANDER PERFORMS
RENDEZVOUS AND DOCKING

CREW RETURNS IN GATEWAY / ORION

Crew transfers science samples to
Orion for return, undocks, performs
departure burn.

Lunar gra\nly assist, fly 60 nmi
from the Moon.

FINAL RETURN TRAJECTORY
CORRECTION BURN
Precision targeting for Earth entry.

CREW MODULE SEPARATION
FROM SERVICE MODULE
ENTRY INTERFACE

Enter Earth's atmosphere.
SPLASHDOWN

Astronaut crew, science sample
and capsule recovery by ship.

JAa

DESCEND

ASCEND

ATEMIS
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GATEWAN CONFIGURATION CONCEPT

Robotics ' =
s i u.s. TS,
international “ 2 ¥ itati Muilti- Orion Service

- ¥ Habitation
Habitation % e Module Purpose IMndu!e

Module b I Maodule

L 200 A, L ! . : ; BT | . “i 1A
inarandH O Al _ ’ i

Propulsion
Element

Orion

Crew
Module

== A DEEP SPACE HUB FOR SCIENCE AND EXPLORATION COLLABORATION =

Command Module for #’ Internal and @ Internal and External

Lunar Surface Assets JI\ External Payloads Robotics

Mixed Fleet S— —— Human Lunar International
Deliveries Surface Systems Crow
# i

(C)-NASA

Utilization
Module
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PHASE 2

(C) NASA
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Orbit period
55 hours

e

13-20mins
Signals delay /

f Mars orbit

Insertion

Mars at Launch Altitude of science orbit
22,000-44,000km Hope Spacecraft
elliptical decelerates to
14,000 km/h

200 Days Cruising speed s
Cruising distance from Earth to Mars 126,000 Km/h
600m kilometers {/ o

Launch speed El =
Unfolding panels Hope Spacecraft uses star trackers
39,600 km/h 10 recharye e o -




2117E KEEIZ60H5 NETHEER
Electricity / Transmission, Transport (from Mars orbit to Mars), Tran
orbit and lunar/ earth orbit), Construction (on Mars), Constructiqln (on or
Food production, Resources (water, metals, carbon), Daily necessities'
/ under gravity), Education service, Medical service

3
2100 KEEI[CT10BADFEE. 1AADERNMECHESR
Start Factory, Farm, and dwelling on Mars, supported by the system on Mars
orbit. .
2080 &£ NE#ELIC1IHBARIRNGE -BEIT SBIERERMDE

Power plat (Solar Power Systems on orbit), Power receiving station on Mars
Transportation system from Mars orbit to Mars (ex. Space elevator)

= ¢
2060 &£ H-#hzkgE LICKEHEHEMER

Power plat (Solar Power Systems on Moon orbit), Factory (Resource refing
Transportation system from the Moon / Earth orbit to Mars orbit

=
2040F AmLEIZFALNBE I FAANGET HFDOEE

Power plant, Lunar mining , Transportation from the Moon to orbit (ex. Mass driver)

(g
)l%:ll;
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Satellite Images Map of Ukraine

Storytelling content: Hidenori Watanave, Geo-referencing: Taichi Furuhashi Lab. & Hidenori Watanave Lab.
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About 12-14 m long burial site found in the church of St. Andrew in Bucha near Kiev was analyzed time series using satellite
imagery.
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