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2013 2014 2015 2016 2017 2018

Cargo volume transported by sea
. . v 2,738 3,708 5,392 7.265 10,535 15,528

vessels
Transit Cargo 1,176 274 39 214 194 491
Total 3,914 3,982 5,431 7,479 10,729 16,019
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[28 2-14] =8N WAL 81E

Nanosatellite launches with forecasts www.nanosats.eu

Nenosats predicts over 2500 nanosatelites fo launchiin & years

Il Launched
Il Lounch failures
Il Announced launch year
Nanosats.eu (2020 January) prediction B
* Nanosats.eu (2018 January) prediction 545
* SpaceWorks 2020 (1-50 kg) forecast .
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[23 5-1] PlanetScope €A

O Napa-1

m [SISpace AHUE&=)o =9 Ftoll 36 ol Ful
20203 ol TALE

n BjFo]2 FF2 9 wust= Napa-12 SCS Space2] Gecko Imagers
22 AbE38l= 6U CubeSate =2, 500km aL%o A 39m GSD(AH A4
)2 RGB =Wk o|r A& 29T & A+

= 3} Simera Sense?] TriScape 7lHlzt= A= W 7€ HEZ @A 5o RGB
oA 5H|E]S] GSD=E AFHE oln| A& AT =+ U=

n IS FHHEE AFESteE A A A7) 9 JAFHAEY =& olESEEE
st MA(smear)7F EAst] F4dol o sH& A o UH(TH 20)

ol

F 6U 24P

¢

v olE x5t 93k Forward Motion Compensatione]y Target TrackingS A}
&3tA Ze A-tde MIF &45 27 93t 98 APeIFs =2 HA

(smean)< 3+ HA=E Agsfiof stw, o]& A= AAMAAA E(rol), %]
(pitch), &(yaw) 715 AEE7}F EF 7k olstE A2 4 ojoF F(Napa-19
7349 810 mdeg/sec)

v IZ9EY AHE A =719 10%  olstelojor FHNapa-14 B¢ 81
mdeg/sec)
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[28 5-2] Napa-1 HE =

[28 5-3] Napa-1 Gecko ZiH[2}=2 &P s H= sfotM HAHZ), Napa-1 Simera TriScape
L

= 1 —
M 2tnon-ground target tracking REZ &5t FLX| Mezraia?l TA| FAHS)

O GomX-4

GomX-4A9} -4B= 55 A Y E’_‘JEi TJr HEE Alz=do] AT 7es
ANAE 5oz Jigd 6U 5ol 2444

§99527 GomSpace AR BF2)7} A=Fate] 20181 29 2AL
Zepe 7} 8 kgola, L= 500 km HIGE/ASNN SGF

GomX-4A+ ADS-B %@ AIS 4#417], Nanocam ClU 70 mm(RGB Z}#| &}, a4+
= 30 m @ 650km) EAj

v Nanocam ClU 70 mm 7} g} A}k : RGB <, 30 m @ 650 km A=, 60

- 124 -



km G733, 2048x1536 pixels 1/2 “(4:3) format color CMOS sensor

» GomX-4BE= ZE3F 7hv2HHyperScout)7F &Ast A, A7+ 7]7)

Ao AS FolA AFEA A BFS 2T + AL

m GomX-4 o}7)|"Hxe] =9 EA WA= CAN W~ 7])Hk

GOMX-4A

<X 5-1> HyperScout®-1 specifications summary for the 10D (In Orbit
Demonstration) mission

IOD orbit

Sun Synchronous, 500 km altitude, LTDN 15:00 hrs

FOV (Field of View) m 23° (ACT) x 16° (ALT) - nominal FOV 31° (ACT: Across Track)
GSD (Ground
Sampling Distance)
Swath 10D ® 200 x 150 km (ACT x ALT) @ 500 km
Spectral range = 400 - 1000 nm

Spectral resolution ® 15 nm

Dynamic range 12 bit

SNR = 50-100 @ 500 km

Instrument mass = 13 kg

= 70 m @ 500 km

O CICERO

m GPS¢} Galileo Radio Occultationg o] &3] 2+ thr] & 74S A=
23l GeoOpticsAfol 4] 7t
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QHERo &= Ao,
[328 5-5] CICERO <&

O HyperCube

B, LIRS SRS AAE Y SAVIE
A3 6U 243 YA 2 HarrisAHm]| =)ol A A =
w20 A wRAE gAste drls vl 3 2xE SAs
T2 AlZtell 93 ti7] 99 32 EXE 439 T4 FHY 5 U
202X Ao g He HAS e F
m 12719 FXSHeE &2 A"l H 64

[Zbotth AR5 H 9o 7] &

[28 5-6] HyperCube A

O WNISAT-1

m WeathernewsAH

)9l AxelspaceAHE H)7F FF o2 7fetsl B3
BEUHY & 24

ok 2 7]
ez 2013d HWALEIl oW, <
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27 X 27 cm 271+ 10 kg9 £FS A
A% 600 km, BIESAE
WNISAT-1 59 ZEA4 BEI3) I3
ZUHY HolHE AFstar 55 & =2
2o vl AFd ngS AL £ IEE = AY
WNISAT-1 959 7% Q@ F Age thea e

< A= B9 70~-800 WA

v 4R #F Age Ado] wet gE
% BZo] Fasiy, ALH B2 F2 B 40-500 WA
v 1A kel AE £ lm AAAIAF) FRE AR 500me] F
2t 4 =S 7HK B9 VNR ©]mA(500km x 500km)7F B8g shFo] of 10
Mel Aol Hadt
= o] Fh el g5 o] 500 X 500 kme] AHe] JPAFAR, G, B €@ &
A9l 99(0.75-1.0 um) GSD 500 me] FA4S mYd 1034 FA4T 5+ A&

1556 nme} 1570 nme} ol A WAAE ol&afel thy] F oliFes Bx

= = S A= o
g SAHAY F A=

[O3 5-7] WNISAT-1 2[4

MicroMAS

MIT(w]=p)ol A 7§erelk 3U =27]9] 45 nlo|3 =23 g eny -4 o= 2013
79 AL

118 GHz 99 rlolazy} B4 255 #23e AL 2 0jd ZFof
B vlole 53

Mad AT 719 e A= Y40 77he = AE 7Hs
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[28 5-8] 2013 128 202ol| &St 7jLict S{ =& T dfjeH( =)= & SH WNISat-12]
olo|X|(<)(Axelspace)

[28 59] (Z)MicroMAS ¢4 &4, ()MicroMAS 2iC|20]8 B A A|

PolarCube

Colorad Space Grant Consortium(v]=p)o| A 7|3 3U 4~ vlo]Z =23} 2t
euE "HAX A4

2021d 1€ F=wARAIQl LauncherOneS o] 831 WAL
118.75 GHzo] £A1F5945 Z+= 97) Aol 9l MiniRadgts o] 29 4%
nfo]Z 23} gl v H &©A|

A A2 thr] A, s/ 'R B misgel i AE dF

TEMPEST-D
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m Colorado State University, NASA JPLol|A] 7|3 6U 5 vfo]l2 =23 2
e 244 S 2 Blue Canyon TechnologiesAHw]=h)oll A Ea)] A2

m 67|12 T4 TEMPEST 5o digt A58 94

= 87 ~ 181 GHzoll 22 57} AL B3l 2 A7H 7§ 2 el Aol o
2 B2 vl #3

n T 2 EAAC 2As= Aese Ad v B S ey gAA Y

[28 5-10] TEMPEST-D A (=}), TEMPEST-D 2iclo(& EA A ()

Cammand &

Data Handling
wlecironics
3 BF Front-Cnd
ol - 165-182 GHe
Seon receiver
mecharnism Artenng

calibration target

T Antenna dual
frequency feedbom

" gt 4=,
. e Cold aky
/'/ il Emng -

Nadir reflector
E Earth cesne

[28 5-11] TEMPEST-DE S3fl &5t ClE S XY ClE AlZtdfel 8|2

TEMPEST-D TB(K) 164 GHz TEMPEST-D TB(K) 164 GHz

rvations lrom 2021 7 06 15.06 To 2020 -08- 7 % rvalions irom 7 14 20:25 To 2020 -08- 7 14
%wo 160 1909 0220 230 240 250 260 2/ 170 180 150 2&%‘% 250 230 240 250 2 n 270 %

O FMPL-2
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Polytechnic University of Cataloniaol|A 7§33t Dual microwave HAA=

TyvackAte] 6U =2gAd HAENeH, 2020 34 9 Vega EAHAI=

A

m Dual microwave ®HA A= GNSS-R(GNSS WHAAD L-wl= wlo]m 23t gt
LU E 7} FAlO A2HE Ao Cat-5/A 24P @A E
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O FAYA AANE #sto o] 7Hed 7HE A AE2x SH =(Polar
Orbit)¢} B & 7]1# =(Sun Synchronous Orbit, SSO)7} =
~ 90 " 78 BAAE Zte AEE %d)
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2022\ FE 20243 7FA] "EARGARD F 0 11Ul WA F 0 9t
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HUdS7HAEE o8& ATE FFo

