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— 3} oF 200 kg AHA| AYato] 7hssha
0=, S (ESA), 52, Ut} 9
o|AtetE]ERE °F 1.6%, AtetY=0]E ©
— x]__rl.g} oo 7:]7}_4 _QJ~0]'K‘] _—ILM/\J_E,_
Bt 95 YAtdol =auo] B YA R AR MR}

gl wg
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ofzjet Ze MF A ALY =5 (£ 2)

72 Ay
Ay Afo]= 700 mm(w) x 580 mm(d) x 1515 mm(h)
Ad 29 Al A6061-T6
HIAE &Y Afo]= $10 x 350 mm
A5 4= 5 Torr o]a}
| oF 300 kg

— Afo]l= AE @ B Qs Q= WEs AYA Yo AX|7F 7St =Eo] HIAE ZlolE 11y
3] 700 mm(w) x 580 mm(d) x 1515 mm(h) Alo]= ZA (2" 13)

580mm

615mm

1355mm

160mm |
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ol
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oY
1o
i)
oo
roh
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Dal
i)
[
oY
i
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a2 14, MVP-60, www.vacsco.com

B 3. MVP-60 AlZgEHI™ AL, www.vacsco.com

Displacement 60Hz 14 1000
Speed 50Hz /min 830
Gas Ballast C 5.0x10™
Ultimate Pressure Gas Ballast 1 Torr 5.0x107
Gas Ballast 1I 5.0x107?
Water Vapor Tolerance Torr 40
Oil Filling ¢ 4.5
Inlet Port DN 40 KF
Outlet Port DN 40 KF
Motor Power(3-Ph.) kW 1.5
60Hz 1750
Rotational Speed RPM
50Hz 1450
Noise Level(Without Gas Ballast) db 56
Weight(with Motor) kG 68
- A W THEY A AYE, A% ZE, BE AR, thrY Wy, WE Wy £
THE ARG YR (3 15, 16). AT AL 54 BOHS kol7] Ystel x|
WAo] 517 AolAlg dxlste] AMojute Soto] 2AE HAY 4 Y= A wrY (13
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Digital controller

Controller, Switch Support
' Drill Part

ZZ Pump
- Model MVP-60

Pump On/Off
Switch

%5 Chamber

[28 45 L

Ball Valve HHE 0|58 Ofxt Vent Valve Bellows b2t 3 Hj 2 port

a3 15 115 Ay AlA" g e

Digital #|0|X|
A|0|X| 2 &ZH5}0]Digital
controller2 32 &8

R sH AR
Gx=2g o L g
"2 A0 2: 34 sEs2g
- U= Aol E Lol : 2m - 8ad Aolg: 44
=g - U% ol 9ol : 2m
4T DEAZ
CIME 1= A2 (o) cgs

==
—— - EZ H0g oF0| HH

a3 16. AlolE =
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a3 17, HAE AlolA] Ax] YA % OXE BE

Ao R <}

Vacuum Thermocouple Assemblies
KF Style Flange with M12 Connector

TCV-M12 Series

+»~ IS0 2861 KF Fittings
Standard Size #10, #16,
#25 and #40
+» #10 and #16 Flanged
Sensors Have
%" Diameter Probe
v~ #25 and #40 Flanged
Sensors Have
%" Diameter Probes
» M12 Connector with
Thermocouple Pins

TCV:-KU-1200-40-M12

»~ 304 Stainless Steel MI2CFM-TTJ24S-RFSR-FL-3, A0
Construction Sabis axsanbly. -
» Grounded or Ungroundsd
T Type K, T, anl M12C-SIL-K-S-F-1.5,
rmocouples are TCV-KU-0600-40-M12 extension cabls
Special Limits of Error assembly.

= Single or Dual
Thermocouple
Construction Optional

» Probe Length Optional*

TCV-KG-0300-16-M12

The OMEGA” TCV Series thermacouple g Flange Guide
probe assemblies are available in A Dia B Dia
standard lengths of 3, 6, and 12" with a Size mm (inch) ‘mm (inch)
grounded or s rounded thermocouple #10 30 (1.18) 12.2 (48)
junction at the tip. Standard probes are . .
Suailabiain K. T and E calibyations, i o | #16 30 (1.18) 17.2 (68)
s i = [ as [motm
Thermocouple Specifications LU o ik FpR S Vel Ly Lsingi ol s ot
‘Thermocouple Type Temperature Range at Tip °C (°F) Accuracy (Above 0°C)
K <200 to 900 (-328 to 1652) 2.2°C or 0.75 whichever is greater
E -200 to 900 (-328 to 1652) 1.7°C or 0.5 whichever is greater
T -200 to 400 (-328 to 752) 1.0°C or 0.75 whichever is greater
To Order
Model No. KF Flange Thermocouple Type | Sheath Diameter
TCV-(*)(*)-{***)-10-M12 #10 K TorE 73
TCV-{*)(*"}H*")-16-M12 W6 K TorE %
TCV-(*)(**)-(***)-25-M12 #25 K TorE %"
TCV-(*)(*)**)-40-M12 #40 KTorE %
(") = Specify Typa (“K", “T" or "E™ thenmocopie),

(") = Specify junction sty (*G" = grounded, “U" = ungrounded).

(*) = Specily the proba length in Inches (<0300
. indicate the required lengih as shown above and select the next longer length price. Far lengths greater than

Forfen s between those shown.

=3" “0600" = &%, “0950" = 9 1",

the am‘mlmmnm o the 12*
Mr\fng Exampies: TCV-KU-0600-16-M12, Type K ungroundad thermocouple with %" diamater probe and #16 flange with M12 connector,
TCV-TG-0950-40-M12, Type T grounded thermocoupie with |/ diameter prabe and #40 flange with M12 connactor.

oy 18.

A7t

25NN

“1208" = 12").

AFEA,

www.kr.omega.com/pptst/TCV-M12.html
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— HAE HE AFS HoiAe ©A dHE E7]0 A5 dUEY HAESIIA Sh=
TR st S2AA AES AlxsHoF &

- s FUES xYt B71E Al AH UiFo] 2Rlsta 540 Bast AN A4
JE A

@ Icy—soil and Icy AEZ Az

— A7 AL A JRESE /15 AHE Korea Lunar Stimulant—Type 1(KLS—1) <
100 kg& A|dyto} &y (O 21, 22). KLS—12 XA A gtfo] AHEQ} QAlSHL RjA
R o]go] golgt U U #Y ARYS 24 ¢ Y=EE 2Rt & MALeshe
s e8sto] A

— KLS—19] Jefxs 02 =9 AFAHEUSC-1, 0]=; FIS-1, d&)5 Bt AA| &
E(lunar soil 14163)2] ArRmof] 7I&F 2AsH 2oz Ty} (2 23)

