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HiF) https://space.skyrocket.de/doc_sdat/hyspecig-1.htm (20224 2 A17HEE)

5% 2-5 HySpeclQ ttMDEE HySpeclQ AR

IHH ARy Y

22 [ > iR 5m T

ELHINE EA

INVREL 22080k

BRI R 400~2500 nm
BRI REE N

SRR N

BEEE N

HAT) SRARIERE I = ERESTHFTATER

AT CNOBHOBEIVATL—YaryNo/{onsd T —4aDRMte B 2-6 ITRTEI2
TANHERERETEY —EADREE HIEL TS, 2019FITIE NRO LA HS N %
s L CHY | R RENSEAD A —FL LU TUIMTHA—FDEFEHIEL TV EDLEALH
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2.6 HySpeclQ Bt (45) £ () 1 X —

HAr) https://www.bloomberg.com/news/articles/2021-09-15/peter-thiel-bankrolls-satellite-imaging-
startup-hyspeciq (20224 2 H17 HHE)

4) Kuva Space

74>V RD Kuva Space thid. B0 HS HEIVATL—Ya v BEEL, HS 7 — 2 D1 -
DI —CADEE BIE T AX— Ny T BETHD, FtLILLLFT, Reaktor Space Lab D%
THSNT W,

[E#I33H7E. [HelloWorld |, TW-Cube ], ISunstorm | &\ S#EDEE 2 ERFTHY ., 2D
HLEE HelloWorld IZNA/N—ART MLz H 2 HEEH LTS,

Reaktor
__ Space Lab

2-7 Kuva Space tDEE HelloWorld
HiF) https://www.eurekalert.org/news-releases/761230(20224 2 H17HHE)

HelloWorld BAAME ESA NoEERFEEZIFELTEY . /NFEEEREIETIE IR AN FLEA
S5NTW =, LL20214E 10 A 5 HIZ 485 ARIVOELFESFHETHLRRFHINAIS—ART N
MEBIVATL—Ya BRI EZ RR U, SHTEL TSIV ATV —Ya Y OFBEIIRHATH LAY
HHALTWOARY I 2R 2-6 |IRT, Za—ARELLEDFEHRICLL L, AMIESE 2OV AT
L—yay TR LT — 42 BEPHFMOBT CIEATOIILEBELTWBLALND, 28, Rt



2020 fFIZ ESA DIV R AA Y Far—vary7ar s,z mLTsY . ESA Business
Incubation Centre & 71> Z YV REUFEEAENSE SR EZIT TV,

7= 2-6 Kuva Space ftDEEI VR TL—I3ARYD

HHE ARy T
22 [ > R EH
RIS EH
INVREL 50
BRI RS 400-1100nm (11K
400-2500nm (25 2 %)
e 557 R Re Nl
aHAR EH
WEEE EH
HT) SEARBRE B =EREMFFER

5) Satellogic

INTTA-TIVEVF D Satellogic #hid, (EAfiA& TOMBRERAT — X DR —L AL H
BTAZ— N7y T ETHD,

Fttid NEWSAT &\ 17THO/NIEEZERFTHY ., BEEITIITIVF ARV HEN
AIN—=ART N YD fEHEEH LTS, 2025 ELEIZIZE 2-8 BLUFE 2-7 (ZRT 300
Bl EEEIV AT —Yay Aleph-1 25352 L TW5,

Sub-meter
multispectral camera

Our newest generation of satellites
is able to deliver 0.7 meter
resolution imagery, providing a
more detailed view of the globe for
more precise decision ma king

Additional bay for
Hosted Payloads

Hyperspectral
camera (29-band)

2-8 Satellogic ¥t MDEIE Aleph-1
HiFf) https://satellogic.com/technology/satellites/ (20224 2 H17HHE)



3 2-7 Satellogic $tDEE Aleph-1

HE NAIN—=ART N ARy 7 SRNF AR VB AR 7
ZE R 3 R RE 25m 0.99m

BLAE 125km 5km

INVREL 29 4

BN R 460~830 nm Blue: 450 - 510 nm

Green: 510 - 580 nm
Red: 590 - 690 nm
Near-IR: 750 - 900 nm

RO HERE 14~35 nm -

Pa VY AFH B
HEES 37.5 kg~41 kg

HAT) EREARIERE B =F R EMEAER

[Etki, AR FEAMOEMEE KIER I ANIRIC LV EE RS I A NER L., itz T 100
EUA EDEMIE TOEET —ZDRMETHEL TN, -, BHIShAET—&2 % BHEDR—2LY
AME2E AP IZE>TT — R R ETHIBET —Z Y —C AL I X ADEEL BIEL TV 5, X517,
ZDOR—ZVHA B U T EHENEBRBEEDXAX Y T ETHIVTAI) TV a v — 2Dt
HET>TVBEIRFENITH S,

6) NorthStar Earth and Space Inc.

J17&® NorthStar Earth and Space #hidk, HBREUAIL FERITHE (SSA) DT 5 DE %
B—DEETTHOBEECERINGAVATL—YavOEETV, BoNET —2 % AV TITR
A—YEIHIY— AR T EHIETAX— Ny T RETH S,

BRIE SSA MIJOFEEIVATL—avDANFEINTEY, F7E. SSA [IFDOXFELV Y%
& U7z Skylark #2% 3 KT THD FRTIE 12 U EDIVATL—Ya v EETS
ZezEtELTVS,

2-9 NorthStar Earth and Space ftDI VAT L —3 A X—=Y

HiFF) https://spacenews.com/exoanalytic-northstar-es-team-up-on-space-situational-awareness/ (20224 2
HITHHE)
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/o FAREAFEIBUFOESIZEY ., 2021 FICHF X InEEMK L *ET EOMCE (Earth
Observation Monitoring System for Marine and Coastal Environments) &\ 5iRED
BRBEET =R VIR F5Y—E AR LTS, EOMCE TldRO—, fiiZeik, #ERk %
IRERT — A HAGDE TN U GRS IR— 2V EEET L LTS,

7) ASTRO DIGITAL

H1FED ASTRO DIGITAL #IIEHEETY 2a—VORF RGN OBEED IV AT —Ya VFEEE.
EAFTETIAZ—NTYTRETH S,

EtLi% 10kg 56 200kg FBEFZ TORRA BRI XDFEIINT A EET, B EEH D B EMbiaE
iz 7= Corvus EWVIFEEY a— N EHEL TS, ZHILVEEBFREBOEEI T aEL 2> T
Wb, £/-, 2019 £iZi% Palisade LWHEEZITH EIFTEY, #ES AT LARHIHY 7 NEDE
Va—NVDTANE[ToTND,

- ( )N
2-10 ASTRO DIGITAL #DEE Palisade
HFr) https://www.nanosats.eu/sat/palisade (202245 2 H17HEHE)

BILAEH - EofEee Y2 HAELE-EREEDIV ATV —Ya VBEEL BIEL T,
RIEIIEEA— N> T0O S, BHRD I HIZ, [EftiL Orbital Sidekick # HS v 3 2L/~
B2 Aurora OFFIZA—HE LU TEb->TW 5,

8) VTT Technical Research Centre of Finland

7145 R®D VTT Technical Research Centre of Finland #ti, 74>V REEDIEER]
BREERHT, 71 VIV RRARDIGAWEMBTH D, h—FRr=a—b o)L, Ffaleeasds - &
M. T IRVEMTE BES LU, SRS B TRIBER 2 EHL TS,

NAIN=ART MVRETIE DB D—D2TH S, HTARMEMCTANIAEZERFNITLILT
FEEDFRREIIHT 777 - RO —FiEH (FPI) OEAMIIEAN D S, FEHD/NAIN—ART K
B BEIFE LT, Bk Kuva Space #:0 HelloWorld #ED HS 2 Y 25K LTV 51F
M ESA OFEZEAEMDHS/NEEDHEMZ1TS Hera HETE RV FHRITH AL TS, 08,
FE#EAFEFEUINAN—ART IV HIEEZIT TR UAV REERESE, ENOVERITSAY
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NTW5,

2-11 VTT Technical Research Centre of Finland D/ \A/N\—XR I IV I ERAX—T

HAr) https://www.vttresearch.com/sites/default/files/2020-05/Miniaturized % 20hyper-
spectral%20imaging A5 2s 24052019 web.pdf (20224 2 B17HME)

9) RENFRERBSVIERZIRR

FEDRENLERE B S YR ZEA (Changchun Institute of Optics, Fine Mechanics
and Physics, CIOMP)id, FERIZR (CAS) & T DHRFEMFEFTHY . FEIDFHFEFKIEFE
BHUNHE, FHEAFUNTERESBFOMIEZIT>TEY . RESEFOWEIBM (FHNAFEME
ERFS, fiizeims - WIS R FEER M B LIREARIRZEE FIEN) 2B L. B 2-12 IR/ /83—
RIPVETANAZDFFEE &1T> TS, ISICFERRFEANIEN Y F ¥ — R EET>THY . ALV AT
BEL U TRRDOEAEERMERAT D5,

2-12 RENEBEEWSYERRMDBERLIZ/\AN—IRINVETFHAS
HiAr) http://english.ciomp.cas.cn/RD/ResearchProgress/201908/t20190812_214014.html (20224 2 H18
HEE)
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BT R EOEE LAY+ MY ) Bl | DR HIZ IV T A 247> Bilibili Video
Satellite ZBIFELTW%, 2020 &£ 7 HOFEEFT _EIFTIT EIFIZREIZK Do 7253 FE 9 HIZ
T EFIZ@RhL T3,

10) BAGERMERAT

FEORAEERMAERAT (Chang Guang Satellite Technology Co.,LTD, CGSTL)I&.
FEMOEE)E— MUYV IBERETHY ALEHED UAVUERAMMZER) OFRFEEM. TL
THAR LT — A DIRFEREEFHEL LTS,

Ftkik 2015 FEIIIFMOEEDIT EIFITEIIL TSN, TDHEMIGEL CTEE ST LT HET
1330 OB EZERL TS, HIZIEX 2-13 BLUFE 2-8.F 2-9 I1TR7 2019 FEiITHET
SN-FEETHS Jilin-1GP01/02 1%, 0.45~13.5um 2 26 NV, ZEfE5f#EEE 5~150m D
HERLTHWS,

EAHIRIFRHZIE 138 BEDHFHEEMNSRBIVATL—Ya v EEL HisLTHY ., EETxE
F—Himz—H 5~7 E#HTE5 L5225 LT3,

2-13 RICRERMBIRATIDEE Jilin-1GP01/02
HiAR) http://www.charmingglobe.com/EWeb/product view.aspx?id=676 (20224 2 A17HHE)

x® 2-8 RAGEERMERATDERE Jilin-1GP01/02 AW

HH AR

22 [ > iR 5m(VNIR)
100m (SWIR,MWIR)
150m(LWIR)

BLHINE 110km

INVREL 26

BRI RS 403nm - 13500nm

AHFHN N

BHEEE 16kg

HAT) B AR E RS 2 = ER A RATER
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xR 29 EAEERMBERATDELE Jilin-1GP01/02 DFEINURICEIT BRI RS

INVR B RS

BO 450nm-800nm

Bl 403nm-423nm

B2 433nm-453nm

B3 450nm-515nm

B4 525nm-600nm

B5 630nm-680nm

B6 784.5nm-899.5nm
B7 485nm-495nm

B8 615nm-625nm

B9 650nm-680nm
B10 698.75nm-718.75nm
Bl11 732.5nm-747.5nm
Bl12 773nm-793nm
B13 855nm-875nm
Bl14 660nm-670nm
B15 677.5nm-685nm
B16 750nm-757.5nm
B17 758.75nm-762.75nm
B18 935nm-955nm
B19 1000nm-1040nm
SW1 1195nm-1225nm
SW2 1360nm-1390nm
SW3 1550nm-1590nm
Sw4 1610nm-1690nm
MwW 3700nm-4950nm
LW 7500nm-13500nm

HF) http://www.charmingglobe.com/EWeb/product view.aspx?id=676 (20224 2 H17HHE)

11) ERBRR LIRS B IR AR

th E D ERIER S EHRA R DA PR /A F (Zhuhai Orbita Aerospace Technology Co., Ltd)
FNANR—ART B e HEHRUEEICLZ AV AT —Vay 2R, BET — 2RIy —
CABEEL BIgTAX— NV T BETH S,

FEtLITEEEBEOBENELREXETHON, GERR ERGT-THY. RE 12 BoEELER
HFTHD, JRNZIE 34 NSRBIV ATV —Ya Vi 1 B (Zhuhai No. 1) DEEL2 HIEL T
5, BRATROEZEIZIX, 2-14 % 2-10 12779 OHS-2 YV —X 4 £, OHS-3 YV —X 4 #D
SHSMEDNAIS—ART MVEENHY , S8 I5IT 2 DN IN—ARTMVEE DT LT A EX
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NTW5,
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) - ° »
LN :
,af: ) %
2-14 IKBRRLRFFEMAIERRDBRAE

HAT) https://www.obtdata.com/en/zhuhail.html (20224 2 B17HRE)

= 2-10 FRBMILSFMABRMNERATDFEE OHS-2,3 ARV D

HH ARy Y

ZEfE] 3 R RE 10m

RIS Nz

INVREL 32

BRI RS 400nm - 1000nm
e 557 R 2.5nm

aHAR Nz

WEEE 67ke

HFr) https://www.obtdata.com/en/zhuhail.html(20224 2 H17HHE)

(2) EIRRETIVGH

I TN AT R REIINSE Y AAET VORI T o7z, B 2-15 ITRTEDIC. HE
[P DELEE B, V) a—Ya iR TFiRE L, ERNS TIRETE [EE/ VY EhE | [EFHEE
AITF =44 |1V a—Ya Vgt o4 >0 57 TVICKEILA,
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LROEERE)

eSS U EERHS B Y £ EH LA HEDRRET> TS,

BHOHEDERZT>TV S, FLFFEDERY —ERE{ToTL\S.

BHOEET —YEERHL TS, FRHMENFET -9 ZRHEL TS,

POEESIEWE 18l SitE U< [ fthit DR T — 9 OB S £ B EE T —E 2T > T 3,

TR

(TURI—HF—H—-EZR)

2-15 N\NAIN—ZAROVBMIVEIRRETILDEERY
HAT) S ERATRZCAHER

PR DFABNEAZEIZDOVT, EOHTIVDE IR AEITH>TVENESE 2-11 ITEBE /-, &4
DEIRAIBWVTYEHT IV 2LV R ADONEL L TWBIEAIZOLRILL TS,

x® 2-11 FAEWNREBOEIRRAETIVER

FAENS BE/ VY | BEER F—&EHE | VVa—Ta
8h& iRt

Orbital Sidekick O O

Pixxel O O O O

HySpeclQ O O O O

Kuva Space O O O O

Satellogic O O O O

NorthStar Earth and Space O O O O

Inc.

ASTRO DIGITAL O O

VTT Technical Research O

Centre of Finland Ltd

RENFIEE S Y 5eAT O

RAGEERMARAHE O O O O

BRI LR AR R, O O O O

HFT) SRARIERE I = ER AT FTATER

£ 2-11 OEBBEFEENSIL, IHEDONAN—ARZNVEEL Y X AUZBEWTIE, 2heD4>D 7
TVDENNIEREHT/EIRAESL T TR EBEREN L IR AEZEBEAL TS5 EE W
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ZEWhMD, i, IN64ADDHT TV ETEEIRIAETINELTWBREE S NA/N—ZART |
VEEEIRAZEWTIEE /o EENSVY a—Ya VT2 —KBBITY ., BERAR
DEIRXAEREFTEIENR Y RERHSTVEIEN DN,

ZDBEEREEDEIXATT TIZEERIT EIF T35 Satellogic #h & BB LR FHIRHT A
BIRATTIL, RN SERNERE TR L UINAN—=ART NV DNV REN29/8 Re 3
2NV RO L > TEY ., —REBNAIN=ZART ML v H DNV REIZH U TR REE
Bo T\, ZINEEIZHEER T 572012 D/NL & B o 7 6E RNV REDHIB I =720
CHEINS, —H. RALKBEREBEL YR A2HIE LTS Kuva Space #5501V R,
HySpeclQ #3220 NV R EEETEINAN—ZARI NV Y DT EITEEEILTEY ., 50D
NANR=ARI VBRIV ATV —ay TNV REE SLSEBENSEITHL EITO TR
Hihd,
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2.1.3 MZBE/NAIN—ZARINIVE T EHIERE

NAIN=ART Ve Y B ERTEH7-DIZRBERE G RITOKONEET S, EROHAR
R 2-12 1R T, AFABETIE. BRSO UAV TIEREBOH S LCTF FRLA T, /NI{kIZ
BRI UMM ZERE> UAV IZHEE U -FEH W NE BB L,

R 2-12 NAIN=ZARIRIEI DDA

AHFHR AR
INVYRISATANAR EEDOHDAZFZBIEIBHR TNV AEEHATELIAR
(ZA4IREBA—)V) T, ZIEEFHAIIZEBRO 7 VAR BETH D,
Tv—T407 AVY MLV HTEHRT, 2 KD ZEREHREIETS
(E#rH&F) IZIIBEEICERE T OMENDH D,
LCTF INYRNATANEADT AN e EEEIIE>TERTSH
(BEF2—F 7710V &) A THD,
AOQOTF BEENFRTIIBF UAZBEENT LV —T1 V7 LRRRICE
(FENEF2—FTNTAIA) ZLERFALLARNTHS,
FPI BVWRHNREEDOMREEZEFOLERNICL>TREDEE
(777 - Ro—FiEt) BT HATHS,

HE ) RIEER S Y ZE R A SRR

(1) AOTF =##H,U71==4/

FERIEZEREIERUZFZETIZ UAV IZ AOTE ARDNANN—=ART NV BMEHIN TS
(K 2-16 28), 2D AOTF v HZKBOE=L) U ZIZHEWGNTEY, 7ua 74 )ViEE D]
#2f7oT\5, AOTF o3k, JVEBEDKEE=R) VWIS L LTS,

RGB
Camera

Battery

Mini-PC

Imaging

Stabilizing
Spectrometer

Gimbal

2-16 UAV A AOTF Mz EiER
H4F7) https://www.mdpi.com/2072-4292/13/20/4069 (20224 2 H1SHEE)
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(2) FPI =#£#HU7==4

2-17 129 NASA OEBEIAfMMZE#EL LTS T\ DC-8-AFRC 1214, FPI ARD/ N1
IN—=ARZ NV PMEEHINT VWS, 2O VIO AR I3 ARIBHR TIIE SN h > 2h3,
O, CO, 2 HITHEHD/-DIEHINT VS EINT WS,

[ 2-17 DC-8- AFRCHEE
HiAr) https://airbornescience.nasa.gov/aircraft/DC-8 - AFRC (20224 2 H17HEIE)

2.1.4 RZ b+ ASTER-HISUI #5¢

ARAN ASTER $ &0 HISUI D#EHIH =D, £9 SWIR H#B L0 TIR H&EFT5FHALV Y
IDWTCHREERT o2, RIZ AR VR EEIZ, KLU POV TERIEE ZH SRR F DT
0y M fTolz, REBIZT DY MUK REI U BRI S LR EOMBREAIE E 2RDE M & B E 2
RN ASTER-HISUI O A MHEDO#%E 217572,

(1) wEENE

BHEEFLLUT SWIR #8&U TIR 2 ET2FHFALY HIRX ITHEET S, SEEITHE
PEH BN ELRD -0, RFAE CIEERE#E | T 70— VB TN N—ZART NV | F%O)ﬂﬁm
ADDAT AN CTHRABERREBE L2, AENRL UtV YIE20 22 FRAE TRHREDHER T
TV VY BIRRETENH D2 EARL L, —EOL VY BIIRBETHIEDHE %fi%ﬂé’:r
REVVHIDOWTTRAERNRE LU,

B8 ZBeVTREICH o> T BIFRHEECIT EEDIFD, SWIR #BLU TIR #HIZBII5EE
NV RE SRR, BIEIE. ARGIE 2 EANHAEEBEL UTEEL T\,

(2) BEIHOARYIFEE
B P DARY VDRATREREFE 2-13~F 2-16 ITRT [INA/X—ARZ MLV 1IZELT

(3 ELKERZ BB T 52017, LARDEANZFHEEBIZNAT VNIR HIZE§oRREHFEEE
MoEHREVTREL TS,

£ 2-13 SWIRFEHLUTIR %Eﬁ@“%*@ﬂ:ﬁiit)ﬂ
e | SWIR (50 9~2 5um)

\//1“}2.%?3 AR et tesdutin [SRO) 20032013 ke 1.55-1.69 1000 mMieE A 10.5-12.5 2 8000 LN e 2]

sdanced Hinower
/Hlmawar|89 B JMA 2005 FhLEE E62S) 2 2000 FLEUE  SsE 6.2-13.3 9 2000 FRLEGE  SSEA

HFT) SIS Y ZER SR FTATMER
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+& 2-14 SWIR %eb‘a:o“ TIR®EEHT 7 O0—/NVERIRtE Y

[ SWIR (#0.9~2.5um) TIR (#16~13 um)
we/eUYE ERAEI | BASER swie | s aE IR | wmame

ASTER 8125 - srmasm
/Terra BRSNS 1.6-2.43 SRR 11.65 HERRE
EIMY g © NASAUSGS 1999+ 16  1.55-2.35 2 30 185  WMESEE 104-125 1 60 185 SAEREE
OLI/TIRS e i o . —
s | == NASAUSGS 2013 16B  1.56-2.3 2 30 185 BE e 06-1251 2 100 185 SATREEN
OLI-2/TIRS-2 BRI

R ¥ NASAUSGS 2021 168  1.56-2.29 2 30 185  FEHEE  10.6-125 2 100 185 SmEREE
/Landsat-9 KR
MSI
M etz M 2015 108 1375 -219 3 20, 60 290  HMRESE
CHIME Bl e T8 04 - 2.5 B 20-30 128 HEREHE

HFT) S REIER LS ZER S FATER

xR 215 SWIR %zb‘cto“ TIR %Eﬁ@é/w/\"—zxo ML

/ey
B | Eraw meas | S5, (@. IR | FHIR | pas | e | swir | ZHOR | mue (o TR | ZHO® | ma | pam
[um] IR [ 1 [km] Cum] | /OB [ 1 [km] [u,m] ISURE [ 1 [km]

ey 2019 #908 04-0.97 58 20 0925 127

PRISMA 2019 208 04101 66 30 30 092505 171 30 SON ST

Inel (RA possseast DIR 2021 21@ 04210 9 30 30 0.9-245 136 30 P i

7Enmap (I Fo it

HyspIRT " NASA 7 T T 60 145 xE g 60 145 wEmE ] 60 506 -
HYPXIM

/ESA

Earth B ESA 2024 90 0411 AW 10-30 15 11-25 W  10-30 15 - 80-120 A 10-30 15
Explorer

8

HFT) B REIERE ) ZER S EATER
& 2-16 %031’@,0) SWIR %, TR FEHIH /Y
S (50525
e [+ | e || B T e T o e e

Worldview-3 S8 - Maxar 2014 'EAF 11952364 3.7-4.1 130 wMERRE
o *E e NASA 2022 Fog e B 8 Fe8 B
PFRICTIR {3k woresasonr . ISRO 20 T8 - - - - - T 1500 FUEE -

HFT) B REERE ) ZER SRR

(3) ARYVISHFER
Q) TRUFERR 2 AWT, BRI M2 28I E L. S eiTo7,

1) SUANE<ZRED#FEE(SWIR HE2Y)

SWIR HICBEEREHE2E T IOV TEHREINEL RS fERE LB L > 2B A& DR %
2-18 1TRT . X 2-18 75, ASTER &M Z7a— IVERE |24 % g3 52, Landsat %
L HER U T O REEILEIZEL ~VED, BEIEISEED 7 a— VBRI RIS U TR 22D
N5, £7- HISUL EMDINAIS—=ZARI NV | v % ET 5L, BRI EREIXRIZEL NIV T, 8l
MBIZE RIREITRONZENDNS,
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1000km f---=========-mmmmmoooooe B e B

_________________________________________________________

N 5 @ Q-
T00km f--------cmmmmmmeeee e - b -—- o

EROTOVrIEHE/ I HOIARYIERLTIVS
HHOFEIUEZARY2ICHZEE, FHOBRE. BZTOD
ZALNBBEENBD
ARYIICEN B HBERTHEERV TS,

10m 100m 1000m 10000m
o

2-18 SWIR HBIC BT ERRE EEDREED AR YD Oy MER
H) S FEEE L Y S ERATREFER

2) BURAISARE xZERDREE(SWIR 1)

SWIR #BHE REE2HE 75 HIDWTEHEIEL R SRR L > 2585 DA TiE R %
2-19 1Z7 3. X 2-19 75 ASTER &fhodl Z7a— \OVEREI |2 3 %tk 3 58, 220 fRRE -
E)F UL Landsat FLREIFELNINTHBIEN DD, 272U, ASTER 1ZRA VT4 T &%
FoTHVI6HIZ—ELTEEIXND DI TN LITEENRETH S, £/- HISUI M\
IN—=ARZ NV |2 oH % DL, EESREEILEZEL ~VEH, BHRBEE M AR T RN EAY
Hnd, ZHUE HISUL A ISS ITEEHINTWD Y THEIE NI,
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BPDOTOvHEIBEHE/ LI HDIARYIERLTVS
FHOBHENUEZAAY2ICH35E. FEHOMEL. ET0
AhibsBahs 5
ARYIICEBABSBEXTHETAVTNS,

10m 100m 1000m 10000m

EqEPY T

2-19 SWIR B BT DR D EREEC ELABEE D AR Y 2D TOY MER
) & TEEE LY = B0 ATREAER

3) #AExz2fEoREE(TIR FE2Y)

TIR BB RF 2 E T2 I DWW TEIRE BRI REE 2 B L S 755 DA HTHER %
2-20 1ZRT. X 2-20 26, ASTER &I 70— N)VEREI 223 Ths Landsat YV —ZADARY
J% WAL, ZERS R Landsat-7 & Landsat-8,9 OHEHIZRANRY I THEEDD, Bl
MEARNZEADOMNS, £/ TIR FIZEBRBIKEF2HF 95 HYPXIM & HyspIRI O BRGNS
IXFBRREA I AS RN,

H NS
- A} mawari8
1000km r ! PILAE
. {yspIRI E
:,:r #5380
TOOKM o m s s s oo L
T0kmM b oo oo L .,,',,";,", ,,,,,,,,,,,,, E,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,E
Ehn7O0vkEE#HE/ LY DRARYIETLTVNS
BHOFEBENLEZARYICHDBE, FROMFRLE. EF0
ALAHEBENES
ARYIICEBA SR EETHEERAVTLS,
10m 100m 1000m 10000m

2-20 TIR FICHIFDERINEE ZEEDEREED AR Y ID O MMER
) S IEIEHR L ) S0 AR ER

22



4) BREEx2MEoRE(TIR HFEoY)

TIR FICBEE R 2 T2 I DWW TEIRE BRI S RRE 2 B L > 758 DA HTHER %
2-211Z3RT, X 2-21 6, ASTER &I 77— OIVEEl 1223 Tdh b Landsat TV —AD ARy 7
BHESTSE, 3) TN =R fEEEIY Landsat ¥V — XD HEIHRARY 7T, BHRSEE S [F
BETHD, UL, BEBEEIZOWTIE 3) TEHIRANLEY, ERAHELTIE 16 BEEUTHS
M, ASTER 3RAY T4V 7Bl 27> TBVI6HIC—ERXTHEINSIDIITIERW, /-,
HISUIL 122V Tk TIR #&2 B L TWRWH3)EKIZTOy XN TE56T ., 7Oy hIhTnd
HYPXIM DA TH27=DMEM%E ST HILITEH L,

1ooH : : : WIERR

O—/\JLR)
'

- ERFOTOVHEEHE/ LUV OARYIETRLTWVS

c EHOBENUEARYIICZHEEEE. FROMRL. ETO
ALhHHBENHD
ARYIICENBSBEARTHEEZALTVS,

2-21 TIR BICHIFDEE DR ELASEE D AR Y 2D TOY MER
H) SRR Y = SR ATREFER

(4) KXk ASTER-HISUI #&5t#&R

BIRD SR Z B % . ASTER BL 0 HISUI DS #ED B EMEIZOWTIRET 21757,

ASTER & U HISUI OFVRERFII LT OBY TH S,

B  ASTER [3YRL LTIMBOTI=—2R0e Y ThHY, STENV RO IR 1 =—0X
NEHODN TRV R EH S, —F T, EHSREECEAIIELRE T ASTER 2RtV E
HIELTEITWS,

B ASTER O#fke UTHEFEINZ HISUL &, HRINCFDTH o 72NA /= ART Ny
LUTHifER FIEL ., #7228 RO ED SN TS, —F T, ISSHE#HLL-/2281
IV BHEBEE S L U081 L) — 27 —REHEDH TL—HFIZHNE 52 TLE->TWS,

ZOBRIRFHE G R & B, NRER (VNIR #, SWIR #, TIR #) | [ =0 | T8RIEEE |
[kiseER | DB R TR AN ASTER-HISUL O MEDIRE 217 - /2, BaMREHERZ T IR,
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B VNIR HIZEWT, EABNVRIRVIAD, HEWVIFINVREIRETELNVRYILF (BHEN
1INV REIRBINAIN) T 5,

B SWIR HIZEWT, ASTER OFERE UTEFREEICEN NV REHEFRT S,

B TIR #HIZBWTIX ASTER @ TIR Z#fiL 5 N RegHIL, E LGNV REZES TR
bliE et zX5,

m RN UREBEZ SR END,

B EROFEBIZLLSZIVAAUICIVERISEER L2 X5,
Sentinel ¥ LandsatdD & S IZEEFHE DMK E K5,

INSHAMEREHERDOFEMER 2-17 ITRT,

& 2-17 RAK ASTER-HISUI DA AEME

Sentinel-2WV-3%, —ELANVLLEDBE /L HIZH W TIE, RGBNIRDAN U R(IZE & F SR ERFDERIN—AEL D
VNIR el —75C, DoveD LSBT EBHE U/ NIFE TIZANURBESN TS, COZENS, HISUIOHIRZERUE
BRBNVREZREVATHDWMINVRBIRETEENIRTILF(HDVIF/NYRBIRBENA =) ETRIENEZ SN D 5.\
VEEERUADZEICEVINEUEERBLI VAT EORRERFICANDS CENEZSND,

X’()J—"f’@&%%’:f%iﬁl-"f@)ﬂﬁl ZRELASTERDN Y PR EEAE UD D HISUIDRRZE R FA CRRRECE /N

B SW‘R REMLFLEASTERDRERYE § 52 NEZ 515,

WRNICEREZ T THRENGHEH TH B0, TIREV Y DBGENEZ 51 S, AAMELTIE ASTERDTIRZ#HELS/N VR
ETBEENVRBERSTRDYICRIREILERES N2 OMEESN S,

ﬂﬁg a5 ﬂiﬁﬁ'\]@ L URZEREZ D ERmPBRRELIIUATHS.
A —A T RAETERBSFENBRL O DHINRERE T A 5L, Sentine-2D ARV IBR—DDORUFI—IEEZ SN,

FFICHISUIDERBEEMMES . BRI— LSO I —FE AT DL 25X 5L RABARDOR LIZEE TH5, — AT, $/\URY

HRISRRE IVF THNISEANEOIEKRIIFTEE TEH DAY, /\1/\—DHES(FZEEDBAEE DAL —RA T &, HISUILLEZBIET & F#U L.
—DDOHEEAMELTIE BEDEEIC LD IVRTEICLVEBEEM LZRS ENEZ SN S,
Ressaa) Sentinel®Landsat(dfEFL TRAISNT —IDELBERINTNEIENS, I—THT—IERLULTHATEENTES. X
i ANGHAZE 3 L EEEORRLER TH 5.