O H|LHAAE Ride-Share’} 7538 90°H =0l BSle] HFAMH] &S 233
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A Hed o A FH 2w Ade] B30 & HE
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gAA ] BsANt BAF o WAy
O HAFANAEY ANAL 24 AL Eshd AnHE Y 2HL

O3 2

-2 df? 1 a 1_62) a’
: TS

3 dt Jy Ry HE

i =cos

ﬂ: Nodal Precession (ﬂ)
dt §

J, = J, Constant (1.08262668 « 10~*)
Ry, = Radius of the Earth (6378km.)
a = Semi — Major Axis

e = Eccentricity
3

k
= Standartd Gravitational Parameter of Earth (398,600.44189 W;L )

O # oA AtA () oldE(e)= AlLdsta ©
e A=Y A2 ARt o] dEoll ot

[ 9rEA3A2 A= 24
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[28 5-12] x|Ar&td m™Xo| 800 km7F =& FOV

5 (km) FOV (°)
450 81.67
460 80.46
470 79.28
480 78.12
490 77.00
500 75.90
510 74.83
520 73.79
530 72.76
540 71.77
550 70.79

v' Area of Interest(AQOl) : 9J& 66° ~ 90°K| &

[28 5-13] ZAtZol|l & A0l

945905 AIE TS 87h
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A4 Aarzto] wret IANA BE 2o} x|elo] WA b5

Ecc : 0.001°

Area AAF : x = 0.3,y = 0.1, z= 0.2, Y AXH = 0.5%0.3
71 =d . MSIS-2000 (F10.7)

Drag Area = Average(Body Area)

SRP Area = 0.15

Algdo]Ad ARt 1 60U

AEAIAIO] @ AR FHEH 667014), ENYRIZHEH 6670]5})
Prop : RK89

Ad 7 ¢ 10kg

0 A= 4 &4

500~700kme] AHZoAM= AL 1Zo FIFES

717k A4

- 146 -



[28 5-14] 1xE 9|4 8 &4

450km
< 460km
470km
430km
490km
S00km
310km
—— 520km
330km
340km
350km

3 8¢
| [1 ]

Altitudalkm]

1]
o

0 S00 1500 1500 2000 2500 3000 3500 4000 4500
Tima[day]

(7D Eclipse #4] : % 500 kmollAl ALz 90° ¢ 5 A% & A9

A/ T3 B

O HYUdE7|4=9 AS$, 1% 500 km LTAN 12:00& zt= RAAN F<
ARPon, ZAES ZH$ RAAN #S 180°%2 7RS¥ e 1d H<t
g /2 F2ke] o= Tt

B AR A

[38 5-15] L= 500kmollA{ 1HZE /A2 24

DE 500km, 182 Y/A72 2N

= SSOLTAN 12:00)
e O0E(RAAN 180)

Eclipse Duration[min]
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[28] 5-16] CubeSat Design Specification Rev. 140 Me|= 6U TAEM MM 7
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SIDE +¥ o5
Iﬁ —‘L SIDE +X— SID w SIDE -Z .

" : =
T 1 J
| E| 1000 E
iga L. @ l a
H 5 —
| “ 226.3 W‘ 65 MIN tas7.0) :

DETAILA 0.1 MIN +/- Z FACES

D e Tt b . D
|
| CUBESAT RAILS 8.5 MIN o
=g ]—f .
| T
IC DETAIL B &

RAIL WIDTH: DISTANCE TO
ALLOWABLE PROTRUSION ADDITIONAL NOTES:
AREA ON EACH FACE
1) CubeSat coordinate system |located
In the geometric center of the CubeSat.
SIDE +X 2) Protrustions are allowed on the yellow
faces.

=

LS
CuBeSAT

eii | DESIGNED BY | |.LAM | FARTHAME
orawNEY | AJOH

=

CUBESAT RAILS REVISION HISTORY: scxenr bric

| A PLEASE REFER TO THE CUBESAT DESIGN SPECIFICATION Abrpsvo gt | BNUG B I
CHANGE LOG FOR REVISION CHANGE DETAILS. o e
SRAWE T o

| T 1z 1 s 1 A Y _ 5 | ®& [ 7
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=1 EIY! 6U Structure/ U Nanosatellite 6—Unit CubeSat
= - EnduroSat Structure / Gomspace @ Structure / ISISPACE

Ck. EHIOIAITCS)

O @AAE AR 93 20050 Dt I3 3 A4 94 mE
T4 8480 A AP £E AHAE AANES

@) Og ;(ﬂ 01 HOL/\]
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IADCS400 / AAC MAI-500 / Adcole

XACT-50 / Blue CLYDE SPACE Maryland Aerospace

Dd / M=AL

Canyon (0[=3) (A9 H) (91=)

A 1.23 kg 1.3 kg 1.049 kg
2 10 x 10 x 7.54 cm(0.75V) 0.96 x 0.96 x 0.67 cm 10 x 1.0 x 6.23 cm
LMY 12 V 5V 5V
Data Interface RS422 = RS422, SCI/UART
(Optional RS422, CAN) !
0.003° for 2 axes 0.1°for LVLH
X 'c‘éh Mol 05°
e g2 0.007° for 3rd axes 005 0.008°for ECI
Momentum 15 mNms 30 mNms T1TmNms

0L €3 X dI0IEl XIHIC&DH)
[ B% 2 Hely A&(C&DH) AEAZ"H2 A W ZE HHFF HOlHE
A st HEA2H

O 914< Aolstr] ek P el A
data, Mission data, Log datam etc.)& A2 ¢

>ll
aw _“I‘U

House keeping data : &%, 49, At & A+, <He
4ol & E dolH

O A4 W =E 7453 JAAS el 92 3

[
22
[
N
30
mlo

O Fo THAFORZE YAPFEHY AR o]
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<E 514> A8 mol=l1 = HMAFH HE
PN ET OnBoard Computer / ISIS OnBoard Sirus OBC / AAC
EnduroSat Computer/ ISISPACE Clyde
A
A 130 g 9% g 130 g
Processor ARM Cortex M7 32-bit ARM9 32-bit LEON3FT
SDRAM : 64MB
RAM 512 KB SDRAM : 64MB NVRAM - 16KB
Interface RS485, RS422, UART, 12C, | RS485, RS422, UART, 12C, RS4855’PTSS§E' EQET' 12G,
SPI, USB SPI, USB ! T
Space wire
Power - 04 W 13 W
Consumption
Hi. M= AHI(EPS)

O AFAEL 94ol FAst=d Wad =E AP AL, 2, ¥
TESe 98-S Y3t ALFTF7I(PCDU), ¥iHE, HIFIAAFO=
T4 E

O 7 FAE} wAAY Andgm 4 L8AES ngoz Y
BAsle A=A AA 13

O RBFE T3t A/ollA Separation Switch7} &24stA] & o <

A2l On/Off A7} oo} 3t

o THAF

.:_:L7]

o thgt Latch up Protection 7%

7 o)

o] E3}xE| o]

Pad A

ZJH

-
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29 / ®Z=A}

EPS | / EnduroSat

P60 System /
Gomspace

NANO-PLUS / AAC
Clyde

| 193 g 80 g 148 g
21 - 92.0 x 889 x 28.8 mm 95.9 x 90.2 x 20.8 mm
Channel 6 Channels 9 Channels 10 Channles
Data Interface 12C, UART, USB CAN / 12C [12C
Regulated Power 33V, 5V, V_BAT 33V, 5V, 8V, 12V 33V, 5V, 12V
Buses
<¥E 5-16> A& Tz A+ HiE{Z] A E
Battery Pack / OPTIMUS / AAC
Do/ ®=A BPX / Gomspace
2/ H=A EnduroSat / . Clyde
A
2A 1280 g 500 g 670 g
2 1U 93.0 x 86 x 41 mm 959 x 90.2 x 20.8 mm
Capacity 84 Wh 75 Wh 80 Wh
Charge/Discharge Configurable 125 A 52 A
Current
(] elFA= T+
O FAHWYA NS 3] g on ey A8 s EE L8517 984 =
e AEF gHU e
HFdAD A7 dAUES Beste o Be BIRARe THY
o)l o
=]
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<E 517> A8 mojx|n 9l

UES B LR A F

D/ HZA} R lRe el BPX / Gomspace PHOTON / AAC Clyde
=
A 300 g 453 g 270 g
Max Voltage 19.2 V (2x8 cell) 242 V (1 cell) -
EOL 29 + % 30.18 % 30,7 %
Up to 9W per 3U
Max Power 19.2 W in LEO 12 W (1 cell) populated
face
) 24

O SAA: 94 Addeld, si4eee S8 44" ATRdoly
Aoz ST, AFTAA A4S Ay I P 54
S1& Alzdo)t,

O Yutzrlo g H & gfko 3 + UHF/VHF W< <]
T2 TM/TCE F35tal, doly o] & °]E]+= Downlink A