[ Basalt H Crushing |Jaworushsr

1

st
Screening 100 ~ 200 mm aggregates

Grinding

Hammer mill

|1't Screening |—r|Groum:l Bualt|—-| Sieving :?évt:al #20, 40, #50, #1060, $200
Particles £ 5 mm

|Reaarpminn|—’[ KLS-1 ]

Refer to particle size distribution of real lunar regolith

O 210 A 3 2SS &85 KLS-1 & BALE AIAARE AlRF 247

_18_



O 23. A & 2EQ )y EHE YA 37| 2 (F),

Percent finer [%]

100

3

]

-f3- JSC-1
- KLS-1
—0— Lunar soil 14163
- - FJS-1

0.4 0.01 0.001

Grain size [mm]

Element KLS—1 Lunar Soil 14163 Difference
SiO: 48.00 47.30 +0.70
TiOz 1.67 1.80 +0.07
Al:O3 15.30 17.80 =250
Cr204 = = =
FeO 6.64 10.50 -3.86
Fez03 4.78 = —4.75
MnO 0.17 0.14 +0.03
MgQ 9.64 9.60 +0.04
Ca0 8.38 11.40 —3.02
Na:0 3.42 0.70 +2.72
K20 1.52 0.55 +0.97
P05 0.33 = -0.33

s 0.01 -0.01

ct
=

B EQ KLS-1 a5ra/g(9)
Zx]: Ryu, Byung-Hyun et al. (2015) “Basic Study for a Korean Lunar Simulant

(KLS-1) Development,” Journal of the Korean Geotechnical Society. §h=x|gt5-st
3], 31(7), pp. 53-63.

O 24, AR AME(KLS-1,
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AL AlM 3

N OBE QYR 2 EE J|Q
0 &5 AN UBE 2F A9
EFAl Zu]o] AE5HA @ & (biological contamination)olzt S7|A|(0]AE 98 =&
Fotle Ae o
oI9jo] B} Ao =

i

LI

J& ZAN7E GAF ] BHOIA AARA] o2 A2 Folsl
7R =, Al 2 g

T
o]y
— A2t oo odddyl o visko| wel I3 A &
QA (Forward contamination)1t QJA|I3§4d 9] @ FYo] X+
a3 25)

Ssubsk

Aote = &

LAAZ]= (Backward contamination)o& L& (

o
AP 0.

Forward contamination (terrestrial

material)

e
W

Backward contamination
{extraterrestrial material)

CUE YR 2EF9| WA/

- 196749 AA-E @32x9F(1967 Outer Space Treaty, ¥31)& &5
Eaollof F fee B2 TAERYeR, Al 9X0AN L5:EE Al FAF BHY [olst .HS
slujsto] Y4 S Bed oFF BAISHL &

— ©AF ] 29| FoRles AR e d2 QAo FAF Aol wetA AlRd 2
Hojral= QQlo] & & 9l AP Y] BHe A A2 ARG SFS 29
AR & QS & B9 7RIS =88 Al 71K URe AEdA QA9 Helo]
25995
— oje} A2 AAEZ WAIst, T FFEARE Yol EAF v mH] THESN=

A=A ES YAIstL LA=E F7tshr] ¢t Al b= 7hol=efelo] gt
oS AWK AP FAL
© NASA Q@A A3PRtE FAL
— 0]= g2 =Z(National Aeronautics and Space Administration, NASA)o|A= gHA4
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http://www.nasa.gov

gate 2o 9% oj4e 9o) 0T 09 WAl TS ALstn, BEHT UL
- NASA 57 AIR(RS 2, 3)olAE &, s 22 9 B4 BASHL A7 Al gl
XOP 12 e Vel ey 0 Yuiol Baye 3

(o]
Horde Al A== Qleh QARYEY e 2FS oYst] fstol YR GM Ve
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of roh >

o U2 o WA AHHl: NASA MARS2020

— MARS20203} #2 3l/d A 5= AREdolA AAPA EA AFLE 53
HASH 0]gE oF K] M2Fo] ALE|S. MARS2020 ARoAL 384 7] H 359
=AY 2H AZo weA A=2e g [AsH] Yol AAEr € njdE o d S
SyEo] H8H(EE 5

— o] A5 A9 4% COSPARS] Category IVaol 43
022 271 3 x 10°71 ojyjojof sttt 7|50 wa}, shig

o

loo] Au] EHo| ool

&
D9l perseverance EAPA L

ne;

golglt 018 mA} Ao 4.1 x 10° o} =% @6}9&%
— 3 9o 3] Bug 0.5 0lo] 38 YA} 10,0007 vjgroe £, F717} 14120

708 27|12 Es 2 HRoA "AF dEl 21 3 Kﬂﬁ o] o]0l (23 26)
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http://www.nasa.gov
http://www.nasa.gov

©

Bitehp2(H:02) 8 283 nA8E 2 ¥A A
=4 upgee 33te] 8, A% 5o oy AE AU 4] U A2 F5o] W
Yol FET &0 =EEHAS W, AAESH] Aot ARl FHo] BHHESE
g/dstd LAKSpore)g F/dst= A2 7€ 7M™ 28). St &0 FRIGHR
AgtEle mAE o, 512 L YAk 5o 22 AL /KT 9o, x5 5w
g0l 8= 480 RelsiAld oAl A2 ZetE o] D= AEGE SHSE
A= (23 29)
Spore
Can survive adverse
Core conditions for years
DNA N
Gyt
Enzymes
Cywoplasmic \
memtr ane 5poclu:llt‘l.lnll "‘ &
Jpore Wall = e P s 7 ®
pemmctvcan i A& amy) i
::;-f:(.:lnyw :Lnd N I“ ‘f “Sporplem
Lo ) ) i @
Kertin Spore Cost ] sl ) —/E}/‘ e ?9‘ E’Eﬁﬁ.‘ﬁ%‘:
Structure of Bacterial Spore ® s f —\; == p @jmeMN
e )@p 35;) d s

Conex

Stages of Sporulation

29 28. u¥E AN A&, 2AYY DAE9 BEAKS).

qd: https://microbeonline.com/bacterial-spores/)

(&

>
w

[ Top [l Middie [l Bottom

108 100
107 107 1
108 108 |
10° 105 |
100 100
10° 10° 1
10? 107 |
10 10t |

UV-Space UV-Mars Dark-Space  Dark-Mars UV-Space UV-Mars

[]Tep @Middie [l Bottom

Log # of spores (CFU/coupon)
Log # of spores (CFU/coupon)