HFT) S REIER S Y ZER ST FTATER
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2.2 GHG 8RIAERE

GHG SHEMOFAETIL. GHG 812 BENL U-EEBES L Y DARY 752 F/E U, ISHITA
Ry VB R 2 AT, BHNEL 220 iREe % 28y L ToOH L. GHG BEEAMIZOWTOIRRS
Mr&aiTo77,

(1) @EENE

GHG &z B Uzt 3 0gEA R LT, TEHrEF 17— TE#5HEH (FTS) 1175
RIDH D, KFETIE. FBE G REXFIUTARY I DEE 1T/, 28, AENRLU-HEL
V2022 BETHEI R TI TS B IOMERETEN H S 2L LTV,

AR DOFEEE L UTIE, E., FAFEHE, BHKREHE, SRR, RO e, k(v A7 —
varmgE), ERER, T E(FE)FEL Uk,

(2) ARYIFHEE

1) [ERiEF

FHAEFIFAVY ML TRHTEARNTH S, HEBRD L S L2 RTDZEMIEHE BUS § 5
IZITHERINICERE T OBENH L HARTH S, GHG HHEEIZEEIFEFHRAVONTEY,
FAREAOEEELELUTIE, D ENVISAT XKED OCO-2 ENHSN TS, it F 2 A
W= GHG BEIEE/ vy OfRER‘ReR 2-18 ITRT,

*& 2-18 O FZEA\\: GHG SAIBE/ T OREERE

SCanning
Imaging
ENVISAT ' Absorption .
/SCIAMACHY R SpectroMeterfor ESA 0.240-2.238um 1000km 16kmx32km 1 358 2002%3H
Atmospheric
CHartographY

0Co-2 *E  QpineCoroon NASA 0.765-2.06m 10km 1.3x2,25km 1 168 2014F7H

Chinese Carbon

TANSAT WE D00k CMASIMIT  0.760-2.06um 20km 2x1km 1 ISSEE 20165128
Satellite Mission

TROPOspheric

Sentinel-5P ;
R Monitoring ESA 0.27-2.385um 2600km 7x7km 1 178 20175108
/TROPOMI Instrument
0Co-3 kE  Qpiting Carbon NASA 1.61-2.06um 13km 2.25x1.29km 1 16H 2019558
Sentinel-5 ,ﬂtgg[\’iﬁletr st@rh
(MetOp-SG A) B e ESA 0.27-2.385um 2670km 8x8km 3 298 (2021FLBIER
/UVNS Spectrometer T5EF)
Carbon Dioxide
MicroCarb TR Monitoring CNES 0.764-1.273um 9km 3x3 km 1 25H 2022F128
Mission
. Geostat . StiEch
GEOCARB HE  Carbon Observatory NASA 0.76-2.34um 2,800km 5-10km T EEEE Jho3m
Copernicus — SHE
. L " Anthropogenic N - 2|
Sentinel-7(CO2) Bk Carbon Diowide ESA (BANECO2) g 2 2 I (2025%)
onitoring

HFT) SIS Y ZER ST FTATER

2) J7—-)IZEBSIEH(FTS)

7 =) T HE (FTS) IR S W= BB O TR 2 EL. BERRIIN LT T
P 2T LT, ERIEDARI MV ERIE TS5 AR TH D, GHG BAIFEEIZSVTE FTS A
EEALTO DB Y . HEAD GOSAT YV —XENHHNTWS, FTS W= GHG il
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HE/ Y DFERRER 2-191TR7,

+& 2-19 FTS ZF\\/z GHG 8IEE/ o DRERR

BE/EYE ERXZA | PR BARERE B HigksyBRLE ERER |TLFDF
GOSAT Greenhousegases  MOE, JAXA, )
JTANSO-FTS |=F:S %l;sTeemtneg NIES 0.785-14.3um 160km 10.5 km 1 3H 200918
GOSAT-2 Greenhouse gases MOE, JAXA,
JTANSO-FTS-2 BE SOAE"TS:JI‘;S*QZ NIES 0.760-14.3 pm 160km 9.7km 1 6H 2018108
GOSAT-GW Greenhousegases  MOE, JAXA, TRAA _ _
JTANSO-3 2 STy NES —  (8asmcoz, cha,Noz) 20~911km — 3~T0km 1 3R 2023%
e 3.2-15.4 um
Aura " ropospheric (4 IFCORAIE 2 TIE
TES *E Spigrs;w::ter NASA etk Pl T Zdsze D-3-37km 0.5-2,3km 1 16H 2004%F78
Bse)
FY-3D geng Yhun 3D
- reennouse-
GRS FE  gaces Abeorngion  CMA* 0.75-2.35um 100 km 10km 1 68  2007#118
Spectrometer

HFT) SIS ZER SR FTATER

3) #AR

BRRDEIHFE T FTS DAM EETIIH /- BBE A RERA L2 3R EG LTS, flZIE
GHGSat #0f# 2 GHGSat 1INA/8—ART MV HIRHWGNE 777 - RO—F 5 %
FALUT, ARV ADBE R #T>T\3%, £/- CNES & DLR 2F %D T % MERLIN (&,
GHGSat #ERIUKAX Y HADEEZ BRE L TWEA, HENSL—F 7OV AR BE L TEFDOKE
BBl THL—FNNVAAREZRAL TS, L=/ UVZHERITIY | REOBHIA AR RS Z
X, REDFEL KRB UZBRINTZ25LLTW5,

FHREROE GHG BEEE/ oY OFERKEL2ER 2-20 1TR7,

*& 2-20 FAREA\\Z GHG BHIEE/ U OFEEZER

GHGSAT-D Greenhouse Gas e
hr4 Satellite - GHGSatit  Z777UXO—F#at  1.635-1.670um 15km 0.05km 1 148 2016F6H
(CLAIRE) Demonstrator
— Greenhouse Gas
GHGSAt-Cl 4y 5 “Cidlite- GHGSatit J7JUXO—F#E  1.635-1.670um  20km  0.025km 1 148 2020498
(Iris) Demonstrator-C1
- Greenhouse Gas
GHGSat-C2 hts Satellite - GHGSat#t  J7JUXO—T#st  1.635-1.670um 20km 0.025km 1 148 2021%F18
(Hugo) Demonstrator-C2
Greenhouse Gas StEh
GHGSat-CX  #1F4 pooeliter  GHGsatit 777UxO—F#3  1.635-1.670um  20km 0.025km 8 148 (2032)&%
C3.4,5 E
MERIN 75U Remete 1.64555 Al
>, Remote e d um
/IPDA LIDAR K7 sensingLidar DLR, CNES L—H—/ULR byers 50km 0.15km 1 288 (20%&%
Ission

HFT) SRR LS ZER ST IFTATMER

(3) GHG BllEE/ oY DlaRsh

BEE/ I ARy JHRERR e AWT, GHG BRIEMOEMZ o570, ERliEE Z2HE 2
fRREZ 28 T & R L=,

DfERER 2-22 1TR7 K 2-22 256, BN eke UTRER = - SHRllEOHEY
By MRH I LNDING, EFN - KE - HED GHG BEIEED ARy 7132253 f#RE 1~5km
MOELAIE 10km~#+ km DAY ZIZEENHEIEF LTS GHGSat EDHARDE
&Y EETIIEDREALIEA DD H HEEN DD,
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r 3
10000kmff - osssmmesoossooooo
. @R . i ‘ i
RHAQTOvEEHEE/ TV YDRRYIERLTNS
ZRYIICER S BHAE, THEEERLTNS | ‘GEOCARB
| Sentinel-5P, Sentinel-5P
BEROBENMUEZZARYIICHZBE. FHOBKRLE. ETD i
1000km}-  zummzmAsss 00 feeemeeeee- T B @ cvviseT
1 M
| | . Sentinel-7 . i
=] H | . GOSAT.GOSAT-2. GOSAT-GW
A 100kmp------------------- R L L L L e e L LT R e -FY¥=3D-------------d
5] I | | i
! ER ! | i
: MERLIN : : :
3 GHGSat-C : Aurs 3 i
! ! TANSAT 1 1
T0kmbp o GHGSatD | G, o
1 Erﬂﬁ : ‘ MicroCarb 1 :
i i R« K E - A E ‘ i
10m 100m Tkm 10km 100km
229 AReE

X 2-22 GHG ERIGEDEANE &= ZERIDRREED AR Y I DTSR
HFR) & EIBIRE D S ER AR

PLEDS IR & B GHG BEIEMOEMIZOWTEL DD,

B ZERSFRRE 1~Bkm M OEREIE 10km~#+ km DAY ZIZERM - KE - RE DR EA L
BHEFRL TN,

B GOSAT YV —XD5fRse - BHANEIXEMN  KEZF DT 2y b B U THBE N H S, £7-H
AZTTEHEFHEDET 3 EOT Y IMDH D LT R EHEENH S,

B HS 2VHICAVWSNS 77 7Y - RO—FiSEtH GHG 8HRIIZ AV O, EaREE(EAYEAT
W5,

2.3 BIEEMERE

2.3.1 REME

BEFEMRAECIK BEHEDSS, #HiIkiE#HE L TERINS [oT B2 (KEEEH CRIEEHE
EMAHEZ: LORA X LPWA IZRIG T2 8D & &) &, K AIS LEEENS VDES (VHF 57—4
RV AT L)EEIZEBL KFEENLEDL SR —EAZRELTHN2D0, £S5 ERETF
ETHIDONEFHEL,

RIZ IoT HEFHEELUTEY LT ARED—EH 2L U ITU IZBITE 771V 7RI (R
INTVWBEE. ITUICBII2HEBEDZEES) 2 FHE L.

F/- AFHETEY LT [oT HEFEE RV VDES HEFEEENINZTIITL LT -FES
WEREL, TOHBEERALEEIZDOWTERE L.
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2.3.2 BEEKiERE

(1) HAENR—E

RBERMAETIE, HIKMEPEFEICLD [0T Y—CRAZBURMBEL TS, I35 %EHZ
FELTCWSER [0T BMEFEFRE 14 H2flENR LUk BXES B4, AV ATV—Vav4 &
B BEDIT EIPRIER 2-211TRT,

* 2-21 BEFNAETHREUEL loT BIZEXE
N e e e

Swarm Technologiestt KE SpaceBee 1501 1218 T EIFE(2018F1 8128 ~)
Orbcommit HKE 0G2 17 1THET LI

Iridiumtt HKE Iridium NEXT 661 66HHT LITEH

Spire Global#t KE Lemur 150 11 0H#EBFT_EI5EH

Omnispace#t KE Omnispace WA2151  FRIT L

Lynk Globaltt KE Lynk 5,000% SHT EIFEA(2018FE12H5H~)
Kepler Communications#t hrs Kepler 1401 15847 EIFE(2018F1R198~)
Kineis#t T3 Kineis 251 FHT L. 2023FE0 ST LIFFRE
Astrocastit 212 Astrocast 100 10#4T LIFE(20185F12A38~)
Myriotatt F—AFSUF  Myriota 501 T EIFE(20215E3B228)
Fleet Space Technologies#t #—2AR3UF  Fleet Space 1408 OWFT LI EA(2018F11H11E~)
Lacuna Space#t b | Lacuna 364 ABHT EIF5EAH(2019F4818~)
ItFREEERR AT HhE Fe&(Apocalypse) 38 14857 EIFE(2018F108298~)
R TSFIEAEER (Geely) HhE =Hl(Geely) TEA FAT LS

HFT) SEERL & BT =R ETERATER

B, fERiLY IoT HEIVATL—aryOEEEEE LTV /=454 D Hiber #id, 2021 &£
9 BIZEEEE2MALTVWAIENS, KFEDONEMAL U,

[FI#kIZ. VDES @22 BUIT EIFEA, 2347 LIFstE%2E 954 VDES BEHEE 4 tt%
RENGE U, EEES, BL, BEL, BEME BEQIT EPRRER 2-22 1TRT,

& 2-22 BERMNABRTHNREU: VDES BEEFE

BI(NOSA) SIE= : -
NorSat-TD 1H% FT L. 2022F ST LIFFE
SSTL i VESTA i fILEFA(20185F12A3H)
AAC Clyde _ i i . e
Spacett i NJORD-1 B FHT LI, 20225 SRR =T LT TR

HFT) R EE R B = E R AT AR

LEROEEEITONT, UT. ERERTS
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1) Swarm Technologies $t

Swarm Technologies #tid, 2017 FIZRIZE U/ KE %2 At TOEEFEETH D, FLIE
INBUE R 150 NSRRI NS 0T HEIVATL—YavDEE2BIEL T\ 5, EttIZ20184FLL
B, /B ToT &2 SpaceBee % 121 875 EIF T3, 748, SpaceBee (FAX XL 11 X 11 X
2.8cm TEX|X 400g L) /NLDEETH S,

SpaceBee BEDREFEFIL, ¥V 137-138 MHz, 7Y 7V 148-149.95 MHz M
VHF N RTHY)., BEEEIL 1 kbps THD,

Fttik, 2021 € 2 BIZEEY —EAEBBLTWS, HERSEIN TS, Swarm Tile &
Swarm Eval Kit @ 2 DT N1 A (K 2-24, K 2-25 2R)DWFhirEEAL, BEE 5 NV
EXHHZIZEY, IoT BEY—EANFATXS, Swarm Tile (&, XX 35358.7 x 27.4 x 6.0
mm, EX 14g, fHRIZ1I19RVTHY, Swarm Eval Kit i KZXBZNSARY R/ TV TF&2kE 32
X 26 x 8 cm, EX 2.6kg. flit&l% 499 NIV TH 5, FttDY —E AL, B, IEFE, TLF— &
B EEEICB AR EMEE I N TS, B Bt D — 27— 2L LT, ElE . Keefd
HEE=_2V ) EREEY AT A, -V RF—2OI AT I A, BYREH, BAaZEIMEEIN
T3,

2021 & 7 B, Swarm Technologies #:4 SpaceX #DELFE&iHLREIENFERIN,

2-23 1\BY |oT &£ SpaceBee D5
HiFr) Swarm Technologies Our Technology https://swarm.space/our-technology/ (20224 2 A 9 HEIE)

'SWARM FE CE

" Model: TILEOT
Rating: 3.3VDC, 1A &
Prou? : TILE E E
FCC ID: 2AVEQ-TILED1 N2
ic: 25817 -TILEO"

435 N Mlunll Rd Ste 100 .
L Ilounldn vm: cA USA F-00ASS

2-24 @{SiHR Swarm Tile
HiFf) Swarm Technologies Swarm M138 Modem https://swarm.space/swarm-ml138-modem/ (2022% 2 B 9 H
FE)
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2-25 @fSif>k Swarm Eval Kit
H7f) Swarm Technologies Swarm Eval Kit https://swarm.space/swarm-eval-kit/ (20224 2 B 9 HRHE)

2) Orbcomm %t

Orbcomm #tik, 1993 FIZAIZE U/ KE 2 A UL THHEFEETH D, At HELYH
T—=2 N T—2v NT—INOERINS [oT Ay v —2 0T EERAN—RYV =7 ROV 7 =7
ERELTHS,

Ffti%, BEXY N7—22 LT, EICHMD OG22 3V AFL—yay (VHF NUR), IS—hF—1b ¥
Inmarsat #DF IEE 212X 5 IsatData Pro 3 —Y A (L NNVR) 2 LT3,

OG2 AVATFL—yave@EwiTHoH Bk OG2 Modem DAX X% 40 X 70 x 10.5 mm,
IsatData Pro &3&E#175# LR ST 6100 Tl 12.6 x12.6 x4.9 cm &> TW5 (X 2-26,
2-27 218).,

F/-[FAttid AT&T #. Orange #t. Rogers f£ELDIREIZLD VT —2y NT—JERH LTS
D, BHDT a7 NVE—RINAZEFATEILIZEY, HEIY NI =28 5—2y NI — T & /A
BDOEFAEFTEETH D, AttDOY —C AL BEFER, a—)VRFz—2, B, BE 05—,
BENRFEIIBIBFHAMNMEEIN TS, RICEFREIIZOWTIL, EHAIAMIBEE £E SR L,
RIAN—DEERIMEEARE IR E E £ BYDLF o) T ZeMigh, OV AT v 7 A& B L
B —C A LEOMAMEEIN TS,

F#ti% Inmarsat #h& DR#EE 2035 FEFTEREL, KRV —E A OGx DHELEELEDH TS,
Ogx Tlk, S&IT EIFFED Inmarsat-6(1-6) IV ATFL—YavEERAL, BEEF—EANS 40
FOEERLER DL INTNS,
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2-26 0G2 dVZATFTL—3 At Lk k 0G2 Modem

HiFRr) Orbcomm OG2 AND OGi MODEMS https://www.orbcomm.com/PDF/datasheet/OG2-OG-ISAT-Satellite-
Modems.pdf (20224 2 B 9 HHE)

Ha

‘ -

2-27 IsatData Pro th—E X Fith_EiiwK ST 6100
HiF) Orbcomm ST 6100 https://www.orbcomm.com/PDF/datasheet/st-6100.pdf (20224 2 B 9 HEIE)

3) Iridium %t

Iridium #id, 2001 FICAIZE UK E %2 AU T2HEFEETH D, FALIIEE 66 HhoiE
RINSAVATL—VavEERLTEY, HE 10T Y—CREELEE T34V —EAREMLT
W3,

Fttid, B#D%E 1 #HRAVAFL—rare2RE 95 Iridium Next AV A7V —YavDT EiF
% 2017 FIZFAIAL, 2019 FITHEEEE T Uz, Iridium Next IV AFL—YaVGEREE 66
B ARTEER 9 OSBRI NTSY. | HVDEEIX 860kg THD, Iridium FEDEHE
FELNYRTHY, @EHEEIL 100 Kbps THd,

7= Iridium FE L BE 275 H1 LR Iridium Edge 13A%X53130 x 80 x 30 mm, EEX
320g THB (X 2-29 2R).,

FEtEDY—ERIL, MBEE. Bk, B A AA =71V 7+, BERFIIBIISFAMEEINT
W5, BT BE ST Tl BERFEE, ROAN—OXT 71871, EMER. 22 BN EEDHH
MEEINTVS,
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Aireon Payload

Cross Link
Antennas
Ka-band

Solar Array
Wing

Feeder link antennas
Ka-band
Deployed “Wingspan” 9.4m
Weight: approx. 860 kg  Stowed Dimensions: 3.1m x 2.4m X 1.5m

2-28 Iridium %@ Iridium Next &£

H A ) Iridium Iridium NEXT: A Global Effort to Launch the Future of Global Communications
https://www.iridium.com/blog/2013/04/19/iridium-next-a-global-effort-to-launch-the-future-of-
global-communications/ (20224 2 A 9 HEE)

2-29 Iridium D E 10T iR Iridium Edge
HA) Iridium Iridium Edge https://www.iridium.com/products/iridium-edge/ (20224 2 B 9 HE&)

4) Spire Global #t

Spire Global #ti%, 2012 FIZAZEU/KEHE2 AL THEFEEETHD, FtLIVNIEE
I50BMOERINSG AV ATL—Va v DBELBIELTEY  BET -4 RUO7 ) 74 7 ADRH
E{ToT\\5, R 2013 FLARE, 110 #EBOEEEITH EIF T3,

Spire # Lemur 2%, AXXM 10 x 10 x 34.5 cm, EX 4.6kg THY. BEEEEIF UHF N
YRE S NURTH2 GRIERBITITH) . AR —E AL BE S& ME HESSVE
74— LRBEDOFEEHE Y A, BUF. 1R - KKEDRET — 2 ZFDHIRA TV Y 2V RATH T 57
RAMEEINTVS, IBESETIE, Maritime 2.0 3 —EADE L, AIS T —& & INE L 2ERAMNE
BT — 2RO E TR L TV B,

2021 £ 9 A, Spire Global #ti% IoT HEI VATV —Yav D% Bi5 3@ D Myriota #t
LIRETH I 2 F R U/, Myriota #tid, Spire #DEEEERATLHILICLY . AENDIAMER
B IoT ¥ —CREAT—IV I HIET,
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2-30 Spire #tDINEIEE Lemur
Hi7fr) Spire The Low Earth Multi-Use Receiver (LEMUR) https://spire.com/spirepedia/low-earth-multi-use-
receiver/ (20224 2 B 9 &)

Data collected from Unique coverage in Convenient delivery Continuously growing Added value with
multiple sources high-traffic zones methods infrastructure Maritime Weather
We combine Satellite AlS. Dynamic AIS™ collects data in We deliver live maritime New satellites added to our Combine AlS-based data with
Terrestrial AlS and Dynamic busy shipping lanes, providing tracking data through easy-to- constellation each year means a Spire Weather's forecasts API,
AIS™ to provide wide coverage unprecedented coverage use APIs or live feeds (TCP raw constant increase of quantity putting radio occultation data at
and give our customers a especially in the most NMEA). as well as custom and quality of data delivered the heart of your operational
serious competitive edge. cangested areas historical data file delivery. and reduced latency. decision-making.

2-31 Spire L DBFF—EXDFEH
HAf) Spire Maritime https://spire.com/maritime/ (20224 2 B 9 HEIE)

5) Omnispace %t

Omnispace ftid, 2012 FIZRIZEU/KE 2 AUt TORHEFEEZE TH D, Ftid HRAD
2R 5G BE Y NV —IDEEEHIEL T\,

FEtE AR E D DN Ty RAy NI —27 Tk, BERBEEEE O LAy N — 7 L [EtDIEE:
IEEEIVATL—YavaEfiAaebt, £FROHSWBFT 5G Bz EHR TS, EFHLEE Y
N7 — 2 DRI, BHLEEERA 200 O OFHEHERA 15 AIVEEIN TV,

[FEttDREEEEIE S NV R (2 GHz %) THh 5 GBREEREIFRH) Aty —L AR avya—v,
2, BT, [oT FIZST2FAMNEEINT WS, [0T 28 TIE, MAMERE. 27TV RI— 7
Ty MBS B A — M Y7 IEIIBITAFAMNEEIN TS,

E#ti% 2020 & 4 B, EFREFHEIVATL—VavEiln S abix1 FINEEE 2 #% Thales
Alenia Space #HIZ¥#iE LT\ (Thales #tik NanoAvionics #:0 12U #FE/NA M12P % %A
F 7€), Omnispace #tid 2022 FEHBEICRFEE TS LIS, REFIHIEIY —C ADRM % BtAT
LEIETH D,
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5. en® § N o~ lale [
2-32 BERBEEEEDM LY NT—IEHERY NI—0EBEHFANE T Omnispace (ED/\A TR
YR T—IDA A=

Hi7r) Omnispace How global hybrid mobile connectivity works https://omnispace.com/network/ (20224 2 H
9 HHE)

A

Global reach Total reliability Remarkable

Seamless satellite/mobile integration Get the resiliency, capacity and 5|mpI|0|ty

ensures continuous connectivity for reliability you need to get accurate, Delivers data direct from device to

every asset around the giobe. timely information without interruption. cloud, in real-time, everywhere you
need it.

2-33 Omnispace ftD/\A T YRRXYRT—=oD loT T—EZX@EIFFADX )V
HiFR) Omnispace Powering IoT on a global scale https://omnispace.com/solutions/ (20224 2 H 9 HEE)

6) Lynk Global #t

Lynk Global i, 2017HEIZAIZE U/ KE 2 AUt §OREFHEE THD, FrLiL HBRKEHE
BAVATL—Ya v e BEEL, —ROBEEEENERER AR E 70— NNV RERY —E 2D
REEEEL TS, FAIaVATL—Yavid, REIZIE 5,000 #irHle 3222 BIEL TS, [
i 2018 FELAFE, hATY RR_RAO— R &2 &0 B 5 #E2T5 EIF W5,

FEHNEEOBREBEEEELIRIET LT, 2—FIIBENREEEEDM EINLY YA TIE
FEEZEENS, H EANVY IS TIE Lynk HOBEEIVATL—2ayinsaARI 71871 2R T
X5FEL 2> TS, —~BOEFBEFEMITOBEIRITAETAMNERTIILITEY, SKERIS,
T IBINTINA RDERH ., ENAIVRF T —E ADIERENDFHAIEE I N TS,

2021 £ 5 A, FAftid FCC T L. EFEFANDEHE IR T T 1 21T 24HABER (10
BT DGRFFEET o7, HERTIE MEDREEHL LT, 15 X 100 X 100cm(55kg). 15 X 1
50 X 150cm(85kg) D 2 fEENRINT VS,

2021 £ 11 B, RAfIEYIVOBEREFEEESE Unitel LB/ — Iy T2 ZREEL.
2022 ENSEVINANIFEEIR I TAET4 Y — AR FETH S, Lynk Global #iLF
BROZL & NN ORI R Y 7)) AR E OB EREFEEZELEMIELTVD,

I FCC SAT-LOA-20210511-00064 https://licensing.fcc.gov/cgi-
bin/ws.exe/prod/ib/forms/reports/swr031b.hts?q set=V_SITE ANTENNA FREQ.file numberC/File+Nu
mber/%3D/SATLOA2021051100064&prepare=&column=V SITE ANTENNA FREQ.file numberC/File+
Number (20224 2 A 9 HE&)
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2-34 Lynk Global 11 &% BEICFR U THEEZEDAH N ER CIDIRE () E—ROIEFEEN SR
TEDRREB)DAA=T
Hifr) Lynk Global The World’s Problem & Lynk’s Solution https://lynk.world/our-technology (2022 2 H 9
HEE)

7) Kepler Communications #t

Kepler Communications #tik, 2015FIZRIFE LA F X &R UL THHEFEEETH D, H
TN E 140 DO OIS [oTEE IV ATV —ay O HIEL TS, F#IF2018
FELE, /NI E KIPP, CASE, TARS, GENI1 %25t 15 #4775 _EIF T3,

EEED AKX XL, KIPP X0 CASE 310 x 10 x 30 cm, TARS 10 x 20 x 30cm, GEN1
MN10x 22 x 36 cm TH5,

Bt OB EDREEEEIX, #7V 2 10.7-12.7 GHz, 7Y 7V 14.0-14.5 GHz ® Ku /N
YRTHY, 2019 FEIFBEFERELLTEIY Y 38 Mbps, 7v7V>2 120 Mbps DEFEIZ
BIU7=,

FEHDOP—L 2L LT, HE [oT ¥ —E A EverywhereloT, EH7 Y b D) VIV EA LES:
P —U 2 AETHER, KB 8T —Xin%E Y —Y 2 Global Data Service d 3 fEEEN M T EL 4o
TW5, AT —C AL, B, MEHF. fE-BE. OV A7 7 A - 7Ry MNEE, BT 2R AN
HEIN TV IOV ATA I A7y MEHDL—Ar— AL UT, 71y ME# EME=2Y >V
7 FHURENRINT NS,

Fttid, 2 BEEDIVATL—YareUT 360 BAEHRIOTO—NNYRIVATL—Ya EEHEL
TW3,

2-35 Kepler $1D/\EY loT &2 GEN1
HiFr)Kepler Communications GENI https://kepler.space/network/ (20224 2 B 9 HHE)
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FLEXIBLE DATA GLOBAL COVERAGE BI-DIRECTIONAL

You can expect more with Kepler. Delivering A truly global service, that is available where Devices can send and receive data for
more data per device than any other satellite ever your loT devices may be. configuration and firmware updates,
service. increasing the utility of IoT deployments.

2-36 Kepler $tMD&EE 10T h—EX EverywhereloT D4FE
H{Ff)Kepler Communications EverywhereloT https://kepler.space/everywhere-iot/ (20224 2 B 9 HFE)

8) Kineis tt

Kineis #tid, 2019 FIZBIZE LTS5 A2 AU TREEEEETH S, Rttt F/¥vh 25
HEMSTERINDEUNFID [oT BHEIVATL—ravDEEE2HIEL TV,

75 A CNES & Collecte Localisation Satellites (CLS)#tizkd 2019 FEIZAIZE XN, ]
£ CLS #2ERA LTS ARGOS ¥ A7 ADER 2RI Kinesis fEAMES FEL B> TV D,

Kineis #0 [oT avAFL—Yavid, ARGOS Y AT A EMEL, [0T Y —E AL 2 H /- 25
2R TAILEEIET [ 0T aVATL—ravid, B, iE, B BE NEXE BANEE.
IV NT =2 AV 75 EiEk - OV AT 7 AHB T BRI APEEINT VS,

Kineis #0 IoT HELEEE2TOHM EFY 7Y MIHLTH 7 X 7 mm BOKEXTHS (K
2-37 28),

@D IoT #EIX, IoT @ERHD 401 MHz E3Z0 UHF NV R7 U5+ RO —ZdikFHD S N
YRV UTF BB, —EHOBKIZISIZ AIS EEINERMD VHF VU5 FEEETLFETHD
CBEEEIITREA), FIX2023F5 2 FUEEHIC 1 BIEOIT LI 2 FrE LT\, T EIFIZ Rocket
Lab #o Electron 0y MITEEXN, 5 DIV a v T 25 EA1TH LTSN EEEE >T
Wd,

\\x/

2-37 Kinesis ftDM EF Y T2 YDA KX—
HiFr)Kineis The Chipset https://www.kineis.com/en/a-technology/ (20224 2 B 9 HEE)

Your industry

O ¥ TV

Maritime agriculture Outdoor \ e
Humanitarian activities Networks & &0

Infrastructures
Sciences & Transport &

Environnement logistics

2-38 Kinesis 1D loT BENEE T SFIADE
HA)Kineis Your Industry https://www.kineis.com/en/ (202242 B 9 HREE)
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9) Astrocast #t

Astrocast ftid, 2014 FIZAFEUZAA A2 AL THMEFEEETH D, AL, F/P¥vh
100 0ok INS [oT BEIVATL—YavOEE2EIELTWS, FfIZ20184, 2019 &£
IZEIMEE %2 1 69O H BT, 2021 2 I0T VAT —yav R T2 EREE 25 10 #4T
b EFTNS,

Astrocast #DEEDREFEFIL L NV RTHY, NewSpace £ED [oT HIRK#E Y T —
e UT LNV RY—EADREE FELTODDIEEDATH S GBIEEEITTHA) .

