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l  InvesHgaHon	
  for	
  the	
  future	
  
-­‐  Future	
  Lunar	
  Resource	
  
-­‐  Lunar	
  Science	
  

l  Achievement	
  
-­‐  Technology	
  Development	
  
-­‐  Space	
  Market	
  Survival	
  
-­‐  Science	
  and	
  Knowledge	
  of	
  the	
  Moon	
  

ContribuHon	
  
-­‐  InvenHng	
  New	
  Technology	
  Driven	
  Business	
  
-­‐  Fusion	
  of	
  Science	
  and	
  Technology	
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NaHonal	
  Space	
  Development	
  Plan 
PresidenHal	
  Agenda	
  

To	
  realize	
  the	
  vision	
  of	
  becoming	
  one	
  of	
  	
  space	
  leading	
  countries	
  
by	
  developing	
  indigenous	
  space	
  technologies	
  

Acquire	
  domes.c	
  space	
  launch	
  capability	
  to	
  su
pport	
  independent	
  space	
  development 

Implement	
  space	
  explora.on	
  ac.vi.es	
  to	
  prep
are	
  for	
  future	
  opportuni.es	
  in	
  space 

Independently	
  develop	
  satellites	
  to	
  meet	
  na.o
nal	
  demand	
  for	
  satellites 

Establish	
  a	
  satellite	
  u.liza.on	
  system	
  to	
  impro
ve	
  the	
  quality	
  of	
  life	
  of	
  the	
  people 

Strengthen	
  the	
  space	
  industry	
  to	
  support	
  susta
inable	
  space	
  development 

Expand	
  the	
  basis	
  to	
  promote	
  and	
  advance	
  spac
e	
  development	
  ac.vi.es 

1.   KSLV-­‐II	
  
2.   MEO	
  and	
  GEO	
  LV	
  
3.   Space	
  Launch	
  Center 

1.   RoboHc	
  Lunar	
  ExploraHon	
  
2.   Deep	
  Space	
  ExploraHon	
  
3.   Space	
  Science	
  Research	
  
4.   Space	
  SituaHonal	
  Awareness 

1.   LEO	
  satellites	
  
2.   MEO	
  and	
  GEO	
  satellites 

1.   Demand	
  based	
  satellite	
  informaHon	
  se
rvices	
  

2.   NaHonal	
  satellite	
  informaHon	
  uHlizaHo
n	
  system 

1.   Increase	
  role	
  and	
  compeHHveness	
  of	
  the	
  industry	
  
2.   Increase	
  exports	
  by	
  combining	
  the	
  capabiliHes	
  of	
  the	
  i

ndustry,	
  university,	
  and	
  research	
  insHtutes	
  
3.   Promote	
  the	
  convergence	
  of	
  space	
  technology 

1.   Strengthen	
  core	
  space	
  technology	
  and	
  deve
lop	
  future	
  fundamental	
  technology	
  

2.   Train	
  manpower	
  and	
  increase	
  space	
  aware
ness	
  

3.   Strengthen	
  intenHonal	
  cooperaHon 
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NaHonal	
  Space	
  Development	
  Plan 

Pathfinder Lunar Orbiter 
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Korean	
  Lunar	
  Program	
  Overview 

Space	
  internet	
  
Energy	
  source	
  
Mineral	
  resources	
  
Topography	
  
Space	
  environment	
  
	
  
	
  

Lunar	
  science	
  payloads	
  
Interna.onal	
  payload	
  	
  
Space	
  internet	
   Trans-­‐lunar	
  injec.on	
  

550kg	
  to	
  trans-­‐lunar	
  
orbit	
  
 

Lunar	
  
Orbiter 

Deep	
  Space	
  Ground	
  StaHon	
  
Deep-­‐space	
  antenna	
  
Science/Imaging	
  data	
  processing	
  	
  
TM	
  &	
  TC	
  Opera.on	
  

Preliminary	
  
Study	
  

Pathfinder	
  
Lunar	
  Orbiter	
  

(KPLO) 

Rover	
  ground	
  test	
  model	
  
Key	
  technologies	
  for	
  lunar	
  landing	
  
Energy	
  source	
  for	
  the	
  lander	
  mission	
  
Preliminary	
  design	
  for	
  upper	
  stage	
  of	
  launch	
  vehicle	
  

Technology	
  demonstraHon	
  for	
  interplanetary	
  exploraHon	
  
InternaHonal	
  cooperaHon	
  	
  	
  