FIG. 2. Survival of Bacillus pumilus SAFR-032 spores after exposure to space conditions. (A) Solar extraterrestrial electro-
magnetic radiation with 100% transmission of insolated samples. (B) Solar extraterrestrial electromagnetic radiation with
0.1% transmission neutral density filter. All fluences were calculated for the biologically active UV wavelength region 200—
400nm. Data points represent the averages and standard errors of the mean of duplicate determinations from each of two
separate experiments. The top layer was exposed to solar electromagnetic radiation. The spore count for top-layer coupons in
each exposure condition was about 10" spores/coupon, while the middle (second from the top layer) and bottom (third from
the top layer) coupons had about 10° spores/coupon. Details of filters, UV fluences, simulated martian conditions are given
in Materials and Methods. CFU, colony-forming units.

a8 29. 3 BAF S4oAM Y ZAFY u|B=2Q Bacillus pumilus®] =
S ME IS 80l (&4]: Vaishampayan, Parag A., et al. "Survival
of Bacillus pumilus spores for a prolonged period of time in real
space conditions." Astrobiology 12.5 (2012): 487-497.)
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, Nitrogen, Ultrapure Water, Alcoholg 0] &8s 39 Bacillus species (I
drgj2]ot) A7t Folgle ¥, ditstaAas o2 sabAo® At A Axt

ok o
g o
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=
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ANGSA Glove Box

Staphylococcus capitis
1 939.0 =

Too Mumerous to Count

Penicillium species
16.0

Novosphingobium panipatense
7.0
Aspergiifus specios
Staphylococcus apidenimis

5 5.0
[Bacillus zpecies &
] 4.0
[4. Microvirga zambiensis

| | 20 Cladesporium spacles Dactiius species
Brevibacterium pavervorans 2.0 y 1.0 .\
& Micrococeus futeus ] Mﬂ(mfﬂ;t:;s luteus Erococcus faecium

Bphingomdnds mucosissima Staphylococcus species Micrococcus luteus™0
10 id 10

W
o
=4
=
o
=
=
A
=]
s
>
=
o
(=]
o

-0 \Faciilus species (5550
Staphylococcus saprophyticu. 10 GLEDL

10

Prior to cleaning After Cleaning with After Cleanig with After Cleaning with
Nitric acid and Isoproply Alcohol Hydrogen Peroxide
Ultrapure Water

Organism Type Organism Type

= Bacteria Bacteria
Fungi

2] 30' W3 yiAlo] ol o]E QAdQ(ZAL HA urge]oh)o] WE JeA AlE A
A(Hydrogen Peroxide)E o] &3 49, QFAUS AEII=AHo| AlYd Fe
9)S. (A]: AB. Regberg et al. ‘Hydrogen Peroxide as a Method
for Bioburden Reduction in Facilities with Strict Materials Requirements’ 2021.)

_24_
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Hol| Foll= t]A&E ZAHmicrobial spore)= AP HHL] AES &5
2 oI 2 o, &AF Ao wstA AlZle g Asfsh= R910]



Szt Aulo] Axb171ek steglolrt dol UZsichs e RS o, AL Aol
Fsd AESA B7] WAL audel iote] F 4 99, EF, IF SR
9718012 ALGE A4S ©A 8] SlEgolrt 9712 R Q) &4 JhsAol Yooz
e A F7] WAL oS WAl avpkel Moz W, MMisral BAgE
Ao} 2oto] WYHCH: AolA AW A A 0F AR g ARFH
UF PO 2 BASSAS 0§ BT WA oMo sl NASACIAE Chd
SZEA lMolA o]2 st g (23 31, 32)

2 31. NASA Europa A= 95} Vapor hydrogen peroxide (VHP)
generator?t chamberE &8st UjJAE A "X AZF (ZAX: Aaron,

Kim M., et al. "Planetary protection for Europa radar sounder
antenna." Advances in Space Research 57.9 (2016): 2013-2021)

Saturate surfaces with peroxide
30 minute contacttime
Rinse with ultrapure water

Sample cabinet between each cleaning

(2) 7.5 ydrogen peroxide

% 32. Hydrogen peroxideE ©o|&sto] &AF AH] & Al Av{e] 0]
ME QA M (54 AB. Regberg et al. ‘Hydrogen Peroxide as
a Method for Bioburden Reduction in Facilities with Strict
Materials Requirements’ 2021)
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A% @A) BAoA AFE8E]E= 22 ASTM D1193 Deionized Distilled

= AHEE. 8¢ YliRl= Tryptic Soy Agar (TSA) 22 AMESIH, & ZALR
Bacillus atrophaeus ATCC 9372(DSM 675) Atg. 2= QoHo 34 () g9]

QlAto] 2 AZFE(KH)PO4)S 500 mLe] &&40] 8ofA]7]22 IN NaOH= pHE 7.2+0.12
2ot 554 @A 1 Le AT &5 St 2.2.39 ¢F5 &% 1.25 mLE B+

SR 1 Lol A7tste &4

=
&
2

|

- T AR A &% S/F50 Tween 802 0.02% Fo of R Hlg=2 AUisto 5%

pHE 7.1-7302 27 A" 84S 1dEH7|=2 B
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- 23 AF FUl AXSAY A 2AL 1Y TR
psi)2 158 FoF M3y, 4¥ SF(l:
HEl Ful. ZAL AAl] ALGEE WEL AUNOE ol JHsd F4Y WROE,
o

5t=

I [e) o v T

£o 5 x 19 mm F7]2 THs5] Ho| Q= AHS ARRRITHE o] LA H HEl= o]&).
71§ He 4YANOR olg shs3 100% BeoaE Be FAF =,

23 cm2 HASHY, 156 ~ 18 mLe] &2 AA AREJITHEAE o] 7

- 2o A7 WRERHo] AFQIgA%fo g TH50lAl BathE AME-SHH, AR RS AA|+=
=1 Z22A)0 "2 A=2H|EF 2y -2 AH(polyoxyethylene sorbitan monooleate, Tween
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19670 AE Zut 7E AAE madet 7] HY Gt o] &of oA =7 dES
Sot= YAlo] st RoKTreaty on Principles Governing the Activities of States in
the Exploration and Use of Outer Space, including the Moon and the Other
Celestial Bodies), 2% @F X oK Outer Space Treaty), & L5zt EAM| OIS &5
g don, Al A AA 10770 o9 =7t Asto] Arofstal &

o oY B2 P P LAYA] o] AMeH Rk A UE & IRo|H, FojdE &
N QLAAZALE A (United Nations Office for Outer Space Affairs, UNOOSA,
https://www.unoosa.org/)ol A, st= HAZ S HANA = 7IH Y EAY
(https://www.law.go kr/)ol| A Aotg 4 Q1

0

¥
O;O

i

[¥+=] Treaty on Principles Governing the Activities of
States in the Exploration and Use of Outer Space, including
the Moon and Other Celestial Bodies [The Outer Space
Treaty of 1967]

THE STATES PARTIES.