Astrocast #:0D IoT 2L BE2THH EEY2—)L Astronode S DAXX1E 35 x 31 x 4.1
mm TH2 (K 2-40 ),

EttDY—E AL, M, BIE, 1R, AlMA A, A3 7Ty RE—2)0, B¥ -ZEICB M ERY
Y MERENMEEINT VS,

Astrocast ftik 2021 £ 8 B, 2—U0 I AN AAOHHIZ EFH L, 2024 FEXRFTIZ 100 #EK
#DAV ATV —Yay e BRI ERFAELMEIE TS,

2-39 Astrocast {tH\FFY D 5kg fRFT /Y EDAX—T

HiFf) Astrocast Swiss-made state-of-the-art nanosatellite IoT network
https://www.astrocast.com/technology/ (20224 2 H 9 HHEE)

2-40 Astrocast #t® loT £ 1—JU Astronode S
HiFfr) Astrocast Astronode S https://www.astrocast.com/products/astronode-s/ (20224 2 H 9 HHE)

10) Myriota %t

Myrioita ftid. 2015 FEIZRIZE LA —ANSV T 2 A lhe T5HEEEETH S, FttE F/
Hwh 50 ENSIEBRINS OT HEIVATFL—YayDiEEs BT\, FfIE 2021 £ 3 H.
Bt A DEE Myriota 7 23T EIF T3,
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Myriota #t D& E D B REHIZ UHF NV R, VHF N RTH B GEEREIZREA), Rty —¥
Al B ENE - OV AT I A VEVE, B IR B, 2TV T FICBII AR AMEEINT
W5, RRTERE - OV ATV ARETIE, 7y MER, RIER, =V RY—T U ROEW M —H )
T4 N— DTSV =27 i, EORAWE, ATV YV NEEEMEE I T\,

Fttik, 2021 £ 3 BOBHEEDIT EIFICEY  KEE AFZAIHIEZE 10T Y —E A& BAL
T2 BB A— AN T Za—Y—F Y REIHIZ N— N —BEDEHELFEAL. ZNURINS
P—EAPREINTNS,

2021 £ 9 AiZlZ, Myriota #A81iRD Spire Global HAMRET B e NFER XN/, FHIE
Spire DEHEEER T LI AFENDIAAMIEE 0T Y —EL AR AT —IIE5IL % H
LTV,

2-41 Myriota ¥t Myriota 7 &£
Hi7r)Nanosat Database Myriota https://www.nanosats.eu/sat/myriota (20224 2 H 9 HEIE)

r - — = — T —2 o § —
1 M
< |
Myriota loT Satellite § ‘

Module Connectivity B |

]

o

|
B T — . —— . —

2-42 Myriota Db _FimZR Myriota Module
HiF) Myriota Products https://myriota.com/products/ (20224 2 B 9 HRHE)

11)Fleet Space Technologies #t

Fleet Space Technologies #tid, 2015 FEIZRIZEL/-A— ANV T 2 AL THHEFEE
Tdhd.F/Hvh 140 #BMNSEEINS 0T HEIVATL—YaryOlEL2 BIEL TS, [tk
2018 LA, Proxima 1& 2, Centauri 1~4 67455 6 BOBEZITH EIF T3,

Fleet H£DOEEDREBREHIZ L NURe S NURTH S (GRIEEEIIFRHA), RLDY—L 2RI,
2—F1VU T+, TR, BFEFICBFAMEIEIN TS,

E Tl BEEEIV ATV —YaroiEh, Iridium 4t Orbcomm #& &$H#L, 2019 £ 5
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AMNORE%EY — AR LTS,
REIDFT EIFLUT, 2022 FEITEBHEDIT EIT2EHE LT\, ElftiE 2027F £ TIZ 140 K
FOEEIVATL—Va v DBERERTTH5FELLTNS,

2-43 Fleet ftDHEEAX—T
HiFf)Fleet Space Technologies About us https://fleetspace.com/about (20224 2 A 9 HEE)

2-44 T —/\,LoRaWAN 7'—hr I  BEET LDHREEIRE U Fleet 2D The Portal 7/\1 X
Hi7f)Fleet Space Technologies The Portal https://fleetspace.com/portal (20224 2 5 9 HEE)

12) Lacuna Space tt

Lacuna Space ftid, 2017 FIZAIZE U EE 2 AL TOHEFHEETH D, FttE, F/ 9y
N S6HEMSEBRIND [OTHEIVATL—avDEEL2BIEL TS, Fid 2019 E£LAE, & 4
BOBEEITH EIF T3,

4k, ESA @ ARTES (Advanced Research in Telecommunications Systems) 7112
ILREEFHT (UKSA) DZEEZIT TS,

FEttOEEIX LoRaWAN DREIFEEF 2 FERA L GBEEREIZRH). BHEEIV AT —Yarvk
EEBELZTIHETH S, AEOY—ERIZ, A — EE, 7Y MEEF, V7IVEA L REERE
IZBITBFAMEEINT VS,

Fftid, 2022 FERETIZIHAFIDEE IV ATL—Vav OEE LR T T FELL TN,
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2-45 Lacuna Space ttD#1_Fim>R
Hiffr) Lacuna Space Connecting sensors https://lacuna.space/ (20224 2 H 9 HHEE)

2-46 Lacuna Space 1t LS-3 &2

H Fir ) NanoAvionics NanoAvionics launches second satellite for Lacuna Space’s growing IoT satellite
constellation https://nanoavionics.com/news/nanoavionics-launches-second-satellite-for-lacuna-
spaces-growing-iot-satellite-constellation/ (20224 2 B 9 HEE)

13) TEtREESHASERAE

tREEESRBEARAT (EESEE)IE. 2015 FIZAIELAHEZ2NEL TEIMEFHLET
H5, Bt F /v b 38 #ENSHERINS 10T HEIVATL—YavoEEs2 HIELTWS, [
1% 2018 ELIR%, K& (Apocalypse)FHEYVV—X %5 14 #4TH LI T3,

ElItDEEDEREF L UHF NURTHY, BEFEE (L)X 7 Kbps THS, FEDY—E R
I3, A —DNEZE, Wik - Wi, G- TA, BHRM [RE., BE BEFIZSTHAMNMEEINTH
5,

Elfti% 2022 FEFXRFTIZ SIS BMAEIDBEE IV AT —av EHEEEL ., i EXy NI — 2 B 2
"N — 2B U E 0T y—E A2 2D —FIZRMTEFETH S,
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2-47 EESRDOXZE (Apocalypse) FE
HAf) Nanosat Database Tiandai https://www.nanosats.eu/sat/tianqi (20224 2 B 9 HEE)

2-48 EESRIOH_EIEFH TQZD-01

HAN BESR B2 http://guodiangaoke.com/web/dist/index.html#/terminal AndAntennaList (20224 2
H 9 HEE)

14) I SFHERRER (Geely)

WL S RMIZEER (Geely) ik, 1986 FICRIEL-HE L AL T5HBETHY, FEDKFH
BB A — A FHFRE (Geely Automobile) DEE#ETHd, BENEE 2 ZETLIHEIV AT —
TVavOEEEEEL T\,

FEttDIAVATL—arTld, BENEERE KB H-0ODME,. IX 7T T+, BIEDRMAVE
EINTWED, BEBEL T LT BT, BEEEZEOFHEMIITHATH D,

Geely 1113 20214 10 A, HIE &M D B EEREERIC CTHEEDEE 2 M U7z, R
TIXERM 500 HOELENATREL XN T\ B, [tk 2018 FEICHIBKEHLER ZEDREF. T LI, EHA
DS T2 - TR ZEE R (Geespace) %, 2019 FIEEDOHEZHES T2t EMNEEE
R 2R U THY ., LML Tl Geespace #AFEFKL-EE S S MEEEHRENEETS
ZEERo T3,

2021 £ 12 H. Geely {£OEE 2 #H5F 1A 07y NCERBEERN LV EZ—00H EITFS
N7z, T BT IR R e Ro 72, 728, Geely #DAV ATV —Yay 2GR 5 HBHRIA R
GEETRACKER &RIFEINTEY, AXXHV100 x 84 x 25mm, EXA 2708 THS (K 2-50
ZH),
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7= Geely #Hid, EiRDEIEIFFNZ 2021 £ 1 B, 41.2 B 732 BH) =2 H/KEL., ILREE
EfICTENERE A Z— 2y N OV b EIFAIL R FHRL TS,

2-49 Geespace {1t GSP100 BE TSV I#4—LA
Hi7) Geespace GSP100 http://www.geespace.com/satellite/gspl00/ (2022F 2 5 9 HHEE)

2-50 Geespace fTDEHEAfIIRA R GEETRACKER
HiFf) Geespace GEETRACKER http://www.geespace.com/product/geetracker/ (20224 2 A 9 HREE)

15) J o 1 —FHiEERE(NOSA)

IV z—FH L2 —(NOSA) I, 1987 FIZRMLINZ/ NIz —DEMNFHEETH S,
2019 £, B/ VD 2 —FH LY 2 — (NSC) MO HEDAFMIERE I Nz,

NOSA 132017 £ 7 A 14 H., VDES ZEi[& £ Norsat-2 OFT EIFIZARINL ., TESEH & ik
LT3, Norsat-2 DFEids® 2-23 DB THD, NorSat-2 12id VDES @5 2 Kongsberg
Seatex f#D VDES RATO—RAMEEHINTEY ., AKRKT VT FHFRERAIN TS,

& 2-23 Norsat-2 D3ETT

IHH NE

YA 20 x 30 x 40 cm

BE 16.7 kg

VDES ##DEE 1.5 kg

A 56 W

& =& 600km (K5 [F HA#,E)
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ERE G VHF NV R

VDES transmit band:
161.7875-161.9375 MHz
VDES receive band:
157.1875-157.3375 MHz
BIEEE finfir~fnfafd: 38.4~115.2 kbps
finfa~®&2M: 2.1~140 kbps

H{ A ) eoPortal Directory NorSat-1 & NorSat-2 https://directory.eoportal.org/web/eoportal/satellite-
missions/n/norsat-1-2, Norwegian Space Centre Norsast-2 http://nfas.autonomous-ship.org/wp-
content/uploads/2020/09/6 mikrosat.pdf (20224 2 B 9 HEIE)

2-51 NOSA O Norsat-2 HE2

H Fr ) eoPortal Directory NorSat-1 & NorSat-2 https://directory.eoportal.org/web/eoportal/satellite-
missions/n/norsat-1-2 (202242 5 9 HEE)

NOSA 13F7-. Fi/-2HitiEi% Norsat-TD #E% 2022 FEIZITH LTS FETH D GEmlE
ARBH), Norsat-TD {ZiZ. Norsat-2 ® VDES R10— RN BARAHEE X5, Norsat-2 LA
A TGEAIN, IV o —ERIC BT 3@ EREH D&k 2 X->TW\W5,

2-52 NOSA O Norsat-TD FE

Hi{FR) eoPortal Directory Norsat-TD https://directory.eoportal.org/web/eoportal/satellite-missions/n/norsat-
td (20222 A 9 HEE)
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16) Surrey Satellite Technology Ltd (SSTL)#t

Surrey Satellite Technology Ltd(SSTL)#ti%. 1985 FIZRIZEU-EERZETHY ., /NEE
B 858, BB ERE TEFHII TV,

VDES RAO—R&HERTS/-DDFAMEIEIvYay VESTA Tld, SSTL &G U/-EHEN
21z, ExactEARTH #0EHEE 2 AT —Ya V@i Honeywell #:23558% L7~ VDES ~_o
O—RAMEE I Nz, VESTA & 3U 1 ADF /)%y NT, EXIE 4kg THY, EFR VHF 757
LTS GBEEEIZTH) . EAIE SSTL #AYT> TV 5,

VESTA Iv¥avid, 2018 12 A 3 HIZ SpaceX £t Falcon 9 by MITEE 575kmD
KGRI EIZIT S EIFohrk, AIvyyavik, ZEEFHFT (UKSA)D National Space
Technology Programme (NSTP)IZk2&&#R#DE L Honeywell #:A3FEE L,

2-53 VESTA &8

H B ) SSTL VESTA: Launched 2018 https://www.sstl.co.uk/space-portfolio/launched-missions/2010-
2019/vesta-launched-2018 (202242 B 9 HEE)

2-54 VESTA BEDRHFDAA—T
H Fr ) Honeywell VESTA Demonstrates Our Nanosat Capabilities and Connectivity Expertise
https://aerospace.honeywell.com/us/en/learn/about-us/blogs/vesta-demonstrates-our-nanosat-
capabilities (20224 2 B 9 HREE)
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17) AAC Clyde Space tt

AAC Clyde Space ftid, 2005 FIZAIZE U HEE 2 Al 35/ NUEEA—ATH 5,

2020 & 8 A. AAC Clyde Space ftiZ, kE Orbcomm #t, AV x—7> Saab &R,
2022 ¥R VDES HEDEFH NJORD-1 216 EIF 55THEI 2 F&K L7-, AAC Clyde Space
#MEERFS. Saab #2Y VDES R0 —RFFS. Orbcomm #A237 —XEF 2% 925 GBEHRE
IETRH) , AV z—F 358 F (Swedish Transport Administration) 3, AAC Clyde Space #t
IZEBEERFIC 1,220 H7u—F () 1.6 EA) 2 RHETEIEIREL TSN FAENSDESR
REIRARINCIX 1,700 Fro—7 (8 2.3 BA)IZDIZS A EEEERBINT WD,

A7OTIME 2020 F 10 BIZBHBL, 2022 FERIRTETHELZITH EIF, 2023 £55 1 1441
ICHE EEIAR5E T 5 FETHD, FEIEE 1 EL U, MR VDES 22V AT —Y 3
VEIBETIHEL RS TWS, GEHEHNER KA 100 BEELRDZLEMFTINTNED, HEEET
IERBELINTVS,

2021 £ 10 A, 3 &lX MoU &L, AEUEEZ AOS &g U TRIERIEFRBEY — Y ADEM
EEIETIENRRIN-,

2-55 AAC Clyde Space (D& 2/ X Epic 3U
HiFr) SatCatalog EPIC 3U https://www.satcatalog.com/component/epic-3u/ (20224 2 H 9 HHE)

2-56 fiMfiai&EL VDES R/O—R R60 VDES Base Station

Hifr) Saab R60 VDES Base Station https://www.saab.com/products/r60-vdes-base-station (2022&€ 2 H 9 H
FE)

18) Sternula

Sternula i, 2019 FIZAEU-T VY —2 2Rl T5HEFEETHS, FttiL VDES
HE 60 MSERINDIVATL—YavOEER2BEIEL TV,

Fthid, BEEE 0T 2Av N — % BF L. B /At —E A2 EFE 925 MARIOT 70s I A4
DY)—REETHZ, ATOTILTIE, 2022 FIZT EIFFED Sternula #HDELEHFHE
MARIOT-1 B XN5, MARIOT 7022 Ak, Innovation Fund Denmark 5 2,000 7
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7u—% (% 3.6 BH) DXEEZIT TS,

2021 £ 6 AiZl&, Sternula AV I—~F—E2 2 12 VDES Living Lab 70y =7 &31H
EIFBZenHERINS, A7OT 7 MNTIE VDES EMfIZET5 T YR — A& HEBRTX ST A
MY REFFET D,

Ethid, ¥HSEERRE N D52 BT T 7V ADE 4 (H—F Y- LA 1) DT VDES ¥—
CAZRMTHIRE L BT LTS, Bt 2022 EOBEAAOEEIT LT, 2023 FiZidse
BRIREDY - 2 E BT ETH 5,

L
MARIOT *

2-57 MARIOT O3 ALICKD VDES BIEEMMADBIEAX—
Hi7f) Sternula Maritime IoT using small satellites - MARIOT https://www.sternula.com/index.php/maritime-
iot-mariot/ (20224 2 A 9 HEE)

Go o
1 satelite <'k_—]
S G b
%’> +4 satellites at g0
- n e
B @ cm
+16 satellites E et
- P e o
+40 satelites
\/

2-58 Sternula DAV RATL—I3VDEGIALTA

HiFfr) Sternula Workshop in Ghana September 2021 https://www.sternula.com/index.php/introducing-ais-2-
0/ (2022% 2 B 9 HEE)

19) ZDAth

AR E COBMEFBELRATIEXESN B ILEEEZFATLEEELLT Skylo 2% 5,
Skylo #id. 2016 FEIZAIZE U KE R Al T2HEBEEEETHS, RAtITELIV AT
L—2avERBELTESY. Inmarsat fEE 2#EL T —E A% 2495, Skylo fL{F A EREEIL.
Inmarsat #tDOFIEFEEEFEHTEIILNS LNNVRTHY, BEEEIL 20 Kbps THD,
Skylo #:Dih E¥iz R Skylo Hub &, AXXH%) 20 x 20 x 3 cm, EX 1kg TH5 (X 2-59
i)

N o

FEDY —E AL, i, BE OVATAIA BE, KENSFIIBIISMAMEEINTHS,

o
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BHIO Y AT 7 AN BTl BEOBIHP /T4 —< Vv ADEBEREDARIEEIN TS, FEitiE,
i E¥iER Skylo Hub(K 2-59 £H). #EE#E#mY—E 2 Skylo Connect, £F7 7V Skylo
Apps EFIALTI—HITH—ERAZ M5, BTV RIBWTEEY —CADREMAEZFBLT
Wa,

20214 6 . Skylo &V 7 M\V 71t 2L, HATOEE [oT — L ADEREFEL T
LIENFERIN,

2-59 Skylo Mt _Eim>k Skylo Hub
HiFR) Skylo The Skylo Hub https://www.skylo.tech/technology#skylo-hub (20224 2 A 9 HRE)

SKYLO APPS

2-60 Skylo $tMDER 7 ') Skylo Apps

Hi7) Skylo Skylo Apps -- Mobile and Web https://www.skylo.tech/technology#skylo-hub (20224 2 H 9 HH
%)

(2) ITUICHIFBT7IIDTRRRAR

o IoT HEEZE#E Lynk Global # &0 Lacuna Space #iZ2W T, ITUIZBIF5 771V
VIR EFAE U, BARIZIE, HEINTWBEE, ITU LB 5HEEDZFEH. Lacuna Space
IZDOWTUEHEIN TV B BRI OWTERE L,

1) Lynk Global ttD 771UV TKR

Lynk Global #:(|H UbiquitiLink #)IZ DWW T ITU D7 74) U 7RI EZFAB U, FABOREER.
5 HEOEEDHFENHERIN(E 2-24 21R), T EIFIFED 5 (R 2-25 2IR)BIINSIZEY TS
EEZO6NT,
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= 2-24 Lynk Global D ITU [CHIFD TP TR

HEX E# | ITU Ei&EER (BR) DX EH
UBIQUITILINK KE | 2019 2HF13H
LYNK-2A KE | 2020F 11 A 24 H
LYNK-1 KE | 2020F 125 21 H
LYNK-S KE | 202142 A 3H
LYNK-SHANNON KE | 20216 A4 H

HFT) &7 ITU Ehbe BT =S S EER

3 2-25 Lynk Global #tD3T LIFICEAT BBk

wEA4 TEFH £

Lynk 01 2018 12 H5H SpaceX # CRS-16 Iwv¥avTHH
(RAFYRRAO—NR) EiF. Northrop # Cygnus (2%
Lynk 02 20194 7H 25 H SpaceX tt CRS-183w¥arTiH
(RAFYRRAO—NR) k¥, Northrop # Cygnus (Z#5#
Lynk 03 2019 F 12 H5H SpaceX tt CRS-193w¥a TiH
(RAFYRRAO—NR) EiF. Northrop # Cygnus (Z#5#
Lynk 04 2020 3 A 7H SpaceX t CRS-20 Iv¥ayTibH
(FV—=751%) EIF

Lynk 06 (SHANNON) | 20216 H 30 H SpaceX #t Transporter-2 Iv¥/=
(FV—=751%) VTR

HFT) S REER & B = ER AR

2) Lacuna Space DT 71V TRR

Lacuna Space fHiZ2WTE ITU D771V V7 RIETHE LU -, AEDHER. | OBEDHF
MHERIN(FR 2-26 2R). T LEITED 4 #D>H LacunaSat 2b(F 2-27 28) N4y

THEEZLNI,

2 2-26 Lacuna Space M ITU [ZHIFZ TP TR

HEA E# | ITU Ei&E(ER (BR) DX EH
BEESAT-OC-LS EE 2019 2H1H.2021%5H 24 H

HAT) BT ITU &Rl & B =FER A SRR
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3 2-27 Lynk Global $tD3T LIFICEAY B1E%R

BmEL T EIFH e
LacunaSat-1 20194 A 1H PSLV-QL a4 v hTiH EIF UNY
(RATYRRA1TO—R) =7 NanoAvionics D M6P & E
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F285 (Ri% 566 %), COREIL ME - BRINO 7O 2% LY EY) - FEEICTS ZL TEELP TS
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Open Data Cube(ODC) S ODC J3a=7+ (EMNBUFHEHY)
Amazon Web Services (AWS) | kE AWS

MS Azure Space KE Microsoft #t:

EROTO TS AR T IV R T A —LIZDOWT, BT, EXREER TS,

(1) Copernicus DIAS

2017 &Y, RMEZEE SN EMBEICZERFTL TS0 725 T, Copernicus 7—2DTV I A& RHET
57-? DIAS (Data and Information Access Service) BENERINTS,

FEEZDE L, CREODIAS, Mundi, ONDA, sobloo, WEKEO 7675 5 2DV —V7 AR
T=RT IR T —LERELTHSE (K 4-1 28).,

65
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4-1 Copernicus DIAS (DiER

Hifr) Copernicus Data and Information Access Services https://www.copernicus.eu/en/access-data/dias (2
022F 2 B 3 HHE)

Copernicus DIAS (B89 HEH I NS ZHEME LT, A—F N2 Creotech #tDa>V—
72 CREODIAS IZ8WT, 2021 2 8 BIZ Airbus #&/3—h Vw7 kG L, FttY—EY 2D
BERFEBIBULAIENETFSNS, Zhuzk) . CREODIAS %#@U T Airbus HDOBEH FREEE
KUY —EANBEARREL 2> TS, SEID/S—h 2w 12k CREODIAS MO AFAEEL 725
EEERTY—EA2E 4-2 1TRT,

3z 4-2 CREODIAS W'o#ifzICAFRIgEE o fc@fg. 7O5 I RUT—E R
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Efg, 7ai 7k ) .
30. DMC Constellation., SMART Report. Elevation 1/4/8/10.
WorldDEM, GCPs (i FHE#5)
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Basemap)

Hi7r) CREODIAS Airbus VHR Imagery available https://creodias.eu/news/-
/asset publisher/fzMjeyOhHf8j/content/airbus-vhr-imager-
available?redirect=%2Fnews&inheritRedirect=true (20224 2 H 9 HEHE)

7= CREODIAS Tl 79V NIGHEU-EBE 2R D77V THS COG(Cloud Optimized
GeoTIFF) X D#BRELA T — 2 DifE % 2019 £ 3 HXVBBEL TS, Zhuky) . CREODIAS
%18 T Copernicus Sentinel-1 201 )L 1GRD (Ground Range Detected) 7—4 (fizt8
B R0 B 704 782 COG R TAFRIREL o7z,

75 24 ATOS D ary— 724 Mundi iIZBWTE. 2021 £ 4 BIZ Maxar WorldView
AVATL—Ya Nl kb BE S REEEE ORI N, 2Ly, Maxar #ERIEERF D
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(2) Destination Earth(DestinE)
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I L e ENT 5 (BAROFRFEEEEIIRH),
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FUTETIADT 7R A, 2—VEHDF R R OERANLFRIOERNBHFIN TS,

DestinE DF &, LTOT O 7 I LD6H XN,
® Digital Europe Programme
> Digital Europe Programme Tl DestinE DEIZx§5E & &R T5,
> Digital Europe Programme &, UV A, Fi R, {TEBHEREICT D2V HE i B AT 5
7D EUDT7y T4 T0TI5THS,
> Ul LDEEFEILT6 E1—10THDH DestinE NDOFHEILEHIRHATH S,
® Horizon Europe (European Research Framework programme)
> Horizon Europe Tl DestinE &% MEMARD-ODES =R TS,
> Horizon Europe 1%, EU D% -1/ R—YaraXiE EET5-00707S5LTH
1), EU Framework Programme % 9 #1(FP9) & & 1Ei3h3,
> FOYSLADLETER 955 E1—0THEH, DestinE AT EELEHTFRHTH S,
® Recovery and Resilience Fund
> Recovery and Resilience Fund &, DestinE (ZB#E 32 EU MBEEDIEED~8H
DELERMT S,
> Recovery and Resilience Fund &, a0 71V ADNY T Iv I L5407 -8R
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FHREIND,
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Various user groups

(New) Digital
applications ’:‘ <= Twins
& services v ( 3
Open Core
Platform
= ﬁ;_m
E B
= =
Cloud Data sources & High Performance
infrastructures infrastructures Computing

4-2 Destination Earth DX EERER

Hi7r) European Commission Destination Earth https://digital-strategy.ec.europa.eu/en/library/destination-
earth (20224 2 A 9 )

r@] Users’ own dag,

DestinE
Data Lake

4-3 Destination Earth DT—%L1%

Hifr) European Commission Destination Earth https://digital-strategy.ec.europa.eu/en/library/destination-
earth (20222 5 9 HEE)
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DestinE (28451 —H#=—XL LT, 2050 F£F TIZKMEF Iz (Climate-neutral) & B 53 BEUM
DEFZIEL UTOKBEEE DI IG. M [ R OHIRY BN ERIC L2 BRAXEOFRIZEDOER
SKEDPYZAVEHE, HBRNORDOFAEDH OV 7 e ER T A - M5 BT 5T 3
F—nEFCOFI A, ERE- BRI/ - VEE L2 X R TEESFTFTORANEIF 515, DestinE Tl
LHDA—HFL U TANI—FEEELTHY, TOREEIIIRZROEERDLHOL—FIZIA
Fd2ILEFELTND,

DestinE 28 W\WTid, 2=V OB 7T —4&, REIZET—4, 4 10T 7—4. TOMOREE /Y —
ADT—REDEIFIRAVTYRD—D L UTHET —EANEINIEHELL->TW5, HET — XL,
E (Copernicus). R (New Space {2 &OHEZEAZE) M A DT — 2 DR AIVEEINTVD,

DestinE O4# D EE LTI, 2021 ERIZ O TS LNBBL. ZRET 7T~10 FR2ETLR
AAETS>T VWD, EEIAIVAI KOO —RYY 7 (X 4-4 SB)IZLLTDED THDS, BT
Open Core Platform & 2 DDF IV A U &FAFE L, BEREHINIT I8V A U 20U, Bk
T RTDOT VNV AV EFEET DETEIL 8> TWV D,

® 2024 FZT:0pen Core Platform RUERFID 2 DDT IRV ) DEEF

> UHIBERINSGT IV UL, LB RRR AT KREZEANOHEISAITD 2 DTH
5,
® 2027 FFEFTHEDEIEDI—Ar—A(JBFEE) I AT 520, [ Platform ~DENNH
BT IV VDRRE
® 2030 FEFT:F Platform %#;@U TEIZIREINTNET VXLV AV DINEE L /-, TL8
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ny po Digital Twins far sector specific use cases Digital Twin
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4-4 Destination Earth DO—R<w

Hifr) European Commission Destination Earth https://digital-strategy.ec.europa.eu/en/library/destination-
earth (20222 2 A 9 )

(3) Open Data Cube (ODC)

Open Data Cube(ODC)id. ZMHFEEJ 3 Landsat ZEOHBRERAIFHE T — 2% XUHE LA
[T — A2 BB &ONTEIA—T V=AY I N7 a7 THhH5D, GitHub 12T
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ODC BEDY—AI—RNRAINT VS,

ODC D#E&E=X 4-51IRT. 58 | BBETHDT —XTIIA—T VT —R & AU THRIMNES A
“ARD(Analysis Ready Data)” %L, 5 2 BETH IV 7 IBENSE 3EETHDT 7Y
J—ya FRETEEMNBUFNZEL. FEOMIREH - IR =R AT OI K25, 2025 F
ETIZEMNAT 15000 ADFHER. 80 BKNIV/EDFFMROEFMNEZELINT WS,

ODC DFEHHE LT, BUF L— VY DEERHF S CTOREHDEIDNBIFI 1275 1 REDIEY L
BoTWdIE, BNDY —CAREEZEDER TSR BT LICLVBAEMEZ TR
BOEBEERTLIIE, A—T V= ADHRILT Y TRITHEIZ ODC BiE2EDSE (A1 A,
BES)CEETIIENREITONS, BNV 75 118E%2175— 5T, BRI R-EITS,

ODCOEGETEENE (LWITNEENBIFLESY)

;
|
E1EE = Open Data —
i2 Landsat, Sentinel=FOFIRA
# { __—| »Analysis Ready Data (ARD) / Index (SQL)%f#
5D = 2:1"1; Opgﬂtl):;ata L | Algorithm Library
= ;j, (GA.CSIRO) PF (Digital Earth Australia: DEA)ZH&(3EC36.98A%RIL)
= L [oummen e, ) T 7 F SRR
= 3 B ﬁa-g.é Third party EREHR(7IVA. 77 BEE)  BEODCEEIE(ODA%)
T APBIRE
ARD: BRI LAIALEEAHOIRREEER  BRECE 7 LB CRIRERER T — 5
= B PF: 75wk Ja—L4 AP P )r—230
IEERF ~ R =, GA: Geoscience Australia
B Y (B-R) CSIRQ: Commonwealth Scientific and Industrial Research Organisation

4-5 Open Data Cube (ODC)DEEE DEFEFH & EAREEINS
HFr) &EERLY =FRAMEARTER

ODC IZ2W\WTE, HEME TRETARNIEFEMIZ RSNV AY, ODC D7 V7 IHETOEANE
RLUTEY, RRDT V7 EFHFAETIY LT T8,

(4) Amazon Web Services (AWS)

Amazon Web Services (AWS)Tix, 2018 £ 11 Azt EFY—E A AWS Ground
Station #3256 EIF, 2020 & 6 BIZIZFHEZIBLAZEIAZEME LT Aerospace and
Satellite Solutions %325 EIFTHY FHEEZIINTE7I7V RV a—T+1 07— ADIEME
E(LLT\ND,

BERDENmE LT, 7 —EERETIL, 2021 &£ 4 A. AWS Ground Station 7Y AWS D257
REIA TV 27 bMARN =V —E A2 Amazon S3 ANDT—ZEHEDH R—bEBIA L, ZAUZIY,
RERET —ADHRE RIANDT — A1V 7 BEMEI N2 T O AT = —V DBEENBE R L 8o 7z,

H EBBIE TR, AWS 37— 2V 8—FICZET VT %8 E L. AWS Ground Station A3
FA AT e Mg 2 MR I IR R LTV B, BR. AWS Ground Station 23553 2 s BL T i@y
THb, LTFOHIETIZ, AWS Ground Station 7V 5 F2EHLTT —X&EZETXDIIN,
AWS Ground Station I>V—IV&2FRLUTEELDIAV AT NNFHTXS, 2021 F 5 AlZidY
DVHNBIINTVS,
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* AWS Ground Station IV — )V &FERHUZEELDIY 27 NP AR Ha7s s

F7-. 2021 £ 6 A. AWS Ground Station & GSaaS(Ground station as a Service)¥—
CAZRMT 21T+ AT T EDRENFKER IN/Z, AWS Ground Station 231> 7+ AT 54D
o REIM ERT Sy b7+ —24 StellarStation WTHIA AL RY HEA RV —20N
StellarStation #@LT7 7t ATX5H# EFDORIREEALEALUX,

X512, H EFREY - ADIEFRD=oH, 2021 £ 9 A, AWS Ground Station (3#7/- 7 H4%8E
Td5 Licensing Accelerator ZF&R U7, FHRRIIEEA RV — SV EDIT LIFRNT > &/
SAEVADIBEXIETEZEDTHY, HEIVvYaVIZETEINOMDEMIZEETEIE T, &
Iy ABBIZETEATY INARATY T DA RN AFHEEL > T WD, AWS DI—HIL,
Licensing Accelerator #EETHHTX 3,

F72, AWS #ik 2021 £ 3 A, FHEEI/EZANDEHFHRIED—RE LT, BEDXRXVFr—REMZFE
Seraphim Capital #:&H{ET, FHAZ— N7y T RERITID 4 BEDAVZVY 7 T0TI A
AWS Space Accelerator #3756 EIF T3,

(5) MS Azure Space

Microsoft #£4% 2020 10 HIZFFE U/ Azure Space &, Microsoft #DZZ U RaVEa—
TAVTH—E A Azure 2iERALUZFHATEETH D,

Azure Tld, ¥ 4-6 1RTIEXERMTY =DM N TS, £/ Azure Tld Airbus #t,
Satellogic 5D/ —hF—EZEDATHIRE (AD /g ZEE (ML) DY —)LE Azure ETHIAR
BETHY, 20214 4 HiZlk Thales Alenia Space #ABEFKL-BHEEGLEYY 2 —Y 3y
DeeperVision 2MEIMIN T3,

71



DR . ETROERT—2DAUTI)O T UR

— T T—— Customer data feeds

Mixed Reality
5

ynthetics

Data & Al Al for Earth
20E@M SOAMLEhL RRTOHM
BHBMAMETAF YT
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MAEBETH Y, T EITHNIEREE 7L TV XLEFE TN TEBZ ANV I H 5, BY —IUIE
RETH—EATHS Azure Government FRIFETT TIIFAINTVSIEH, MR E IR DM
MEEFFAEFIER LTS,

ERDENAE LT, Azure Space TIETYITODFEHT — X O EILE2EDH TS, 2021 £5 H
IZid, Ty VILERER Azure Stack Edge (#2if) DEEANDEEHERII DOV THERIVRINA, [
U Tld, Ball Aerospace #t&1#5 U, Azure Stack Edge 2EWIZEHT5IL T, Ty ITD
B 7V TV X LRI K S TEE R ORF MMRFEI /2, Telesat #HDOFEHEZEL, V32
L—bhXNERkMGET — 8%, T—&8VZ—HD Azure, KU Azure Stack Edge 5 /N\A A& HEH,
UZ-EHmICEREEF L2 24, Azure (X > THRERDM EALERIZHA 5 FOER/IEAHO6NEZL
MEFEIN= (K 4-7 SHR),

4-7 TwIIET/\AR Azure Stack Edge & U7=EM

H  Fr ) Microsoft Azure Ground processing with space data 5x faster with Azure
https://azure.microsoft.com/ja-jp/blog/ground-processing-with-space-data-5x-faster-with-azure/ (2
022F 2 B 9 HHE)
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HIZHBIHNATE TITE R TEEREE LU, TV 7Y MWSOHFIER () 7R LS
WEEL)MREEIN, ThE SpaceX #0 Starlink # £ %i8U T Ball Aerospace #0757
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%= 4-3 Azure Stack Edge Pro ME&7T
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Wiy 24 f@(CPU %4721 12 &)
w7 48{@(vCPUs) (CPU %/-4) 24 &)
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O—l¥yyyaRE 8 TB NVME 75v¥a AR —Y

T—ARE/ X)) T+ AES 256 Ev hMES{EAR

TA—LT7IR 1U v o=y h—N, Bf7% 29.6 127 (% 75.2cm)
AV NI =TV B —T 2 — A 4x 25Gbe SFP+, 2x1 GbE

Accelerated ML NVIDIA Tesla T4 GPU X 2 £T

EE 110/240 (50/60 Hz)

HiFr) Microsoft Azure Stack Edge Pro https://azure.microsoft.com/mediahandler/files/resourcefiles/azure-
stack-edge-pro-datasheet/DATASHEET Azure Stack Edge Pro.pdf 202242 A 9 HFE

4-8 Azure Stack Edge Pro D4}

HiFr) Microsoft Azure Stack Edge Pro https://azure.microsoft.com/mediahandler/files/resourcefiles/azure-
stack-edge-pro-datasheet/DATASHEET Azure Stack Edge Pro.pdf (20224 2 B 9 HREE)
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PEEFELLTVS (X 4-9 2R),

1 = Washington, US

2 — Sweden

3 - South Africa
4 - Singapore
5 - Chile

6 - Dubai

4-9 MS Azure Space M EttH#h EFRY N T—ODEAFER

HAr) CNBC Microsoft unveils Azure Orbital, competing with Amazon to connect satellites to the cloud
https://www.cnbc.com/2020/09/22/microsoft-azure-orbital-satellite-service-to-compete-with-
amazon-aws-.html (20224 2 B 9 HHEE)
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(2) Amazon Web Services (AWS)
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4.1.3 PI7 RHRE
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Geoscience Australia(GA)

The New South Wales Department of Planning, Industry and Environment
Queensland Department of Environment and Science

Western Australian Land Information Authority

The Commonwealth Scientific Industrial Research Organisation
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2roos PR e ovow

:’ Copernicus Data Hub Region of Interest

Cooed
e 3 " P
LSRRI Australian Government

TREREES Geoscience Australia Continental Shelf Extents

Unes: toter

4-15 The Copernicus Australasia Regional Data Hub (DES:(\%81 (ROI)

HiF) The Copernicus Australasia Regional Data Hub Region of interest (ROI)
https://www.copernicus.gov.au/user-guide (2022%€ 2 5 9 HHEE)
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Second Generation | (ResourceSat-1)

DMC First | IRS-R2 PlanetScope SPOT 4
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Cesa

TPM datasets are distributed under specific
agreements with the owners o operators of

the mission — some sats are available undor
the free dataset policy, requiring only a fast
rogistration, others are part of a restrained
data set and require the submission of 3
project proposal or service roquest

Data is offered from a large number of intemational
missions though a single programme

One of the criteria for selecting new missions is
that they utiise instruments that offer similar data
to those acquired by ESA missions, contributing to
2 wide range of data that may be used together.
Other citeria include degree of innovation,
‘opportunity for new international collaboration and
experience to be gained for future missions

praviding EO data to users in Europe and worldwide
for research and pre-operational applications
development

n J ESA changed the
agroements with the commercial TPM data
providers in order to also inciude start-ups and
ontropreneurs in incubators, to access the data.
TPMs currently include over 60 instruments on This greaty supports ESA's Technology Transfer
more than 50 missions Programme Office (TTPO)

INSTRUMENTS  MISSIONS hitps:/iearth.osa int/eogatewayl searchcategory=Data

4-20 TPM JOJ S LHME
HFr) ESA Third Party Mission infographic https://earth.esa.int/eogateway/news/third-party-missions-
infographic (202242 H 9 HE&)

N ~ ”\\ b

. e N, S
4-21 ViCryoSat D IITJAIH—TI1—R
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4-22 SMOS Global Mapping Tool ZFIAUL=H > IV
HiFr) SMOS Global Mapping Tool https://earth.esa.int/eogateway/tools/smos-global-mapping-tool (20224
2817 HEE)
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4.2.2 X&H

BILLSEABET —2DOFE ML LT, KEX /E3k&Y DigitalGlobe 0D &2 fREEN:
FEEDT VH—TF V= ERUTE N, /N EAR— Ny T RN TR
2. BRI Z D)V —AEFERLUTCOKABIZAEEN-> TS, — A TEDRFREE RV TV
VARBDERIZEHUDDMNIITERTHY, BN SAR, RF vv VT NAN—ART MVE
D BFEEDO L IOV TUITHENRERENS WD, IREZ N SFEBUREEEZ TN T
TU—FEE->T\D, TR, BEIC Planet #:%X BlackSky #D /N EZE EEEIZDOWT
I&, RIS LFZZDREIEN TS, /MY SAR BE X RF vy Y T EIISEAETAEZEDAT—Y
IZEDDEEZ6NDD, TORREEFEZIIRD EnhancedView 7075 A0%EE 3 2023
EPFIZFEINTVWS EOCL YU ILTIX, 7V A—TF VY —DRENER TS REEE H D,

EnhancedView 7025 ADE#4HIL, Maxar #t/DigitalGlobe #HIZHUTEM 3 EHKRNL
(87 330 BH)LAE->TW5E, — K. REMEEINZFH UOAZ— N7y T DEINZDOWTIE, Bz
NGA ¥ Planet #tDZ#13 1 T 1,400 FH RV 15 EH) & HER/ MR R E DL R>T W5,
EGFHEDREIZOKIE T D), BEEDT Y A—TF V¥ —IZ RS L B R E{G O HIEI L SEEE
MOIXREZRTRREE L UTAEMN TSN TS LHREIND,

B IZ 81 2B AEEORZEFAIZDWTIX ESA @ Third Party Mission (TPM)IZ& 2 Ei#&
EANEEINATONTE M, BEIFIAZ—NYY 7% ICEYE #OFET—2MNEMXhde
W 2B X TS,

VAT LROT IV RN T A= LEDIIRE UT, KETIX NGA » Maxar/DigitalGlobe #h:&##i#E
LT\W% E-GED YATAEBLUTCHENEENSTET DT —XA\DT I ANTRETHY, /-
Planet # BlackSky #D@A/NEEEEBEGERY AT LAEHTY VL AT REL2>TW\5,
29 U-E A EEFEDBGE T, FE#ZT (Unclassified) DT — X DSETHRE Lo T\ B M5,
IS5 RBETOFMANLRTL, BIZL> TV 7SBEDAFMERTEX X v IR HEL 025,

BRM ESA @ TPM TH., 7 —&Z0HE - 5 - HRALY — VBB INTEY ARERELLT
Jupyter Notebook &2t XT3,
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5. FHARL BRIRINF—ERHTICET SHE

5.1 FHABAREIRATLICETSHE

AREITIE, REL BN, FE, Z2OM7OT7EENZMIBE LT, FHAGAKEY AT LDERIC
M) 7= ZERF E 7213 FS (Feasibility Study)IZ oW CHAEZTT.