Establishing	
  deep-­‐space	
  antenna	
  

DomesHc	
  development	
  
Korean	
  Launch	
  vehicle	
  	
  

Payload	
  
[1st	
  Phase]	
  

Payload	
  
[2nd	
  Phase]	
  

LV	
  
Upper	
  stage	
  

Lunar	
  
Lander 

1st	
  Phase:	
  DomesHc	
  led/	
  InternaHonal	
  CollaboraHon 2nd	
  Phase:	
  DomesHc	
  development 
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KPLO Mission Trajectory 

Launch	
  

	
  
300,000	
  km	
  

	
  

Injec.on	
  Maneuver	
  
	
  

Correc.on	
  
Maneuvers	
  	
  

Coast	
  
	
  (Transfer	
  	
  
Orbit)	
  

Moon	
  	
  
at	
  Launch	
  

Lunar	
  Orbit	
  
Inser.on	
  

On	
  	
  
Mission	
  Orbit	
  

	
  
340,000	
  km	
  

	
  

Korean	
  Deep	
  Space	
  Antenna	
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1st	
  Phasing	
  Loop	
  

Enter	
  to	
  LEO	
  

2nd	
  	
  Phasing	
  Loop	
  

300	
  Km	
  

Trans	
  Lunar	
  Injec.on	
  

Mid-­‐course	
  Correc.on	
  

Transfer	
  Orbit	
  

Entry	
  into	
  Lunar	
  Orbit	
  

Lunar	
  Circular	
  Orbit	
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Stowed 

Deployed 

Ø 	
  Deployable	
  solar	
  arrays	
  
Ø 	
  Deployable	
  High-­‐gain	
  Antenna	
  with	
  two-­‐axis	
  tracking	
  capability 
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KPLO	
  Project	
  Status	
  

Program Approval  & Budget 

"   Official	
  Architectural	
  &	
  Planning	
  Study	
  (Jan-­‐May	
  2013)	
  
"  	
  Technical	
  Feasibility	
  EvaluaHon	
  Process	
  (Jun-­‐Sep	
  2013)	
  →	
  Passed	
  
"  	
  Preliminary	
  Feasibility	
  EvaluaHon	
  Process	
  (Dec	
  2013	
  –	
  Sep	
  2014)	
  →	
  Passed	
  	
  
"  	
  Pathfinder	
  Program	
  Plan	
  Approval	
  	
  (Dec	
  2014)	
  →	
  Passed	
  
"  	
  FY2015	
  budget	
  final	
  submiged	
  by	
  NaHonal	
  Assembly	
  (Dec	
  2014)	
  →	
  Not	
  Included	
  
"  	
  Re-­‐apply,	
  Governmental	
  budget	
  process	
  (Mar-­‐Sep	
  2015)	
  
"  	
  Final	
  FY2016	
  budget	
  approval	
  by	
  NaHonal	
  Assembly	
  (Dec	
  2015)	
  →	
  To	
  be	
  Included	
  
"  	
  Program	
  ExecuHon	
  (Jan	
  2016	
  –	
  Dec	
  2018)	
  	
  

International Collaboration 

"   NASA	
  invited	
  KARI	
  to	
  NLSI/SSERVI	
  as	
  associate	
  	
  partnership	
  (Dec	
  2012)	
  
"  	
  KARI	
  submiged	
  SSERVI	
  proposal	
  (May	
  2014)	
  &	
  Agreement	
  Signup	
  (Aug	
  2015)	
  
"  	
  KARI-­‐NASA	
  RoboHc	
  Lunar	
  Feasibility	
  Study	
  Agreement	
  (July	
  2014)	
  &	
  Study	
  Report	
  (A
pr	
  2015)	
  

"  	
  TAA	
  Agreement	
  between	
  KARI	
  and	
  NASA	
  JPL	
  (Apr	
  2015)	
  
"  	
  KARI-­‐NASA	
  LOI	
  	
  (May	
  2015)	
  &	
  MOU(TBD	
  2015)	
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KPLO	
  AO	
  Status	
  

Science	
  Instrument	
  
Demand	
  Survey 

KPLO	
  Science	
  
Mission	
  DefiniHon Open	
  Debate	
  

*	
  All	
  schedules	
  are	
  tenta.ve 

KPLO	
  Contract 

AO	
  release	
  
(for	
  PI	
  selec.on) 