TO THIS TREATY, INSPIRED by the great prospects opening up before mankind as a result of
man's entry into outer space, RECOGNIZING the common interest of all mankind in the progress
of the exploration and use of outer space for peaceful purposes, BELIEVING that the exploration
and use of outer space should be carried on for the benefit of all peoples irrespective of the degree
of their economic or scientific development, DESIRING to contribute to broad international
co-operation in the scientific as well as the legal aspects of the exploration and use of outer space
for peaceful purposes, BELIEVING that such co-operation will contribute to the development of
mutual understanding and to the strengthening of friendly relations between States and peoples,
RECALLING resolution 1962 (XVIII), entitled "Declaration of Legal Principles Governing the
Activities of States in the Exploration and Use of Outer Space", which was adopted unanimously
by the United Nations General Assembly on 13 December 1963, RECALLING resolution 1884
(XVIII), calling upon States to refrain from placing in orbit around the earth any objects carrying
nuclear weapons or any other kinds of weapons of mass destruction or from installing such

weapons on celestial bodies, which was adopted unanimously by the United Nations General
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Assembly on 17 October 1963, TAKING account of United Nations General Assembly resolution
110 (II) of 3 November 1947, which condemned propaganda designed or likely to provoke or
encourage any threat to the peace, breach of the peace or act of aggression, and considering that
the aforementioned resolution is applicable to outer space, CONVINCED that a Treaty on Principles
Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon
and Other Celestial Bodies, will further the Purposes and Principles of the Charter of the United
Nations, Articles HAVE AGREED ON THE FOLLOWING:

Article IX

In the exploration and use of outer space, including the moon and other celestial bodies, States
Parties to the Treaty shall be guided by the principle of co-operation and mutual assistance and
shall conduct all their activities in outer space, including the moon and other celestial bodies, with
due regard to the corresponding interests of all other States Parties to the Treaty. States Parties to
the Treaty shall pursue studies of outer space, including the moon and other celestial bodies, and
conduct exploration of them so as to avoid their harmful contamination and also adverse changes in
the environment of the Earth resulting from the introduction of extraterrestrial matter and, where
necessary, shall adopt appropriate measures for this purpose. If a State Party to the Treaty has
reason to believe that an activity or experiment planned by it or its nationals in outer space,
including the moon and other celestial bodies, would cause potentially harmful interference with
activities of other States Parties in the peaceful exploration and use of outer space, including the
moon and other celestial bodies, it shall undertake appropriate international consultations before
proceeding with any such activity or experiment. A State Party to the Treaty which has reason to
believe that an activity or experiment planned by another State Party in outer space, including the
moon and other celestial bodies, would cause potentially harmful interference with activities in the
peaceful exploration and use of outer space, including the moon and other celestial bodies, may

request consultation concerning the activity or experiment.

(22 W] g3t 7|t AAS = 971U ST o]go] 9
olxo] 7t TS Feste Wxlo] Wt xoF [UEY 1967. 10.
13] [CFRFxRCQF, A|12625, 1967. 10. 18
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NASA Interim Directive (NID)
Effective Date: July 9, 2020 Expiration Date: December 7, 2021

NID 8715.128
NRW 1400.112

Planetary Protection Categorization for Robotic and Crewed
Missions to the Earth’s Moon
Responsible Office: Office of Safety and Mission Assurance

Preface

A.1 Purpose

a. This directive sets forth NASA requirements applicable to robotic and crewed missions
travelling to the Earth’s Moon. These requirements define NASA’s implementation of obligations
to avoid harmful contamination under the Treaty on Principles Governing the Activities of States
in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies
(UN, 1967), Article IX for such missions.

a. This directive specifically addresses the control of terrestrial biological contamination associated

with space vehicles intended to land, orbit, flyby, or otherwise encounter Earth’s Moon.

Note: Return of samples from Earths Moon to Farth has been unrestricted since the Interagency
Committee on Back Contamination opinion following the end of Apollo 14 in 7971.

A.2 Applicability
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a.

a.

a.

a.

This NID is applicable to NASA Headquarters and NASA Centers, including Component
Facilities and Technical and Service Support Centers. This language applies to the Jet Propulsion
Laboratory (JPL) (a Federally-Funded Research and Development Center), other contractors, grant
recipients, or parties to agreements to the extent specified or referenced in the appropriate

contracts, grants, or agreements.

The requirements of this directive apply to all NASA missions that may encounter Earth’s
Moon. The provisions of this NID cover robotic and crewed spaceflight missions with NASA
involvement, which may intentionally or unintentionally carry Earth organisms and organic
constituents to the Moon. Specifically, this includes NASA-controlled missions, commercial
missions sponsored by NASA, joint missions in which NASA participates, and NASA support
of non-NASA missions to the extent specified or referenced in the applicable contracts, grants,

or agreements.

This directive is specifically not applicable to Terrestrial (Earth-orbital) missions.

In this directive, all mandatory actions (i.e., requirements) are denoted by statements containing
the term “shall.” The term “may” denotes a discretionary privilege or permission, “can” denotes
statements of possibility or capability, “should” denotes a good practice and is recommended,

but not required, “will” denotes expected outcome, and “are/is” denotes descriptive material.

In this directive, all document citations are assumed to be the latest version unless otherwise

noted.

A.3 Authority

The National Aeronautics and Space Act, 51 U.S.C. § 20113(a).

A.4 Applicable Documents

Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer

Space, including the Moon and Other Celestial Bodies (UN, 1967), Article 1X.

NPR 7120.5, NASA Spaceflight Program and Project Management Requirements.

_37_



a. NID 8020.109A, Planetary Protection Provisions for Robotic Extraterrestrial Missions.

A.5 Measurement/Verification

a. To ensure compliance with this NID, the Planetary Protection Officer (PPO) monitors the
planetary protection related activities and development of required documentation by individual
NASA missions.

a. Program and project compliance with requirements described in this NID are subject to

verification by the PPO as part of the Safety and Mission Assurance Technical Authority.

A.6 Cancellation

None.
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Chapter 1. Roles and Responsibilities

1.1 Planetary Protection Categorization of Earth’'s Moon

1.1.1 The Office of Planetary Protection (OPP), as delegated by the Office of Safety and Mission
Assurance, evaluates all robotic and crewed missions to Earth’s Moon. Based on the evaluation, the
PPO recommends approval or non-concur to the Chief Safety and Mission Assurance for the final
gate products identified in this directive at Key Decision Points (KDPs), by review of milestone
products and control plans due at life-cycle reviews. Signed and approved documents are to be
completed in association with KDPs as described in this directive and in accordance with NPR
7120.5

1.1.2 The Mission Directorate Associate Administrator shall assign, with OPP concurrence, all missions
to the Moon a NASA Mission Planetary Protection Category I-L (Table 1), except for missions to
the following sensitive locations:

a. Permanently Shadowed Regions (PSRs) that have scientific value in the study of the history of
the solar system and of significant interest relative to the process of chemical evolution, as well

as potential value for In-Situ Resource Utilization (ISRU), and

b. Apollo landing and other lunar historic sites, which have both historical and scientific value,
specifically protecting studies of the biological materials left by the Apollo astronauts. For
additional information, sece NASA Recommendations to Space-Faring Entities: How to Protect and
Preserve the Historic and Scientific Value of U.S. Government Lunar Artifacts, (Technical
Guidelines) published in 2011.