B8 FHABHAEFEEY AT AT DO TUIMFEEREE Z LTV AT ADERNEL>TNS D, LA
RBIZBWTAREECIE— BN RFEFHERGARES A7 L2 THEIE SSPS(Space Solar
Power Systems) WO FiE WS ZLLT D, 72720, EMERICE W TREDET IVPEIEV A
TLETCEBEDEMEZ AVTWAIGEIX THOHITELLG5EEH D,

5.1.1 #NEICHITSD SSPS DERFEFRFAEEE

(1) HAEHE

SKE, B, RE, ZOM7 Y7 EENEMIFEE LT, SIHRERNICEREINT VS SSPS DER%E
BEUAZMEMKFEL/IX FS OfAEL2T-o-. REWLREKS#E IAF (International
Astronautical Federation)SPACE POWER SYMPOSIUM &4 International Space
Development Conference (ISDC)E TIThi/-Eil 3 ENREDEEMNSIHER A MV EE
BEEAZHE L, EITA VA —2Y MIL D ANBEHRZEIC, FIRELRY R OMEMAFE R BETS
EDNT U7, ISITAVBR— 2y MRROBEBEL T V7 N EEEMEREBRONE LTV, AR
WRERIFTOLKENT U7z, LEDISIZUTHIE Uz, SEIDOFREN R L7405 BRI E S &
UHZERF/FS 24 MV D—B2F 5-1~F 5-2 ITRT,

INSDMFERAFB T LIZETERE, F5eE . FRFERME (21 ML, REAR. EFL L, -5
fitr) . EFEAR] PR, SEROFHE, T O (R0 E KRS E ORR) ST OWTEHEMZ EE L,
fEREAER 1ITRT,

RETTIEINSDFERRZEIENEITEITS SSPS OERIZMI A FEHFE @I OWTE
TUIZEHE 2T, —EII O W TIRBREDIH AL T TR BEOEHAIZOVWTEERL TS,

5% 5-1 SSPS DiFERAFEZEEL CTL\DHEEE RS ML (1/2)

SEhERER BiE REE ZEREAFS F1bIL
" N E:bﬁ;;'; Force Research ;?L;EE:'CDFFEEHJHmES Space Solar Power Incremental Demonstrations
e i S Y and Research (SSPIDR)

(325 Northrop Grumman )

Williams

M U.S. Naval Research Dr. Paul Jaffe, Chris PRAM-FX (Photovoltaic Radio-frequency
Laboratory DePuma Antenna Module Flight Experiment)
U.5. Naval Research Dr. Paul Jaffe, Elias . _ . .
" |Laboratory Wilcoski ISSAICEIT ST HEB(NRL's LEctenna ™ ) NEE

FF

California Institute of
Technology
(15 Northrop Grumman )

Prof. Harry A. Atwater,
Prof. Ali Hajimiri, Prof.

Sergio Pellegrino,
Richard Madonna

Space Solar Power [nitiative ( SSPL) . Space-
based Solar Power Demonstrator-1 (S5PD-1)

EE

it

Mankins Space Technology,
Inc(IBARTEMIS [nnovation
Management Solutions)

John C. Mankins

NEW CONCEPTS AND MARKETS FOR SPACE
SOLAR POWER

Solaren corporation

Gary T. Spirmak. Dr.
James E Rogers

IFF—MTFHsflaatnt. SSP(Space Solar
Power) ATl SSPTI kA nl—3, BAEED
3D@ITF-EIRR
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#+& 5-2 SSPS DIZEFZEEMEL TL\DHEEE ARSIV (2/2)

E EheEEE BRE R EE REBR /FS 1L
Space-to-Space Power Beaming (SSPB):FHT
EENfmEotEst. Commercial [SS Technology
B Xtraordinary Innovative Development, Demonstration, and Deployment
* ﬁ; Space Partnerships, Inc. Gary Pearce Barnhard (TD3) mission for SSPBIISSHhEF 1 —THvEAm
- [(XISP-Inc.) BOmEEI = vy 3 LSITP(Lunar Surface
Instrument and Technology Pavloads) Power &
Ancillary Services Beaming Pavload
. Steven Wolfe, Tony Draft National Strategy for Space Solar Power
NPO |Bevond Earth Institute DeTora e
Space Solar Power: Enabling a Green Future
. . with Economic Growth
# |National Space Society Dale Skran SSPONE. BE. EBlT— 553y amnEsme. 1
Laun—I—0RiTE
. SSPOFEE. BE. EET—-Jv3vT(Space Solar
i |Space Solar Power [nstitute |Darel Preble Power Workshop at Georgia Tech) DB
a | PO iiiﬁiﬁﬂa;;?r:;n Energy) Dr. Brvan Erb HE. MR EEbEERLTOSS5P(Space Solar
Can-ada . . . George Dietrich Power) (BT & BGOSR, 2R, (&
4:0) |European Space Agency . SBSP(Space-based solar power)@fiiTeI 27
) s | (ESA) Advenit Makava HoEBT A PATPEE
ILEEUQC;SEHH Space Agency Josef Aschbacher ESA Agenda 2025
UK Space Agency
Department for Business, .
FAY - Ly
= @g Energy & Industrial Strateay |Martin Soltau ;ﬁ;g&%@g Based Solar Power) DEREAIEEITLE
FRAZER-NASH ! - "
CONSULTANCY
42 | University of Strathclyde EPEI;JC .:qnadsrst:;\.rxi‘:?;Ls;n. EhBSF‘j IO IO AN =AM I IS EETE
. . CASSIOPeiA(Constant Aperture, Solid-State,
?ﬁ ?;am:;lomilcilfmtnc lan Cash Integrated. Orbital Phased Arrav)&&fitshiz
= pany SSPEFIL e & URER
Deplovables Cubed GmbH
EH |(DcubeD) . SSP{SPACE SOLAR POWER) & 31— 4w Hfiszst
W = |California Polytechnic State Callan Whitley Zwia -Powersat
University
i | NPO Science Sainte Rose, Dr. Guy Pignolet WIRELESS POWER TRANSPORTATION WORLD
Universit ‘e de la R euni - LUy Fianote RESEARCH CENTER(WPT-WRC)(ME&Tr
a0 48 |Indian Space Research Dr. K. Sivan, Shri R. SBSPE SO EIBEMFERT (Disruptive Future
#E8 | Organisation (ISRO) Umamaheswaran Techl DEF
. . . Space Solar Power(SSPYEIED o4 BEMLE#
¥ | x% g;“g”i'r;"”'vers'w of Shu Ting Goh (AEA:All-Electric Aircraft) AOZHEZ(MAR: Mid-
9apore Air Recharging) (CBEd S R8T
4#H) |Korea Aerospace Research Mr. Junwoo Park, Mr. ot & Jq =
" B |Institute (KARD Hoiin Jung, Dr. Joon Min SSPS@AYEIHLUIAEH
'43' £+ |China Academy of Space Prof. Mina Li. Dr. Xinbin |hEI_&HI1T355P5(Space Solar Power Satellite) i
B8 | Technology(CAST) Hou Ei
CAST., EEmhE LE MR Wang Ui, Prof. Huaiging |BIIFHEAELREEEHEN(Bishan Base Bishan
i |Chongaing University(EEEx | Zhang, Prof. Yang Space Solar Power Station Experimental Base)
] Shizhona JOZz ok
Mational Natural Science . .
I — T e R A
v |Foundation of China(NSFC :d - gi:g?(kmztr WIFEEEH(FER)CETHSFST0
EEEB#HEFESEES)
SS5PS OMEGA(Orb-Shape Membrane Eneray
Xidian University(BETEFRE Gathering Array)} 2827 DHEET
¥ KE) Baoyan Duan 55P5(Space Solar Power Station) T EARL—
23 EAIER AT LORE
CSSP-CSA 2021 ( 2021 Academic Exchange
Space Solar Power Station Conference of Space Solar Power Station
F%= |Committes of Chinese Baovan Duan, Ming Li |Committee of Chinese Society of Astronautics

Society of Astronautics

and the 3rd MNational Symposium for
Development of Space Solar Power Station

HiAT) &fREER & BRI =R AT SRR
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(2) REICHITS SSPS tHEME

1) ABREICH T SERHEH

a. NASA

KETIE 1970 FRDOBOVIZEREIN/KE T AXNVF—%4& (DOE:Department of Energy)
& NASA D HFEWE TH 5[ SATELLITE POWER SYSTEM(SPS) CONCEPT
DEVELOPMENT AND EVALUATION PROGRAM PLAN |56 20 FIZFE DR IEEARF DR,
1995 FIZEMEI N/ NASA DIFresh Look Study 112& Y SSPS DMETAMETE U=, ZDEISSP
Concept Definition Study|. [SSP Exploratory Research & Technology Program].
[SSP Concept & Technology Maturation Program | DEfEX 7273, 2003 FEEMNSIXHHRE
7 SSPS BEFEDORHIFR SN, BEICESF T NASA (25115 SSPS MFIEEE LAY
TURIUZ > TV,

BEVGEETIETIVTFIAGEICEELUTCHE CTOAAZERICBIT 2B NOBENEEREL
o THEY, TORKLE U TAEZREICBII SV —F — T AN F —{E D AR D W T DI FEEMN
BRI ZfTH D E DI TEX TS, NASA DINSDIFEDFEMIZEZRDOL ——HX WPT D
IHTRLTWS,

b. KERR

NASA {2k % SSPS #f7efAFM 2000 FERETHEIUBIFHE L2 EHY  EFEDKED SSPS
RSO LN K22 ERFZEFT (AFRL: USAF Air Force Research Laboratory) & KIGEf
Z2Ar (NRL:U.S. Naval Research Laboratory)&z2->T\3%,2007 £ 10 A, ERXRFEHEZ 2R
%5 (NSSO:National Security Space Office)?’ SBSP(Space-Based Solar Power)
T4 —I8V) 71 ART 1 DHEFHEL R — N Space-Based Solar Power As an Opportunity
for Strategic Security]#2AFRLU T, Paul Jaffe k&R FL 32 NRL DRFEE-HHEH
FOFAECIA7OFEFHFEEEY a—VOEZAEFHABRE L2 EH LTI TS,

2020 £ 5 H.NRL & PRAM-FX(Photovoltaic Radio-frequency Antenna Module
Flight Experiment) (& 5-1 &) £IEIN5K) 30cm HADEYa—IV &R EL, EED X-37B
BB (OTV)ICHE LU TITS Eif7-, 2 U T, #i8 EEFREBRZ EMRL., Bl ERITHBROT—
ZEWMBLTWDS, EEUARERIZEWNTIX, Y 2—I)VOIT R IVF—E R BB DT — 2 H
BREWTH /2720, XA 7O FEEIIITo TR, 28, [ X-37B OTV 1 2022 £ 1 AEE
EIvvarefliRfThd,

M, NRL Tl& 2020 £ 2 A, JEFIT/NGEETH DM, ISS AIZEWTL I T FEEBEDEETE
*EMEL-, FERITETHS Jessica Meir KA NRL DILEctenna™ | (BN T T7) %
FRALUT. REAAY N — 2 LEIRROER LAY NI —IE B2 BB BT T2 EE L (X 5-1
G581,

5 2011-12 £z John Mankins & (NASA T SSPS #iZEDIgIEEZ > TV /=, BfEhZEIZFHE) D SPS-ALPHA 0
VT MEZED NASA O NIAC #f38(NASA Innovative Advanced Concepts) DF—<D—DIZEIRIN T3,
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F7-. 2019 #EZl&. AFRL ® Space Vehicles Directorate (28T SSPIDR(Space
Solar Power Incremental Demonstrations and Research) 70y =2 hhMAEIL T\ 5, i
AEDOBRMEHFIEIA NS IRV AT TEIZZE LUV ATV VBN - BN 2R3 5720
12, BN SSPS HEffie N— Rz 7 &HFE T2 BN L TWS, A7V 7 ME SSPS D7
O M A I E B R M 2 BRI IR T2 70V 7 hTh Y, IR, i EEREED 3 DDE
BREStEL—ERTHTH5, FTEHIArachne | IEIN S 808 _EEFFERITIEFRHILY VR
F-BANEFERALUT, KEZANX— %G AK (RF) ENICEHT 57208 EFE oL L E12,
ZDTRNF—eH EIEL CTHEATRERENICE BT AREME2RTEDT, 2025 FITfT RIS
FrELEH>T WS, NALAD Helios ESPA V> Ze~Rquo—Rei5 SSPRITE(Space Solar
Power RF Integrated Tile Experiment)#% Northrop Grumman #:28&LTHY ., D
FISERIZ 1 ERVEL EL 2> TS, 2021 & 12 AiZid, AFRL & Northrop Grumman #& T, %
YRAYF - BAMIEDKRGH(V—F— 32 —R) M6 RF TRIF—EHE 758 EERRIZEIIL
TW3,

INODKERBBROETEHHEN TS SSPSIE EOUY ATV ADFEIIH IR T HIEME
HEILZR> TS, —H CRIEMICIERITMED H S EREL 25 AT REME P RUREEN TS 5720
D=7 fRRRIRD A REMEIZ DOV TEERINDLIAL LTS,

5-1 NRL O PRAM-FX %&i& (%) & 1SS RICH W TEELELITTEBEDERETE(R)
H Fr ) https://www.cbc.ca/radio/quirks/a-secret-military-space-plane-is-carrying-an-experiment-to-
harvest-power-from-space-1.5590837(2022 4 2 A 2 HH%) (£) https://www.youtube.com/watch?v=VICV-
sOjMhU (2021 £ 9 A 17 HEE) (&)

5-2 BE ETdD Arachne DZEER1 A— (Credit : AFRL)
H ) https://afresearchlab.com/technology/arachne/ (2022428 7 HEHE)
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2) KFICHITDEMEH

F1V) 7 3V =7 TR K% (Caltech: California Institute of Technology)»® 2013 £(Z
Donarld Bren KiZ&3 1 BRIVOEF(F %3215 T SSPS BEDZERFE 2B U (FRHOAE (A
2, &FR) IS ANSRE XN TV, ), 2015 FIZl% Northrop Grumman #4256 3 F£/HT 1,750
FRIVDOZEMELZN EMmEEL. 50 L EDOF—2 %A, THEEIIZLS Space Solar Power
Initiative (SSPI) #Bta L7z, 2017 FIIIERE - SROKGEME RF EE#EREIELE
T a—I)VR ) BATBELREGBEREREAD T O M A TORMERAERZ TV, IRIEIIHE EEIF
SSPD-1(Space-based Solar Power Demonstrator-1) DB % 17> CT\%, SSPD-1 &
VIGORIDE # £ (Momentus #H8) 1T # L. 4% 2021 £ 12 AITT EIFFEL B> TV, B
£ TI& VIGORIDE #E BARDIT EITHENTEY, A7 Va—IIVNEBEL T3,

3) BEERICHTSEHEA

EidndHiz, BRE##TIE. 5£ Tl Northrop Grumman #ASKZEER ) 74)V=7 TEIK
FTORRAZE W TEERZEZR/ZL T\,

ZFoMz, BREIEEFI Tl John Mankins KA NASA REZ EBRIEIZESFE T SSPS fZE %) —
RLUTW3, 2005 FIZ Artemis Innovation Management Solutions, LLC (¥#7£l& Mankins
Space Technology, Inc.)%3rH Eif, 2V MEEHOBEHRHEE . BEZEEOHK, 7V—r>ay
TDREFELBBHNIT>TV 5, 2011 £~2012 FiZik NASA O NIAC(NASA Innovative
Advanced Concepts) DIftZET— < D—2IZHR I, SPS-ALPHA DIV 7 Mgt 27 >725%
ZTOBEMRETERT. TAEZ SPS-ALPHA "Mark-II1" (SPS by means of Arbitrarily Large
Phased Array)%idUh& 42 SSPS Oar 7otk HIZH1F5 SSPS DF LWHHIZ DWW
TR %T>T\W5, X 5-3 12 SPS-ALPHA OVt 7 NEBERT,

F72, 2009 FIZAVI7AN=TMDEHKRF PGRE 1B HEAZN 2 HEIE L/~ Solaren
corporation |& SSP(Space Solar Power) ¥ A5 A, SSP 7SV k- ARV —Yay, EHERFED 3
DDAV -EIRXAEIToTWD, 22 URAEZMIL Solaren fHIZHELREENESNRMN>/2720,
2015 FIZRZESNTWS, DM, Xtraordinary Innovative Space Partnerships, Inc.
(XISP-Inc.)id. SSPS 7 7V r—Yave UTFHEMICBIT2EHEEOMETX ISS 2FIAL
T FEAMEIEDRET 2 T>o TV EFEIIBECTORAIZIEAL. BETEN R — Y A2 REL
LTOBBEEAIFIIRIO—RDREZEZT->T V5,

Version 0: before NIAC Study Mark-l: c. ‘The ‘Case for Space Mark-1I: following the 2016 IAC SPS-ALPHA Mark-lll: c. IAC
{2011) Solar Power' (2014) Paper 2020

5-3 SPS-ALPHA Various Versions(Credit : John Mankins)

Hr)John C. Mankins, “SPS-ALPHA Mark-III and an Achievable Roadmap to Space Solar Power” ,72nd
International Astronautical Congress (IAC) 2021 IAC2021/C3.1.2

100



4) FEEFHEENPO)ICEHIT B HRHH

SSPS MZEIXKE DL DIEEFHEBIC L > TEREINT WS, REHLRIEZ RIS K EFH
% (NSS:National Space Society) Tdh27A%, 1980 FERNS SSPS IFFROEELRT IV
F=VVa—varThiLMEDT, BEHE., L RERER. V— Y ay TPXBEOMES Mk
FIZEEL TW%, ZDMUZE, Space Solar Power Institute EAEREDEEI 2 1T> TS, X5
122021 FEIZAY, EITHIBRAAND NFEDEH & T — I UZBERIRE% %175 NPO £ LT Beyond
Earth Institute A3 3N, FEHEEBGRA##HETER (SPD:Space Policy Directive)iZ SSPS fi
FKOREER) AL IEDIREZERTH>TV5,

F7KRENTH DM, 1FHE D NPO THd SPACE Canada Corporation A% 2007 FEDEEIL
DA%, SSPSIZEET 28 E. VY —F. V—rYay 7 ORMES, EREED(EEIZRE T2 BHlA % £l
LTW3,

(3) BRIMICEHIFS SSPS tHEME

1) ESA IC&HITBHHA

2002 fEH, ESA Tid SSPS MZRIZEE§ UM A v bV —2 257 L. Advanced Concept
Team %#%A LT, Leopold Summerer Kz F0E UTERMARD SSPS 70275 A% EDTX /2,
2003 &2, AR 7125 A (General Studies Programme) DHDEHIMRET 72— AT,
2020/30 E2BELTHI ETDVY 2—Y a3 e DHEBIRET &7 5728, ZOERMET SSPS I3 i
IZIXTTRETH B DY, B+ GW 2BV RDHL E TSV MIVEBAIZIISI TROEDFERIZEYD, Z0D
BIFFEIDOL 5% SSPS MIEIFAThNTI o/,

UL, BEEIEOEEIAIEDE, ESA 1 2020 & 9 BIZ Discovery and Preparation Z8F90D
OSIP(Open Space Innovation Platform)%#]H LT SBSP(Space-based solar power)
DEMPA T MBI T AT 7 - AV T NEEDA Y IV - F Y R—V & Fta U~ 85 DY
AT 7 HREIN, 55 16 E0FHRMEE A INT AT —T Y T ATV FITHA TS,

F7/-. 2021 F 3 A 31 HIZHFIN/TESA Agenda 2025 Make Space for Europe |
T, 5 DDBEZWRMBLEFIEDFD 1 DTHBIBOOSTING COMMERCIALISATION FOR A
GREEN AND DIGITAL EUROPE IZHEWT, TANF—Eli% Y R— N E2FHN—ADY—E
A space-based solar power generation OHEEMHEIZDOWT, AEBEZ EDIDLENHDILE KX
NTW3,

ZDEHITESA Tl 2020 55 SSPS IZBE A EHANEIEINAZL ZATH D, ZNHDE)MA
23Z13TC, 2021 £ 12 BiZlE, BN AHEZ: SBSP B T 0T I MIIEFTE-0DEBEL 518
WERMT D201, ESA NEEFCERNLNA— N —DXBE2ZIITSE 12 »AM(2022 F
RKETUIREUTUTHORIFEHOU— NIV TR ERTILEBNELT. V—r¥ayT “ Space-
based Solar Power for Net Zero 2050” »'ESA-ESTEC (European Space Research
and Technology Centre) DEETRIE XN,
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2) HEICHITDEMEH

EETIE ZZEET SSPS ICETHEHMANKIER L2, 2050 F£FETIZ CO2 HiHEDE
BYoikx BT Net Zero ¥#& 23057012 SSPS OEBAD AT HEMDRETDONENFE o7
LLUT, EEFEHF(UKSA:UK Space Agency) b VR AT r)IVE— EEEIKE (BEIS:
Department for Business, Energy & Industrial Strategy)/¥ 2020 &£ 9 A0S 1 /%
M} T SBSP(Space-Based Solar Power) DEHR A gEME L RFEDFAEMRET & EHEL/-, BIREY
IRPAEABLLUTE. 1) KE(SPS-ALPHA), #E (CASSIOPeiA), HE(MR-SPS)®D 3 2D
VETNARE. 2) BEKERFICAITT SBSP OERLL R LDERME, 3) 2050 £X TICEE
#72N— N —, 17U T SBSP :EAAFET2/2DDT =TV T TIVDERE. 4) [FRDY
V=V I ANVF—HMDOBEEEDFT SSPS WEREAZT%E, FTHhY . Frazer-Nash
Consultancy #HICZFEUTHAE LT o7/, FAEMETIE SBSP [3ZEED 2050 FETOD Net
Zero emissions D EIEEKE WHEICT DL, BIFIT Y /2> TSR PSR L BB R L SEE T 1 'S
LEERL, BN — RN — L RET 2 ERD IR IND 2L, EE R, BEIS &, AiREE
DHEEZITT, SBSP IZBE S 2 HiFAFE BWL 95 SBSP 1/ X—Yay-7us'J A (Space
Based Solar Power Innovation Programme) % A% —h 38551 EE/L>T\5,

TR UTIE, £ D Frazer-Nash Consultancy DR EHZE N Db - 7=
International Electric Company (IECL)#t4% Chief Engineer T#4 lan Cash K&xH.0&
L T CASSIOPeiA(Constant Aperture, Solid-State, Integrated, Orbital Phased
Array) &I 607z SSPS EF VOB L UBHKET>TW\5, [ 5-4 12 CASSIOPeiA v
7 MZED< Frazer-Nash Consultancy #:2%#< SBSP Y A7 A A—IYMERT,

2E. INHDIEFZ SSPS ICEHHETEEIOH T, 2021 FITFEE 2R L THTAINF—, FH.
W}, BE DR - h¥#E &L LTI Space Energy Initiative D387 XN T\ 5,

Zof, RETIFEEAIY NV RDANY 7514 RKEN SSPS MFEICEVHEA TV, 2011~
2012 F£IZNASANIAC 7025 LD—2L UTEIR XM/ Mankins KdD SPS-ALPHA v <
JhD—ELUT, SSPS DLS L AR BHEBERIEMA CTX2RHEZEMRENAIRELERED
IVEE SAM(Self-inflating Adaptable Membrane) DBEF%1T-72A%, FFEIL SSPS a2+
TRDTOARAR—ADIA 79 A IV F il 2 £ L TH Y, Lild IECL HOMEHIEI
LT\,

FRAZER-NASH
CONSULTANCY

5-4 CASSIOPeiA SBSP ¥ A5 A1 A—Y X (Credit : Frazer-Nash Consultancy)
HiFf) Martin Soltau, Space Solar Power - the UK Study and the Space Energy Initiative” ,ESA Space-Based
Solar Power International Workshop 9th — 10th December 2021

102



3) ZDOfDERMZEDERHEA

RAYTIIRVF+—ETHS Deployables Cubed GmbH(DcubeD) #EAKE DAY 741
=7 IRIARZ(CalPoly) /X — b —2 w7 EHMA T, SSPS DFa—T7 Vv MEMETEIvIay
Powersat DBIFET>T\ %, 2021 ££4 AIZIENASA d CubeSat Launch Initiative (CSLI)
DREFEDFER, 14 DIvYa ED—>o2 U T PowerSat AHEE X1, 2022 05 2025 £
T EFFEL 25TV,

ZOft, 75 ATIX Dr. Guy Pignolet »3d.0e7t), 2018 FHIZ WIRELESS POWER
TRANSPORTATION WORLD RESEARCH CENTER(WPT-WRC) %A > & —3w hRX— 2D
FHREE UCRRIIL, V—2vay 7 ORE® La Reunion BETHD 71—V REROFAEELTHEH
RKUTHED, TORDIEENZDOWTUIRHATH S,

(4) REICHITS SSPS tHREAME

FETIZFEHEMFZER (CAST: Chinese Academy of Space Technology) A FL& 72>
T SSPS MFEE#ED TS, 2000 FERITHL> T, CAST A EBFIZ"Necessity and
Feasibility Study Report of SPS" fELZLAR—bE&RH U, ZhE ZoDHIFFE N REIINZIE
FozeXIN T\, CAST ® Qian Xuesen Laboratory @ Xinbin HOU K& Ming Li KAV
EZH15 SSPS Hifid) —&—&71), SSPS fiFE 70z /7 ha EELTWSD, 7}1/%13—*5?')—‘
YVaAvh SPS(MR-SPS)EDa 7 MNE 5-5 28R) DREF .17/, X612 2015 FI
2050 F£FT? SSPS IZ950—RYv &R, O—Rv 7Tl 2050 FEiZlL IGW @ﬁﬁﬁﬁ
VAT LDEMARFRE T2 EEEBIT TN,

D CAST DAXLEXLUTIL, 2019 FENSFT> TS ERE (B LR FIFR) TOE H i
IANF—EEMEMEROEZINBIT oS, EETELIRARBNE. EEXFLEFETERBLTH
52EDTHY, —RHIEZPMEORMIZEM-7-2% FEIL 2022 £ 7 BIZEETELEIN TV,
A7 EBRBEHRTVTHHY, TOM, EBRBIZRECIVEERT IV NI 4 —LREHIND, 37 ERK
TVTIZIRV I RATTF AN AN, KIKT TV RN T4 — LT N T R—)V, ZOMDEER P EE NS (K
5-6 £HR), EMEFZRERL LT 1 Fx (W 1500 FRLV) DFIHRE N THhN TS, FREBUFIE
2060 EFXTOH—Ry=a—bIVEEZEZEBIFTEY, AFFEIETRVF—HFANSDRN T FHEE
SNTNBEDIETHD,

T BEEFRE A% (Xidian University ) Tld SSPS OMEGA ( Orb-Shape
Membrane Energy Gathering Array)art7hE 5-5 2R) DMEt & {753z, 2018 &£
M5 SSPS(Space Solar Power Station) 7T EV AN —Yay - EiFERY AT LDEFRIZEFL

TW5, BERHERZOX v /S ZAWIZ, 7Tom DFRBRIZE 2B L., HOFRIZTIE, H ENS 55mDE

2 EAK 6.7m DORERIRDENEMN 4 DB/BEINT WD, BRIRO K EEIC AR Y -58, —
i@%y’nﬁﬁ KL, KIGEMCHERE REIEAE, XA 7ORICEBUTEET VT o ki
REETILVSVATLATHS (K 5-7 2R), RIEITTAEFAERE I H D,

—H. IN6DIAVETIEEPOY AT ARETOMIZ, CAST PEEKRFTIE SSPS EFEHDOYA
ORI LB IR E 7% (MPT) EMOBEFIZEFE A LTS, CAST D National Key Lab. of
Science and Technology on Space Microwave Tld, BIKBEZENIZBWVWTOEET VTS
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l.2mX1.2m, L2757 F 7L+ 2mX2m, fmiEEEEE 30m 2B\ T, EEFEH A 900W, B —AHIEREE
0.44° A £, MW-DC Z#i%1% 49% LA L2 ER L, EERFETIX 2020 £, BEAMIBNT
5.8GHz, 448W <2710 60m DFEEEDZEERE EML -,

ZOMDEFEAL LTI, FEERBARRFEEZE 4 (NSFC:National Natural Science
Foundation of China)#' 2022 £ 1 AMSEAE (km A7 —)) FHBEY (FEMR)ICETS
FS 70y haBIIAL T3, Bl EIZEET A AIVEDAT AN IFv—D—file LT SSPS
21B1F. ThEERTIHM % “urgent need” THHL U TEHRAREMEZRE T I5EL LT\,
/-, 2020 £ 9 A, FEFHMITF L (Chinese Society of Astronautics)?’ SSP ZE &N
MEARBLLILEFERL, 2021 £ 3 I SSP £E4#% i (Establishment Ceremony of
the Committee of Space Solar Power, Chinese Society of Astronautics )»dLRIZT
FifE Xz, SSPS DAEFICH T DML Hifitin 11 & 581k U, FEMHR T 177 DFRE, SSPS D
ODEELRAMBE K SSPS DAEFITH T SF M. 7177 RO, SSPSF—727/ 0y —
DFAFE. F—< TV TINRTNAADT LV —7 Z)v—, EELRIZHREDMEDREEE BRHE LT
%, T BDFHREBE BB UTHEL, 68 HOEBZEH LTS,

|- =S . s |

SSPS-OMEGA

SOLAR POWER

5-5 CAST O~V Fua—&2Y)—TaA v b-SPS EEEZEFRITARZED SSPS-OMEGA
HiFr) Xinbin HOU; Ming LI, Activities of SPS Development in China” ,ESA’s 15t Space-Based Solar Power
Workshop 2021.12.9-10
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5-6 EELFHAKGHREEREMAA—D
HiFr) Xinbin HOU; Ming LI, Activities of SPS Development in China” ,ESA’s 1%t Space-Based Solar Power
Workshop 2021.12.9-10