Proposal	
  Evalua.on	
  	
  
&	
  PI	
  Selec.on 

June	
  2015 Nov	
  2015 Dec	
  2015 Jan	
  2016 

May	
  2016 Mar	
  2016 

Science	
  Mission	
  &	
  
Payload	
  Selec.on 

Jan	
  2016 
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KPLO’s	
  Payloads	
  

•  Plan:	
  2	
  domes.c	
  science	
  payloads	
  and	
  2	
  NASA	
  developed	
  payloads	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  technological	
  demonstra.on	
  instruments	
  	
  	
  	
  	
  

Instrument	
   Korea	
  developed	
  payload	
   NASA-­‐related	
  payload	
  

Science	
  

Imaging	
  Camera	
   CubeSat	
  (TBD)	
  

•  mid-­‐high	
  resolu.on	
  camera	
  	
   •  local	
  lunar	
  magne.c	
  field	
  

Science	
  payload	
  	
  
through	
  domes.c	
  AO	
  (TBD)	
  

Science	
  payload	
  through	
  NASA	
  
AO	
  (TBD)	
  

•  Lunar	
  Science	
   •  Lunar	
  Science	
  

Technology	
  
Demonstra.on	
  

Space	
  Internet	
   Communica.on	
  Relay	
  

•  Develop	
  new	
  DTN	
  protocol	
  
•  Connect	
  spacecra^,	
  rover	
  
	
  	
  	
  	
  	
  &	
  lander	
  

•  Provide	
  RF	
  communica.on	
  &
remove	
  interference	
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Science	
  payloads	
  for	
  KPLO 

ScienHfic	
  Mission	
  of	
  	
  
The	
  Korean	
  Pathfinder	
  Lunar	
  Orbiter 

Environment	
  	
  
of	
  the	
  Moon 

Lunar	
  Resource	
  &	
  Topo
graphy 

Korea	
  Domes.c 

Science Mi
ssion paylo
ads for KP

LO 

Op.cal	
  Imaging	
  System	
  
(TBD) 

Scien.fic	
  Instrument	
  
(TBD) 

Scien.fic	
  Instrument	
  

Science	
  mission	
  and	
  
Payload	
  selec.on	
  
Commi`ee	
  (TBD) 

Science	
  mission	
  and	
  
Payload	
  selec.on	
  
Commi`ee	
  (TBD) 

AO	
  
(NASA	
  HQ) 

Cubesat	
  Impactor	
   NASA	
  ARC 

Interna.onal	
  	
  
Collabora.on	
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International collaboration – AO plan 

Ø  Limited to NASA as a partner  

Ø  Technical requirements and constraints 

•  Total mass of a payload (<15 kg) 

•  Power provided: 28 Volts 

•  Continuous power allowed (20W, TBD) 

•  Continuous data rate (10 kbps, TBD) 
Parameters	
  (Unit)	
   Pathfinder	
  
Expected	
  Launch	
   2018	
  	
  
Mission	
  Life.me	
   1	
  yr	
  
Mass	
  Budget	
  (kg)	
   <	
  550	
  (wet	
  mass)	
  
Propellant	
   Mono	
  
Stabiliza.on	
  type	
   3-­‐axis	
  
Mission	
  Orbit	
   Polar	
  Orbit	
  (TBD)	
  
Al.tude	
  (km)	
   50	
  or	
  100	
  (TBD)	
  
Inclina.on	
  (deg)	
   90	
  
Communica.on	
   Remote	
  command	
  &	
  telemetry:	
  S-­‐band	
  

Data	
  link:	
  X-­‐	
  or	
  Ka-­‐band	
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Research	
  AcHviHes	
  Overview	
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  Korean	
  Lunar	
  Science	
  Network	
  

KIGAM


KASI


KARI


KAIST


KHU


CNU

KRISS


KBSI

KIMM


SNU

Yonsei
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Research	
  AcHviHes	
  at	
  KIGAM	
  

Gamma-­‐Ray	
  Spectrometer,	
  Neutron	
  Spectrometer	
  
EM	
  model	
  for	
  future	
  lunar	
  orbiter	
  (recently	
  funded	
  
by	
  NRF)	
  

" Planetary	
  Research	
  FaciliHes

" EducaHonal	
  AcHviHes	
  in	
  Planetary	
  ExploraHon
National Meteorite  

Registration Center 

Lunar Geology 

R&D on Sci
ence Paylo

ads 
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Research	
  AcHviHes	
  at	
  KARI	
  
Mid-­‐Infrared	
  Spectromete

r	
  

Visible	
  and	
  mid-­‐infrared,	
  laser	
  	
  

Mid-­‐Infrared	
  spectrometer	
  Prototyp
e	
  design	
  and	
  thermal	
  anal.	
  