-
S-band(10Mbps ©]3})/X-band(10Mbps ©]d) t<S A 8lste] A&

o Ag AdlE 4UE
Foh ﬁ%—i@ﬂ%ﬂi, e lgen 9rEN, HeRdez As
A obukZol theo] Mg Tbs

O A= 4 , A7), FHUR FAE A+
[1 UHF/VHF &<A171/: 8
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2d / HM=AL

ogt
ke

<¥E 5-18> A& Holflg[1 J= UHF Transceiver HZ

UHF Transceiver I/
EnduroSat

NanoCom AX100 /
Gomspace

VHF/UHF Transceiver
ISISPACE

Frequency Range

UHF : 430~440 MHz

VHF : 143~150 MHz
UHF : 430~440 MHz

VHF : 148~150 MHz
UHF : 430~440 MHz

Modulation 2GFSK, GMSK GFSK/GMSK BPSK, GMKS
Mass 9 g 245 g 75 g
Interface RS485, UART, 12C I2C, UART, CAN 12C

2 / ®Z=A}

ogt
>

<E 5-19> A& Ehofj= 0 U= UHF Antenna A=

—

UHF Transceiver I/
EnduroSat

NanoCom Ant-6f UHF VHF/UHF Transceiver

/ Gomspace

[

P

/ ISISPACE

VHF : 148~150 MHz

Frequency Range

UHF : 435~438 MHz

UHF : 340~680 MHz

UHF : 430~440 MHz

Linear / Circular

Porlarization Circular Circular
Mass 85 g 90 g < 100 g
Interface 12C 12C 12C

[] S-band <HEIU 2

2o/ A=A

gt
>

$:217]

<¥E 5-20> A& HEoj=E|1 Y= S-band Antenna HZF

S—-band Antenna ISM /
EnduroSat

—band Antenna /
IQSpaceCOM

(S

L

S—-band Patch Antenna

[ ISISPACE

2033 ~ 2208 MHz

2200 ~ 2290 MHz

Frequency Range 2400 ~ 2450 MHz
Porlarization LHCP RHCP RHCP
Mass 64 g 58 g 50 g
HPBW 71° 70° 100°
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28/ H=AL

ogt

3]

S—band Transmitter/

EnduroSat

SRS4 / Satlab

5-21> A& HEofl=[1 U= S-band Transmitter =

S—band High Data
Rate Transmitter /

ISISPACE

Frequency Range

2400 ~ 2450 MHz

2025 ~ 2110 MHz

2200 ~ 2290 MHz

Modulation QPSK, 16-APSK BPSK, QPSK BPSK, OQPSK
10 Mbps
D R 20 M 125 M
ata Rate 0 Mbps 5 Mbps (OPQSK)
Mass 250 g 253 g 132 g
Interface RS-485/UART/LVDS RS-422/Ethernet/CAN 12C/LVDS

AL Z=ZTAI(PS)

IH| (Solid) 280-300 10-106 N ory H=T
otk 7| (W)
Monopropellant 155-225 0.05-05 N oy Hl = = /AEM A O
Bipropellant 350-450 5-5x106 N or HE=HO/HA=EY
Cold Gas ~50 0.05-200 N ory Hl = 27 /REM A of
O M/E|A=EX 400-1500 5 mN-5 N ory HE=HO|/HE=ET
g/0|2F87| 1500-6000 0.001-500 mN Mgs| ot A=HO|/H =R
Feeiig'lﬁé 2000-6000 0.2-1.35 mN g3} o H =L /REM H Of
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[13 5-18] 6U

10%

b | =——Coid Gas
Warm Gas
Reziatajet
Plasma Elecirothermal
Fulsed Plasma Thruster
= = Elecirospray

gn- _::Eﬁl—zgﬁ:l:é:’;asma Trrusser - ;_I#_:—_r;—':"';ﬁ—.:____—-_:———____'
. /
’ h ?;hl Satellite Mass [kql F ’
O 243940 SAT 28 397 A4S
O 338t F& Cold Gas FH7l& &2 F8 (Thrust)= ¥ < Y HA
haek Aol ot vt H|FH  (Specific Impulse)dl]l 71915t A5
&aR7b Be 5H0l U
O A7l FH7= =7t Fdsta mA A A7t Jhest, HlFHol
E=2(>3500 s) Aol AN F¢ PAo] FHow FRo wp Fue}
Aol 231, HY £EFo] 0= EHol A=
O 22394 24284 Fre Ase] 24 w 27HE SEWEY
AVZY FAHET, 3AEE AERAE HallA= AV= 50 ~ 100 m/s7}
dastal, Al=e HolE AsiAc olit & A B9
O z4¥A4 F9rle A% WA &9 FEORE PAA WU AES
e A7 "Wl 3U Y= FE7IE gAst=H Aol 3o
SA AR AAC weEt HA AFRE dAs ok
O FAWZ 224 A UL AFstm omz FYe
oA e EFAITE 5 Cold-gas typedt H71FHE 1HT T A+
O 2@l HA 7hse Ae FH/E te Be
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M =FAL

(W)
PPT Busek 0.5 700 2 550 0.5U 843
BmP-220 Busek 0.02 536 1.5-7.5 500
PPTCUP Maritjpace 25-35 ~600 s 2 280 9x9x2.5 | A&
MEM
> NanoSpace 0.1-1 90-110 2 250 0.33U 43
system
v
T Busek 10 80-150 3-15 1250 1 43
resistojet
Resistojet Busek 10 150 15 1250 1U 43
<E 5-24> 6U =28AMlof| EMIISS Cold-gas FHI|

| ZfA}

e

e

L=

(mN)

(Isp, s)

(Dry, @)

NANOPS SFL 35 46 480 5x5x10 45
CNAPS SFL 12.5-50 45 240 7 x125 x 18 45
MEMS | Aerospace Corporation 100 30 188 91 x 91 x 22 43
Micropro | Microspace Rapid Pte Mo
pulsion Ltd 1 < ) ] °°
T3-uPS TU Delft 6 69 <10 g - 45
MEPSI VACCO 53 65 456 91 x 9.1 x 25 45
MarCO VACCO 25 - : - 843
MiPS VACCO 10 40 542-1245 | < 10 x 10 x 10 45

[2& 5-19] 6Uail

B 7bs%t Cold-gas 27| (Z)Micropropulsion) et (<)MEPSI
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[28 5-20] =&

Celd =8 7|

.
FEEP 37|

<E 5-25> 24 F Al EA715

A7 F97]

H[FH = A 37|
HI=AL (Isp, s) W) (O, g (cm or U)
BHT-200 Busek 13 1390 200 1000 8@5.5 g4
BIT-3 Busek 1.1 2150 56-80 3000 1.5U g4
PPTCUP Maritzpace 0.04 ~600 s 2 280 0.25U Nz
NanoFeep morpheus 0.02 3000-8500 3 160 1U d43
Micro nanoFEEP 1-10 50 3-15 1250 0.5U 82
resistojet
NANO IR3 | ENPULSION 05 2000-6000 45 1420 U o
O HEHADTEA O (FSW)
O MgaTegos 940 ¢85 UPE +P5d Bad RS 4L
T ]'1_ AT E
O gntd o=z Ao FAHFHAA &2
O ZA4FPHAA HIYALAZES S 7| J|Ex Gomspace, Bright Ascension,
ISISPACE & 7W'&=o] #u] F
[] CFS (Core Flight System)
O "= NASA GFSC(Goddard Space Flight Center)ol| Al 91/4d71d Z =4 Eo

Mg A

v Ze A7 Y 2

v A ZHB] & o §_

g 5 YT B vPLLE
e ﬂiEE%M A b5
B AL
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O CFSs+ %/z}i}, AR oY nEgel e A X g AZE o 7|

[a23 5-21] CFS Layered Architecture

Configuration Layer
Mission Mission " -
App 1 App N Mission & CFS Application
GBI Mission Library - Mission & CFS Library
cFE core? | ¢FE Core
OSALF : Abstraction Library

| RTOS/Boot

O CFS 7} 3bdtol= OSAL(OS Abstraction Layer)Al&©] 91x|3tH o|&=
OSE F43 st AFTLE CFS7F Osoll Sy oz2 A8d F =S 3§
(OS7F M Hol= OSAL e &~ZEfo 7L WHE 8le)

O OSAL H}Z o] cFE corew= 7| H|YPALZE o] EA A nlido
BAGlo] FFZHOZ ALLEH = B 45 & 7
O 78 s ofZFgAlA Layer ol YFo Fad HE 7|5E0]

O 7 o EY AL CFS 7|it 2ZEY o7} AAHE Bk AAgtoR RE
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2 AZrt Jbssty 2RE oZE Aol IR He HwAA

AEE o MAAE Fadte oz ofFgAolde] d5d
=

O $l9 e PO

[] GenerationOne (Flight Software Development Kit) - Bright Ascension

O Bright Ascensionjit ol A 7}

H 27}

O GenerationOne A A=LE T 29709 Z&F9AH S Sl Space

HeritageS &1

O XML I AHAS T3l Deployments &I ZF HEW
golB# e S o]&Ee] HFE OBCOl ol¥¥ F A=
Hegdoen e G= g4 2 A= N 7hs

[28 5-22] Message bus and application of CFS

Data To/From Vehicle

¥ Mission
i Specific

T

( Apps - -
com
“ Hardware
Specific

Device IO Inter-task Message Router
L R= J (Software Bus — Publish/Subscribe)
% Components /'