1.1.3 The Mission Directorate Associate Administrator shall assign, with OPP concurrence, missions to
these two exceptions a NASA Mission Planetary Protection Category II-L (Table 1). For the
purposes of complying with this NID, the PSRs include areas of the Moon south of 79#S latitude
and areas north of 86%N latitude, based on Lunar Reconnaissance Orbiter mapping.

1.1.4 The Mission Directorate shall implement the planning and documentation requirements for
Category ll-L missions in accordance with Category Il in the NID 8020.109A, with the change in
requirement for organic inventory in Category Il replaced by the following for Category II-L:
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a.

a.

1.1.5 Because there is incomplete knowledge of transport mechanisms on the lunar surface, this NID

and payloads.

Provide an inventory of biological materials (living and dead) included in spacecraft hardware

For crewed missions only, provide a listing of amount and disposition of biological materials,

including waste, to remain in the lunar environment.

is subject to change if new information about lunar environments indicate a different planetary

protection categorization should be used for such missions.

Table 1. NASA Mission Planetary Protection

Lunar Target Sensitivity

Mission PP Category

Not of direct interest for understanding the

process of chemical evolution or where

exploration will not be jeopardized by I-L
terrestrial contamination. No protection of such

regions is warranted.

Of significant interest relative to the process of

chemical evolution but only a remote chance

that biological contamination by spacecraft II-L

could compromise future investigations.

Reporting of biological materials is warranted.

Appendix A. References

Al

Al

Hardware.

NASA-HDBK-6022, NASA Standard Procedures for the Microbial Examination of Space

NASA Recommendations to Space-Faring Entities: How to Protect and Preserve the Historic

and Scientific Value of U.S. Government Lunar Artifacts, (Technical Guidelines) published in

2011.
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Effective Date: July 9, 2020. Expiration Date: July 9, 2023

NRW 1400.132

Subject: Biological Planetary Protection for Human Missions
to Mars
Responsible Office: Office of Safety and Mission

Assurance
Preface
A.1 Purpose
a. This directive defines NASA’s obligation to avoid harmful forward and backward biological

contamination under Article IX of the Treaty on Principles Governing the Activities of States in
the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (the
"Outer Space Treaty"), October 19, 1967.

This directive specifically addresses the control of forward biological contamination of Mars and
backward biological contamination of the Earth-Moon system associated with human presence in

space vehicles intended to land, orbit, flyby, and return from Mars.

The 1967 Outer Space Treaty provides in relevant part: “States Parties to the Treaty shall
pursue studies of outer space, including the Moon and other celestial bodies, and conduct
exploration of them so as to avoid their harmful contamination and also adverse changes in the
environment of the Earth resulting from the introduction of extraterrestrial matter and, where

necessary, shall adopt appropriate measures for this purpose.” NASA recognizes that the 1967
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Outer Space Treaty (OST) sets forth legal requirements on U.S. governmental and non-

governmental entities to prevent such forward and backward harmful biological contamination.

A.2 Applicability

a. This NASA Interim Directive (NID) is applicable to NASA Headquarters and NASA Centers,
including Component Facilities and Technical and Service Support Centers. This language applies
to the Jet Propulsion Laboratory (a Federally-Funded Research and Development Center), other
contractors and subcontractors, recipients of grants, cooperative agreements or agreements
concluded under provisions of the Space Act, and other agreements, including international
agreements, to the extent specified or referenced in the applicable contracts, grants, or

agreements.

a. The provisions of this NID cover human spaceflight missions with NASA involvement, which
may intentionally or unintentionally carry terrestrial organisms and organic constituents to the
planets or other solar system bodies, including missions employing spacecraft where hardware
elements are intended to return to Earth and/or the Earth-Moon System from missions to Mars.
Specifically, this includes NASA-controlled missions, commercial missions sponsored by NASA,
joint missions that NASA participates in, and NASA support of non-NASA missions to the

extent specified or referenced in the applicable contracts, grants, or agreements.

a. In this directive, the term “should” denotes a good practice and is recommended, but not

required, and “will” denotes expected outcome.

a. In this directive, all document citations are assumed to be the latest version unless otherwise

noted.

A.3 Authority

a. The National Aeronautics and Space Act, 51 U.S.C. § 20113(a).

a. Space Policy Directive 1 (2017): Reinvigorating America's Human Space Exploration Program.

a. NPD 1000.0, Governance and Strategic Management Handbook.

a. NPD 8020.7, Biological Contamination Control for Outbound and Inbound Planetary Spacecraft.

_42_



A.4 Applicable Documents

a. Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer
Space, Including the Moon and Other Celestial Bodies (the "Outer Space Treaty"), October 19,
1967, Article IX.

A.5 Measurement/Verification

a. Compliance with this directive is continuously monitored by the Project Safety and Mission
Assurance Technical Authority and by the NASA Office of Safety and Mission Assurance.
Compliance may also be verified as part of selected life-cycle reviews and by assessments,
reviews, and audits of the processes defined within this directive.

a. To ensure compliance with this NID, the Office of Planetary Protection (OPP) evaluates
planetary protection related activities and developments by NASA programs, including calls for
mission concept studies and proposals.

A.6 Cancellation

NPI 8020.7, NASA Policy on Planetary Protection Requirements for Human Extraterrestrial

Missions.
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Chapter 1. Mitigating Backward and Forward Harmful
Biological Contamination from Human Missions to Mars

1.1 Overview

1.1.1 Biological planetary protection is the practice of protecting solar system bodies from
contamination by Earth life to enable scientific exploration and protecting Earth from possible
harmful biological contamination that may be returned from other solar system bodies. The Office
of Planetary Protection supports NASA’s responsible exploration of the solar system to enable

science, exploration/discovery, and commercial activities.

1.1.2 NASA’s existing relevant policies and planetary protection requirements ensure the search for
extraterrestrial life can be conducted in a safe and verifiable manner. Specifically, the primary

objectives are to:

a. Control forward contamination of other worlds by terrestrial organisms and organic constituents
carried by spacecraft in order to support the integrity of the search and study of extraterrestrial

life, if it exists.

a. Preclude backward contamination of Earth by extraterrestrial life and bioactive molecules, such

as prions, in returned samples from habitable worlds.

1.1.3 NASA’s programmatic authorities provide resources to achieve and assure compliance with
applicable planetary protection requirements. The Office of Planetary Protection (OPP) will

coordinate with relevant programmatic authorities to establish appropriate resource levels.