-

5-7 FLZEFRHEARF YV /SARIIEREBIN-AREBRAT—
Hi7) Xinbin HOU; Ming LI, Activities of SPS Development in China” ,ESA’s 15t Space-Based Solar Power
Workshop 2021.12.9-10

(5) PIP(HREMN)ICHITSD SSPS AFEHIE

>R Tlid, Abdul Kalam e X457 (55 11 R, £8#F 2002 F£~2007 £)H SSPS HHFEIZELT
HY., KEFHHS NSS(National Space Society)DEfREEHRILL, 2010 FiZid Kalam-
NSS Energy Initiative Z&&R§5LREDEEZ1T> Tz, UL, FIKAY 2015 FIZFEE L2
&, AV ROEXIDWTDRFETRXERIT N7z, ZTDE 2018 F£EAS ISRO (Indian Space
Research Organisation)® Chariman ® Sivan K%, BT L F—&IRDOBMEIZT ST
%7=0IZ SSPS DEREDREMEFHXIED TS, TOFHNEZIIT, 2021 £ 11 BizfiEIh-
ISRO DTDI(Directorate of Technology Development and Innovation) #FIDF 828
D& TE B 78 B it & B IS & IR S B 7500 Sk £ 4 (Disruptive Future Tech) % 3w hDTDI-
Technology-Conclave-2021]Tli&, KERBEEMFAFK IOV 2/ MDOREIZEFLTVODIENE
FXx i, TORER KD —D22 LT Space-Based-Solar-Power D& ENTEY, 5HED
B ERANBEFDIEENEIFINOLIALIR>T WD,

VUHR=IVTIE, YU HR—IVEN AZ (National University of Singapore)# 2015 ftE
Mo SSPS FHEDHEPIA N TEET->THY, X612 2020 EENSITLEHMMZEK(AEA:
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All-Electric Aircraft) # @I X502, SSPS 6N ZEF 7R E (MAR :Mid-Air
Recharging) EMiDRELZT>T5,

8[EFTl&. KARI(Korea Aerospace Research Institute)’Y2017 % 11 B LU 2019 £
2 Ao 2 [\, BEHNEFN CTESRZE 2%V —sYavy 7 (International Workshop for Space
Based Solar Power) Z[f# LT\ %, SSPS #&fD7/-HIZ KARI 2402 UT 7 #8## 20 HEE
DRI EM- 72 DIMEM LRI N, TDE, K-SSPS FD IV 7 MEFTNERI N TS,

5.1.2 ¥&&H

(1) 2=

SSPS MFZERFIZBELTIL, 1990 RN S NASA 2[IUHE UTREMBHLEGREADED SN T
Tz, 2000 ERCEIZLAE,. NASA XU ESA IZBWTEIFEN O E 2L, Bk TIXEY
~NIVD SSPS MZEFFITEE ERIBREBIZH 72, UL, BERTH S (2018 FHE~) BBITEREMN
BoNT0a, Ik REX % BB TOEDIRKE, ZEEBIOHETH S,

KETIE BED SSPS M3EFFD E I K ZEEMFEAT (AFRL) & KIBEMFEAT (NRL) THY,
TNTNEZHMO#E LEFE 2 ED TS, NRL 1% 2019 £~2020 FEIIMFTHIE, ISS A,
X-37B 12L& 588 L CREEER % T-oT\\5, £/ AFRL I 2025 EiZl Arachne | FHEND
B EEFFEREZFELTHY. 1 BRIV EOFEZERUBEREZED TS, KEIZINEIFFNITA
V74)=7 TRIK% Caltech » 1 BRIV EDOZFEST Space Solar Power Initiative
(SSPD) &EIENB T Y7 M ERIELTEHY ., #E L= SSPD-1(Space-based Solar
Power Demonstrator-1) DFAFET> TV,

EETIL, 2050 F£FTIZ CO2 HEHED Ay MU ZZERKTIILEHEZELLTEY, 7Y—>T
ZAfi, ZLTEEMDE VT RVF—JRL L TOD SSPS DA HEMEIZOWTIEE 215D, 2020 £4&V
UKSAB LT BEIS IZ& B AREHRERTREMICOVTDAZT 1 &HIa L, A4 T 1 DFER.
SSPS I3 MBI ERAEETHY CO2 2w EEHRTIHUNEIRBEO—2 L) EEIe %
M) EEBUFOBERIEMIZIN > /-FFKTH L L, R T NTCIXIANMIZEHEF I NHY,
EEILRHRBEFNANREZE-5TEDTHDIEWRIN:, 518, EEE U TR EGEA% B
AT DHREMEN T VLWV Z D,

FEIZEITS SSPS % IE 2010 E£LAREiA» S CAST(China Academy of Space
Technology) Z FUNIfTHONTE TS, 2018 FEENSEETHE IR PHEZEFRIFAZIIK
FREoih FSEBRER R 2 AL T A REDEIINHTITEYERILL TS, 2020 £ 9 AIZiL, HEE
JEH 2060 FEFTOA—RY=a— ’IERDOBIELBIT/-ILEEVEEZD, EEALEERD
T a7 )b 1— AMEECHREIX SSPS ORI — & —I205 2L 2 BRILT, MEEFKEIEIET
W5,

ZOAth, Z<EEIZAR-> T, ESA ® ISRO &V - FH#EREE SSPS IZFT M AZFEIELT
W5, ESA I, 51 1 FELAPIZERIN AN AR SBSP BIFK T UV S AMIEF T 57-0DEMEL 251F
WERMETELLUTEY, ISRO & SSPS N—EIIE&FN TV SRKRFEMBEAFK IOV 7 DREIZ
BFEHROTND, 5%, THEICSOTERRBINRT OIS AR TSARMENH DLV,
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(2) AVETHEE

SSPS IZZNFEFTERETRRA RV T 7V VAV AT LADMBEI N, ZAUTDWTOER ATREM SN
METXNTE /2, KTETIEL, EREINTVWSER) 77V VAV AT AL UT, #KE John Mankins
KO SPS-ALPHA, ZE[E®D CASSIOPeiA. H#ED MR-SPS 8L UE#E D K-SSPS 28 LIS,
VAT LADREEE R T BFEORSI T ONTOBIBEITIE. ThODREFTHNEERT,

nEEROXE, ZE, FED) 77V AV AT AL, UKSA & BEIS D& (Frazer-Nash
Consultancy #HZZFE) TEH IV 7 MO HBIRET M ThNZ 3 DDV AT LLZ>T\S,

1) KE(SPS-ALPHA)

SPS-ALPHA (Solar Power Satellite Arbitrarily Large Phased Array)!&. John
Mankins KA 2011 D NASA D NIAC (NASA Innovative Advanced Concepts)#fZE T
FIRXNZBRICIREL-OV 2 T Th D, K 5-3 1TRUZEDIZ 2011 ELETY 75— e ER B
1El% SPS-ALPHA Mark Il 2MEREIN T3,

SPS-ALPHA &, KBBHERIOKEHY VA &FRL. EEDORIWY U Ry F/NFVEE km D
BB WTHBET LKV EN AR AU EEBEL 2> TS, RFHRIFE—X—TEIX,
KIGEDMMNIRAEBEDZE IS U THIN UTHREBEI N, YV RAIYFNIIVHDKRIGHAIEEII
AT IES, YV RMyFNRIUSEITHIBRIERTH S, &FD SPS-ALPHA Mark IIT &, AT K
IR EEF LTS, (K 5-8 BR)

BERIIEEICEY2—IUMEIN, EEV2—UIKRELETRETH S,
o ERTIEREITAVNILLTDBYTHS,
> IANVKF—EET VA HERISKEARET VA VIV VABHEET VL, 800 —%
WL EER - B (PMAD)EY 2—)V
> KRBTV MR OBERTHIL U/ NN F A8y N EHE
> REETVALZINX BT VA2 DR —EOEET — A
> FDMER AT a— )V BREBE|HTY 2 — I
o | EOHA(FEHTOH RF E£7)id 2GW, HREEIFH 7,600ton, THRIVFXF—ZEHT LA DE
ZIIM 1.7Tkm L RFEEE SN T\, Ml EDL 757 FERIE 6km THS,

RFMHOMETE LUTIE, ¥ 20GW (10 £) D SPS-ALPHA ZEfiL. #i ETH) 30 D FrDZ(EER
BN MG TG AT DVTIRET 217272, BICHVREHNIAME 6 ¢ /kWh L RIEESNTVD,

107



SEGMENT ngés VALUE
PV 34 MW
@ WPT Frequency 2.45GHz
WPT Distance ~35,800 km
WPT Power
C;lleefrgs)ilon Transmitted (RF) 24GW
WPT Xmittr Diam. 1,685 m
Receiver Diameter | 6,000 m (@ Equator)
(A) Energy Conversion Revr Output (DC) 2GW
Array Primary Structure | ~3.3kmx~4.5km
G (B) Reﬂec’ror. Amray Platform NG of Nodues ~1.900,000
(C) Connecting Boom System SPS Mass 7600 MT
Structures Characteristics :
(D) Example Attitude Ave. Mass / Module ~4 kg / module
Control Modules SPS HW Cost ~$5,890 M
Deployment Cost ~$5,930 M
Cost of Money ~$19,000 M
E_ | 3 Cost/Financials 0&M Cost ~$12,000 M
® (A) Econ. Lifetime 40 years
Total Electricity 702,559,375 MWh
Cost of Energy ~6¢ | LWh

5-8 SPS-ALPHA Mark [II DX EREK LT AV RV AT AT
Hi7r)John C. Mankins, SPS-ALPHA and the Economics of Space Solar Power” ,ESA’s 15t Space-Based Solar
Power Workshop 2021.12.9

2) RE(CASSIOPeiA)

CASSIOPeiA(Constant Aperture, Solid-State, Integrated, Orbital Phased Array)
I3ZEE D International Electric Company (IECL)#:® Ian Cash EAYFLERDIRET LT
5ETINVTH5, 2017 EIZREINTWVS, FRAZER-NASH CONSULTANCY M85t L7
UKSA/BEIS O#EFTTEHALTEY, BifEldX CASSIOPeiA NEED SSPS 7 VDREIZE
RoTW3,

CASSIOPeiA & GEO IZERX ., 2GW %l LDV RIZEEHET5ET )V (BEE 2,000 ton)
Lo TWBD, B OEHE (GEO,. GEO 77 A HEE, MEO, SSO %)I12h7/-z>TEER R
THY. Y7 MW NoE GW DOIEIEE THER TEX L IRV AT LLR>T WS, BRAEIIZIZISIC
GEO 24 EERMU. I0GW DZANF e 21752 2 BEL T\ %, CASSIOPeiA D% % LA
TIRT,

o HHFOMELZFEOL—-RBIUVZRKE#E (SSSC : Solid-State Symmetrical
Concentrator) IZ&k oMV AT AT 2 FEAETI . RIFRIZEFREAVANERETH D,

e rikIlSolar Panels & Transmitters| Ths, BENLRKGEM (H-CPV) /N3 T
VTFIDRREINTWS, 7T I 7z — ARV VA THY ., BRIET VT FTHYLNG,
HDRFHRFLIBIRROEBIZIVHE LT 360° D170 —L AT VT & FEHTS
Helical array (FEUEFEMA) L7522 T\%, BV a— IV EEIDZE T, [H 4 DEY 21—t
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PV & RF DEEXAR—IVINSERINTWD, 7T ERIE 1.7km TH5,

® UATFAIZHEREMNEI—)L. #iuE ETOZELIL, electro chromic film TIZ—IZHh
LRGEFELZFETHILTIT>TVS, O A 5 BEOBENLEY a—IVINKEITHEE
INBILTTETNS /D, BRPORY MILSHEML THEETHD,

® L UFHIERSkmBEET 245W/ m>DEHEETZET S, 2GW 2455,

i EDFREY AT LEDRFEDHEEIT> TS M, CASSIOPeiA Y AT LIZDWTIE, EEED
2GW Y ATLDA= v 7OV haAANE 216 BRRIVERAATWS, X6IEBINT 4 EEE
F5IANMI 190 BERILTHY, 1I0GW VAT L% 406 ERIVTHEETEXSEETHS,

OBEAFET N F —FLDEEMFKBRAM (LCOE: Levelized Cost of Electricity) Dtt
BEHTHNTHY ., SSPS MIDFHEBEY AT LLHEBUTEIANEFNITENTOBIENRINT
W5, (B 5-10 288)

CASSIOPEIA 2 GW Solar Power Satellite

Further x250 microscale

x2 concentrated, 7 - R )
solar concentration

collimated sunlight
15 billion H-CPV chips

Helical array (patented) S — —

comprises 50,000 thin Main SPS Features:

PV/RF layers, always edge- * 2,000 tonnes in GEO (with other orbits & scales),

on to the Sun rotating once-per-year to always face the Sun.
11.3 GW sunlight concentrated by dual primary
reflectors, re-collimated by secondary reflectors.

* Novel helical antenna (GB2563574) electronically
steers through 360° to target the rectenna.

Solid-State Symmetrical
Concentrator (SSSC):
Conical, non-rotating
thin film solar reflectors
(patent pending) * 2 GW delivered to grid, on-demand, 24/365

5-9 CASSIOPeiA DEBEERK LT AV NV AT LT
Hifr)Ian Cash M.Eng, CASSIOPEIA SPS” ,ESA’s 1%t Space-Based Solar Power Workshop 2021.12.9
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120

LCOE for Plant commissioned in 2040, using technology
98 9% specific hurdle rates, NOAK, 2018 prices

[ |
-]
60
40
o

Dedicated MNuclear PWR CCGT + Post- Onshore Offshore  Large-scale

m Additional Costs
M Steam Revenue
W Decomissioning & Waste
B CO2 Transport & Storage
m Carbon Costs
W Fuel Costs
Variable O&M
M Fixed O&M
B Construction Costs

LCOE (£/MWh)

M Pre-Development Costs

SBSP

Biomass FOAK Combustion Wind Wind Solar
CCcs
Reference
plant size 23 MW 3100 MW | 1070 MW 51 MW 1000 MW 16 MW | 2000 MW

Hurdle rate 7.9% 8.9% 7.3% 5.2% 6.3% s0% | 100%
| ]

— ‘Base-load’ technologies I |

5-10 BE{LFEERM(LCOE: Levelized Cost of Electricity) DEb#Eg
HiFR) Martin Soltau, Space Solar Power - the UK Study and the Space Energy Initiative” ,ESA Space-Based

Solar Power International Workshop 9th — 10th December 2021

3) #E(MR-SPS)

FE(CAST) Tld. KEEME2EREMRL. M OEDHAEHETXSEFILELT MR-SPS
(Multi-Rotary joints SPS)#% 2014 FIZRRE Iz, MR-SPS IZAB DK G ADOEB DK
BRIV TRERIN, B2 B0 —4)—YaA Y MCE X TW5, BBORETI0—4) —
VaA UM RITERTLIE T, RKIGEM/SIIVHAMIZUCEHEE TS, KBEH/SANVTOXRESE
HFO—Z)—Va U ERBELTTY VT HIREINS, Fanld 30 EAVEEINT VS, MR-SPS
DAA=YRIEIE 5-5 D EEITRUTWS D, ISICEEMAARFER 5-11 ITRT, ROV TROF
Rt BELRKGEN VAT AB LB V=7 ) VI DFEELERTXEILIZH B, L1L,
FEEIIBNEADU—K) —TVaf VN RARBELE Y AT LANKXLEMREL B> T3,

5-12 12 1IGW(Delivered Power) DY AT AIZDWT, ZDTERER, $IREE2 T, RE
=138 10,000ton, KFFEMMEFE 6km?, XE7 7T ERIIN Ikm, FEIANL$0.15/kWh &
AEE6NTWS,

110



Solar sub-arrays

Configuration(1GW)

1310m

1000m
Transmission

w

11800m

=< Wwpo9
1 -

Perpendicular
trusses

25 Solar sub-arrays each side.

I Solar Array

Upper south-north Truss

Transmission Antenna

Transmission
antenna

5-11 1GW MR-SPS

Main Truss

Perpendicular
trusse:

< UWQLE =

Lower south-north Truss

Perpendicular
Truss

AR ) Xinbin HOU, Ming LI, “Activities of SPS Development in China” ,ESA Space-Based Solar Power

Workshop 9th — 10th December 2021

Orbit GEO
Delivered power ~1GW
Efficiency ~13%
SPS system Total mass ~10000t
Life time 30years
Cost of electricity $0.15/kWh
Solar cell Thin-film GaAs
Efficienc ~40%
Solar Energy Collection and Area of selar";rm ~Bkm?
Conversion Output power ~2.4GW
Mass ~2000t
Frequency of microwave 5.8GHz
Efficiency ~54%
Diameter of transmitting antenna 1000m
Microwave Power Transmission Number of antenna modules 128000
Transmitting power of an antenna module 12.5 kw
Mass 4000t
Diameter of receiving antenna Skm
Style Mix of distributed and centralized
Voltage of main cable 20 kv
Power Transmission and \fultageg:f solar sub-arrays 5000 V
Management Number of rotary joints 100
Mass 2500t
Module Deployed truss
Structure Mass 1200t
Thrusters 1N electric thruster
Attitude and Orbit Control Mass 100t
Mass of thermal Management 150t
others Mass of System Management 50t

Operation mode

5-12 1GW MR-SPS Dfthk

Continuous transmission

H7r) Xinbin HOU, Ming LI, “Activities of SPS Development in China” ,ESA Space-Based Solar Power

Workshop 9th — 10th December 2021

4) EE(K-SSPS)

##E KARI(Korea Aerospace Research Institute) T, 2019 {2 K-SSPS #H XL T\
5 (X 5-13208), EYVa—IVEEBIMTAILIZEBAT—IVTYTRERIZAEBETHAEEL L, K
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UEZEXTARY MY — ABOEINC IV CREE LT ZEMNARETH D, LL TS, ENAIE K
ALTOZROD, BED -7y TRORGEMZFRATHILICLVEEEMEMA TS, 287
ARREEEAM R 2L VT, ATRELRY BEEBHRTOHEL LTS i ETOE N2 2GW
LLUTHY, HESZIFH 10,000ton, %k 2.2kmXx6.8km, L7757 FE3H 4km EMEFINTH
2o

Electrical Power at Ground 2GW

Geostationary

Mass of K-SSPS 10,000tons
Frequency of Microwave 5.8GHz
External Dimension 2.2km x 6.8km
End to End System Power Efficienc 13.5%
Solar Array Thin Film

CIGS or Perovskite Roll-Out
Size of Solar Array Wing(each 2.2km x 2.7km
Number of Sub-Solar Array

10m x 270m Aol
Area of Transmission Antenna 1.0km?(Square)
Diameter of Rectenna 4km
Life Time 30years

5-13 K-SSPS Dtk

HiAfr)Joon Min.Choi, Net Zero Scenario and Status of Space Based Solar Power Research in Korea” ,ESA’s
1st Space-Based Solar Power Workshop 2021.12.10

(3) O—k¥YT /FHEIEHE

SSPS DORFZERFIZ YL ~->Tld, EiRd SPS-ALPHA, CASSIOPeiA, MR-SPS aYv &7 Mz
DWT, TNENERALRBRETOO— Ry TN TOS, LTFIZK IV MREHZEWTR
XNTVWDIO—RIY S 2EET 5,

SPS-ALPHA mu—R<y 7Tl 10 ELURIZEREZER TV T VAL L>TWS FEETS
b4 7 (1~1.5 %), LEO EiE(1.5~2 F), MEO A1y NS5V N2~3 &), GEO EHT 5
N3~5 F) LKL EMEINED T EETH D, FEIL 50kW 2 SERFERIZHEERL TV,
MEOQO /Sy 75> MC 10-100MW TIAME 10-20 &RV, GEO £EH7ZVME 1-2GW €1
ANE 100-120 BERIVEREESNTVS, X 5-14 12 SPS-ALPHA OUO—RIv 7% R,

EEDUKSAB LU BEIS DLAR—KTId, 2039 FIZHRHAD 2GW VAT LDEANBIAINS
LLTH—RY I DEMN TS, Phase 1(2022~26 &) Tld#h EEFFEENIV—12L BV A0
INSWEEF 21TV, Phase 2(2027~31 &) Tl 40MW #%D LEO #i3& _EEiF %17\, Phase 3
(2032~35 F) Tl 500MW DY A7 LDERBIE ETOEIEEITITFI AR ->T WD, &k
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\ZPhase 4(2036~39 ) Tlx 2GW DYV AT A% ERA#FEICERLTAMETRIZZV Y NER %
79, 356122043 FiZiZ Full Capability DaVAFL—Yay a2EHE 522 HEL LTV,
5-15 IZEEMMRETL TS SSPS IR T U I AL ERIANVAN—VERT,

FRETIX 2015 &£, CAST 1 SSPS fFRDOU—Rvv 72 RL TV (X 5-16 £/8), 2035
FEFTIZFEHII MW RDEFEV AT L%, 2050 FIZ IGW BHEDOEHAY AT LR ER TV HH
EHINLEELBIT, Z2ICB 2 TOXF—HEMOER BE, EMiEE. Y AT LELE, 7V r—Ys
VELEMIELTVWS, X 5-17 EFEIZ CAST Du—R3w 7 THBH, 2026 £IZ 10kW & WPT
EIEIvvay, 2030 FEIZ GEO 12815 500kW #% WPT EiEIwv¥ay, 2035 FIZ 20MW #%
N4k SSPS 75U, 2050 FiZ 2GW #k SSPS VAT L&A AN—2EUTHEIF TS,

A Roadmap to Operational / Cost-Effective SPS-ALPHA
in less than a Decade

b <A
) .

n&

Phase 1 Phase 2 Phase 3 Phase 4 / 5+
Lab Prototype LEO Demonstration MEO Pilot Plant Operational SPS in GEO
@ ~50kw @ ~300kW @ 10-100MW @ 1-2GW
~$40M ~$250M +$1B-$2B +$10B-$12B
12-18 months +18-24 months +24-36 months +36-60 months,

5-14 SPS-ALPHA OZEHR{tEFToHOu—R<vS
HiFf)John C. Mankins, SPS-ALPHA and the Economics of Space Solar Power” ,ESA’s 15t Space-Based Solar
Power Workshop 2021.12.9
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2022 - 26 Phase 1

PHASE1-TRLS = WPT performance parameters established
Ground based * Rectenna design established

satellite SPS architecture confirmed
demonstrator HCPV to RF conversion efficiency confirmed
& balloon trials

27 - 31 Phase 2
PHASE2 - TRL 6 « Meaningful power transmitted from orbit to earth
40MW SPS = Viability of SPS established
demonstrator = SPS module sizes and configurations established
in low earth * Atmospheric effects on WPT investigated
orbit * Assembly robots designed

-p 2032 - 35 Phase 3

PHASE 3 - TRL7 * Autonomous in-orbit assembly demonstrated
500 MW SPS = Packaging for space-lift optimised
demonstrator = Reflector and structure optimised
in operational * SPS and WPT control optimised
orbit = SPS available for commercial power at end of tests

e 2036 -39 Phase 4

PHASE 4 - TRL 8 Full scale demonstration of the operational system
2GW SPS * Industrialisation of SPS manufacture complete
Production * Space launch capacity and providers in place
prototype in = SPS available for grid connection at end of tests
operational orbit

» 2026: De-risk system demonstrator
» 2031: Orbital demonstrator
» 2039: First operational system

» 2043: Full capability constellation

5-15 ZE(CASSIOPeiA)DER{LETHOO—RIv S
HiAF) Martin Soltau, Space Solar Power — the UK Study and the Space Energy Initiative” ,ESA Space-Based
Solar Power International Workshop 9th — 10th December 2021

114



A Proposed Roadmap on SPS(2015)

First stage : Technologies Development & System Demonstration | Second Stage : Commerce |
’ I
Application I Aeroboat Power Urgency Power Commercial Power |
: Supplied Supplied Supplied |
______________________________________________ J
C -\ r-- """ "~"">""“"”"”"”"”=/”"“"‘“”"”"”/-"”/7 MW System _@_ IRE cTorFm_er}ual
System | Demonstration System \
Demonstration| ! I
I L |
e .
Antenna and WPT Demonstration Technologies D?ﬂmonstraticn
2025 Space Solar Array Module
Demonstration * w

Technologies
Demonstration 2021-2025, Technologies

Demeonstrations in Space Station

2020, WPT Technologies
Demonstrations on Aeroboat

- @ ____________________ @ ___________ @ ______ :
2020 2028 2035 !

r
I
| 2025-2030, Large Space Assembled 2035-2045, System Update and
I
I
I
I
I
I
I
I

|

K I WPT  Efficiency of DC/RF: 55% Efficiency of DC/RF: 65% Efficiency of DC/RF: 70% |

T | e‘y . I Efficiency of RF/DC: 65% Efficiency of RF/DC: 70% Efficiency of RF/DC: 75% :
echnologies I

Goals I - 2025 2035 |

| Solar Power Efficiency: 30% Efficiency: 35% |

| Generator Power/kg: 1500W/kg Power/kg: 2000W/kg |

] > |

- 1

v h 4 h 4 h 4 v .
2015 2020 2025 2030 2035 2050

X 5-16 #ED SSPSu—RK<vr
Hi7F) Xinbin HOU, Ming LI, “Activities of SPS Development in China” ,ESA Space-Based Solar Power
Workshop 9th — 10th December 2021

Possible Milestone Missions(draft)

High Power Electric
Generation and WPT
Demonstration Mission

GEO High Power WPT
Demonstration Mission

MW Pilot Space Solar Power GW Space Solar Power

uoissijy

’..m"‘ -

P
M r
9 . e

Hugh solar array

Y Solar array module Km MPT antenna

% Solar sub-array

— +« MPT module . Large MPT antenna + Hundred meters antenna S0t
Ch t g .

e aracter < Low power LPT . Middle power LPT - High power LPT = g{:;:ﬁ'é:;ilﬂ

g » No assembly « Simple assembly = Complex assembly assembly

o = Power: 10kW level « Power: 500kW level « Power: 20MW level « Power: 2GW level

e Typical Specification + Voltage: 500V level « Voltage: 2kV level « Voltage: 5kV level « Voltage: 20kV level
+« MPT antenna: m scale « MPT antenna: 10m scale « MPT antenna: 100m scale « MPT antenna: km scale
« MPT distance: 400km « MPT distance: 36000km « MPT distance: 36000km « MPT distance: 36000km

Payload mass: = 100t
Envelope diameter: = 10m
Envelope height: = 25m
Resuable

- Payload m > 50t
« Envelope eter: = 8m

Heavy Launcher
« Envelope ight: = 20m

Payload mass: = 60t
Thrust: = 15N
Power: = 400kW
Resuable

Payload mass: = 120t
Thrust: = 50N
Power: = TMW
Resuable

Reusable OTV

Assembly site: GEO
Assembly operator: robot
Number of robots: = 10
Ultra large platform
Manufacture in GEO

Assembly site: GEO
Assembly operator: robot
Number of robots: = 4
Large support platform

@ = Assembly site: LEO
Assembly in Space « Assembly operator: robot
« Number of robots: 2

ainpnasesu| buoddng

X 5-17 #HED SSPS YAV AR—=VIv¥ay
HiFr) Xinbin HOU, Ming LI, “Activities of SPS Development in China” ,ESA Space-Based Solar Power
Workshop 9th — 10th December 2021
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5.2 BBTRIF—EEEMT(WPT:Wireless Power Transfer)I|CEEd 2iAE

5.2.1 # EICH T HBIRTRIVF—IRE(WPT) KT & BRE<EF

i EIZBIF5 WPT Hifffid, EEREZERNTVA VYL ALREIEE, BOAEESEFTX5HE
MTHB. BETIELLDARMREIN, SR CIRAVEESTFADGHANEDSNTE TS,

WPT IZ ARSI UTIET B JEUR BLZ 201 605 . FERET RS (Non-Beam WPT) 3R 5s
BA, BREST, MARAIE BREMICTINE -2 TICEH 2 EETEHRTHY. A
N—h7AUREEET IV, EREHEANDABEFCTERMMNEA TS, RIRFERIZE NVRODY,
EEENVKREIEENENB O LA E o TW5, —F, K (Beam WPT)IZEIZERK
(RA70) L —P—RETTRANF — & RERIC A2 6> TRETE AR TH S, 10m LU E
BEN=T NA AZE BN EE LTI LN TE, EfEEEDOEFIGE A RRELEMIINS,

SSPS IZEHEL TS WPT DA RIS EL (ZEFURIEED) WPT &725%, BT E WPT IZHiRS
CERAEFNIERZ DL, BRI BELINT VS, BRI ENTEETH D IENSRFRDE
AR EARE UTOEBMEANDIIFRFIE O, REARFETIE SSPS ([TREE LM UT, AT
BB WPT Biffie i 52& UT, #AE DM FERRRINDEBHE 2T 57,

(1) ER(EICRI70O0K) AR WPT

ARRITEFICETERTOEFROEREZFIHTLAAT, ERTHEY /U EH DN —
I THD, 1 7OFEOHKRIRIIRERREDEF VY IMITOI I A A VENKEIZEEINT
WBIEMS, BTV AT LB TDHILNTES, B BRIIFRENICEZEF 2T 4EE
BoTHY, PARBEFIZEIEXRZIENTEX S0, MZEFEHDEF COM AN TREAFREDIEEE,
BENBETCIAINF—EEINMTADKE. BEEDO TN F—DEELU TUEWEENRS ENS %K
W, BRERIZ L DEARANDHELREIRI S NEENDH D,

BURTIE, ZEEAHE 10mW 755 100W BEL HEH/NI S BERIEEH B EEL RN
ENGRBEL RS> TWBM, BESTIAY A ZOFEOMIZE . KV EEBOE VIV, Y 7IVEEF AT
% WPT OfIE ML T W3,

FEBHNEL WPT % &, EFREFEICH IR E A RDEEERCREREE S, RESE, TELRY
EFELDEZEDEH 5-18 ITRT,
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RE- AT AR TOHBERELBAIC
BEAM-WPT DAVYLABHEZDBANEZSN TSR

R IEA IS (2 4 F
BHEE~DBNE e .