@ core Services
@) Example CFS Reuse Apps

() Mission Specific Apps

O B3k sledo] 2 AZEYY ZHUEZS XY
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O ZTYPX =A43E E3F FSDKE FreeRTOS vaniilla Linux9) A RTEMS7}A]

RIEES

O
o2
rd
Mo
of
é
2
o

O ¢dholHeE] HITES

o
R =
MBA 2o HA HZ & o AEF 51, =2 5 B4 AT

<¥E 5-26> GenerationOne SR Z L MEA|AH X2

Onboard Computer Operating System

® AAC-Clyde Clyde Space OBC and Sirius OBC
®  CubeSpace CubeComputer

|

m GomSpace Nanomind A3200 and Z7000 quTQTOS
| ]

= Pumpkin BeagleBone Black OBC ree
= RTEMS

m Texas Instruments MSP430-based platforms

m \orago RH-01 VA10820-based radiation hardOBC

m Xiphos Q7 and Q8

m Soletop QBrain Many other Linux-based OBCs
including Raspberry Pi

® Bare metal environment using the built-in
cooperative multi-tasking capabilities of the
framework

O &Y AzxAtdA NS Z4FAE A= &2ZEH o] MCS(Mission

Control System)¥ ¥ 2842 7HA 1L =

[2E 5-23] XML T = S8t GenerationOne2l T =, H|O[E{H|O|A, MM AN

Define Implement
Component Component
Type Type
Generate ; Configure
XM | Seeten | o Define Component Deploy onto
Deployment Instances Target
Ganerate Build
XML c > Binary
XML [
Cenerate
Spacecraft
Component Library Database
Generate
Library
Documentation
HTML SCDB
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O 45t 715 9o 53 FAA dFS d3tste ot 715 A &2Ed]

o Aol B&HY

- 4o :EDAC/SECDED, ECC A&
- OS/Drivers : Retry & scrub mechanism
- FDIR(Failure Detection, Isolation and Recovery) +3&

Xt ETHMl JHE ot

D
[

O

GEEF A4 S
GFE% A4 GAALE Bste] de 2L PRE Y5

=] =] 3T 1= 37
5= 8y &1 54 1

4
s
o

©

s el &4 3 2, siy-nigt AAl Foll e vt E 9F EF

B3 Fhuets FRAAET} SolASE BEEo] FolA: B4

Jt, =S 224 B8t At 45 THHE HAE 5mF

THNE 94 F U SF ol B3 AY BEZL ol WA B
AgNE BZE 80 kmaur 20 kmF FAWGE A wAS

7 ARA o te BT E AEse] He
B3, LANE Gao] Waw 54 Add

Ol

2423949 AAM AzA AGS Fast & AGelA AL 9SEF
1A Areke] A% b2 e 25 (L= 500 km 7]F)

—_

["_u
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<E 527> OS2 MM Atk HFEY

3 =2 Al &
ALY RGB + ZXeli

JUAYE (m) >, 40

B=E (km) 20, 80

A (kg) 039 + 1.1 kg O|Lf
(W) 15W + 58W
37| ) 1U + 1.5U O|s}

[]

244 L dFERIHHSE FFE U A e (A
KAIROSPACE) 712 7leg< ZF3 s ol 4dAete dd<s
3l B dFol AR JhdE AAE AREte BS= Jot FejRo

o

M Operating conditions -60° C~+60° C,
vacuum

MSpatial resolution @600km 37 m
color
MSwath width @ 600km 125km

MAperture 22 mm
WField of View
MFocal length 76.5 mm
MSpectral band Up to 6 bands as
customer” s request (RGB, Red Edge, NIR,
PAN)

Mimage sensor CMOS(3388x2712 pixel)
MData interface Gigabit Ethernet/
LVDS/RS422/RS485
MData format Mono
8/10/12 bit

M Control interface
CAN/RS232/RS422/RS485

12°

8/10/12/14 bit RGB

-

¥ & 9

vacuum

WPower 12V ~ 0.35A
BGSD @ 400km 5 m color / 3 m
PAN

MSwath width @ 400km 9.95 km
MAperture 90 mm

WField of View 15°

MFocal length 500 mm

MImage sensor CMOS(3388 x 2712 pixel)
MFrame rate 6.9 FPS at full
resolution (14 bit)

MPhotometric resolution

(8/12/14 bit selectable)

M Spectral band Up to 6 bands as
customer’ s request (RGB, Red Edge,
NIR, PAN)

MData interface Gigabit
Ethernet/LVDS/RS422/RS485

M Control interface
CAN/RS232/RS422/RS485

14 bit

=
AZF S EYHE HLolY Atz s v © dA P HAE
& g
<¥ 5-28> KAIROSPACE At =AM E Cts2&7HH 2 AM 4
22 mm mSize 25U 90 mm
: Camera | EMass 14 kg Camera
WSize 2.5U . . o~ .
B\iass 1 kg M Operating conditions -40° C ~ +60° C,

-1

65 -




O 2499948 o38% s FUg 22994 QAN SAEL
Bul ZFol glom, STAYS WEH= WG AFL 4F, P
A4ASt Bgas B A=Ay Az, AL S BF % we A
Aol A FEStTin By

g/ M =AL

<E 520> ZA2HAM 2 =2 izt HME (o)

MultiScape 100 CI

SIMERA Sense

TriScape100 /
SIMERA Sense

Chameleon—MS /

SCS & SAC (got=)

== EIN!

GECKO Imager /

Dragonfly Aerospace

(Ehold) (old)
PAN 6 m; MS 12m
S . : '
Sl 475 m (@500km) 475 m (@500km) (@500km)
Swath 194 km (@500km) 19.4 km (@500km) 49 km (@500km)
Size 1.5U 1.5U 2U
Mass 1.1 kg 1.1 kg 1.6 kg
Spectral band 7 band (450nm~900nm) RGB, 670nm PAN + 4 MS
Power
. 58 W 58 W <7TW
Consumption
Pixel Depth 10-bit 10-bit or 12-bit

90 mm Camera /
KAIRO Space(gH=)

S = 5 m color / 3 m PAN
Swath 80 km (@500 km) 9.95 km (@500km)
Size 1U 2.5U
Mass 0.39 kg 14 kg

Up to 6-band (RGB, Red
Spectral band RGB edge, NIR, PAN)
Power 27 W 12V~0.35A
Consumption
Pixel Depth 8-bit or10-bit -
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<E 5-30> CIZ2Z HA

O g95&8% AM25H 5T 5 = F8 AR
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O ®37|¢ EFAME A
AZ AHE 7

2) &% vto] AR5 v E HAA

[1 4% nlo]a=zy #@ooneE Ui AIdadd dg 4
vk oy f4 g€A8 SdevEs AE A ey B AIYS 53
Hz NEsEs AY

o
P
p'ﬁ
£
Ho
of
gﬂ
rr
o,
—o
i
o
N
jih3
s}
o

O o2tA a9} ARl E Fasty Su Adste ¥de A

O 4% 7Fsd<s =071 9l =9 digelyd #d a7 71832 d¥ol
233

O g% &9 Oﬂ—‘rL(MiniRad S0 g)oA & nlo]a=29 Y n E o
AHEEE F8 ESAE 3/ME vk 1o Appendixell HF-3HA=

O % nlo|a =2y} ggenyg Ak AA QL

O Z4&FHA /I AHRIE Fastd &2 ARJOA /ARE 5 miolA29
gr] QuE] ARYFe] AA b2 T o] A e

<E 5-31> =% ojo|3 2o} MA HZE AL (eF)

28 &0k M4, ofd, SXsHY, Xl 7|, SFSES
S+ FI= (GHz) 89 (1 ch), 118.75 (8 ch.), 183 (4 ch)
S 10 km O[5}
Swath 800 km O 4
=A7] Hs HEI| FHLE 2 KOs}, HF H&= 2K 03t
7] % 2A 4U O[3} / 5 kg 0|3}
2H[EH (W) 6.5 W O[3}
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O sielolA A 35 molazs AA 24AFAH AHe o5 29 2

<¥ 5-32> & Olo|3=n}t MM HX| fd At

cross-track scan

[] 4% ufo]azZu MAZEEH JEg

- 169 -

MicroMas-2 90, 118, 183, 200 13~20 2500
CubeRRT 6~45 120~300 - line scan
TEMPEST-D 90, 165~183 13~25 1550 cross-track scan

1 GHz radiometer .
EMPL.2 (1413 GHz) - 300 line scan
GNSS-R (1.575 GHz) 1~20 - DDM
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8 &% (concentration)
i MA (extent)

Sl FH (thickness)

HET (surface roughness)
=& F9Y (melting area)

& (first year, multi-year S)

HM 2L (surface temperature)

iy BH UEs

CHAZ/CHAE ofY T

dp
Pl
2
02

2x| o]

ZHAA (ice cover)

25 (ice surface temperature)
EUdrE 5

HM 2 (surface temperature)

(ST 2

Jo &t
o 1o oz
AT 1 o

o) &=
78 &

7FA/7I-A-| El-x|

7| &k
T2 EbR|

7I-A/7M-| E+x|

A Hd
th_'__'_
TIA XX

Hm
02

5
& A

0N
+
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O =% "ola23 AME 24 "ASt 715 36 FoEXA