1.2 Guidance for Biological Planetary Protection for Human Missions to Mars

1.2.1 NASA has been a key participant and advocate for the development of internationally
accepted protocols to prevent backward and forward contamination, including the guidelines for
“Human Missions to Mars” in the Committee on Space Research (COSPAR) planetary protection

policy.

1.2.2 Specifically, NASA concurs with the general COSPAR planetary protection policy paradigm
that:

a. “Safeguarding the Earth from potential back[ward] contamination is the highest planetary
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protection priority in Mars exploration.”

“The greater capability that human explorers can contribute to the astrobiological exploration of

Mars is only valid if human-associated contamination is controlled and understood.”

“For a landed [human] mission conducting surface operations, it will not be possible for all
human-associated processes and mission operations to be conducted within entirely closed

systems.”

“[Humans] exploring Mars, and/or their support systems, will inevitably be exposed to martian

materials.”

1.3 NASA Policy on Biological Planetary Protection for Human Missions to Mars

1.3.1 NASA will develop risk-informed decision making implementation strategies for human

missions to Mars, which account for and balance the needs of human space exploration, science,
commercial activities, and safety. Specifically, NASA will develop guidelines and utilize data and
experience gained via ground-based tests, the International Space Station (ISS), Artemis, and other

missions.

1.3.2. If there is a gap between current knowledge/capability and the desired outcome as described

in 1.3.1, NASA will undertake a program of activities to close the knowledge/capability gap.

1.3.3 NASA will adopt the following research structure, leveraging information from the NASA

a.

Planetary Protection Knowledge Gaps for Human Extraterrestrial Missions Workshop Report, Race
et al. (2015), developing as needed:

Capabilities to monitor biological processes associated with the human presence in space

exploration and to evaluate changes over time;

Technologies for mitigating contamination release or intrusion, potentially including closed- loop
systems; cleaning/re-cleaning capabilities; quarantine, support systems, and biological waste

disposal that minimize impact of humans on the environment of Mars; and

An understanding of environmental processes on Mars that would contribute to transport and

sterilization of terrestrial organisms released by human activity.

1.3.4 NASA will determine if it is necessary to conduct a precursor in situ experiment at a location
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close to the human mission landing or operating sites to characterize any organic constituents that
are present, noting that the measurement should be on airborne materials and on materials from
the surface and down to a depth to which astronauts may be exposed, and to establish a baseline

scientific understanding.

Note: This is recommended in part because of the Mars Science Laboratory finding of complex
organic constituents in the surface and the shallow subsurface and also because it was
recommended in the National Research Council 2002 Safe on Mars report.

1.3.5 NASA will continue to leverage the ISS as a testbed in preparation for human missions to
Mars. Specifically, increased frequency of biological monitoring of crew, hardware, and
environmental control and life-support system (ECLSS), processes inside and outside of the ISS

will allow for the development of critical baseline data.

1.3.6 NASA will make public the data from such programs, for use by any academic, industrial, or

private sector entities contemplating participation in a human mission to Mars.

Appendix A. References
A.1  Actions Normally Requiring an EIS, 14 CFR § 1216.306.

A.1 PD/NSC-25, Scientific or Technological Experiments with Possible Large-Scale Adverse

Environmental Effects and Launch of Nuclear Systems into Space, as amended May 8, 1996.

A.1 NPD 8900.5, NASA Health and Medical Policy for Human Space Exploration.

A.1 COSPAR Planetary Protection Policy, Kminek et al. (2017) Space Research Today 200 p.12.

A.1 Planetary Protection Knowledge Gaps for Human Extraterrestrial Missions Workshop Report,
Race et al. (2015) NASA Washington DC downloadable from
https://sma.nasa.gov/docs/default-source/sma-disciplines-and-programs/planetary-

protection/2015-report.pdf?sfvrsn=b2fcfff8 6.

A.1 Safe on Mars: Precursor Measurements Necessary to Support Human Operations on the
Martian Surface, Hauck et al. (2002) National Academy Press Washington DC downloadable
from http://www.nap.edu/catalog/10360.html.
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Tahle 1: Categories for solar system bodies and types of missions

listing

Listing

listing

Catepory I Category IT Category IIT Category IV Category V
Type of Mission Any but Earth Return | Any but Earth Return | No direct contact Direct contact Earth Return
(flyby. some orbiters) | (lander, probe, some
orbiters)
Target Body See Category-specific | See Category-specific | See Category-specific | See Category-specific | See Category-specific

listing

histing

Degree of Concern

None

Record of planned
impact probability
and contanumation
control measures

Limit on mpact
probability

Passive bioburden
control

Limit on probabihity
of non-nomunal
impact

Limit on broburden
(active control)

If restricted Earth
refumn:;

+ Noimpact on
Earth or Moon;

e Returned
hardware sterile;

+ Containment of
any sample.

Representative Range

Documentation only

Documentation

Documentation

Outbound

of Requirements (all brief): (Category TI plus): (Category IT plus): Same category as
e PPplan ¢ Contammunation * P analysis plan target body/
s  Pre-launch report control e Microbial outbound mission
e Post-launch * Organics reduction plan
report mventory (as * Microbial assay
e Postencounter necessary) plan ’ Inbound
report e Organics If restricted Earth
e End-of-mussion Implementing inventory refurn:
report procedures such as: Documentation
o Trajectory (Category II plus):
biasing
(continued) ¢ (Cleanroom Implementing ¢ P, analysis plan
* Bioburden procedures such as: o NAeobsl
reduction (as o Trajectory reduction plan
necessary) biasing s Microbial assay

e Cleanroom

e Bioburden
reduction

e Partial
sterilization of
contacting
hardware (as
necessary)

e Bioshield

e Momitoring of
bioburden via
bioassay

plan

Implementing
procedures such as:

* Trajectory
biasing

s Stenle or
contained
returned
hardware

+ Continual
momnitoring of
project activities

* Project advanced
studies and
research

If unrestricted Earth
refurn:

+ None
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Biological Cleanliness for Mars 2020

Mars 2020 will seek signs of ancient microbial life on Mars. Image credit: NASA/JPL-Caltech

Previous Mars missions have established that there are places on the surface of Mars that had
environmental conditions suitable to support life in the ancient past. These conditions include
long-term liquid water on the planet's surface long ago and the presence of key chemical
ingredients. Whether life actually existed on the Red Planet is still an open question. NASA's Mars
2020 mission will take the next logical step in Mars exploration and search for signs of past
microbial life on the Red Planet.

SEEKING SIGNS OF PAST LIFE

A biosignature is an object, substance, or pattern observed in a sample—rocks,

sediment, atmosphere—that could have been produced by life as we know it. If microbial life did
exist on Mars, it could have left behind signs of its presence, or biosignatures, in the planet’s
regolith and its rock record. The Mars 2020 rover will search for these biosignatures at its landing

site in Jezero Crater using a suite of advanced instruments.