10m

. Ss
” -~
iin -~ R GHIOURA EERHEXRECTS
o7 =HDHEMEA

o F 4 %~ 60%32 & HHSTLD
@ A :
?ﬂ 10cm ,l I'
H ERBRIBET 1D
R HEMBPA LD TS
- icm

imm

0.1\\\ 1 10 __wo” 1000\
Tk ®ewT  NON.BEAM-WPT

KDERRBEENERAVATLERODRETRY

5-18 B AR WPT DX A RDBEWNZ L D54 FERE - X EE S - mksh=
HABIEE A YV AENEE(WPT) VAT LADZEM X B, HEAAR EREED EMI 3]

(2) L——=AXWPT

=¥ —AR WPT IZL—F—T&EFL. KBEM IV ERUIIITHEEARTRZEL, EEARDNE
BENMREFALTHAIANFT -2 ERERIIERTLILTENZERETOIEMTH S, L—Y—
HIGEFARERATEILTE— L2 TE, REANVNIKDROEETREMICETT AT —
R CX 5720, INLEBEND/INEE — LA TERENRENARETHILVVIRREET D, £/
IRERIFERFEICH 20, ZEFHL BT 2 FONIAENEDSNTITEY  EEIIM EXORERETE
FROBFIAE AR UTERMAFINTVS, B 5-19 IZL—¥—FR WPT OB A% R,

FEABLRE
lkm | S EBFE DA
T7AI\
100m| FK#¥=E
- ,
@ 10m
}!g TAEX
M 1m| FE sle
10em | [2%ELF
1 N 4 n“
cm i\\ : 4
0.1W 1w 10w 100w  1kw  10kW

ZEEN

X 5-19 L—4¥—7 WPT ;@ F &1
HART) SRR B ET S H.P. (http://vcsel-www.pi.titech.ac.jp/owpt/owpt.html) (202242 57 HEE)
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(3) TMVLRGEDHZEIR

IEBEBOIEHSE WPT IZDWTIE, T TICERNEA, BARE GO R TG EZ R
FAUZ- k% RBENFRERINT VS, — AT, ERMEEB OB E WPT IZDWTE, KE & M —
EBOBFALIMTHONTNOBEDD, B TIXERIZHZVEA TR,

EREAEA TS E 2 HONI, TOTGRECSEDOFREFDLR—MNIZIRITINTNS,
— Bl UT, BRASHREFRIFMITAD 2021 £ 8 BIZHITUA12021 iR VA YV AKEHBD
BUREFREBE | OFERMSE RoL, 2021 EDOTA VL AFEE AR THBIIFEIEL 111.5% 0D 4,301
BHEFHEIINTVS, SBREFER 10% L EOMU%ERL, 2031 FiZiX 1 Jk 5,496 BEHETHE
THEFHLTNG, UNUESBESR | [EV], TEEZEMER . [ZOMBICTHISHRBEOHS 2 REE -
TV, VNI FHERAR X, SRBRETVY MR = —RED =y FRHEFIZET. VAV LA
FBOBRAMNILEMNBL LTS, [EV FER Tl EV 2 2030 FELEAEHZEEDHEIZEL L F
BXNTEY, BIIEEFDOVA VLV AMEI AT LNE XL, TD%, BAEHADOETF CERE
AIRERTA VLV AME Y AT AN E RIFBEFEHIITHONE BB L THD, [FEEBIRARITEANL-
BAMLLHITHOESIR D[ LA HNE LT, THOVA YV AMEY AT LAEAILISITEA TV
Rontnag,

EREDIAE S 721E0) ORET L (ZEEEEED) WPT DUA YL ABEY AT AIZDOWTIE, KED
Energous A% 5-20 IR ESIT, TG REEREILICREL 4 DOEHICR LTS,
5cm FEE D Near Field $8i5, Im f&E £ T0 Mid Field $8i5, 1m Bl _E~15m ##8x % Far Field
IR . X5IZFDHIZ Harvesting D4fEIBE LT3,

HHORBEUIZDOWTIL, Energous DY =7 NA A7V Y5 D Neeraj Sahejpal Kl
1£13., Far-Filed $HEO TGN REIIEN>THY ZOHRFITHREZ T > TS BEER L HB L
HARTNBE,

6 https://www.yano.co.jp/press-release/show/press id/2790(2022 % 2 A 7 HHE)

T RABIZBIIZVA VL AR B, BEROBEBICBERLAKESERIBOEROBREY AT LLL, FIEHREILZ T
=Y a N BHRINGZEETYV a2 B, FETVa I BB ENREL TV,

8 2021 £ 8 Bk /= Wired & Wireless Technologies (WAWT)’ s Thought-Leadership Webinar Series
12T, (https://www.powerelectronicsnews.com/the-wireless-charging-technology-market/)
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r 3
P Near Field Mid Field Far Field Harveslin%
Z |+ e e e
= ) 1 !
> H
2
w
[14]
®
5 = ] H |
g gE ] ! ; Legend
2
nu: Indicates Energous’
2 = . current focus areas
5 5
D
14 1 ) Paossible today; not a
= WattUp ! ; near term focus
E PowerHub 4 ]
0.5¢m 15¢m 30em ™ 2Mm 3m 5M
Tx to Rx Distance
Near Field Mid Field Far Field Harvesting
Hearables, Home loT, Gaming, Smart Glasses, ! Military, Public Safety, ! Industrial loT (ambient),
. . Wearables, . ! L
Applications N Hearables, Wearables, Smartphones, | Industrial loT, ' Smart Building Sensors,
Medical Sensors, ; -
Desktop Ecosystem, Portable Computing ! Smart Home ! Retail
Smart Glasses | !
Enerqgous Value | Wirelessly charge multiple devices at-a-distance, orientation | Trickle charge loT
P 9 iti | freedom, smaller form factors, foreign object detection, | sensors, eliminate
roposition | same receiver scales from higher power/short distance to smaller power/long distance | battery replacement

&energous

5-20 Wireless Charging 2.0 Ecosystem Roadmap (Credit: Energous)
HFF) INVESTOR PRESENTATION, ENERGOUS, Nov 2020

5.2.2 FENEICH T DEBIRIVF —(mERRAiTORFEID

(1) HAEHE

SKE, B, E, ZOMT V7 EE NSRS LT, STBERICEBIN TV —LBIER (£
IR0 FRB IOV —F—FR WPT DEER%BI5UMEFEEI3ERICmIT 8%z
3 2fE2To/-, AERWAREKSE IEEE Wireless Power Transfer Conference
(WPTC)& LU IMS (International Microwave Symposium) & C{ThN /Bl 3 ELRED
HEENOSHIEXA MV ERMEE 2B L, 2V Z—32y ML AMIERE ZIC, TTRELIRY &
DI FEFEFRINEIEIET 2L 51U, FLEREIEATOENVF vy —BEEDFRIZOWVTIL,
EARIZAT - ERE BB Web Y1 b ETRABLTWAILNG, ZNEDTRFIBEREINET S
DUz, IS6ITA VA — 2y MEBEPERE L7V Y IO & BEA TR BEROINE LTV, FAE
W EATTOKEDNTUZ, LEDESITUTHIE Uz, S EIDFREN G L7325 B L E RS X
CHEREFE LA MVDO—EE K 5-3~F 5-4 (TR,

INSDIRFEFAFET LITEREHEEE, IR5eE . IFRBEREIE (21 ML, IHREAR. EWL ), F—F
). EFERE] SBOHE, TOMFHES) I OVTEHEMEBE UL, BRE2RMER 2 1ITRT,

JIETIEINSDFERREL2EIZ, ERARBLOV—Y =B WPT OERIZENT /-HHZEFFEE
FIZDWTEEE(T,

{11
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# 5-3 EF(FITvA70) AR WPT OIFFERFEE EfL TOSREEL %R 41 ML

B | E it 1bd | &SRB REES | MM FS ST
BE(FICYAI0OH) FHEAWPT
R Christopher T. Terrestrial Microwave Power Beaming
EAY
#* gg Il:JainTaat\;al Research Rodenbeck, Dr. Paul (FEBTHREEAMEICHETS ) T kmEL EOESE T E
i Jaffe CAUORBAE — LS
K Purdue University Graduate |Abigail Jubilee Kraat TI—AFFPLAT 7 HPAA) EHVESEENmE i
School Finnell FICHETHHR
EHE . - REA =AM PLATERH I WattUp BRI OHHRRES
e Energous Corporation LS E
. T, ZRIC £ ST ERGT(GuRu RF Lensing$&iitl iz
GuRu Wireless, Inc. Prof. Ali Hajimiri £ 2510 20TA(Over The AiNBHERAH YRS 1
Ocsia Inc _ DL ABBHIHiCota® OEHERG LU RIS
] (B EBRSEIFiTh &L
. RFIFIF—IN—NAT T BRENmEICET oy
Powercast Corporation — 11— a AR R EA T ORISR S 6
. . Z SR NEEROLITHRERE EE1.5%. 80
Raytheon Technologies Hooman Kazemi 3. 6kW/m2 ) DEF =5
N7 EE Emrod Greg Kushnir, Dr Ray EEMESI ¥ —imEEaElldo 7L IrLF 1=
vl 3 Simpkin DEFE
ey J,%\E TransferFi Pte. Ltd. — EEMIPLANI -3y FI—2(WPN) DS
. | 28 |Korea Electrotechnology - - i o
5 e | Research Institute(KERL ) Young-Jin Park DAV ABNEEL AT LOHRE
. . . A UOREEORITR (microwave-powered airship
% |Inha University{({_# 24 Dr. Jachwan Kim drone) SERHETIES S - 5T
University of Electronic . e
. : EEFAMRERN 2RO o0ROREFREE B
= #% |Science and Technology of PhD Biao Hu — . - e o
= £ E =
China( BT <%) EEEMAENV I IVORESE ML AT A
EME |CEPRI(China Electric Power _ TOm~ A YOEFAEEEE(a 10-meter microwave
% |Research Institute) radio transmission) Z7ORY1 7 OHFE
- : . Z)iE BV AR O ATEERHTTMI Air Charge
Xiaomi Corporation Technology | RIS

HA) B TEER &) =2H;

TS0

® 5-4 =Y -5 WPT OMZERFEZERL COSEEELIELT ML

L—H—HEWPT
- 28 Geoffrey A. Landis, . .
A jann MNASA Jonathan Grandidier Laser Power Beaming for Lunar Exploration

U.5. Naval Research
Laboratory

(125 PowerlLight
Technologies)

Dr. Paul Jaffe, Tom
Mugent

Power Transmitted Over Laser (PTROL) i E==5F
HE

DARPA

develop wireless networks that use lasers to
transmit electrical power

Beaming of Eneragy via Laser for Lunar

FF |University of Virainia Prof. Mool C. Gupta Exploration (BELLE) /25 f0BEsE
i\g PowerLight Technologies Tom Nugent lr—tF—E{Fo TP ARERRORRE
University of Surrey Prof. Stephen o s o
x| RE Space Power Sweeney. Keval Dattani LEQO/FEEAML—H—(C & SEEE N mEinHE
e A T™
Bl %Fa‘i Wi Charge - AL —F—IC £ & TPl A BE (AirCord ' ) 00AR
i 3 hrliean

) BREERL &) =R A IR ER

(2) BR(EICV170OK) A WPT HHERFEADEEA

A0 WPT OFREIZOWTIL, E—ARB< 70 WPT, 23X AER, ERIENSDT L
WF— N—=RATF VT (BHNE)ENEITO5ND, LR UL BEDLIATIIOFE AR
WPT IZNEHD DB TERIADEEDNEL CTVBIRETH S,

BB VITFOMEIIDVTUITINE — N—RAT4VTHDV I TFTLAEE& D, HHREE
DZLDRETHEBBEIMTONDELIALZ>TWS,
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PAFIZ, ERIDER AR WPT H5ERaFEAN DB AE M 2 R,

1) KE

KEZB T SER (FITvAr0E) HR WPT MERFEANDEGRLAL UTIE XU Fv—REEIIU
H &5 REREDEHRIAMNEEIL>TNS,

NHIHEEEE UTIE, SSPS DOMFERFTE B EE % 2L T\ & KIBEMFEAT (NRL) (SSPS
MEDF—/IN—V > Thd Paul Jaffe KEFEE)H 2020 £S5 2021 FEIIMT T, FHRAITEHE
BRHFIZE TS 1km A EDFEETO/ Ev A 7O EHE —LAEBEREIT /2, AU—FVRMNT
0w ARA YV MOREREEMRFTHRICHE VT, BEE 5.4m O X NUREEFEHENS 1,046m ORKXY
RAZBERET 1.6kW OEN 2 MHETET7EV AN —Ya v EE U,

RV F¥—£#L LTI Energous Corporation. GuRu Wireless, Inc.. Ossia Inc.
Powercast Corporation MWZEffziEH WPT iDL E FEL, KEHNTOREEEDZEA

D, INEUE FHEER (AR AR -T2 ST INVEERE) R 10T (A ﬁt/ﬁ‘/\@ﬁ%ﬁ%aﬁw;ﬁznﬂt%mo’c
h\é#ﬂ(/ﬁ 125, Energos # Tlk[WattUp® |Near Field ZEHMOE FLETO, HF 112 »EH
THRFE AT REZAH 2 52N TS (R~ ZBEEE R BRI S D W T EABER ) . AV 740 =7 TRIK
Z(CALTECH) MNSD A Y 72 UTERAL 3Nz GuRU #HiE, IV IKIC X 2R EEEER EH M (GuRU
RF Lensing $fi7)12& 2711 A OTA(Over The Air) & j]fz:x_ﬁ DY ATLRFEET>TEY,
RIEITRMERETHBH, 2021 4 5 BIZMotorola ttE DiE#EE FR LT\ 5, Ossiattiz[Cota®)
DEAFARE L UF1 AR H 2 T> TS, BERFEIII TRV, £ DEEN Cota HifiDZ
AV 2AEZ ) HE . BEHEXE BRERE. 7O VNREZEUKRLALKRE EH-TWS,
Powercast #tiZ[Powercast®], [Powerharvester® | N8 G iR5E % K E RN TT>THY, HHR
2 100 #HBA EOBEER LN — M —DREEBLUTWSRINTH S,

Zof, ERDRYFy—4pZEL 3B 503 Raytheon Technologies #1743 2021 FEIZI VK E
MRENREADV 7T FER (3R 61.5%. B 3.6kW/m?) DEFFERREEMLZ, W )NV RD/N
ESBLUKRESOEMEIEZTV., GaN F/vaybxr—L o5+ 2R L, 95GHz IZBWVWTAN
B 3.6kW/m? ThE&745 RF-DC $1= 61.5% %588k U7-,

2) BRM
M ClE 2014 FEizayV—v 7 A WIPE (Wlreless Power Transmission for Sustainable

Electronics) (http://www.cost-ic1301.org/) WE&IZL XN T3, 7272 UEBRIZIIN—RA T+
v 7'% RF-ID OFENZFL AL E HHTEY., BEE WPT IZEUTH M > =8X38\0,

3) HE

FETIIXRHRD L SIZ, SSPS DM FEHFE FEL TS FHEMMZEH (CAST)D National
Key Lab. of Science and Technology on Space Microwave »% SSPS SEFEHD YA 70
WPT HfiOMFEAFEEIT> T\, KFLLUTIL FAUL SSPS XA EE L TWSEEAS, W)
A% (Sichuan University) ., &R A% (UESTC: University of Electronic Science and
Technology of China) &M OEEEILEREZTH>TN3,
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B2 LTIk Xiaomi Corporation A% 2021 £ 1 A, IVEE AW /EEREY 1V L A FRERMM
[Mi Air Charge Technology |DBIFETHOLRER U, F-HELERFICLSL, FEERETS
EHZEFrCdh 5 CEPRI(China Electric Power Research Institute)#% 2021 & 9 A, 10m
<A 7R x% (a 10-meter microwave radio transmission) 7B &1 FDEFHEET->T
W5, FEMIERBTHEM, GaN X1 A—RL 757 F% AWz kKW #1710 IR E 7% LR
EEMLTVDLIRUSNT NS,

4) 7I7 (RELSH)

TITTE WPT EffiOBFETI R F v —RENBERIMNOFILINTI TS, 2019 FITEH
MINZ=a2—I—F VRO Emrod #id, BEE 2 fiDEH &4 Powerco DEERMEEZIFT. 7
AVVAD D RIBBED T AN X —(RE 2 HNBRAT OB DR EFIAL TS, 2021 & 5 BIZE
LB HATOEERRIIESX, BATDT74—IVRTANEEHELTHY ., REREDOERERZEEIC
EEYV AT LAOREHKFEN LRI NT NS,

F7= 2017 FEIFRIL XNV VAR —ND TransferFi Pte. Ltd.[3REEECLZE2MNDXIRNZ
Wireless Power Network (WPN) D#EZE% E$5L T, TFi Turin-1 wireless power network
(WPN) 75974 —ALDB%, TFi WPN IIoT OV —A%E%T>TW\5,

Z oM, BETIHMZAAZK (Inha University)id, 2018-2019 FLHIZ X NV ROERFREIZ
KVERENG B, ANV AR FELZ A 7 OIREEEI DO RATHR (microwave-powered airship drone)
ERREDOREFRL EIE 2 To7-, £7- KERI(Korea Electrotechnology Research Institute)?®
EHRZEMEE(NST)D BIG Issue Group 7RV 2Zhe LT 2019 S 2025 £FTHE
HIRRE 2R LTS, FHCOFEBMAENEEY AT LR ER T 2 RENRBEZEIET,
M ETOERBAMAAFFEO AR E X ERICEHHA TV, X512 Korean Wireless Power
Forum A3%EME I, BEEFRP ALY w170 WPT EEBREADEFEAMTHN TS,

5) BF

LR U7-38Y | 1B CIEER A RO B RS ENER DRI AL IATH D, ZI T
HAR®D WPT £ifiDifERFEL ERILOEAIZ DOV THIEZ R,

EEFZOEEL-EXLULTIE 2013 £ 4 B, v 70ptEs2 0895 WPT IZEET3ENE
KDA)—T 7 LELUT, WiPoT(Wireless Power Transfer for Practical Application)’?
B INT=, BIRERRHIR CREV R FZEZBIZEAT) WK 2D, 100 LLEDRZE, IFFHEE. 3%
KENOBEINSG Y=V T LATHY, WPT HEifficBET58ES. . EEBRESF MR
FAfEL. 7= WPT HAfiDIFEE - iEfb % B8 U TRIFEEEA CRBEAZF O BUR R CE BRAE
BAFERE DR ELRE TS MRIICERLTEI TV,

—7. BATIZER 2 F T S¥RIIEMEEE G IR (Fol) 28 TRLKEEINTSY ., BiKE
DEFNZEY | BB DERFHGEIZ DOV TTERMDN—RURE RGLUZH > 72, LU, 2020 £
7 B BAIIERBEEERERLY RIS IT S ERRERL T AV VU AEIEEY AT LDFEAiTHI S
BT —EE R 22T, BEFIEDEME I M TEXH U, EFEE{LOBRP=—X, I A
N DmE NS 920MHz . 2.4GHz &, 5.7GHz #®D 3 DOFBOLEFEKETHLLEIT, 3 &
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B TR BRI UERT 2 A8 2O MLz, 71 i%—x—?v'ftbf 2022 FHIZERE
WIZRRY ., 920MHz E D ERK % > THRIFE T HF CTEGEHKELRDLFELR>T VS, I5IT
2024 FEIZIZBEARIZEHEAL, 2030 FEEITIZAE DK ES ATREIZ T 570 C BB R H % 48
LT HEER->TNSY,

INSDOFXIZEHE T, HAENEEEZEMEER VAV ZARBZEEANDSHZIBEDO TS, B
NTOEMBEL LT BEEAREUTNNFYVowIRLHIY A XD /— RO ZELEBEEFFKLT
W5, BZIEA V7 TBIERAATADIERAERET LTS, REHDAX—RT Y TDAR—Z/NT —
TRV —RFETRENMEZ LR EFFEL MIRIIGHAL. THYREOR G - HRE Ny TR
UCEETIAREE-THRBEZEDTND, /2 KAZ Y T A —RREZHDAZ— N7y T RETH
5TAX—=) 7% 2021 £ 11 A, &Kk 20m 5D [0T TN AERRETX S M2 R
T\, KED Ossia & HADAXLMATEELZEHTIFETH D,

EBATOFEAERDSNIRHERBENEISALBEILLTL VI IV I NTT RIEREDEX
MNHd, V7 I\ 2 IERBEETHERERE (NICT) DX EEZ 1), FHEAEOSIR TERZLHELT
EHOEM BN S/NIBEBHTIGE LT O EMAR 215D 5, FtHIZEMICH 20 FOEMBER->T
B BEEHELTOIV 772 F>TREERTOILVIHEHELLRLAREMENH S, NTT RIEEE
MEEOHEMEARLTHY ., SEBEFEISGIAEO R REMEUTIEE LTS, ZOfth,
2020 FiTiE IARTY IVINFEBRZ L THIEE N VB E#ETI TR ETOMSEIEHAR %
O, INSDFfiE AWV 758 =R) VTV AT ADOERIZAIT TRERERT — X DG
BLUFHI % T> T3,

(3) L——=AxAXWPT

L—H—FR WPT OFERtIX, w170l WPT KVEBNTEATEITWSEM, LETIE NRL ®
EhEEmsestEm (DARPA :Defense Advanced Research Projects Agency)»3RiEEfE
fREDEEEMIZIER UTHY, BEANED SN TS, NRL Tld SSPS MIEDH.LAYITHS
Paul Jaffe KA 2019 £ 5 . AV—FVRizdhHd U.S. Naval Surface Warfare Center (2
BOWTEEMZRNAY - =3IV 7 DHIDTEV AR —Vary £47\0, 325m DIEEEHIZH~->T
400W (BZRER) DL —H —rikE & I X ¥ /-, DARPA Tid, 2021 £ 10 A. [Breakthrough
Technologies for Energy Web Dominance | 7HY 27 bD7-8H?D SBIR(Small Business
Innovation Research )/STTR(Small Business Technology Transfer) Opportunity
(SBO)EFH L. EFHar 7 ORE L Zft 7"CL\%> Energy Web #vhU—2&id, #i ED
V=P —HIFENSZEFD ) —RIZEH MG, ) —RNEZDEHEZEH L TEROERIZISUTHEH
U, B3I -2 E L 2 MiD Energy Web /—Ri EP%L'@‘%&:L\’)%@’C&%%

F72. NASA IZBWTE 7NV I A EIZEEL THE COXKAZEIRIIE T EE N DHENEE
FEL Lo TEY, TOBREKLE U TAEREICS T —F—Z 3 F —(RIEDATREMEIZ DWW TDEY
HAMAONBEIAHLL> TS, BEERADE MG TRV NIVDLV—F —BHE— LMk
BT D74 MEFEY AT AW T ORGP R RAEK (808nm) TOL—HNT — {5k & 17
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USAF Air Force Research Laboratory (AFRL :KZEEZEFT)
Fe#E5 - Northrop Grumman $t (CK)

HEMEE

Space Vehicles Directorate / Col. Eric Felt(director) . James Winter (SSPIDR project
manager) . Dr. Andy Williams (Space Mission Area Lead)

HEFRFE/FS HE

A8/ T—~

Space Solar Power Incremental Demonstrations and Research (SSPIDR)

SRR

2019 FE~

Br/ER

-EfFRE DIV ERINTE D ZHICIE REBRIRIVF —ZNERRFCNER
SR CHERURITNIXEVN KRS T 1 & HFRAROZRIERKICEIR NS LUIE!)
RITHICRELV ROV ATV IICBNIZENEMIGT D/=0HIC. EHHHR SSP
e N\—RII7ZRARTIEZBNET D,

- 2019 ZF:AFRL D Space Vehicles Directorate 0)‘big idea pipeline’ (10 F&IC KT
BREEERS5 T ATREIED S5 D EFHBEAM) D—D & LT SSPIDER hYaE)

- SSPIDR [& SSP D 7O JICUHERBER M Z RENICHAE TS TO0I I
Thd,
- 2020 &£ 10 B:AFRL [ZA—btS U REMIC Deployable Structures Laboratory

ERR. RN TOIIIMELT SSPIDR DFHEBERBEITO & U,
- IRE, SSPIDR & UTLLT D 3 DDRERZ 5\ - FATH

v" SPINDLE (Space Power Incremental Deployables Experiment) : IR{EE R D
LERBR, KINER SSP D7 LA ZRZABT=HIC. EDXDRIBENRENZIERET
BIeH D EFABIERER

v SPIRRAL (Space Power Infrared Regulation and Analysis of Lifetime) : 17 X
TLADBEDRRE R EFHRIECOARTREEZLICTHASNEME (AIZEK
SERME) 28R, 2023 F(C 1SS D MISSE(Materials International Space Station
Experiment) RAO—R &L T EIFFE,

v’ Arachne:SSPIDR OY T U hZEHE T 5 BXIERRIARBRDEAI DR, 3
R Ry F - F1IV1EERLT RKEIRIVF—ZEF/REK(RF) EAICEHE
TR ERIETDEEDIC, TDIRIVF—Z M EITAREL TREFARTRES
BHICEET AR Z R T /NREWDHelios ESPAI) VT ERAO—RER
% SSPRITE(Space Solar Power RF Integrated Tile Experiment) Z1&#,9 %, 2025
FIT L FFE, Helios ESPA, SSPRITE &% Northrop Grumman 24

v’ 2021 F 12 B. Arachne D=HDEB/N—RIIT7DRIIDII/R—-"Y—-T IR
M EREEICAIN TRy F - F1IIIC KD ARBN(V—F—IZaL—9)H 5
D RF TRJVF—ZHAIC LI,

- BE - BUROARGEMRE RFXEHOESDOE, EFNAT Ry FI1IL
(revolutionary sandwich tile)

. AT

EXPEM R BRIMEIL DRI DEIEE TS Arachne & 2025 FTIT EIFFE,
2020 £ 12 BIC. ABED/VZ% Northrop Grumman $tHHAE 7. SPINDLE #h
BRI FIREEEF.

SHOEHE

2023 & SPIRRAL EEBi% ISS T=EMi. 2025 FIZ Arachne Z{E#E CEIITE,
SPINDLE (F#h FEAERSE T IC. $8 EEABRONENZ I\ T E,

TR

- 2019 & 10 A:Northrop Grumman fINEEQR/N\—RUIT7ERZRAF RT3
WE 1ERILLLETRE
- Arachne MBEIE/\X &3 Helios: 2,500 /A RILDERH

ESALT!

EspedidEs

- SSPIDR (X ERPEHY RN ZEEE & BB H1iTE 3 (CTE : Critical Technology Elements)
DHEFENUVETHZELTHY., BFEPD CTE O—FlELT NRLCBERZEAR)H
HRET2EIM DL ITTFPLADNTRINTL DS,

- NRL M1T272 PRAM-FX DERHN ST U RAYF-ED 1—)VICEHT 2BFHRFEN

1



Bon. FNS5OHMEN AFRL D Arachne [SBRATINTLS, &N &,

EFHA —

T DT EREESE DRFRS)

-BETOFANRAODBEN THIN, GPS NEZEMHSBFYHRFD ALZN
HEMNICERTIRMAEBITURESIC. AEMEEENICIEEICMEDSH D E
EEERDAREM %R L T L\ D,

REIREDE | - 2021 F 11 BICKEFHE. EffE#H Iy b AFRLDFERUZFHREZSTATE OF

% THE SPACE INDUSTRIAL BASE 2021 |IZ8H U\ T, SSPS I K= _FEB SN,

SSPS ZXRENFHESUEDREIZHAD Z & (E [IEREH NS 7= DFT=

BRREREITILIT TR EER BR. BENRN—r—Z25A0HULLWAE

EIRHITBCENTED, ERTN TS,

SEMK

oo S

#58 T Arachne DEERA X—J (Credit : AFRL)




5. 1 r | ;
2021 F 12 AORRICAW T VRV FIIVDABGERER CERRDET IV
(Credit : Northrop Grumman/Air Force Materiel Command)

iR

- https://afresearchlab.com/technology/arachne/, 2021 % 8 B 7 HEXS
- https://breakingdefense.com/2021/04/solar-power-sats-help-drive-dod-deep-

space-push/, 2021 & 8 B 7 HEXS

- https://news.northropgrumman.com/news/features/northrop-grumman-and-us-air-

force-research-laboratory-partner-to-provide-critical-advanced-technology-in-
space-solar-power, 2021 & 8 B 7 HE\S

- https://www.kirtland.af.mil/News/Article-Display/Article/1997819/us-air-force-

research-laboratory-developing-space-solar-power-beaming/, 2021 &£ 8 B 7 HEXS

- https://breakingdefense.com/2021/04/solar-power-sats-help-drive-dod-deep-

space-push/, 2021 & 8 B 7 HEX&§

- CHRISTOPHER T. RODENBECK; PAUL I. JAFFE et al., “Microwave and Millimeter

Wave Power Beaming”, IEEE Journal of Microwaves, VOLUME 1, NO. 1, JANUARY
2021

PETER GARRETSON,‘STATE OF THE SPACE INDUSTRIAL BASE 2021,

November 2021

- https://www.afrl.af.mil/News/Article/2878401/afrl-northrop-grumman-demonstrate-

solar-to-radio-frequency-conversion/, 2022 & 2 H 2 HEUS

- https://sofrep.com/news/air-force-breakthrough-with-space-based-solar-energy/ .

2022 F 2 B 2 HES




K XHIHERS

| — b

SE et
HREA% (FRTEML) | U.S. Naval Research Laboratory (NRL: KB ERZTAR)
2 o Dr. Paul Jaffe (the innovation power beaming and space solar portfolio lead)
HbE RS Chris DePuma(PRAM program manager)

R FSHE
18V, 7—~ | PRAM-FX(Photovoltaic Radio-frequency Antenna Module Flight Experiment)
Eii53; 2008 F~

- BRZ2REFHR (National Security Space Office) Ht 2007 FEICEHELZ T 1 —
IET 1 RYT 1T, SBSP(Space Based Solar Power) Hiii DT EHELZ L.

Qi se 7P_aul Jaffe K&E{FRET D NRL OMBRE SRR BFORBZEREI D&

- NRL TlE 2008 ENO VA IOKRFAEELEEI 1 —IV(TURAMYFEI 1—IV) DER
AR EEmL T\ D,

- KBIRIVF—ZEVAIOEIRIVF—(CEH T SREMDIAE. PRAM-FX [E 12 1>
F(30.5cm)B{ADIAIV T, KBIRIF—Z RFEHICEBRTZ T IRIYF-E
Ja1—ljED>TWD,

- 2020 F 5 AIZEED X-37B BERRRHE(OTV) [CHEEL THT LT Y UR1yF-E
J1—IDIRIVF—ERDREBEFEDT —IRENBNTHY  BHRLIZYA
IR DEEFITHRN,

- 2021 & 1 B “Microwave and Millimeter Wave Power Beaming"s@ X ZH&U. 1)

MRAS IR F-EI 2V IOFIDEE LRITEHRD T —F RS
v KBGEMEIZIX. Spectrolab 3D UTI =ZHESKRBEMMNFEAINTHY,
30.5cmx30.5cmx1.2cm D P IV Z I LINZ A LINRIVETRA
v RF ILOFOZOREKBHAREBER—D7IVINZH L LITRE FEER
[FATDRNZH PUTFIEDLN TR,
v INETITERUZRAD RF BAIK KIENS 32 EOBEDRHET 8.4W, £
D 1—)VREDINERITH] 8%, H EEHERE LEEL TERFSHERTH D,
- IR7E HAREABRERFEIC A D THY  BRA BEMERHFZEARL TL B,
i Ry F-EII-I ‘
- BIRENImE VM OVORENE EAE—IVT
EHL ARV FRATBAFE DAHRERRE . IRTE I PRAM DT — 547,
S 1%DEE PRAM DFERDHERDIATY TELUT, TRICHEET SV AT LAZEUEL. #1IKIC
i NAOOREEZ(TD R =T D 5HHE,
T EHE —
e
Operational Energy Capability Improvement Fund in the Office of the Under Secretary
RS of Defense for Research and Engineering. Department of the Air Force Rapid
Capabilities Office . Department of Defense Space Test Program. Boeing. TSC
Praxis Operations, Gulfview Research, Odin Engineering. SpaceQuest.
EFR 7] —

T O (55T EREESE DRIRF)

| X-37B [BEBHEFEREEEFITT . ARTO—RISOVWTIFEHEN ATRINS,




@ Electronics

': Control Unit
v A’ v

Experiment
Adapter
Plate

DC

SEMK
et b T
PRAM-FX DEZEIVIR—Rk
* https://www.nrl.navy.mil/Media/News/Article/2651744/nrl-pram-mission-one-year-
and-still-going/. 2021 £ 8 B 10 HEX{S
- CHRISTOPHER T. RODENBECK; PAUL I. JAFFE et al., “Microwave and Millimeter
R Wave Power Beaming”, IEEE Journal of Microwaves, VOLUME 1, NO. 1, JANUARY

2021

- https://directory.eoportal.org/web/eoportal/satellite-missions/v-w-x-y-z/x-37b-otv .