Gn FANY #ZE 5

[
N
0%,
EN
&)
2

O 4% vlolams} ML Ao ® A
ol YA} A 7h 2719 AFgEo] gom, dwkH o 19, 37,
H ] =
4

90 GHz®] 345 o] &3t 3H

lo
Jo
o2t
)
off
bt
N
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O wolaz s} BrlonEle] shge] GE BE Yoo ThoT 2e

(23 5-24] $58 ojo|32T B BESA

1.0 T T rrUrr—T—r—"—r——————————
; ]

Water vapor absarption bamds

0.8 —

0.9 — Oxyvgen abrorption bands
H.O

0.7 — u‘:’nr!nn ‘

0.6 +—

0.5 —

Transmissivity Ty(0,%)

0.3 —
¥

0.2

0.1
0.0 1 .o 1 s 1 4 1 4
80| 120 | ie0 200 240 280
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<¥ 5-34> Olo|3 2u}t Futpof mE

= o= o

7z

T ul= HEx BHE IE

14 GHz #2 EY = ¢ g2
27 GHz &2 EQF 28 3oF gl
6 GHz 22 S, S X|E HEf, SHE2=
11 GHz &2 SHY K& e, Z% M4, i
15 GHz £ 2=7| A4
18 GHz &2 F=37|, 4=, oY, Y X|&7 SE
22 GHz & £57|, 12 X
30 GHz &< Ts 8, #357] oY, B4
37 GHz &2 T& =8, 45 357, s, ¥4
57 GHz &2 2 AHEZEE
90 GHz & -5 T8, 78 973, %

118.70 GHz & 2C AR EX

183.31 GHz &2 +357| AXEX

32510 GHz £2 +357| AEEX

380.20 GHz ~=7| X2

O F357 52545 AL dHY Ago] sbssinz

A3l 6U =gl 'Astr] o=

O 9= E°| EON-MW X494 wAA <
A% 600 kmollA 30 km<]
HhALE 2 em| 7t @ E Q)
Al dEY AFHEY Z7]E 36 cm(AL

A5t

ar719 olF

s ojof

O 89 GH
zi@ﬂ

ool F3Fo A= 10 cm
o2 Uy A4 HylmH S

PRt

&7+l

e}

Sushe 458

°w, 10 km¥]
T 600 km 7]¥)= A2A7}F

[1 GNSS-R(Reflectometry)$} L-band zHH|EE
A WAE GNSS 949 mlo]ZZuK(L-bandol )% AHA

2A5E Lband vlolA20HE ZAST olF T3 o7,
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o AHgEE dFUF o]FX 3 JEH, o
BB N=E AFstA ALE 7HE

O £5%3 vlo|z 23 gy nEe &

T vlolmaE9 F4H719F GNSS-R

« 559 vlolaEw
=
=

=
=

=
o
=4

S EREOE IER EE

PPE F2 A% AP TES USIAY EYwE

n AAoAM AZFdke olfre= A AT BF tolHE AVl fAFelH, 14 13
ode] A AT BFE Hste] BEHF o] F 2000 km SFE oo wi--
We A9 9 s4=2 10 km #= HARE A AF

&= =38 oo/ 2n FA7|2t GNSS-R
4 =X SHUFH R HA
;= A QAR 5 7| &8 2D lmageg)versampllng Grid 3 I:m) ;
2tC| 20/E{(300 km 0|8}, GNSS-R(20 km O[3}
2tC|20|E: CHYE 4 MHz O|4, HEZE 1 k O[3}, 58 He= 2 k 0[5}, HEA|7H100
AN7| ME ms 0|4, LIE 3|2 AQE EfQ 2 ZRIE W X[,
et ee GNSS-R: GPS L1/E1, 2241 100 ms, 87 O[5} GPS-L1 DDM/S or 27 0|3} (Galileo-E1
DDM/s H|3)
Zenith 2iet OHH|LE 212 9! Directivity(86= O|4}, 6.5 dB 0|4, RHCP)
OHHIL} Ms Nadir 2&F OtE|L} 12 5l Directivity(1413 MHz : EEAEE” 36k O| |, E2qulst
°° 58 O[3}, 12 dB 0|4}, 157542 MHz A2AE2 352 E2HHISE 542 0|8}, 12 d
0|4}, LHCP)
S5 2r He HAFEA]: PFM 7[&E —10E~40%
_?_Hl 5<| 37' 94 O| M- EFXH A O|AF O| At
A g 6U, 8 kg, EfMA: 2U 14 kg O|4, 85 W 0|4
R EM, QM, FM
O §%5% oAy} §37)
= £59 nlolazn g§357)E ek AT 4k JUe AZee LE ==
BdS ATt FAGHE 2o 72 EuolHE &§

AT BHo] WEA Basn on PAES =

[0 53 nlo]a2s} 270 W4
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O A=z EY 2= W F=2 7HEH oA AEHI FEF
npo] A2 uto = BZ(sounding) & 3l FE ALE

O AT #BE 4L ¥ F5¥ vle|mEd freny Azge

ATHES Uste] HA2A P2 B8
O F7 24 PANE IUL 2A% AR2EY 2] U

O ARxEY 29 WAL Y270 FE ASHY mE oste] w7

[0 %538 nolmazyg FyeuEHEe AQEYUANBAAH, FA7]AHBAXH,
A7 BA2H, ZIAABA2"HOE F45

- 174 -



[23 5-26] #IM =& oOlo|32at 20|05 A EAAH JHY

Rotating unit

[Hoid-down |

| L release
M chanam |

Feedhoms (ocked for
| fght) |

B v
Recsiver Contrdl &
WSk s hand ling
Subyetat # Poner &
| sgnal

ranster |

Fixed part T
hot load o
coid space pcw‘_! X mechansm
pesflesc b | COn sy e
4 Launch

L_’ Control & H protection
data handing i devices

) J
Spacecraft Interface \

O & AdS 53 s ojokst= FAFSE AEQl PolarCube$t TEMPEST-D

At oigk £48 3%t
[] PolarCubed 8 4F

O PolarCube= T2 H= 9 Y= A9 d7] #=9
]

&<=7](Sounder) ¥

n AHI oz AT Hs JF 5 S BUEZ S A
o]l AR gy 94 AAL 7leEs AA/E7L

O PolarCubet FAIF34+E 118.7503 GHzE 3w HIT= o
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A2 T4 EH= MiniRadeh= & viol2=29 2HnHE At S+

118 GHz= 24894 T38| A4 gren e Far4d

O Ay rde =ZxuHro] 118.7503 GHz Al

< 3 dB EFEHZ7 A3 uEbA

/s i

LY

FHORRY Fu

PN
T

5 GHzoll A
of o

Sl o
2L

-

O v 18 ty] BEEHE ~#HdEZOZ 1187503 GHzolA W7
szo] T Be WPEE Holw oF Fd) t)y] B4 wod
[28 5-27] Atmospheric Opacity Spectrum
106 {(A} Summer Low Latitude | z : B g
| (B) Annual Midiatitude . s
}:Ci 'll'i'lnlar I-.ngh Latitude L g_ll gl 3;1
L~ W B
| g HE Mg M o5} )
@ g e Esin 0N\ 18 /N 14 )
-k ; 4 '§' ’§' ﬂl i-’\ i/ “--»-'w.____f_@___,« \\\‘_Lj )
%‘ 102 Ir f lll\ .":'._ -'f-l'.l"-_.-l':"! \..-,r_ | _m;.; L5 /
g‘ | P | | (€}
2 1§/L ! AR ! N L AL
g1 1&;/ \ " | If('é § Hl.I t,l;-J_bu:h:;u“-’--L—{ T :
1V VN i AYA § /i
o R LB
| i g 3 F) g &
10-2' L (E} ! o
| 0: Oxygen Resonance ]
:l wi Water v.P“ Ruorranm . ) : F p
{2) 100 200 300 400 500 600 700 BOO 900 1000
Frequency (GHz)
O W FFo g FEAAL M =2 3 Fa Ay SEL W
T WiES f7 @A s dE HolBE AlE3sh= NASA Aqua AMSR-E
A8 89 GHz AdolA Algshe= A} FAHE

O 118GHz A1 ZAld ©] 7V17te F71 AdL sy AeHE E

Hel A tiRA o= wslel AwAzE | A

75

O g

A&

AT AT B3 UFR
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O @Al A& 7’ A4 Fa(el: AMSR-29] 89 GHz)olld %
npo] A2 3k W& WHEol tEk HA Aol mEW A By, aga 7kl
22 EWole 44 338 o] 5 wlolaRy WEd A3 WEel Aee

Jep

ﬂl

[] PolarCube Instrument Specifications
O 3U CubeSat #H°]2ERl MiniRade 270d 2zl EW F AH
v 9y vz FAE dEY ske AlzEol Sle 8Ald, olF F
)

118.75 GHz 274 % vlo]a23 2% ©=7|(sounding)

[18 5-28] The MiniRad radiometer inside the PolarCube 3U CubeSat(Z}) ,PolarCube
Reflector Deployment (<)

Single payload frangibolt is
activated to deploy the primary
boli

but requiring only one linear
degree of freedom.
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O Total power radiometer(TPR)2] WR-8 =3} 7|4t ¥4 RF front-endoll =
DSB(Double Side Band) AlH azx3 &37] 9@ 4HZF7], DRO(Dielectric

Resonator Oscillator) 2 IF(F%F F3+7) LNAAFS 53717 2384

J—)

[33 5-29] 118.75 GHz MiniRad CubeSat 2}C|20|E{Q] 7| 5SME

i

IF VA metal carmer connecied to patelite body

Satelite body i chassis ground

‘i ol
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[18 5-30] PolarCube Radiometer Architecture

IF ammpifar
''''' {7 GHz EW)

" e

- 3X Ll o
B @* (El g
e 4 I i) o
o e | _’_@.’_ 7

Do ﬁ R A
3D Printed  Reflectve Sub;ﬂ““oﬂ’t 4w Subharmonic mixer with tripler (VDI)
Carm gl P iode i mutipher  and diplexer/filter bank, detectors,
N ’ video amps. 24 bit ADC.