Spectrometer	
  components	
  and	
  mounts,	
  	
  
OpHcal	
  bench	
  Prototype	
  design	
  and	
  producHon	
  

Modified	
  Czerny-­‐Turner	
  

Noise Elimination

Vertical distortion corrected

Estimated Center Position

Raw Data Wavelength Calibration
Prototype	
  de
velopment	
  a
nd	
  Data	
  anal
ysis	
  tool	
  	
  

LADEE	
  data	
  for	
  space	
  science	
  research	
  (LAD
EE	
  posiHon	
  and	
  solar	
  angle	
  analysis)	
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Research	
  AcHviHes	
  at	
  KASI	
  

Space	
  Environment	
  Package	
  (ESA,	
  SST,	
  LRM)	
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Research	
  AcHviHes	
  at	
  KBSI	
  

F/5.0	
  TMA	
  Op.cs	
  Design :	
  0.8@50cycle/mm	
   WFE	
  Perfomance	
  :	
  <	
  1/15λ	
  
Eunsong Oh
KOSC, KIOST

20140903_TMA_Stop_M2_F5.0_v5_cut_tol_FM.zmx
Configuration 1 of 1

3D Layout
F/5 Three Mirror Tele. for Coastal water 
2014-09-12

X

Y

Z

0 5 10 15 20 25 30 35 40 45 50
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Spatial Frequency in cycles per mm

TS Diff. Limit
TS 0.0000, 0.0000 (deg)
TS 1.1550, 0.0000 (deg)

TS 1.6500, 0.0000 (deg)
TS -1.1550, 0.0000 (deg)
TS 1.6500, 0.0000 (deg)

Eunsong Oh
KOSC, KIOST

20140903_TMA_Stop_M2_F5.0_v5_cut_tol_FM.zmx
Configuration 1 of 1

M
o
d
u
l
u
s
 
o
f
 
t
h
e
 
O
T
F

Polychromatic Diffraction MTF
F/5 Three Mirror Tele. for Coastal water 
2014-09-12
Data for 0.5500 to 0.5500 µm.
Surface: Image (Slit)

-1.84E-001

-1.54E-001

-1.23E-001

-9.23E-002

-6.16E-002

-3.09E-002

-2.08E-004

3.05E-002

6.12E-002

9.19E-002

1.23E-001

Eunsong Oh
KOSC, KIOST

20140903_TMA_Stop_M2_F5.0_v5_cut_tol_FM.zmx
Configuration 1 of 1

Wavefront Function
F/5 Three Mirror Tele. for Coastal water 
2014-09-12
0.5500 µm at 0.0000, 0.0000 (deg)
Peak to valley = 0.3070 waves, RMS = 0.0582 waves.
Surface: Image (Slit)
Exit Pupil Diameter: 2.4984E+002 Millimeters

Stray-­‐light	
  analysis DDE-­‐based	
  Alignment	
  Algorithm TMA	
  Opto-­‐Mecahnism	
  Desig
n 

Space	
  environment	
  and	
  infrared/thermal	
  Imager	
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Research	
  AcHviHes	
  at	
  KIMM	
  

Lunar	
  analog	
  rock	
  analysis	
  (Sn	
  1000	
  ppm)	
  

Anorthosite 

Spectral 
analysis 

Spectrometer Nd:YAG  laser 

Optical s
ystem 

LIBS system at KIMM 

50µ
s 

100µ
s 

150
µs 

200
µs 

250µs 300µ
s 

350µ
s 

400µ
s 
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Research	
  AcHviHes	
  at	
  KRISS	
  

Large mirror development 

High	
  resoluHon	
  camera/imager	
  &	
  LIDAR	
  (light	
  detecHon	
  and	
  ranging) 

(LIDAR) Fiber cabled laser Camera/ 1 m DI reflecting telescope (space Envir. Test) 

Super light, large reflecting telescope, 300 mm 
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Summary	
  &	
  SuggesHons	
  

KARI-­‐NASA	
  Robo.c	
  Lunar	
  Feasibility	
  Study	
  Report	
  submi`ed	
  &	
  LOI	
  signed
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Fly to the Moon 