2021 F 8 B 10 HEUS
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N
=i dEs
¥4EE (FRTED) | U.S. Naval Research Laboratory (NRL: AKEBEZLAT)
2 o Dr. Paul Jaffe (the innovation power beaming and space solar portfolio lead)
HhE B Elias Wilcoski(NRL research physicist.)
MREFFSHE
— - | ISSAICHIFTBLITFHEE(NRL's LEctenna™) DEE
TR/ T=N X LEctenna:Light Emitting Diode (LED) Rectifying Antenna
s 2020 F 2B 12 H

BEBR

‘HE ETEAMIET EVAN U3V ERIS B FETOEREN X T
hZEEEERT B,

- FEHMRITTETEH D Jessica Meir KON NRL O LEctenna™ (RYLRIBH 7T F) =&
FAUT. REBRY NI =D EEMRDERRYN T -GS EZENIC TR T DEF%E
B,

v LEctenna: EERAMYF I DY F— - F 1A —REAZEMNR LED Z 5[

HERE HAEHE . AREDRICANTEREEDBMUIZED
- ATFEVRANL—U3 VI, ERAF#SE D Space Test Program DIW3 (KD TH
RBURRERDA/R—59ZEFETD=6HD STEM TOJ T VMMIEMERTFSNT
Wad,
v LEctenna DEUEAFER—LR—INTRERNINTLD,
i . ﬂ‘fﬁ%ﬂﬁ%\ YA UORENMRE
- RNBERT TS
EBLANI ISS RICHIFTBIFRITIINRIEDTE AL —232,
SHEDEHE —
THRIRE —
EREfAH
EapELy e NASA
ErE —

T DM (R EREEE & DRIRTE)

SEMK
- https://www.nrl.navy.mil/STEM/LEctenna-Challenge/
AT - EREAENEL. https://www.youtube.com/watch?v=VICV-s0jMhU, 2021 & 9 A 17 HEX

=]
=
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California Institute of Technology (Caltech: /1) 74 )L =7 TRIKZE) (CK)
=155 - Northrop Grumman £t (CK)

HEMEE

Caltech’s Division of Engineering and Applied Science (EAS).” Prof. Harry A.
Atwater. Prof. Ali Hajimiri, Prof. Sergio Pellegrino
Richard Madonna, Ph.D. (Project Manager, Caltech Space Solar Power Project)

HEFRFE/FS HE

YA/ T—~

Space Solar Power Initiative (SSPI) / Space-based Solar Power Demonstrator-1
(SSPD-1)

SRR

2015 &~2017 & : Caltech/Northrop Grumman SSPI
2019 FLARE:SSPI DR ZEAL T SSPD-1 D#LmE EEiF ZEE|

BrER

- 2011 £, Donarld Bren EGH Caltech [Z SSPP(Space-based Solar Power Project)
DEIFZZEFTFZ L. 2013 FICZEDF M ZIT o7
v’ Donarld Bren KI& Irvine #t (KRFAEE) DR THY Caltech DIBERDRE
KETEHEH D VWDPEIAREETHY . ZHDOLHNEEFMZITOTLVDAY)
v BRHOAE (NG &5 FHDEMEIN TV, 2021 F 8 B, SSPD-1 DE
SEHAEDVNTE /2D T, Caltech M 2011 F£D Donarld Bren KD 1 ERIILDE 1t
D E='ERNTR
- Caltech & Northrop Grumman #EBEDREVEEDOF TIH AR ERIT TS,

- 2015 £ 4 B :Northrop Grumman £t/ Caltech & 3 &/ 1,750 ARILDZEERAZEEE
WEHREL. MHRIC K B Space Solar Power Initiative (SSPI) DEAF B4,
v Caltech [£ 50 B EDF—LEHA. IRNEFHDE\) SSP £XIRT D726
DEFFNBESTMIC T 1 —XR7 L1 DREZRS.
v Atwater 7IV— T BHTH MEETEY 1—VICEBRAERERFEROBRE. 5
IEREDKIGHFREIAIVDERET - EAE
v Hajimari 7 )L—7 &/ (DC) DARBIRIF—%& RF/NT—|ZEHL, TT—XF
TULADS RFND—ZXETDIME VR T LZEIBE
v’ Pellegrino 7' )L—7:100m 27— LD\ BH AR REBE SIS A DIEEE
[CHBGFERRmMDERET-5UF
- 2017 2 FBEO O A TORERUHER
vV KEBAREZEDTIIVLATEET IBESEHRSE TONIAT
v B 10cm, BT 12cm OEEICH 1m2 DIEEEES, rUAEEEOI T
ThZEEEE, 1kg/m2 LI T OEZEE ZERK
- 2020 £ 12 B :Momentus fD#LEZ A VIGORIDE DIRA T YR -RA1O—R &L
T Caltech D SSPD-1 MIEEHHRE (Space X HDTA RV T PIvavELTE
ETE)
v T E#%(3% 6 o BR. VIGORIDE L BRSNS EHE, T1 VL RBHEEEEH
UL\ BRI se B DEEZ1TD

- B2 -SMROKZEBE RFEEROBEEHE . EFIGT IRV FI1IL
(“sandwich” module)

- BREENEEE GaAs PV DERICLDEEIL

- a single CMOS IC to convert DC to RF power

- membrane-like surface

HEHL IV

2015 F~2017 F£0) 3 FETEER M FERTMNEIEZITV). 2021 F 12 BICEHHE L
FEF SSPD-1 ZHIEUTEHEZESH TL =D, R T 1—IVIEEZEL TLD, SSPD-1
[CDVWTIZOTY B LUEHEFEIIREO>TLDIEDD RITO—RDOFEFMICDWNT
(ZIFFHRNE TS TLRL,

SHOEHTE

2021 % 12 A, SSPD-1 Z## U7z VIGORIDE &£ (Momentus #138) 3] LIFFE
> 1—I)UVHNEREL, 2022 £ 10 BFEICEE,

TEHIR

- 2013 F:Donarld Bren KA 1 RV EXRHAFRAEDHICHFM (QFIE 2021 F 8
")
- 2015 £ ~2017 & Northrop Grumman #t/ Caltech [C 3R 1,750 ARILDEE =

7




| | = (Caltech EZ5E2H)

EHEIRH]
RS RS SSPI TRHREUZTVR1YTFI1ILE LT SSPD-1 (& NRL B FF Uz PRAM-FX %
= /\‘—xtlfcu\%)o
E3[5:35<ya

Z DT EREESE DRFRE)

|

Three Major Technical Thrusts

Flexible, hiah efficiency PV CMOS RF power conversion and phase control

e =

Multijunction GaAs cells fab’ed with ELO technology [4]

Ultralight concentrators Efficiency ~ 27 —
e 30%

Projected ~50% DC/RF conversion eff iciency
Tile-to-tile timing jitter << 10° phase error [4]

SEMK

Membrane-like structure that can be folded an
rolled for stowage and deployed using carbon

SpeMr >
11,800 Wikg

Systems Engineering Censul '

SSPI CHEUEFEERT T (Credit : Caltech)

Caltech

- www.spacesolar.caltech.edu

- https://www.caltech.edu/about/news/caltech-announces-breakthrough-100-million-
gift-to-fund-space-based-solar-power-project, 2021 & 8 H 7 HEXS

- https://www.caltech.edu/about/news/space-based-solar-power-project-funded-
46644, 2021 F 8 B 7 HEYS

- https://eas.caltech.edu/engenious/12/idea_flow, 2021 & 8 B 7 HEMS

* Richard Madonna, “Space Solar Power Initiative (SSPI) — Results & Paths

a3 Forward” , National Space Society (NSS) International Space Development
Conference Space Solar Power Symposium 2019 — Cislunar Marketplace & Space
Solar Power , June 5 2019

- https://www.satellitetoday.com/launch/2020/12/15/momentus-lands-caltech-
mission-for-its-new-hosted-payload-service/, 2021 &£ 8 H 7 HES

- Prof. Sergio Pellegrino ; Dr. Richard Madonna, “Caltech Space Solar Power
Project” , ESA Virtual Workshop on Space-Based Solar Power For Net Zero, 9
December 2021
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- Mankins Space Technology, Inc. (X Nipomo, CA)
P (RREH) (IH ARTEMIS Innovation Management Solutions, LLC) (3K)

BEHEE President,”John C. Mankins

HEFHFEFS HE
18I,/ T—< | NEW CONCEPTS AND MARKETS FOR SPACE SOLAR POWER
ErerFHA 2010 FtE~

- Mankins El& NASA [CFRIEBU T UV 1990 FREEN S, FKF SSP(SPACE
SOLAR POWER)ZEICH#END > TH Y., SSP NEFDOHFRIGE— AETH D, 2005
F NASA BB E. SSP ICREY 2iEB) Z#5(F. 2010 FFEEL Y SPS-ALPHA(SPS by

i = means of Arbitrarily Large Phased Array) 1>t 7~ &1,

= v SPS-ALPHA [&. BV 15—ART/N\E SPS % LEO LR T 2FREHKRU,
CDINEY SPS ZH AU X AT MERBHESR ZHRED GEO [3EFRTH &\ DT
TN THB,
v’ 2017 FELEIC (L. H#ERZ LD SPS-ALPHA Mark Il A TR EHRR,

* SPS-ALPHA DFAMTARFARE (TRL) (&, IRTE 4-5 SHE SN DL 3T EIFIXSDHIE
P, ABEERMEHFICLY . SPS-ALPHA |E 2031 F£E TICIE, TOEIRATEEENEE
BASNDEEZ TS, THIC, 2050 FE TICIE 50-1006W D A— R OD SSP
MEATINDZAD,

- IRFE(EL. SPS-ALPHA "Mark-III" (SPS by means of Arbitrarily Large Phased Array)
ZIZUsHETD SSP DI TettiEke BICHIFD SSP DFTLLATZICDWLT

REFTZE1To>TLD
HERA v' SPS-ALPHA "Mark-III"FEEEEEEANUA XYY M RFHBEICLZEEREI 1—
7o MEEIVE TR ET B, HEIEE. #9200 HEDED 21—V THEEINS.

vV IRIVF—ZH7 A A OREE7LA BEZ DR 7TRKDT—L FD
HhEBHEED 1—ILEHSHERIND,
v 1EOEA(FEETO RF EA)IE 2GW, SRESEIE 7,496 ton ERIAEN TS,
- #9 20GW (10 ED TS YT A4—L) D SPSALPHA Mk-1Il ZE2f& L. #th_E T 30 H
FrDZEERICEHE MR T DIFEDEEEDIRETEEE,
- FDOMh, TL—LL REMEEDL —1'—SSP DERETEENY. RIEE WPT [CINELR
AR S LERFET DO DOBESHRO—R Yy TEDREFEIT o> TS,
- BRSEE
-BEREY1-IUE

F— Bl - SPS-ALPHA(SPS by means of Arbitrarily Large Phased Array)
- Carbon net-zero energy goals
EHLAY I ETMEE . BERMOMRETHE, fisainss
SEDEE —
;. $2011 F~2012 £ NASA 0 NIAC J07 35 AL( NASA Innovative Advanced
Concepts) DTI—X 1 TOVTUMEUTEIR, 10 ARIVARE I N
e

Mankins ESIE Moon Village Association(MVA)(D Vice President ©#5sh 3 1th, NSS
ez ittes (National Space Society) D Board of Directors DX = /\—ZMN% < DRESEMREDIE
Bk % 3{EL TL\3, Beyond Earth Institute D7 RN\ HF—[ZEFEL TS,

EF=1% A

T (T BREEEE DRFRE)




SEME

Version 0: before NIAC Study

Mark-l: c. ‘The ‘Case for Space
Solar Power' (2014)

Mark-l1: following the 2016 IAC

Paper

SPS-ALPHA Mark-lll: c. IAC
2020

SPS-ALPHA Various Versions(Credit : John Mankins)

SPS-ALPHA Mark Il (Credit : John Mankins)

SEGMENT FEE::EE'FEFI;I:E VALUE
PV 34 MW
WPT Frequency 245 GHz
WPT Distance ~35,800 km
EO | ranemted Ry | 24OW
WPT Xmitr Diam. 1685 m
Receiver Diameter | 6,000 m (@ Equator)
Rewr Qutput (DC) 2 GW
Primary Structure =33kmx-4.5km
Platiorm No. of Modules ~1,900,000
Cha?:[s:tt:rghcs SPS Mass ~7,600 MT
Ave. Mass | Module =4 kg [ module
8PS HW Cost ~55,890 M
Deployment Cost ~$5,930 M
Cost of Money ~$18,000 M
Cost/Financials O&M Cost ~§12000 M
Econ. Lifetime 40 years
Total Electricity 702,559 375 MWh
Cast of Energy ~6¢ /| kWh

GEO SPS-ALPHA Mark Il DfE#kE #2577 (Credit : John Mankins)

10




A Roadmap to Operational / Cost-Effective SPS-ALPHA
in less than a Decade

| o)
Phase 1 Phase 2 Phase 3 Phase 4/ 5+

Lah Prototype 110 Urmaestraine MEO Filot Plant Operatonal 5% m GLO
» -0k . - S00kW ® 10-100MW " 120w

SS0M $250M sies2n +«S108-5020
1218 morthn « 15-24 montin «24-34 months + 3060 merthn

SPS-ALPHA OFEFEO—R <~ (Credit : John Mankins)

R

-John C. Mankins, SPS-ALPHA: The First Practical Solar Power Satellite via

Arbitrarily Large Phased Array, Final report of A 2011-2012 NASA NIAC Phase 1
Project, September 15, 2012.

- John C. Mankins, SPS-ALPHA Demonstrations to Operations, International Space

Development Conference (ISDC 2017), May 24-28, 2017

- John C. Mankins, “SPS-ALPHA Mark-Ill and an Achievable Roadmap to Space

Solar Power” ,72nd International Astronautical Congress (IAC) 2021
IAC2021/C3.1.2

- John C. Mankins, “KEYNOTE: NEW CONCEPTS AND MARKETS FOR SPACE

SOLAR POWER” ,71st International Astronautical Congress (IAC) — The
CyberSpace Edition, 12-14 October 2020 Z#Y

- John C. Mankins, “CENTRIFUGAL LASER SPACE SOLAR POWER PLANTS:

DESIGN PROSPECTS AND IMPLEMENTATION FEATURES” ,70th International
Astronautical Congress (IAC) — 22 October 2019 E£4

- John C. Mankins, “Identifying Spectrum for use in Long-Distance Wireless Power

Transmission” ,69th International Astronautical Congress (IAC) — 1-5 October 2018
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Solaren corporation (X Manhattan Beach, CA)

BEMEE

Gary T. Spirnak(Founder, Chairman, President and CEO)
Dr. James E Rogers(Co-Founder, Vice President and Chief Engineer)

HERFE/FS HE

A8/ T—~

IRIF—EMEFHEMRAEGHOE. SSP(Space Solar Power) VX7 L, SSP 5
b ARL—23D BARGED 3 D2NI7-EIRRZEITI,

SRR

SHERILIE 2001 FTH DM, AEHVRIAZEFAFESETFIE 2006 F~

Br/ER

- BIZ£E D Gary T. Spirnak KHISSP IZCNE TEFCERDMER CHoI=N . EY
RRAICRY BEBRICAIRUI—VEER5T &L BERHN S ESFEEZH
BU.

- Solaren ftld. CNETD SSP YR TLELLLE U CEENICEER I AT LT 1Y
ZRARUREF IS LTz, 2006 DS 2015 FMT T KE HF4. TSI, OV
T AR BA HETINSD SSP YR TLADFFEERE LT,

- 2009 5 12 B AU DA N7 N AEEEERZER(PUC) [FEBNKRF PGEE ftH

Solaren #t&DEIT 4 BICHEEL TLEENEBAZZH (15 /M) =&:2,

v’ Solaren #tDK[GE M= EREMEFEICKREL. Uz RF 2RIV X /ER
DS EIICEFEEL, BUBKIXRIVE—ICETHTZEVNDIED,

v Solaren #HIEFER] 17 8 kWh ZHKETI D EHE, UYILERBHHRZE 2016 F&
LTUL\ 7z,

v ARENIZL Solaren D, TS MEBICNEBRESEEEBIT I ENTHETHD
=D RS ERMEHEOFEL HY  WERRENFESNGEHN D226, 2015 F
[ EREDZETHERUR.

<Solaren #tH\8(F3 3 DOIA7-EIRIDHE >
- SSP(Space Solar Power) VX7
v SSP S UMDERET. R A BERDI=HDEREEZEIT I,
S 10 FETFEHE LU EICEWTH TIRTLDEIEZITLN. GEO [C
250MW D SSP SR EIF5,
-SSP S UK ARL—U3 Y
v HERUTE SSP TSN E 24 BFREMARI THEFF ER L. BREA DB NHR TG
WICEETD
- BHERGE
vV BESIUBIFEEDRBEE S AEUERG TRIFE QB AN (PPA) E#H5E
L. TOA—RUDAR—RO—REH% 24 B 365 BAT D, 1 DO EEMT
250~2000MW DIREDZENAFETHY  tHRAOEDR—IXO—RERELT
LT D_ENTED,

F—H&il

ultra-lightweight SSP plant

EHLAIY

SSP THAVICET S EZSHDE TR L. RBRELANIVTORREIITOTLS
B TH DD ENLULEDEENICDOWVWTIETHA,
BICEHONZERERIT VSN, BEFNERTIRATIR,

- 2021 FEIZEEBRERNT SSP DRAIO—RFRMNEZTFE

- FDH% FHEMZR T, 2025 EICAHTYNRD SSP TOMA T TS ME GEO
[T EFFE

<10 FLURIZHD TAILZF NI 250MW D SSP TS UM EZERI TR EEHES
LTL\D,

TERE

- Solaren L& 2005 FE(CBIZEEPIRERN 5300 ARILNAS 500 ARIVIZEEHT
- Solaren £ H.P.[C[& SSP RFICHTEBRILERUIZEEEH IN TS,

ESALT!

&R

EF=1% A
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O (5T EREES & DEIRTE)

s Weather management using space-based power system D$FEF
- (US20110204159A1) & HBE,

SEMK

Solaren SSP 0)'0(—*‘)‘(Cedit : Solaen)

* https://www.solarenspace.com/

- https://www.solarenspace.com/2021/01/29/facebook-post-referencing-solaren-
space-solar-setting-the-record-straight/, 2021 2 8 H 16 HEXS

a3 - https://www.greentechmedia.com/articles/read/Space-the-Next-Frontier-For-
Renewable-Power, 2021 & 8 H 16 HEVS

- https://patents.google.com/patent/US20110204159A1/en?0g=solaren, 2021 £ 8 B
16 HEXS
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= Xtraordinary Innovative Space Partnerships, Inc. (XISP-Inc.) (3 Cabin John, MD)
WEREFER) | 1055105 09T 1 YT F—E RTINS T
BRE R E Gary Pearce Barnhard (President and CEO)
R FSHE
Space-to-Space Power Beaming (SSPB): FHZEBE NImEDIRET
Commercial ISS Technology Development, Demonstration, and Deployment (TD3)
FA1IV/T—< | mission for SSPB:ISS HNoF1—THY bADENMRIERIEI Y3
LSITP (Lunar Surface Instrument and Technology Payloads) Power & Ancillary
Services Beaming Payload
Ei5: 2012 F~
-SSPS D7 VT —3av EUTFHEERICHIFIENEEERY EIF. T =7
Sy VU DBENSDREETS. ]
- - ERPEM R DSE 1 JT1—XEULTISSDUY—REFAUEERIEIYYIVE
REIT 5,
- FHEOBNY T L(FE. XL, Hlff, EE. AFHEF) D7 VNIRUDT /5
MaBETHDEDREREIL T TDHICHBRREMBARZEIRET D,
-TD3 X3 &UT.ISS EHFIHEE T, BRI FLRVLWIRILIF—E—IY
TRMDBEFEET R—NT 3 SSPB TR Y RRIEEIBET 5,
MRAS v ISS TD3:1SS ZEFI A U= &Aii =3, 3-6kW LR JL,
v' LEO TD3:LEO T®MZE;iE, 100kW LRI
v GEO TD3:GEO TM3:it, 100MW LA JL
2019 FFN\5, AE CENCHEIT —EXZENEEUTV\SEEERITIC LSITP Power
& Ancillary Services Beaming Payload =12
i FHEDEANY AT L(FE. XL, Flifl. FE. BFHF) D7 NIRUDT
Space Power Beaming & Ancillary Services
EHLAIL I Th EIvYa VRRER
- GEO TS % 2025 FIZ{TL), 2029 FIZ 2GW O Full SSP =338, iR{L = ktA
SHEOEHEA 95,2038 FIZ 10GW, 2047 FIZ 50GW DERALEITIO—RTY TEH T
Do
FEEs - 2018 & 8 HIZ ISS National Lab Resource Allocation and Mission Development
Funding [CI6EL T\ 3,
Sl
R RS —
EFR 1 —

T O (T BREESE DRIFRE)

SEMR
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KEY
w— Distance
Input power
Received Power

AP

XISP-Inc Proposed LSITP Power & Ancillary Services Beaming Payload

R

* https://www.xisp-inc.com/
- http://www.spacedevelopmentfoundation.org/wordpress/documents/2019/06/barnh

ard-space-solar-power-ancillary-services-beaming.pdf, 2021 & 8 A 23 HElS

+ https://www.hou.usra.edu/meetings/lunarisru2019/eposter/5093.pdf, 2021 & 8 B

24 HEMS

* https://Isic.jhuapl.edu/uploadedDocs/posters/917-Barnhard-

Potter%20Power%20and%20Ancillary%20Services%20Beaming%20Infrastructur
e%20Poster.pdf, 2021 & 8 B 24 HEVS
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Beyond Earth Institute CK) XAt DFTTERBIEFER
FICHIRAANDANEDELZE T —VIC U BERIREFZ1T O IEEFIHIE

BE/HERE

Steven Wolfe (President & Co-Founder). Tony DeTora, (VP of Policy Coherence)

HERFE/FS HE

A8/ T—~

Draft National Strategy for Space Solar Power D1z
FEHBRA#EIET (SPD: Space Policy Directive) IZ SSP(Space Solar Power)Fd
EOBEZRVALCEZRE

SRR

FHEK2021F8HS5H

Br/ER

50 FEFIH SIREIHGEDH SN TI 7= SSP (L FES DREMDESIC KL #_EDADF
BIUATLEFEEUERLDICRDIz, SSP IS+ FOMICEER M &Y.
A—RURYMEOIRIVF—E WS HRAGEREEEZR T D2 DEEEIREE
RBATEEMENH D=6, B & U TDRFIBENKHSND,

KENFHBEHOZDDFICHFTZ)—F—THUEITDICEERITITDEEEIC,
FHEBUTIRNTDODAXYDEZNDEZESHEITDIZHIC. LTORBEZE SPD [CB
DIAD LD ITIRERT B,

<Beyond Earth Institute $tDIRERNE >

CKEIZ BES VY3 EBETREDRZHD SSPRARKEERIEEZIIL—TITOIRE

THhd,

- NASA ZEXFEHIIGCEIT DD, BFE. IR/IVF—E. BEFiRa. ZOMDEF. B
EEEIC LD EBTE. BERNICEIDIRBEENSINT I ENBETH D,
- NASA [FBD#RIEH AL T LT BEEREZBIT & Z2H#RT 5,

v IR EICHBRIRERR—ZAO— R ERERDA—R Ry M ODEER SSP &
AT LEBEFT D,

v BYREDRECFHEEE COBEBAMGISE LR SSP YR TLAZRHFET .

vV ARIZAMEZRARRISESD S22 ER/N—bFT—2 v T &80 T FIZFRER
FRYERHIR/N— =R AU THREIRETH S,

LUTFORAMIVAS—20ZE&TO— Ry TZ#RT 5,

v 2020 EREEETIC, FBICH—RURY M OIRIV T —EEENICHREHD
H DS TGRS T DDITE U SSP ERREIC T D RMTEBORFAEEIT
Do

v 2020 FRHEEN SBFEFTIC KECEEHEE SR AL T BREEERE P24
DIRFIRIEERRRT B,

v 2020 FARHEED SEF FTIC, HEKIEFLEN SHIFRIC 1kw LLEDEHZ G
93 SSP #Xifd %,

v 2020 ERB¥EETIC. AEICENHZMHIAT S SSP XT3,

v’ 2020 FEREBFEETIC HER ED 1 DL EDTIHIC 100MW LLED H—RU R
MEOEHZEMIET D SSP/INIOY TS U ERFE. BROEAL. 16W LLEIC
ARY S,

- KEHIE SSP URTLA(BBEREZSD) DR FERICHGWLW T BAINZIIATO
EIGEICREL BRI EANICH T e, tra) T 1. FiRafEtnR
BIEBFINETHD,

— i

EBLAIV

BEERE

SHEROE

TR

SRR

R

7 RINAH—[Z John Mankins EEHO\FHE

EF=1% A
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Z DR BREESE DRFRE)

SEMR —
- https://beyondearth.org/
AR » http://Iwww.spaceref.com/news/viewpr.html?pid=57910. 2021 & 8 B 23 HEUS

- Draft National Strategy for Space Solar Power, Presidential Policy Directive National
Strategy for Space Solar Power, 05 August 2021
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National Space Society (NSS : KEF &%) (K. Washington DC)
HeRE 2 (RF7EHD) WERAN DI 1 =7« XEBADBEEICTEI T 272D DB CEDIREENZITD NPO, F
EBSEMEEI Ad Astral DFAITPFHECRICEAT SRI Va3 I R—/N—DIERBAT
Do
o o NSS COO, Dale Skran
HbE A NSS Board of Directors and the NSS Policy Committee,”John Mankins
MREFFS &
SAMILST— Space Solar Power: Enabling a Green Future with Economic Growth
SSP D¥E. BER. BET—03y TORBDRME. RIVaIR—N—DFITE
KA 1987 F~
B, S5 B
NSS Tld SSP [FFPRDEELRTRILF—V)1—U3UTHDEAEDIT. BhEH
B EREFEEE), T—02 3y ORBORESFEZMGEMNICERL TV D 0F0FE
SEEIZELLTICR T,
- BERMEL TL\S ISDC(International Space Development Conference) ¢ SSP (D
T—YEERIFTTL\S,ISDC & 1982 FIZE—O=RIHELT LD,
2021 % 5 B, SSP DF v IR—VEUTIERLIZE T A" Dear Earth"E 7 A HVEE 42
MERNE [E] Telly Awards 0 Best of Social Media ZfF3IZEE,
- 2021 £ 8 B. Beyond Earth Institutes WFEERUZKEBFNY TADLNRES
lPresidential Policy Directive | D3z 15 % 3B
- NSS (&, 2030 FF TIC SSP D#LE E THORIIEERZEITL\, 2035 FXTICEYAD
BRYATLERE TSz BIRIC, FE 5 BRIV EOBFIREZ#HREL TV
B.,2021 F8BH. TV N IDKRFIIDF U THD Progressive Policy Institute
(& NSS DR ZRIL T DHREZF = AR
— Bl B
EHLAIY BB BENEE) BERIRE
SHONE | —
FERE —
el
. International Astronautical Federation (IAF) Power Committee, SPACE Canada.
B Progressive Policy Institute
EFR 1 FRRDEZE 20 L EDNBHE LU AR —BERERBAT LD,
T DA (T BRI & DR
SEME —
- https://space.nss.org/space-solar-power/
- E A Ehi|. https://www.youtube.com/watch?v=WohkSImCvKI, 2021 &£ 9 H 24 H
sl &

- DANIEL OBERHAUS, “Space Solar Power: An Extraterrestrial Energy Resource
for the U.S”., 18 August 2021

18



K IEEFEA

o
EhEt&RES
Space Solar Power Institute (K. Jonesboro, GA)
PR (FRTEsh) Space Solar Power [CDWT, —RZNRICHEZ1TOEZBENET S NPO
BEA
SSPI Exective Director,/Darel Preble
HE/RAE Georgia Tech School of Electrical and Computer Engineering,” Prof. Gregory D.
Durgin
MREFFS &
— SSP DB, LK. EET—2U3w J(Space Solar Power Workshop at Georgia
AR/ TN Tech) DEAfE
KA 1997 F~
Br Ex —
* SSPI [FHFRDA—ZO—R - TRIVF—THIHDZH D SSP DE&ET. 1B RTDH
EDRETH T RBEFRIER), T—0 U3y TORESEHGERNICERL TV D,
XV I VTP IRARFOMEFHIFESLUER - IV 1 - TFEREHITE
MEARE U BATHEREDFRICE WA T D,
v BFERMELTL\S Space Solar Power Workshop [d Georgia Tech ML TL)
%o
F—RAiT —
EHL IV BE. EXEE. T—03v TORE
SEODETE —
T ERIR —
EiilrNal
‘ EFPELTES ‘ Georgia Tech School of Electrical and Computer Engineering
T (R EREIB & DRERSE)
SEMK —
- https://solarsat.org/ 2014 FELIEEH XL
AR - https://attend.ieee.org/wisee-2021/wp-

content/uploads/sites/251/2021/10/Program-for-IEEE-WISEE-2021-Space-Solar-
Power.pdf, 2021 & 12 B 16 HES
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= SPACE(Solar Power Alternative for Clean Energy) Canada (fl. Toronto)
WRARIER) | ™ 5007 E2gvro) NPO
o o Honourary Chair,”Dr. Bryan Erb
=bE RS President & CEO /George Dietrich
MREFFS &
support, encourage and facilitate international dialogue on solar energy from space
SAMILST— through education, rese\arc‘h and commercialization B )
HE. X, EmELZEU T, SSP(Space Solar Power) [ZR8 9 2 EREHIANTEED
%, B, (€
KA 2007 F~
-SSP ICEET 2B K. 7—0 3y SOREEETI.
BH/BR v 2009 FIZHF4-~OVEHT “FROM THE SUN TO THE EARTH” An
International Symposium on Solar Energy from Space ZFfEL T\L\3,
- K NSS BEFEREL TL\S ISDC(International Space Development Conference)
@ Gold Sponsor &7RDTL\D,
- 2016 £ LY. BE ENEEULFENERMRT S T0I T IMNIET 2 EFRAIRH
7% TEFHFE - 5w 17 Xk (International Space Solar Power Student
Competition) ZZEHEL T\ D, BE. AI+EDREN B Y. IAC D IAF Power
Symposia THERINDMEINSHARICDRN > TS,
HERNE v K27 X International Astronautical Federation (IAF) Power Committee,
Commission Il of the International Academy of Astronautics (IAA), the National
Space Society (NSS) International Space Development Conference (ISDC) SSP
Track, International Astronautical Congress, the Space Generation Advisory
Council DBADHE . EFEINTL\D,
v BIINLZEEIC(E BEREIND IAC SPS Y URITLADHE & HREF
ReXIET DD, —EEDESERBNTNND,
F i STEM #&
EHL AV BB EREH. FEIDTANDENE
SEOEHE B
THEBRR HP. ETHMNZEZOTW\D,
ez
International Astronautical Federation (IAF) Power Committee, Commission Il of the
RS &R International Academy of Astronautics (IAA), the National Space Society (NSS)
International Space Development Conference (ISDC) SSP Track, International
Astronautical Congress, the Space Generation Advisory Council
REfRE Advisory Board Member [Z John Mankins 5
%\@ﬁﬂ(’%ﬁﬁﬁ EREIE & DRARE)
SEEE —
* https://www.spacecanada.org/
R - SPACE Canada, “INTERNATIONAL SPACE SOLAR POWER STUDENT

COMPETITION | 2020-2021", 12 April 2021
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EhEt&RES
WEIE (FR7Eil) | ESA
BRE . HHRE Advenit Makaya (ESA Engineer)
MREFFS &
18,/ T—< | SBSP(Space-based solar power) DA I FMNIET 27177855
Eii53; 2020 F 9 H~2021 % 1 H 12H
EFOESIHESEOTY MT EITEROERICEKY . SBSP DERIFAIGEMENEFE ST
e INM(BRFEMT P ATI-)DREICA> T . IVIZPUYJII1 274
i = DEIRTREFNL. ERICEIFeF—T0./0I—ZHaE T DEHAICKR TS,
R= » Rohan Ramasamy K& & U Leopold Summerer K (Advanced Concepts Team,
European Space Research and Technology Centre)® IAC 2018 TMDiwX “Solar
Power Satellites for Lunar Rover Exploration” M7 7L AEUTREN T D,
- FEH T SBSP ZXIRT 27260 DV) 1—I3 VIFIERICSZIRICH =D T2 DIRILWT A
TTPZEBE T FHCUTOATI)—DFH LWL T PHEFIND,
v #iEk. B, KETOFEAZBEMNEUE, SBSP DFULWIRXTLOUETH
v SBSP D#:AilH - EFRRERIRM Z KIBICA LS E S AIREEDHDFHBRDT T
2T LA T 08k
v SBSP ZRT—IL7v U, IRIVF—=TIYRICIHEET D= DF LV AE
v FHESOESZMAUZHHR7AT 7 (FHERDFA. BE- 1 X188
B KB EDIT LITRIKIDREHRE)
v SATRRFHEELEDLZHOFLWNIVETH
- 55(d. ESA Discovery and Preparation ESFS OSIP(Open Space Innovation
AN Platform) ZF|FAL T{ThHhNn/z,

-85 HFDTATTHREI N, 55 16 hFRMZFHESN. 40—y TRTY S
[CHRFSN. LUTOREZZERIN TS,
v 7 DR T LR DIRERE (system studies)
v 54 RHIR IR D 728 D1ZEZE (early technology developments)
v 4 HEIHEIC K SHFFIESE (co-funded research)

- 2021 F 12 BIZIE BRMNASKIRIER SBSP MR TOT S LICEF I DHD+2R
B ZRM T 2702, ESANEER CEEN SN - —DXREZZT TSR
12 7 BR1(2022 F£RFT) [CREL TITORESEFBIDO—RIV TEERIT D EE
BREL T, D—223w T “ Space-based Solar Power for Net Zero 2050” H)' ESA-
ESTEC(European Space Research and Technology Centre) D=E{& ThafE

iR

EHL AL

AT T SEDRE

SBDEE

16 D T 5B ERHLMTUREDREZERH SN TV BN ZDFEIETH

TR

SRR

B

EFHA

T O (55T, EREESE DRIRF)

%%ﬁﬁ%td)ﬁﬁ
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SPACE-BASED SOLAR POWER Eesa

Advanced Concepts Team

INCIDENT SOLAR RADIATION

much higher than the

TN

SUNLIGHT CAPTURE AND ENERGY REGULATION

POWER BEAMING

beam must be acturate, reliable ar energy into
shauld retain as much of its power as down to a single
possible as it travels through Earths around a planeta
atmosphere,

POWER TRANSMISSION

Systems that colect the space-based solar pawer on Earth
miust be safely and susta i i
Power distribution

SEME
i': T}ﬁ":ﬁ?ﬂm to aid Europe's goal of becoming 050, space-based solar
power techiidlogies cauld provide the flexbility and reliabiity required for scence and exploration missions
wheleaﬁummnmlwmﬁmmﬂimxfgmwt
ESA D SBSP A X—
swissart Fl s
[ 4+ |
Solar Power
IE““[‘:::‘:“']_“T"":";‘"“'““"i“‘“"“‘ Satellite Concepts
[ B for Lunar Power .
@ PS Airborne Tb‘a_l-e_s‘Alspag
Receiver [} |
Concept
I l In-Space Clean Energy - New Ideas for Solar Power from Space SPS End of on
Manufacturing = Life Sz
and Assembl - = Management
= 7 g 5
\1 : Csem
4 Wireless
= Power Technology
[ + | Transfer Power Photonicity Ltd.
BEFER (Credit : ESA)

- https://www.esa.int/Enabling_Support/Preparing_for_the Future/Discovery_and_P
reparation/Space-based_solar_power_seeking ideas_to_make_it_a_reality . 2021
F9H 17 HEE

- https://ideas.esa.int/serviet/hype/IMT?documentTableld=45087625530300097 &us

AR erAction=Browse&templateName=&documentld=514a8db636ea637f6e270691839
66350, 2021 & 9 A 17 HEYS

- Advenit Makaya., “Clean Energy - New Ideas for Solar Power from Space
Summary of ESA OSIP Campaig” , ESA Space-based Solar Power for Net Zero

Workshop , Dec. 10, 2021
- https://indico.esa.int/event/399/, 2022 & 2 A 4 HEVF
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EhEt&RES
WEA# (FR7EHL) | ESA
BRE . HHRE Josef Aschbacher (ESA Director General)
R FSHE
H48IV/T7T—~ | ESA Agenda 2025
Eii53; 2021 % 3 A 31 HHT
- TESA Agenda 2025 Make Space for Europe]l&. FEIEHFICH T DEUNDIEE| %
MR- BRI ES70IC, 51 4 FEDREZRLU. TOICRIANGHRETRUES
NDTH3. XD 10 FETHANY TURIVDFEEBEICRDI2HDTIT T EL
TERINS,
A, se - TESA Aegnda 2025 | DRI TEEH SN 5 DORBHVRBHLBEITLUTOEY,
= v ESA & EU DEEFRA&(L
v D) =FBETIYIVEEICAITEE L DIEE
vV ZREZTDLDZHDFEHDEIL
v TO735LDFENDEY A
v ESA DEEDZF{T
- TESA Aegnda 2025 |DHITEEH SN 5 DDRBHRBHLEEBEND DS, 218H
TP BOOSTING C(\\)MI\@ERCIALIOSATION'_E(?HR A GREEN AI\‘!D DIGITAL EUROPE]IC
VT IRIF—EZE T IR—b T EFHR—ADT—E X, space-based solar
power generation DAIEEMIC DV HEZEHDIVENHDEERL T D,
F—FAilTerea —
LAY ESA DEAAEH ERUEXEIZ SBSP DRIAEMAEDNEMNERINT
SEOETHE ~HA
T ERIR —
ey
EapELy e —
EFR17 1 —
T (5T EREES & DRARSE)
%ﬁifﬂ%t DO |
SEMK —
AT - “ESA AGENDA 2025 Make space for Europe” , 31 March 2021
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UK Space Agency (UKSA:Z[EZFHHT) . Department for Business, Energy &
Industrial Strategy (BEIS: E YRR - TR)LF—-EEXEHIZE)
ZEt%c  Frazer-Nash Consultancy £t (38)

BE/HERE

Space Business Manager at Frazer-Nash,”Martin Soltau

HERFE/FS HE

Y18/ T—%

SBSP(Space-Based Solar Power) DEIRATREN & #F M DT &St

SRR

2020 9 B 28 H~2021F9H 27H

BrER

- BEDABEMCERIGEERMODESEHIC, 22 10 ERTFHEZEIZ BB
[T, SBSP ICMEBRA VI SEFH CEBHICEDERMAEF > TS

OEFE RERFHICHITI3 AR T LAV —ELTORMIZSHTHY ., SBSP =
HEDERMERBEDRADOMVEENTFT >TSS,

- HE(E 2050 FXTIC CO2 HIHEE P OICT R EEBEE L THY . ELLIHE
MR O BURHLRS (S HIERR IR L 2 IO B 12 h DI 2R 7 TO—F(CHH Tz E S &R
IDEEVNTLD, ZDTz6, SBSP ZDBERFEIRILF —E LB L. kDY
=V IRIF—EMD—EEUVTEDISICEM TCIINEHRT DI ENnEE
TNTLB,

- KE (SPS-ALPHA) ., Z[E (CASSIOPeiA) . FIE (MR-SPS)(D 3 D SBSP 1t~
~ERE

- RREZEEICATTY)—U TRl ZETEREDS VIR F—RELTDEARE
M (ERb SRS EDEIRM)

- 2050 F£ XTI, BFERR/N—M =&AL T SBSP YR T LMDERZREIAT 51
HDIIVIZFIITTSUDERE

FED D)= ITRIF MDA EHDTEDH T, SBSP NR=T1&KE|

CEHROFE - IRNFT—EELENSBRINDIEFAR/IARIVEREL., EER
(Airbus, Thales Alenia Space F)N\STEXIEREREETUIY

<FEE(2021/9/27 AR HE>

- SBSP [IHEAMIMICEIRATRE T Y 2040 FEX TICFAFKARE TH D, 2GW FRD SBSP
DRAFEEITEIFICHHBDIZNNIK 163 BRIRTH DN, 18 FLIANIEMPIEET
HdD,

- FDHICIT LTS sBSP MEAIE 1 & 36 &R~ R (£ 5400 &) TEE(3# 2,000
b B 1,700m DREX T, FLLEEHE FTERT D, Bk EDZE 7L (& 6.7km
X13km DFsHERZE T 5.