« Eight double sideband channels
uniformly sample surface to ~18 km
altitude.

+ Two-point (cold space, reflective PIN
diode/isolator) calibration.

O Payload("12] ®2H *x3he] Hd Ay £E= 5WY

O LNA 2 IF &9 A3 MMIC 37| 38 A& FHAskslr] 3] A9
BE proi =

O 118.75 GHz %13 DSB YAe] tfd EAC=E sl =5 L37] Fuke
2te. =g EV} 23 L[/ E YERY

O IF ~29EZuH REL 83 e asE FAED, o

i

=

Fosrh dFA AROFAAR EHAA AxbAA D=
o O~

= T

AelElgion, &3 7S 3 dB AZyE IAY 05~3K
b AT & J= HUs 28 g9gEs AFst

<3 5-36> PolarCube : 8 Radiometric channels

Channel 1 2 K] 4 5 6 7 8

IF fc(MHz) 200 400 700 1100 1500 2100 3100 5000

BW(MHz) 100 200 400 400 400 800 1200 2600
Noise RMS

2.18 1.39 0.882 | 0.861 0.857 | 0.603 | 0.503 | 0.356

O A FA FHFE AFH Jlsel BW sMleleld 1= 18 kmZHA
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O 9ZFolA AEHE g onEE ~K ol3te] Br] 2% FHTZ sy
AalA SEE gAA exel U@ FE=A sTe Fw 7 BN 4
~HEY W, wolz £E9 o5 xsEedd od HE ¢x

slofobatn] #aghe] HA QAT WMEAQ nAo] BRI

» MiniRad Hybrid Two-point calibration ®W2}& Alg3te] 2}t] QuE 2] WAL
o] 2% 18|Ad & wj vit} 2 #= & Cold calibration sourceQ! 4
PIN tholo = 29X & AXH BAE I

[28 5-31] Calibration cycle of the MiniRad radiometer

" 4
™ = 120° field of view for cosmic background 7
- o . £ %,  * Alternate between cold space and reflective r N > ” 2
~ AN N PIN diode ~10 times F4 G
~

fffff PIN Diode

""" Cold Space Obtain calibration data during PIN
Boundary attitude angles diode ON/OFF states using mirror
(signaled by satellite bus) motor encoder data.
= =
 MmBad U
CubeSat
: Radiometer y
o mom A

Scene Cyele X .’ s

* 120° field of view for earth scene

* 1 Hz cross-track scan rate for Nyquist sampling

* Each radiometric data record contains the sum and
sum-of-squares of 16 samples digitized every 4.096 ms

- 180 -



[28 5-32] Mechanical assembly details of the 3D-printed corrugated feed horn

suid juswubye 2 pue

sepoy Bugunow pepeasy) ¢

cm]

o
IQOnm=| cm

[28 5-33] IF Spectrometer
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[18 5-34] Pictures of the final assembled radiometer hardware

(a) RF chain and leaded NTC thermistor locations

(b) Dielectric resonant oscillator(DRO)

(¢) Low noise amplifier(LNA)

(d) RF chainand IF (e) Top view including
spectrometer in carrier reflector and strut

[0 TEMPEST-D& F8 9%

O TEMPEST-D= 714 #= QAo 2 F AXE= A CubeSat Flo]AEY o] H
g ovulgel AMHe HIFolW, sid A7+ HE, TS FHSHHEA
TE3 FE9 WHeHA, Frao HIlE A S A AFEFs A

O 759 54 ARV FHEHH 7|34 EdoA 71 oy F2 A Y

Z97)1 A7) UEle 7IsES 22 ARE 85 Vs

O 793 v|FE9 H3lE AT F3 o] 715

[0 TEMPEST-D 0] u|E &A|A| AL

- 182 -



<¥ 5-37> TEMPEST-D Afek

ol

51 2
=

]

AL 2F
System noise temperature

< 600 K for 89, 165 and 176 GHz
< 750 K for 180 and 182 GHz
ME = 5
L 4 GHz at 89 GHz and 165 GHz
and 2 GHz at 176, 180 and 182 GHz
Minimum spatial resolution 13 km at 182 GHz 25 km at 89 GHz
Minimum beam efficiency > 90 %

> 90 %

O 579 Fd tiFelA LerE3 g eu|H= A7+ £60°nadir angles<
°]&, 1550 km®] #5F Z7] A% 1159 410 km.
O &t

=
O -

W= 181 GHzoll A 12.5 km*-E] 87 GHzol A 25 km
o #

= 87 GHz A2olA quasi-vertical HIpo|W, & YmA| Fa
e 2 do A= quasi-horizontal 3} 543
O <t HidgEmEzo

GHzoll Al 3.6°,

164 GHzolA 1.68°, 174
GHzol A4 1.69°, 178 GHzoll A 1.72°, 181 GHzol|l 4] 1.8°

O F4 @42 30 dB olstolr, e H&E 91 % °I

O 94 A% 1E9 400 kmFH e ZAIFYGLS A4 87 GHzoA
25 kmeo]™, 181 GHzol A 12.5 km<

O ZHewy <HHY Watgo] 2o 133

st ol sAnkh o
BZ-cold sky(A$F) 54 2H-54 53 24

o ylE3)

= 1l
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[a3 5-35] Two point end-to-end calibration of TEMPST-D (Z}) Observing profile, ()
174 GHzoll cligt H = A 2A A7H O|o[E]

30° . 174 GHz On Orbit Callbrated Scan Data )
g R 0 Calibration Target
*—dr
E“o Earth Scene
s
g 200 1
i
30° E""
[ -
! I}
E 100

w 1
Cold Sky
ol . ——p |
Up to 120°

0 50 100 150 200 250 300 350 400!
Nadir Scan Angle [°]

[22 5-36] TEMPEST-D radiometer as packaged and integrated into the 6U CubeSat

spacecraft
165-182
GHz Power
Divider Command
1605;1:310?:2 165-182 GHz & Data
LNA Module 89 GHz  Handling
89 GHz LNA

i Electronics
Module BP F|Iter

aﬁ:ianism Scanning ;cz:nnml?d Ambient
Controller rsago E,?cfd; Calibration
Target
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[28 5-37] Instrument block diagram and photos of components

POWER
DIVIDER

ACT-08 TRI-FREQUENCY RECEIVER FRONT-END

PROASIC3IFPGA
HORN 165-182 GHz) e W

1 i
[] I_ ___________________________________________________________________ "
| L 1
b ' : f 1 "
T H .
r 5 5 GHe "
Mtar ETLL ¢ aodes 145103 Cling [> = E am x: "
13 p i- -2 "
Matn' |:
Spin Machanism & i
Ausembly i
1
1
Hetecice u._ Cubesat
[
.
FRGA

CAD of Spin
Mechanism

including
;e:fl I:::::'n and RECEIVER FRONTEND DETECTOR DETECTOR
ehecior (89 GHz) (89 GHz) (165 182 GHz)
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[18 5-38] TEMPEST-D millimeter-wave radiometer instrument scans at 30 r/min to view
the Earth scene across a 935-km swath from 400-km orbital altitude

Command &

Data Handling —=g = -
electronics g B
) RF Front-End
- 155-.182 GHz
Scan + 2 .I.. 1 PECEREE
mechanism A, T Antenna
\‘ . | wt! calibration target
f

Direction of —— Antenna dual

17
satellitemotion =~ ¥ _[rEqUEnwfeedhorn

= \ '--HHH“ESMSH.
Antenna
MNadir

reflector

Earth scene

1-56. X|& XIFAH]| JHE 4ot
Jt. MGSE (Mechanical Ground Supporting Equipment)

[1 MGSE= 94 E#/EHpelsd FLHY 1 Fi7E U 29 22

A 8 Ad-8& MGSE z=H-8 33 Dolly A@-& Adapter

L}. EGSE (Electrical Ground Supporting Equipment)

O A4 A4 ZH EGSE= 949 Ade A7 sl A8 #*F
gA AR Az" Y AP ol277HA A "M ALE
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[0 &AA AEg EGSEx= HYAEHEZAAR], AR AA 598 AlEHH, 10
AEHOlH, A= AlEHOIH, GNSS AEHCIHE T4