The rover will study the landscape and analyze rocks and regolith down to a scale that is

compatible with finding traces of past life. The Mars 2020 rover will collect and store a set of
rock and sediment samples that could be returned to Earth by a future mission. The rover and a
small helicopter that will fly with it to Mars will test new technologies to benefit future robotic

and human exploration of Mars.

NASA works diligently to keep its Mars- bound spacecraft extremely clean. Spacecraft must carry
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only a minimum amount of biological material from Earth. As it is the first mission to collect
samples of Mars rock and sediment that could be returned to Earth in the future, Mars 2020 will
meet its cleanliness requirements and do much more to preserve the scientific integrity of the

samples.

The Mars 2020 team at work. Image credit: NASA/JPL-Caltech

A bacterial spore is a dormant form of life that helps microorganisms endure tough environments.
Only certain kinds of microorganisms can produce this resilient form of life. When conditions
threaten their lives, key parts of such microorganisms can go dormant inside their protective
structures. When conditions become more favorable again, the spores can transform back into cells,
grow, and multiply after hundreds to even thousands of years. This is why spore-forming bacteria

are a focus during spacecraft cleaning.

At launch, the entire Mars 2020 spacecraft, which includes the rover, the Mars helicopter, the

descent stage, cruise stage, heat shield and backshell, must carry less than 500,000 spores—that’s a
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tiny number as far as spores go and wouldn’t even cover a typical smartphone camera lens. Of this
number, parts of the Mars 2020 spacecraft that are intended to land on Mars, such as the parachute
and the descent stage, must have no more than 300,000 spores in total. The rover itself is allocated
just 41,000 spores, spread out over the rover’s large surface area.

To meet these cleanliness standards, engineers assemble the rover and spacecraft in a “clean room.”
This type of room has air filters that limit dust particles, and its surfaces and floors are frequently

treated with strong cleaning solutions to kill and remove living microbes.

Mission hardware is cleaned using techniques that have proven effective on many previous missions
and are designed not to damage the spacecraft. This includes techniques such as hand-wiping the
hardware with special sterile cloths and alcohol wipes, heating durable parts to high temperatures
(230 to 392 degrees Fahrenheit, or 110 to 200 degrees Celsius), and cleaning some parts with

hydrogen peroxide vapor.

I et

I‘n
."q\“ "‘

o

Cleaning and sampling hardware in the Spacecraft Assembly Facility. Image credit:
NASA/JPL-Caltech

_50_



GETTING TO MARS SAFELY

At launch, the Atlas V rocket launching Mars 2020 will be pointed along a trajectory that would not

intercept Mars. That’s because only some portions of the Atlas V can be cleaned as thoroughly as the
spacecraft. Once the spacecraft separates from the launch vehicle’s upper stage, the spacecraft will be

redirected toward landing on Mars. This is known as “trajectory biasing,”

and it ensures that the launch vehicle has a less than 1 in 10,000 chance of accidentally encountering Mars

for 50 years after launch.

The rover will land at Jezero crater. The scientific community recommended this location because it is where
an ancient crater lake once existed, and in

which a river delta formed and is preserved. A variety of measurements from orbit have shown that this
region could have collected and preserved ancient organic molecules and other potential signs of microbial life
from the water and sediments that flowed into the crater billions of years ago. In addition, the material
carried into the delta from a large watershed may contain a variety of minerals from inside and outside the

crater.

Since the mission is seeking signs of ancient—not current, or “extant” life—it can accomplish its
scientific goals without visiting a potential “special region.” This is a type of region that could

have water ice or liquid water in some form within 16 feet (five meters) of the surface.

ENHANCED MEASURES FOR RETURNED SAMPLE SCIENCE

The samples that Mars 2020 will carry may be brought back to Earth by a future mission for more
detailed study. This is why the mission must take many additional cleanliness precautions beyond
what’s required of missions that might simply explore the surface of Mars. This effort identifies
possible terrestrial contamination and preserves the scientific integrity of the samples for possible

future analysis on Earth, or “returned sample science.”

As part of this effort, the mission team determines how clean the sample tubes are through all

mission phases.

Before launch, project teams take samples of hardware surfaces using wipes or swabs, and study
microbes collected from those surfaces in a laboratory. The cleaning process is repeated if
necessary. The data collected during hardware sampling helps scientists identify any microbes that
may still be present on the hardware after cleaning. This includes microbes that can survive clean
room environments despite a lack of nutrients and having endured repeated exposure to strong

cleaning chemicals. This process is one of several tools available to scientists that would help them
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clearly identify any living or dead microbes that may have hitchhiked from Earth as Earth-sou

contamination, and that would not be an indication of Martian extraterrestrial life.

The parts of the rover that directly contact Mars during sample collection will be assembled in
“aseptic” spaces, which provide an increased level of stringency for cleanliness that some sample
collection hardware must meet. These parts are also thoroughly sterilized, exceeding the cleanliness
standards of tools that doctors use in surgery. Mission teams will also identify and keep track of
any known materials that remain

on the spacecraft after thorough cleaning. This helps maintain a list of what’s known to be on

board before the sample tubes leave Earth.

PROTECTING MARS SAMPLES
The elements of the Mars 2020 rover that participate in sample collection are handled with extra
care. The mission will also thoroughly document the sample collection process and related storage

activities so that this information is available for future analysis.

Before launch, project teams take samples of hardware surfaces using wipes or swabs,

and study microbes collected from those surfaces in a laboratory.
Image credit: NASA/JPL-Caltech
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Mars 2020’s sampling system will carry 43 metallic tubes to store samples of rock and sediment
obtained using the rover’s coring and regolith-collecting bits.

Some of those tubes will serve as witness blanks to keep track of terrestrial contamination. These
tubes and other parts of the rover’s sampling system that contact Mars samples directly will
undergo several special cleaning processes. For example, before assembly, this hardware will be

heated to 302°F (150 °C) for 24 hours and then protected from subsequent contamination.

To keep the sampling system clean, engineers will integrate its critical parts into the rover only
after the spacecraft arrives at Kennedy Space Center for final processing shortly before launch. The
sample caching elements will be enclosed behind a door under the rover’s belly that will unseal
and detach only after landing. An additional barrier behind this door will limit the flow of

unwanted material into the parts that will touch the sample and should remain clean.