[0 EGSE:E= EE AN¥ES 3 H ScaiptE: 53 APANEL A3} <+
VEE 7

[ AEZ3 5 BEAEC]H & Log Datag 3 R A&3#g

O 994 %38 AN¥ A EGSEES #83sld HPAZEY 9 YA
SEAYE 7} WY E ScriptE 7|Hte R AY S8 Tt

[28 5-39] =48HME EGSE 22 7id
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<¥ 5-39> EGSE 7#A & 7|5 (dl)

S el=] S

n Plgo #x Y BE HEE HEoR MM S 37| Ho|E ZA

HE/RHM 598t | = HALZEQOQF AFSH0] 2ZEQ0f AT EX

AlZ20|H » EGMY6, IGRF10 52| SZZHZS HtHSI0] = 3 XpM| ZAL

n AIZY 0| ZAt A3}
» oA EfHX|EE TR ZAL

EOFRIZ] AP = XY Z5H 722 8% EH%%XI_E* TE ZA
= MPPT ME g5 ZA & JA2E =9
» Fthernet QIE{L|0|A X|€
= UART, RS232, RS485, RS422 TX/RX S4IX|¥
= CAN, SPI, 12C EAIX|¥

I/0 Al=2i|0|H = SBDL, LVDS, GPIO A= ZA} 913 x|
= ADC/DAC A=ZAF 9 Q13 x|
» Fthernet QIE{L|0|A X|€
» A XY= HHE %6_* UHF CHY Mz ZAF 3 GOJE e
» AFSK/GMSK/BPSK & H=Zx X|&l

X[ALE A2 2[0[E] n AX25 Z2EZE EMGH | |E X[
X 28 Its
m GPS AT EAL G A
m RS-232 / Ethernet 2IE{H[O[A X|{

1-6. NIMAIAE JHE ol
I XIAAIAHO] 7o
D 43 A4

O 288 ZAAE A% 223449 Ad=2 AR A= FS A&
A= FHEsty & AL ZA AdoA fFElsita dgd

L

SAG A= AdE FFS7] s AL S SAE
Fot &, AE )= LT AL 750 2o
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[O8 5-40] =290

| AHIE X /Y Z(X|= (), E3XE 27 75 o ()

[28 5-41] st=90f #Hx (o)

UHF
/
VHF

Yagi [
ANT

| S

—

‘—@
Rator

Downlink = RX

O 24% A4& A= st=dol 74 2 AY
O 242394 &

A= st=dols BAstA sk A4 Ad(FA B,

Fa W3, Fa g )< ayste] st=dofE AAsoF g

O #14d Al B Aejrloleld tig 41S #% UHF System¥ 15 ©©]H
FAl& 9% S-band System o2 T4

TE537] AT ssdole) FAHAEE ok 1™

o]
=1 =
AAGRE 7152 ] FE 18, SAEe 13 GEY B, #olE

- 189 -



<E 5-40> X|&= SIEH O 2[2E H AteF (o)

3.7M S-band Antenna & Rotor & Feeder

Manufacturer Orbital it
Operating Frequency S-Band, X-band
Antenna Gain 36.8.0 dBi
""E: LNA Conversion 65 dB
Polarization RHCP or LHCP(Opt.)
IF Frequency 70 MHz
Power 208 -240 VAC, 20 A,
50/60 Hz
Pointing Accuracy 0.1°
Rotating Range Elevation : 184° / Azimuth : 360°

S—-band Receiver

Manufacturer SATCORE

Input IF Frequency 60~78 MHz

BPSK, QPSK, SQPSK, 8-PSK, MSK,

Supported Demodulation 16-QAM. 16-APSK

Maximum data rate 40Mbps
Protocol CCSDS / DVB-S2

Size 19" 2U

Interface Ethernet
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S

UHF Antenna

Manufacturer M2 Antenna System
Model 401CP14X
Frequency Range 399 ~ 403MHz
Gain 13.3 dBic
Antenna Type Yagi
Beamwidth 30°
Polarization RHCP or LHCP(Opt.)
UHF Antenna Rotor
Manufacturer Yaesu
Input Power Rotor : 200~240 VAC, Controller : 12

VDC

Rotation Time

Elevation : 180° (67 s) / Azimuth : 360°
(58 s)

Rotation Torque

Elevation : 14 kg-m / Azimuth : 6 kg-m

UHF Transeiver
Manufacturer Ettus
Operating Frequency 70MHz ~ 6GHz
Output Power 10dBM
Modulation Configurable

Maximum data rate

56Msps(symbol per sec.)

LNA (UHF)

Manufacturer mini-circuits
Operating Frequency 0.1~500MHz
Maximum Input power 5 dBm

Noise Figure 2.9(dB)

Gain 24dB(%0.5)
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2) A¥= AZE
O A= £2ZEH ] AF 7=

FANAE BAAE AT 2AFALY AT AZELo= 94 #wA 2
frﬁ% A Alz="EF A B HelHE Adsta ARD £ As
Al 2~"lo] F a3t

113
rlo
(ol

T al A G AAzE
BHE 7HASE gt 25 S 5 e A2E e
O ofef o AARE A A=’ 94 A 2 FAES A3 SCS(Satellite
Control System)¥ ®AHA ©HlolEy Aok 4 AH 7HAE 25 2
BEUE & 93 DPS(Data Processing System)= 773

[28 5-42] XM= £ZEQof HSE

MPS (Mission Planning FDS (Flight Dynamics

3 POPS (Payload Data Processing
Subsystem) Subsystam)

Subsystem)

|| 506 (Sateliite Operation
Subsystem)

SIM (Simutator Subsystem) TVMS

(Telemetry Visualization &
Monitoring Subsystem)

TT&L (Tracking, Telemetry &
Command)

O A AME"e] MEANXE 7555 ofdiet 2o AR A+
O SCS(Satellite Control System)

= MPS(Mission Planing Subsystem) : ¥4% w4l #e] P 2AEH 75

m SOS(Satellite Operations Subsystem) : €14 Ao]& 25 HH AL 2L L0
ET A, o|WE & 7F

m TT&C (Tracking, Telemetry & Command) : A= st=9o]& A5t A
BA2EHR AF5S Ad7F
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= FDS (Flight Dynamic Subsystem) : ¢]4 2] A= 2 A E47]%
= SIM (Simulator Subsystem) : 914 &8 AUzl &2 9 A&7
O DPS (Data Processing System)

= PDPS (Payload Data Processing Subsystem) : ¢4 o ZRE 419 g©AjA
o|E ¢

= TVMS (Telemetry Visualization & Monitoring Subsystem) : & # W E2] © o] g
Al R AACHAED 715

(1 X GA 28 o718 A

[28 5-43] X|& A|AE olF|EX

« Simulated TLM
= TLM

+ Mission Data
» Hardline TLM

TT&C C&M

I LR =
= TC
+ Hardline CMD
» Tracking LB = Command
Data . 57‘:1 guet Procedure . TLM

TVMS

T m

+ Ephemeris Mission Event

* Contact Schedule

LL 2Hl X =M B2
D 994 Ao} Alx¥l(Satellite control System)
[0 A5 AFY AEA2H(MPS: Mission Planning Subsystem)

O % AlY MBEAz"L wdl 2AlE A4 B A, A4 adzAe =3
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X 2=

R

7t e AF B R OB i te 2Ee Afe A T
N=s At B Ve AlE
A/ H2EE wAstAl s sl AR Algel Eadh dF/EH=A
$4¢ WAL F e BBATL 30 S0 TES HEsh] AgAs)
SE 474 ol $4¢ F71 8 Bk
[J8 5-44] AR HE MEAAH JHEE ()

Mission Planning Subsystem(MPS)

Activity Definition
Iy

Request
Management

Planning

Mission
Execution
Log

Command
Procedure

SOS

Payload Operation

Resource Mission Statistics £ Report Generation
Management Management 0 il
A A A
Raquost o
= = S =
Mission Activity ~““p.Command Planning
Planning Fe
A A
Bus Operation
Planning
—————
| Task Manager
| |
bt Data, Pass
Orbit Maneuver Mumber,
Request, Confact
Orbital Events Schedule
FDS

[0 A8 &8 ABA25(SOS: Satellite Operations Subsystem)

O YA +8& ABA2EHL XA} Al2Ho tigt AHEAQl A|~H #EE 437
O MPSOA AdHE UFEE vlglo g o2 £l HaE YA
O HAelA FAg AW EZ ] digk A (54, A%, A%, =5 35 ¥
dhel HEH volHE 2t AEAIAHOE HjEZst= 75

O #4d =& 5 YA;st= oWl

E(Fault, Alarm)E Axboll wet A2 /&8t
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7I'ee XM, sl2ke B, BUIFolEY, HEE A T 7

[28 5-45] 21M 22 MEAAH JIHE o

Satellite Operation Subsystem(SOS)

FE >AM
sema Schedule
v A
e o9
A Ty ::1 EE e L2 ﬁ”"é'rmigﬂl =
Ah® ID'_LJ;&}IE_E .« 22|
L = » EuX22E 0 WZE Aol
e e b wame
DB AERRmE ﬂ;:@‘lf Fault I?ETJEM
o . & = " cmpTM
. HHEEY M
AR Fault & Alarm 2F -"."_"-"-‘.'—“:”E: SIE{E{ 0]
&
¥ - "
FIRRSOME Log PVT, Attitude
v v :
MPS FDS_ |

[28 5-46] BB IS M=AIAE JHEE (2H)

ECETER |

= GPS Navigation Data
m e DI% 4
= 0|H OD Point GJ0JE
Orbit Data, A
Orbita] Event [FreeFlyer Script 218 |

}

]*I?J EHE I = |
= 0D Point Data
= OP Data
= Mean Orbit Data
* Orbital Event Data
= TLE Data

FreeFIver Script £8 ]

DB File

A8} A B A| 2"l (Flight Dynamics Subsystem)

AR B AH BH A5 st Az

M3t Doppler Correction X, 94 GPS KR}
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O Mehta(2015)9] @192 =4 83d e <1% 61>3 22

17) J.K. Lazo, R.E. Morss, and J.L. Demuth,“300 billion Served: Sources, Perception, Uses, and Values of
Weather Forecasts, Bulletin of the American Meteorological Society, 90(6), 2009

18) 2UIHAA 71714 v] 2ol Dutton A71e] EA Chea) 28

John A. Dutton, “Opportunities and priorities in a new era for weather and climate services,” American
Meteorological Society, Vol 83, No. 9, 2002
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[28 6-5] &t=2 NG & AT HIS(EXN: BI7I2AHY)
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28 949 Tgo] EAs HE 2028WRE 333 Welo] wyATT
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20| Al Of
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(2020 P& 2}, Lbo|X] 2| 0f, w R L0|, IS0} 7] L, ObErofo| 2| £, Fhog 2, DA WP, HE |, 4=, 0FE EB|UTE
EdD, OpjY O R B EEHERTE

SEE ol& A +FAT

THEE (Novyy @) oll A Fakd7tx1e) A-lE ta3t 2ol 7S

O Fo|&&3sl 7 =: 15,584 nm(nautical mile)

- 259 -




O 532 7 =: 4067 nm

[ 6-6] &= Hal: oputz~FAtst

Port of Mys Novyy to Port of Busan (Pusan): 15584 nautical miles

find start port:
@ TIME AT SEA
Port of Mys Novyy

DISTANCE: 15584 nm SPEED: @S |T; knots DAYS AT SEA: 43.3

find destination port:

Port of Busan (Pusan)
start-typing to see the suggestions EB

calculate

Share route via SMS:
Login to be able to send

2. Guif Of Ob

3. Kara Sea

4. Barents Sea

6. Vestfjorden

© OpenStreetMap contributors.
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O &A45: 10,000 USD/day?8)
O £4: 15 knot

O &553=

O Acr 7w

O ®=8%:174,000 m3

O Au¥k7b4: 3,300 ¢ €

28) https://www.argusmedia.com/en/hubs/Ing
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=33z Sol =gtz

sholl 2l = 14 43!
NG 25 174,000 m3

M2 233,005 432,889

29) Mark3g AP7bAat Arc7a MuzbA wlgol mhet Abget

30) https://lethagencies.com/calculator-suez

31) http://www.nsra.ru, Acr74 Aet9] o248 233 AN =2 A v 8L ™Q5HA] L.

32) Z1873(2016)

33) R aza and Schoyen (2014)

34) 21873 (2016)
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 ZH7lER AERHold et T <13 6653
At FAH AL

[13 6-8] AlE2o]Md 7

Workbook Name Monte Carlo Simulation A|L}2| 2.xIsx
Number of Simulations 1

Number of Iterations 10000

Number of Inputs 5

Number of Outputs 3

Sampling Type Latin Hypercube
Simulation Start Time 2022-02-25 17:41
Simulation Stop Time 2022-02-2517:41
Simulation Duration 00:00:05

Random # Generator Mersenne Twister
Random Seed 2067246481
Total Errors 0

Collect Distribution Samples All

Convergence Testing Disabled

Smart Sensitivity Analysis Enabled

Zord e sebeEE AEdold g A the <13

[28 6-9] &3 maioly =g Zzf

[Name |Warksheet  [Cell  Graph | Min  Mean | Max. | 5%/ 95% Errors
Category: GDP(LZHTE) ,
|GDP:‘£§§’3‘§};M IEEA lsa 1.70% 3.59% !I]ﬂﬂ% 2.52% fi}
Category: RADAZSE B2 S | l
!mwgﬁr TSN FEER B20 * 21.03% 34208 49.79% !24.35% 44825 o
Ca |*____ SH oI Ao | _
| | ' :'-_--il ‘ |

S RIZE M PHE 2023 ==A \B6 25% ‘37% 525 28% 47% 0

o

s SIS 710

| | 0.0 5.5% |
v v
SN ST 715 E /2022 i | %310 ‘ 024% }z,oa% 4.96% 0.65% 4.02% (]

Category: 2T MT[ST[0] 57| HHS7| 0 5

= e = : - i i
EASOIMT| =T 2T AT | v v |
!mzzc'ﬂc' FAGECIHASIIOE |0 g i513 ‘ 8.01% 9.00% 5.99% ia.sz% iasa% 0
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O B/CHIE9 HAZE 0691, H
234352 JERS

1.3050| 22 99%o0]A+e]

SEZ 1304
AT F Y=
=okzke 5277, HUH

[O8 6-10] H|SHYH|SEN A}
Statistics Percentile
Minimum 0.691 1.0% 1.305
Maximum 23.435 2.5% 1.568
Mean 5.965 5.0% 1.887
Std Dev 3.270 10.0% 2.370
Variance 10.69476579 20.0% 3.121
Skewness 1.012008797 25.0% 3.466
Kurtosis 4.112258604 50.0% 5.277
Median 5.277 75.0% 7.864
Mode 4.119 80.0% 8.580
Left X 1.887 90.0% 10.510
Left P 5% 95.0% 12.211
Right X 12.211 97.5% 13.716
Right P 95% 99.0% 15.447
#Errors 0
(28 6-11] B[ 8HYH|SEN &t

0,16 -

0.14

012

0,10

0,08 |

:.36 4

0.04 A

.02

0.00

- 267 -



-
M

#A7HeA
O «@7tede A
O

=37 Y 1% Zrol 1099 ho)lm & 99% o] Ao
A7HE HolE® FAlF BaAdo] SRET A

o
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(28 6-12] =%HIIEAM 2

Statistics Percentile

Minimum 44#11,119.02 1.0% ¥10,977.99
Maximum #808,373.72 2.5% ¥20,463.89
Mean W178,879.61 5.0% ¥31,959.26
Std Dev W117,832.04 10.0% ¥49,368.88
Variance 13884389606 20.0% ¥76,404.95
Skewness 1.012008797 25.0% W88,856.48
Kurtosis 4.112258604 50.0% ¥154,108.94
Median ¥154,108.94 75.0% ¥247,314.84
Mode W112,375.44 80.0% ¥273,127.60
Left X ¥31,959.26 90.0% ¥342,648.22
Left P 5% 95.0% #403,956.82
Right X ¥403,956.82 97.5% ¥458,182.31
Right P 95% 99.0% ¥520,538.44
#Errors 0

[28 6-13] =&IIEM 21

NPV / =& Dt
¥31,959 403,957
s 90.0% 5.0%

4.0
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160.8% = EMS

- 6.0%,

B2 69.6%, 5%

[28 6-14] WESABEY A

Statistics
Minimum
Maximum
Mean

Std Dev
Variance
Skewness
Kurtosis
Median
Mode
Left X
Left P
Right X
Right P
#Errors

-6.0%
160.8%
69.6%

27.4%
0.075073554
0.105452015
2.528704257
68.8%

64.7%

25.5%

5%

115.0%

95%

0

Percentile

1.0%

2.5%

5.0%
10.0%
20.0%
25.0%
50.0%
75.0%
80.0%
90.0%
95.0%
97.5%
99.0%

12.8%
18.9%
25.5%
34.0%
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49.5%
68.8%
89.5%
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40%
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ZA2YAA7137|HE > GDPAAES £o2 B/CHIE VA= FF=7}
Z Ao =Z Yehd

O 9IF=7t 71 & FIrPHASUZIAES] HS, B B/C/HIEQ] 5.965

oA o] HE&E 2029714 @& £ 9o, AU 11.547H4] =Y & 9=

[28 6-16] B/CH|E0l et DIZ=EA Ha}

Rank Name Lower Upper
1 IV KB 7|0 & /2022 2.029 11.540
2 R&DA 2t &= /2022 4.353 7.996
3 M 2IZE ARIH|E /2022 4.584 7.668
4 LA 2T 27| S F 702 /2022 5.474 6.439
5 cop(H EdEE)/2022 5.507 6.433

[28 6-17] B/CHIEol i 2HEEN Z1}

¢/B/HIESEAHIE
Inputs Ranked By Effect on Output Mean

RIDAIE St § 32/ 20... 1 -7.9956

- . Input High
M2 AFHHIZ /2. -7.6678

Input Low

ZAEALEIBINNHE... 5.4742.5.4394

GDP(EEEEE) /20221 55071 [lll6.4329

Baseline = 5.9646
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