Mars 2020 will collect and cache Mars samples; the task of potentially returning these tubes to
Earth lies with future missions to the Red Planet. This approach should result in the most pristine,
well-documented planetary samples ever obtained, ready for imaging and analysis in advanced

laboratories and study by scientific specialists from around the world.
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Mission hardware is cleaned using techniques that have proven effective on

many previous missions. Image credit: NASA/JPL-Caltech
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Vapor Hydrogen Peroxide (VHP) Sterilization

Modern spacecraft with thermally sensitive electronics and hardware materials are not compatible with heat
microbial reduction (HMR). Therefore, several vapor phase sterilization methods were considered as a low
temperature alternative; Ethylene oxide & Methyl bromide and Formaldehyde & Paraformaldehyde leave
organic residue, which is not ideal for organic sensitive hardware. Hydrogen peroxide (H20O») on the other hand,
does not leave organic residue_ |ts only by-products are oxygen and water. Additionally, the technique is
cheaper, ideal for heat sensitive parts, more efiicient, and takes a shorter amount of time to process than HMR.

To pursue vapor phase hydrogen peroxide (VHP) as an aiternative sterilization technigue, the Biotechnology
and Planetary Protection Group at JPL conducted literature review and research work to define process
specifications. During research work. microbes were selected to test the lethality of the technique, including
Bacillus stearothermophilus. Bacillus subtilis var. niger, Bacillus pumilus and Bacillus circulans. The microbes
were deposited on different materials including aluminum, polymer, paint, and epoxied graphite Following the
research work and results, NASA PPO granied approval to use this technique for spacecraft subsystems and
systems.

The initial stage for VHP sterilization involves a vacuum chamber where water is evacuated from the
environment. In the next stage, H>03 1s injected into the chamber. In the third stage, sterile filtered air is injected
into the chamber, which allows H»O5 vapor to penetrate packaging and diffusion restricted areas to enhance the
efficacy of the sterilization process. In the final stages of the process, the chamber is evacuated once more,
followed by venting with sterile filtered air: the concentration of hydrogen peroxide vapor returns to ambient
levels and the enclosure can be opened 1o retrieve contents

NASA PPO has approved use of VHP as a low-temperature sterilization modality, for simple surfaces, with
specifications for time, rate, and H>O; concentration levels. Complex geometries (e.g., vented boxes and
elecironic chassis inside the warm electronics box of a rover), however, require further directions. Thus, an
additional study aims to describe the effect of VHP on electronic materials, materials with different
configurations, solder joints, etc. Work has also begun for developing a portable VHP system that can be used
locally (e.g.. at the site of hardware integration in a cleanroom or on the launch pad)
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4bth COSPAR Scientific Assembly 2024

Space Studies of the Earth's Surface, Meteorclogy and Climate (A)
New Technology in Earth Observation and Applications for Sustainable Land Ecosystem (A3.1)

SPECTRAL UNMIXING-BASED MAPPING OF ARCTIC PLANT SPECIES
USING AN UNMANNED AERIAL VEHICLE SPECTRAL LIBRHARY AND A
WORLDVIEW-3 SATELLITE IMAGE

Junyoung Yang, jyyangfkoprire kr

Korea Polar Research Institute, Incheon, Korea
Yoo Kyung Lee, yklee@koprire kr

Korea Polar Research Institute, Incheon, Korea
Junhwa Chi, jechifipkow ac kr

Pukyong National University, Busan, Korea

Remote sensing serves as an invaluable tool for monitoring the rapid changes in the distribution
and composition of Arctic vegetation in response to climate chanpe. However, mapping Arctic
plant species remains challenging due to the difficulty in data acquisition from the Arctic region
and the mixed pixel issue that represents a mixture of more than one plant species caused by
low spatial resolution in large-scale remote sensing imagery. To address these problems, our
current study aims to achieve two main objectives, (1) collecting hyperspectral informasion
for Arctic plant species and developing a spectral library using an unmanned aerial vehicle
{(UAV), and {2) estimating class-specific abundances from a Worldview-3 image using the UAV-
based spectral library and the spectral unmixing solution. In chis study, we acquired UAV-
based high-resolution RGB images, hyperspectral images, and & Worldview-3 satellite image
in Adventdalen, Svalbard, Arctic. Then we constructed labeled datasets by extracting pixels
associated with Arctic vepetation from the hyperspectral images. The labeling was performed
u=ing visual inspection with the RGE imapes and field surveys. A spectral lbrary was developed
nsing the mean spectrum per class of the labeled datasets and used for spectral unmixing w
estimate the abundance of classes in the Worldview-3 image. For validation, a machine learning-
based classifier, a one-dimensional convolutional neural newwork (10-CNN), was used to classify
hyperspectral pixels and create a vepetation map for identifying ground truth The spectral
unmixing results of the Worldview-3 image using the UAV-based spectral library demonstrased
hiph consistency with ground cruth, both guantitatively and gqualitatively. In conclusion, chis
sty provides valuable insights into Arctic vegecation, offering crucial insights into large-scale
vegetation mapping using remote sensing data. We believe that our results will play a erucial
role in detecting and understanding changes in Arctic vegetation in response to climate change.
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Spectral unmixing-based Arctic plant species analysis using a spectral
library and terrestrial hyperspectral Imagery: A case study in
Adventdalen, Svalbard

Junyoung Yang ", Yoo Kyung Lee ™, hmhwa Chi ™’

* Division of Life Science, Kore Pl fcmech Inatis, fncheos, 20990, Raubiic of £orm

Depertment af Poker Scimccs, University of Scimcs end Tackasiopy, incheon, 27796, Sepubiic of K
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ARTICLE INFO ABETRACT

Remote: eening Han ool e g thee rpl e ch i et oo disreterion caused by
i wmu.mgwaumdwpmmmﬂuuqmm
= vegetasion mapping amatysis of remote: sensing den, sappg At dion uEng bypeesy i semole seming remiains chal-
H::‘HH_ wqummmmqummmqmmmnmmmﬂu@.
resenrs o mixtore of moee then one plant species dwe 1o low-spatal lution, hinders pping
Arctie vegetnton. To sddness dhese Bedtors, we collecmed nypeesy i [mfnrmation oo te dood _pllm:
speried, sech 2 shrubs and gramdecids, In Advesadal Svadbard, snd bvvest d efferaive Eethod for
mapping Arcte vepsmation uing speral unmiving. Fler, labelsd dincers wese comnstructed for Arete plast
Mmﬂmhmlmummwuw erahiiched clesdifier,
d Boeesr, fiime, amd one-disensona eorenluricmal meursd ek [1D-CMN} for
Wﬂwmm we quantitdvely and qualinrively compared th: classi fication
periormences of tese machine |sming-based clasifiers i derwine the opimal clesifieason method for
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1L Introduction {311 3} predicted that, owing to rpid warming, at besst Balf of the Anctic
vegetation would be redistributed to 8 different phyrdogeomic cless by

The Arctic region i nndergoing rapid ecological changes coused by 2050. These changes, including shifts in domé getntion types ke
climate change. Vegetation in the polar region plays a oritical role &5 a siwruhs, graminoids, and mosses, can strangly influence the diversity of
ﬁmmhmmﬂﬂmﬂfwtﬁzmnﬁ Arctic terresiriall ecosystems. Although vegetation monitoring i vital for
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