FRICEITDIRY, DX HBEIEHYREDTHY  BREOREDICANEESH
WETHD, £z, INSOHEMIIERICE > THED DIRE &70D . EEBFFIC
EDT RN BBESTRICEHRL TV S,

- SBSP (&, EFNICEFRFNDH D2 IIN—RAO—RERERD,

- SBSP [FFEE D 2050 F£ZE T Net Zero emissions D BIZZER ERIREICT B,

-BFEICH O T BRENGEMEARERIE SO S LEEEL. EENR/N—
FT—EREEENRDZENHREIND,

v 2031 FETICEE EEEE. 2040 FEXTISBEAVATLAEREIEBRZ
EEBREICINRNETHD,

F—HAiTERE

BE(FHADYNISR) ZF3 LB EICERTBHDI VI 7T DHIR
=1k

- IR R (RF) DEIFRETR

- RENFHEHAEBET S 29 DEFH DElR

EBL AV

TEFRERABEMEERAFEICBITSD FS

SHEROEE

- REIBAEBERERMOBFERILZ(GET 576D 10 BNV ROEEE T TICERIL
LTHY.BEIS & AREENDHNBEZI(T T, SBSP ICEHET SRR EBEMNET
% SBSP 1 /AN—232-70% 5 L (Space Based Solar Power Innovation
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Programme) & X5 —h S D EHHE,

v SBSP & EDENV AT LDEESICEERARRERT 17 )0 1 — D RE:ER:AfT
DHFEICEVNT, EDXD ICEMEHRZEZRIRT D ENTTDINERETT D,

v2021 £ 11 A 1 BHEHHRELT, LEICEALMLERF DHEBESE S,
https://www.smartsurvey.co.uk/s/SBSP-EQI/DXR— Kt)

THEBRR - RFAEDENEEE 21 /5 £ ($9 3100 AM)
E il
NONEETEZH T REEZNRETDIRIVFT—, FH. MR REDTE - bFE
EapELy S B & U TTlSpace Energy Initiative ]V ERIIINT LB,
(https://spaceenergyinitiative.org.uk/)
- KE John Mankins ES(CK[E) & International Electric Company(IECL)® lan Cash

- 2K National Space Society EAIREZNDABE EEBRFDOERVBEMAZDWTEHIFE
<A

TR (T EREEEE DRFRE)

- E(E 2021 &£ coP26 DEIEEE LT HADIRIVF—I X T LADRKFRILE
IEST 37zp DBEEEIBIT S, 2050 FX T Net Zero emission ZEKTDELD
BRDAHIZERITT S7=5IC. SBSP (FEBRREIZRLITEEHFINTLD,

- RERABEDERE. ZEBAFN SBSP ADR R FAECIREERET D LTHOIE

v HREZTIL. SBSP & Net Zero emission YERFEHEIS S BIFOREEREE

ER B & DB
G FURELTREASNS,
ISHRAAT SRR N T
sEEE
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© Frazer-Nash Consultancy.
Earth image: iStock.com/MarcelC

Frazer-Nash £ SBSP - X—3J (Credit : Frazer-Nash Consultancy)

iR

* https://www.gov.uk/government/news/uk-government-commissions-space-solar-

power-stations-research, 2021 & 7 B 26 HEVS

- https://www.contractsfinder.service.gov.uk/Notice/41f6b0b0-ad67-4768-bb33-

8402aebe69d6. 2021 & 7 B 26 HEXE

- https://www.fnc.co.uk/discover-frazer-nash/news/frazer-nash-exploring-viability-of-

space-based-solar-power-to-help-deliver-net-zero, 2021 & 7 B 26 HEXS

- https://texasnewstoday.com/china-unveiled-plans-to-launch-a-mile-long-fleet-of-

solar-panels-into-space/419332/, 2021 & 9 A 14 HEVS

- https://business.nikkei.com/atcl/NBD/19/world/00414/, 2021 2 9 B 17 HEVS
- https://www.fnc.co.uk/discover-frazer-nash/news/space-based-solar-power-can-

help-uk-achieve-net-zero-press-release/, 2021 & 9 A 29 HES

- https://www.einnews.com/pr_news/552555142/the-national-space-society-

supports-new-uk-government-space-solar-power-initiative, 2021 & 9 B 29 HEUS
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ik

o
Ktk
H4EA (FRTEME) | University of Strathclyde (R b5w 251 RK%E) (3 Glasgow, Scotland)
N E g e Aerqspaqe Centre of Exce!lence, Department gf ' Mechanigal & Aerospace
Engineering /PhD Andrew Wilson, Professor Massimiliano Vasile
R FSHE
A PROCESS-BASED LIFE CYCLE SUSTAINABILITY ASSESSMENT OF THE
S48,/ T7—< | SPACE-BASED SOLAR POWER CONCEPT
SBSP AUt TrDTOLIR—RDTA I HA VI G
Ei5: 2020 £~
- TOBAR—RDSA THA 7 IVFEFGEMEFHE (LCSA) (& BRIE S 74 7 )Lk (E-
LCA) . STV IVEHE(S-LCA) . S 71 DIVIRMHE(LCC) E—D DT
L—LT—=DICREDZEDTHDHN. FHIYVIIAVISEATESDHULL LCSA
BHy, e V=IZERNSYISARRETHELUZ.
- « 2 LCSAY—)L% 1978 &) DOE/NASA SPS T 7L VRV R T LICERU.
SBSP DS IHAVIVICHITBRE - BH - AR EZERSHICT 5,
- DITERIE. COL DBV AT LOMBHRCIEE T ORI RISAICEITTDR
SHCETDHENTED,
- ASYISARKRZEICH T, Strathclyde Space Systems Database (SSSD)& L)
SHUWT—IR—REZZARLFHIVIYIVISER TSI S LCSAY—ILERRAEL.
1978 &) DOE/NASA SPS U T 7LV RVURTLIZDL T, LCSA Ml ZEMEL T,
- LEFEOERRIRERENT I —ICOZRRIEHE. RV GQAT ORIV —T
=TT BIRTLOHRENEE, YRTLDTAIHAOIICHITRIRNEE
U FHnET o>,
AN - IATTADIL CO2e BEEEE AR FERDIRIVF—I VI AD—ERE UL TDHE
SR/ T A=Y D A& THIT B7=HI2 L EDTRIVF—IRTLELE
* DOE/NASA @ SPS JJ7LVRIRT AlE, —HMICTREICBUITIRNIRD
BWYRTLEEZDM. FATHAVIWADFEEER T D7=HICIE. LW<DHD
RET EDIRY RZARY MOFESN. ENBETHDIEN DD DT,
FEINLEFRET LEDORYRRRY S EZI VI URSAN—E LT =HD SBSP %3
[CRBEETVWHENDH D,
- - TOBCAR—=ZDZA T4V VG al e (LCSA)
- Strathclyde Space Systems Database (SSSD)
EWLANIL I 2N = ke (Y e GOV i
SEOEE —
T EHE —
e
EapELy e SH~3t3E  SPACE Canada Corporation (7ll)
EFR 1 —
TOMGFET. EREES & DRARSE)
ATYISARKED Advanced Space Concepts Laboratory (&, @ECLLTO 0O
JIIMISML TV S,
- 2011-2012 FE:NASA NIAC TOJ5LD—DOEULTHEIREINTZ Mankins KD
BEDHE SPS-ALPHA O0J Tk~
= 7L 2010 £ 10 H~2013 & 12 B EY1—I)VEDERATAS S MRS SR (SAM:
Self-inflating Adaptable Membrane) DBIF - R 1F - FERIERER
2014 F 5 B : k52 SAM % StrathSat-R [CEEU. 7071 »J' 07y k REXUS
15 [CTH 5 L IFhN T—TIVED#ERICRRED & W BBk A IC KL, $825
SEMK
AR - Andrew Ross Wilson; Massimiliano Vasile et al., “A PROCESS-BASED LIFE

CYCLE SUSTAINABILITY ASSESSMENT OF THE SPACE-BASED SOLAR
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POWER CONCEPT” , 71st International Astronautical Congress (IAC) — The
CyberSpace Edition, 12-14 October 2020
- http://sam-strathclyde.blogspot.com/, 2021 & 7 B 27 HEMS
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SeHEtRS

International Electric Company (IECL) (3 Oxford)

BRI (FRTE) | MIIRDEREH- HESH T BRENGEEBEIRIRIF —(CERZTZHTIENR
HRIOIZPIIIVI1—Va 0 ERMT 2%

BRE R E Chief Engineer /lan Cash

R FSHE
SN S F— CASSIOPeiA(Constant Aperture, Solid-State, Integrated, Orbital Phased Array) & 44
fFF5nsz sSSP ET IV DRSS LU FHH

i 2017 F~

- SSP(Space Solar Power) DEFEDIBRE(E+EA THY ., CO2 HEEIIHID RN S
HIFEEmE 2 TCL\BH RO SSP DEFEIL 50 £FHEFL CLDIRRETH D,

- GEO [C SSP ZEM Y 5 & G NDENICEFR R FOX—MURRED Y1
LRREENNEE R D26 BFNICIEETHTYMRDOI R T LG E RS

Eﬂq/dbg 73\‘\ Cnb\“}fﬂ@ZQ—l*?“JTZIZHC’D@D“D'CL\éo
R - CORIRBE &9 A<, CASSIOPeiA THA VU ERZEL. EHOMEICHIz>TE

FRRE T, T MW D58 GW DI E TR TE D L DRI R T LZEIRET,

- REIMIICIE. IECLIRE D SSP OV ETHILY, FHDY NMIEOBERGETRIV
F—%  MWEQIGFAICEZEMHRL. PON—ROIRIF—ZEHRITIEZBEE
93,

2017 &£ 10 B, AF Y DE A=)V THRES N/Z 5th Annual IEEE International
Conference on Wireless for Space and Extreme Environments (WISEE 2017) [C&
LT CASSIOPeiA L\ %TLLY SSP OV ThZfRIE.

* CASSIOPeIA [IHBHVRRA V74 VT DREMNFEAERVWITT—XRTPLAT
HY. BIBT7 T T THUEH S MEDRFEHETEIRIBADEEIC K WELE LT
360°DNAMIOKE—LRT 7T ERIR

oo o
Cigdeis . SSP DAMEEE Y THERT— U TED 1— L. FU BB OB R EARE
ENBKIFERE. ENEIR/DEC. BEL E— LD 7ZHIZFIA
A DEISNFERIEICKD 1 BEN. B#EFOMEEZRF O—RS LU TR KRS
BICELD 4 BEN VAT LD ETRE
BT XU MDORREEHIRL. BB DELE (GEO. GEO 75 A &, MEO,
SSO %) [T > TR AIEE S BRR & BED TLV D,
- . 71—2‘#“?&47)?7‘(:&5“3_60"0) E—LRFTTPIIT
- AR DR E R D— R P LU IR R GHEE
EHL NI HERVURAT LTI DIRE
SO —
FTEHRE —
ENE(AH]
. FRAZER-NASH CONSULTANCY bf'?’zéfbf:\ UKSA DFREICIHA
TJI—XARTPUABBRICANS YO S1RKENES
ER 77 —
ZFOMUFET. ER IS & DRERE)
- CASSIOPeiA NI T—AR7LA (S, AlEEihta<, 360 EOE—LRT 7V ITHHE
o fe. COEFE7 T HIZ DWW BT
S r—sygy | BROK—LR=ICIE, CASSIOPeiA D7 TUT—Y32 LT ETODEDE

X, ZRENGE RBBEENGESFNHDETINT D,
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SEMK

CASSIOPeiA(Credit : IECL)

R

-lan Cash, “CASSIOPeiA — A new paradigm for space solar power”, Acta

Astronautica, Volume 159, June 2019, Pages 170-178

-J UL &R . lan Cash, “CASSIOPeiA —PART 1:INTRODUCTION AND

BACKGROUND”, SEOUL, 13 Feb 2019

- IECL H.P.. https://www.internationalelectric.com/, 2021 & 7 B 29 HE\=
- ZRBASENE], https://www.youtube.com/watch?v=0vuelEvsPZo. 2021 & 7 B 29 HEX

B
=
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It REEE K KF

o
EhEt&RES
= Deployables Cubed GmbH (DcubeD) (##, Bavaria)
#BAE (ATEHD) California Polytechnic State University (CalPoly) CK)
BRE . HHRE Cal Poly CubeSat Laboratory (CPCL) /Callan Whitley
R FSHE
Y1,/ T—~ | SSP(SPACE SOLAR POWER)F1—JH W MEMTEII Y3 -Powersat-
Eis 2020 F 8 A~
CBEIVRT L3 vESHEN TR DB/INEEDI VI VERDESIC,
iy, e 2L NRKEEBOLEENSETY  BFAESARESYDRBREN AR E 45T
- L)%, DcubeD #LTl& ESA D ARTES AT ZHICE DS @/I\BFERDRT—37
VB ARG EMNDEIRZ B5L T, PowerCube DB EITOTET\ S,
- PowerSat 23V RHAIREEEARZE DTz SSP IV ETMDERARELZE
SET B DE—BREIvaY
v HIERE#E L TRA 100W OFEENETRER AR D KRGEM 7 L1 DERHZEEE
v 2v3avOEEME BEEOKBZEMEFE GERL. TOREEDT—F
R I D&,
- DcubeD WEHEEHE A KBS T TR T L (PowerCube) 12t L. CalPoly h
INZADERET B BRZEIT D,
v 1U BRI S NIz KGEMT7 L1 Z VRO KD ICZIAIT T 4am2DEEEHE

RERE RU.2BDAXSICKVEBEEZRFE U TKRFEM L1 DERAZIREET 5.

v EEBEBENIL. CPCL ATHIFELTL\D MPPT (Maximum Power Point Tracking)
R—=ZADEAT TIRTLICE>TUIEETND,

v FECEMEHIREE(MU) ZEEHTE

- 2021 5 4 B:2020 £ 10 AICFEITI N NASA (D CubeSat Launch Initiative
(CSLI) MIRFEE (121 Round) DFER. 14 V3V DIEFED—DELT
PowerSat H“EE I N7z,

v NASA’s Launch Services Program (LSP)h\ 9 S8/ \BVEE DB T LIF
Educational Launch of Nanosatellites (ELaNa)<'w>/3> & LT, 2022 £H'5
2025 FITHFTH EIFBNS

- DcubeD—>PowerCube: 2 —5 7 )L CRFRTRER KB EM MPPT(Maximum
F—FiT Power Point Tracking) Z3R3&& U7z S0 ERRERY AT A
- CPCL—>PowerCube: 27 —5 JIV CRHARER A Eih

sy 2021 £ 4 B, 2022 F£H'5 2025 FITHFTIT LTSNS NASA D ELaNa V23>

= DEFMD—D E U CEE, BIE SRR,

SEDETE 2022 N5 2025 FTHT EIFFRE,

TEHAR —

e
R Cal Poly CubeSat Lab & R-1*Y (D Deployables Cubed & DEI THESHSNTULDFHLLY
I N=bF—wr OV
-ATOIVITIME CPCL DIMZEFHIFRE LU CENG [CLDEFFEREME S
O3 LO—RELTITONDS,

HEWE HBICEERZHTTHY . REESLUKRERSE 50 ALLEZEXIRIC, B, £14iT.
HE . HZE BLUSHKRE, AT, aFtoMESRz=#HLUZ. 7OV T IM—2X
DEBENLFERSZIRET D,

ZOM (R BRI & DRARSE)
| 774 —23> | CPCL TRAFELTU\3 MPPT IS RDFEFHEREEI v aVICERALTL,
SEMK
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PowerSat(Credit : CalPoly)

R

- Dr. Thomas Sinn; Dr. Pauline Faure ; Prof. Markus Pietras et al., “SPACE SOLAR

POWER CUBESAT TECH DEMO MISSION — AN OVERVIEW” , 71st International
Astronautical Congress (IAC) — The CyberSpace Edition, 12-14 October 2020

- https://www.nasa.gov/feature/nasa-announces-12th-round-of-candidates-for-

cubesat-space-missions, 2021 &£ 9 B 17 HEUS

- CalPoly H.P.. https://exhibits-cubesatdw.org/cubesat-laboratory/, 2021 59 B 17 H

NS

- https://www.polysat.org/monthly-project-updates/category/P?tag=PowerSat . 2021

FoRH 17 HEE
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H4REE (FRTEHE) | Science Sainte Rose. Universit'e de la R euni({A. La Reunion)
BRE . HHRE Dr. Guy Pignolet
AR FSBE
_ WIRELESS POWER TRANSPORTATION WORLD RESEARCH CENTER (WPT-
A8/ T—~ WRC) 337
EhebFHR 2017~2018 &
S, SSPS O 171 RLEMWZRE . ERLRERNEATNDIEDD, WPT &
WS T—VIFEERPCBCARD ) —9 —PERBREE(CIE. bFEVEKEFEZNT
Br Ex LR,
-WPT ELVOEERDFICHTIHHZ . IERD—MBAT A PORHEXTA 7. EL
THRRRBERIERICIBRR LY T W TIEA D MWEN S D,
- WIRELESS POWER TRANSPORTATION WORLD RESEARCH CENTER (WPT-
WRC) %A 48—V MR—2DFEE U TERIIT D,
v ¥IIBEHEMERR I Reunion BICRRTE
HRAS - WPT DI FHEETD T 1 —IUREEBRDFEEEITD,
- FEIZ 2@ TRV —REFHITU, Reunion KEEHETEE 1 HORHT—7
v TERET D,
- Adelaide TRHMES /2 IAC-2017 CTRUARESN. OTHTH1UINE,
F—HAiTERRE —
LIV A, IAC-2018 TLEEEEZNH >IZEDD, ZDEDZ1—XIEE)\,
SHEDEHE —
THRIE —
E e
EapEL —
E& 177 —
T (T BRI & DRARSE)
EREEEDRE |
SENFK —
-“Dr.Guy Pignolet et al., “WIRELESS POWER TRANSPORTATION WORLD
T RESEARCH CENTER - PURPOSE AND OPERATION” , 69th International

Astronautical Congress (IAC) — Bremen Germany, 1-5 October 2018
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¥EA& (FRTEHE) | Indian Space Research Organisation (ISRO:-f > RFEHFZEHLRT)
o o ISRO Chariman,”Dr. K. Sivan
HbE A Scientific Secretary / Shri R. Umamaheswaran
MREFFS &
Y18V, T—~ | SBSP Z 2 CIRIEAI KL iT (Disruptive Future Tech) DEHF
Eis 2021 F~
- ISRO Chariman @ Sivan K&, ED IR F—E RO BRIREICHINT B726HIC.
Biy, e solar power satellite DIERDUNEEZFIRLT Lo
5 v 2018 FICHMESNIZZEEHEEMEND11th Air Chief Marshal LM Katre
Memorial lecture 2018 ]ICH\V\ THEE,
- 2021 % 11 B 22 H~26 H. ISRO (D DTDI(Directorate of Technology
Development and Innovation) 5iF3[dF B2 EF DOBERLERMT Z BT SRR
st =W TS DTDI-Technology-Conclave-2021 | ZFfE L7z,
v DTDI BAFEAFOERM TR ZIE YL RRERMEAR TOY TV DEREICE
WERE %b'(b\éf‘__tl:E&t“ _ o
v RERFAMBER TOU 19 & U T, Satellite-Based Quantum Communication,
Quantum Radar, Self-Eating-Rocket, Self-Vanishing-Satellite, Self-Healing
Materials, Humanoid Robotics, Space-Based-Solar-Power, Intelligent Satellites
and Space-vehicles, Make-in-Space concept, Atrtificial-Intelligence based space
applications BNE(F 5N Tz,
FRARE |
EHLAIY R Z 77+ J &R U RS
SEROEE 51 40~50 FOEICHIETT DL DICT I EEZBNET S,
THEBRIR —
ez
EpEiiES ISRO/DOS (Department of Space) DEFE EEMEDNERNDERR 25 —TtHh
ER 7] —
T DA (T BRI & DRRSF)
REIRE DB | CNSOFEMARE. 1V FEHEDOE Y32 TEH S Atmanirbhar Bharat ] & FEFERPID
& WEISHEZENDTHIEER
SEME
* https://www.isro.gov.in/update/22-nov-2021/isro-unlocks-future-space-
technologies-through-dtdi-technology-conclave-2021, 2021 & 11 H 30 HES
- https://www.indiatoday.in/science/story/hack-proof-communication-network-self-
AR eating-rockets-vanishing-satellites-isro-working-on-disruptive-future-tech-1880068-

2021-11-23, 2021 £ 11 B 30 HEYS

- https://www.newindianexpress.com/states/karnataka/2018/jul/08/india-needs-to-
create-solar-power-satellite-indian-space-research-organisation-1840117.html .
2021 F 11 A 30 HEYS
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‘ EE AE
E il e
BEES4 (FRTEE) | National University of Singapore
o Satellite Technology and Research Centre ~ Shu Ting Goh(Principal Engineer
HhEHAE (Research Fellow)%y ’ P ’
MREFFS &
HARIL/F—< | Space Solar Power(SSPY@EEM 5= BENAZEH (AEA: All-Electric Aircraft) ANDZZH
75 & (MAR : Mid-Air Recharging) [CBS 9 24T
EhefsHA 2020 FtE~
B &R 2015 FEH'S SSP HEDFEC IR +TFEIT o TS,
- EEIMZER (AEA: All-Electric Aircraft) ZEZRRICHRIIS B 57202 AEA D/
T—HEHEERSITTZHDREBIRILF—REL T, space solar power(SSP)&E £
SN ZEh7EE (MAR: Mid-Air Recharging) BIfihRRINT UL\ D,
- SSPRIEDTUTFTT7LA® AEAEBBEDLITFT7LAIE. RRUBRE P EHZERTO
REIEKRIC LD IRINF—IBRERNRICHIZ D LD [CEEICRETTDIHNENS
AN B0 AR TIE LIOTFTT7LADERICED\ T, BRBEREFEICHITS SSP&E
BOT7OTTPLADNEERST T,
- 30GHz MIUKHICHTD WPT DIREMRZE . B2 SKMEE HAICEAL TR
?ggfg;’:&% Kin=EN 6km LLEDZE MPEICLDRBEIFBR TTDENHE
- SURFICHEVTIARIR D OE&E S AEA MAR YR TLEFRTE D,
F—HAiTEReE Zerh 75 E (MAR : Mid-Air Recharging) $4ii7
EHL IV D RAT LR
SEOEHE —
T ERIR —
ey
EpEiiES Michigan Technological University
EFR17 1 —
SEMK

R

- https://ieeexplore.ieee.org/document/9262464, 2021 & 12 B 6 HEUS

- https://www.researchgate.net/publication/308830401_Space_solar_power_orbit_d
esign_and_cost_analysis, 2021 & 12 H 6 HEV&

- https://attend.ieee.org/wisee-2021/wp-
content/uploads/sites/251/2021/10/Program-for-IEEE-WISEE-2021-Space-Solar-
Power.pdf, 2021 & 12 B 6 HEXMS
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¥R (FRTElh) | Korea Aerospace Research Institute (KARI:EEMMZEFHAZENR)
BRE . HHRE Mr. Junwoo Park. Mr. Hojin Jung. Dr. Joon Min Choi
H9RRIFE,FS HIE
FALNV,/T—< | SSPS DAV TRE LU IR NEEE
EhErFHA 2017 Fta~
2017 F£ 11 BH KT 2019 F 2 AD 2 B, KARI h'BBERENA CESEZEEAT
J—2-23w 7 (International Workshop for Space Based Solar Power) % B,
Qi E= v' A Workshop DHukE KARI JTTIEE K TIR Research Fellow @ Dr.Joo-Jin Lee
ﬁa &0
v Lee KICLDE. SSPSHRETDZ8HIC KARI ZHil& LT 7 #Bf&% 20 BIZE DA
BB ENofzED &,
- SSPS D ——X%ILEL. D TH® RD DEAERET U7z,
: SSPS DARNFAIZETo2ECS, JRMEERDUNENR G D ENDH o7,
- SEOABMEICDVWTOERET O,
- K-SSPS MOt Fhigst
vV BVI-IVEEBITBRCEICEDRT—IVZY THBBICARE THDEEE U,
MERNE BRU/EZECOMRY b7 — LABDIBMIC KV GREZE LT ENFERETH
50
v EXBIEFBALUTVWRVWA, EBIRO—-IL7Y TRINKGENZFR T &ICK
ESEINZIMZ TS,
vV FSROHIREEBEESMEREZHVW T, IR RYU BC BRI #EE LT
50
F—HiiTaReR - JZA i
EWL ANV JtE st
S8 DEE . DZO?A[//\‘)I/,O_):SSPS MRGERTOITIEEUTEERHSNTVEWNA, O
K a 7 MRET . BilTaR DIRET [FE .
THRIFE —
iR
e SRR —
ErEH —
ZTDOMUFET. EREBS & DRERE)
%ﬁﬁfﬂ%td)ﬁﬂ o
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Electrical Power at Ground 2GW
Geostationary
10,000tons
Frequency of Microwave 5.8GHz
External Dimension 2.2km x 6.8km
End to End System Power Efficienc 13.5%
Solar Array Thin Film
CIGS or Perovskite Roll-Out
Size of Solar Array Wing(each 2.2km x 2.7km
Number of Sub-Solar Array
10m x 270m RUmES
Area of Transmission Antenna 1.0km2(Square)
Diameter of Rectenna 4km
715 % % Life Time 30years
,,...K/-\,..!sa
K-SSPS(Credit : KARI)
ERER, TITICHITD SPSHEDIRR”, B IEFHABFHKEY VIRI DL Vol.3
(2018), pp.18-2
* Mr. Junwoo Park ; Mr. Hojin Jung, “A CONCEPT AND COST ESTIMATION OF
EFf SPACE SOLAR POWER SATELLITE SYSTEM” , 72nd International Astronautical

Congress (IAC) — Dubai, 26 October 2021 £#Y

- Joon Min.Choi, Net Zero Scenario and Status of Space Based Solar Power

Research in Korea” ,ESA’s 15t Space-Based Solar Power Workshop 2021.12.10
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China Academy of Space Technology (CAST: FEFHEMAAZEH)
Qian Xuesen Laboratory

HEMEE

CAST Qian Xuesen Laboratory /Dr. Xinbin Hou
Prof. Ming LI

HEFRFE/FS HE

A8/ T—~

AEICHITSD SSPS(Space Solar Power Satellite) #ff3%

SRR

2006 FtE~

Br/ER

- 2006 &, CAST IZEURFIZ” Necessity and Feasibility Study Report of SPS”&#EU Tz
LR—FZEREL. CNEI >MNFIC SSPS RN AAERICIEFE o7,

- AEZE. 2008 FICFHAGNREZEEZLATAFRICIEIT TLLR, TEIFRY
)1—Y3VEREL EBRIXNF —EECHS VWV TEREAREZZ T TETL)
Do

- 2014 F£F TIZ, CAST O Qian Xuesen Laboratory [&, FEICHFS SSPS £FHAlTD
|)—4—&7iR) SSPSHIFR IOV IV NEEETDLIITRDT,

v RILFO—4)—I31 Uk SPS(MR-SPS) PERIRTRILF—IREFL1ENT Y
EILDREFZIT O,

- 2015 ., CAST I& International Space Development Conference (ISDC 23&) ICH
L\T SBSP BIRMO—RY Y IEIRRUE,.

- 2018 FF 1 A, CAST ZHuL & U TEHHIZRRE | f5RE. BIT&H ShS Chinese
Space Solar Power Satellite (SSPS) Promotion Committee W&k N7z,

v HESHTIA—TLEMAEL TS,

- 2019 F~:CAST [FEE (BILUXFFER) ICBHENERI RV T — (2 A RHER DR
SRFAtR. = RIA T

- 2021 F 8 A 16 H~19 H. CAST M AMDE &, China's Aerospace Info Research
Institute BRI FTEICHE VT BREIKEFE TS5V T4 —LE UZHAEMICEK
SEE 300m DNA U OBIGEERZT O,

v EERIF BRBEERBRRYN D=0 TOVI VN RY— A—Iv U I D—&EL
TITONIEDTHY . 30kg DRAO—REZEHL T EHINE AIST—9%
{§.S0S T—9ZE. LTEEBDHN—F, Y1V ORImEDEEEE HEEEIED T
AbZEITOR,

F—HAiTERE

FEANERME, BEIX S, IRIVF—mER, 22t
- BEEENCERI, SRR T R —(mE BARESEY OB HHEz

EHL AL

SSPS D FS LR ET D SEIR T RILF — XD RRIER DEHRFE T T

SHEROEE

an

- EETHORBERE 2022 F 7 BICERRTTE

+2021~25 FTHRBEICRITRICEDRBARERT—Ya xSRI, B
20km DIXINF—EERAREERTE, SOICAERTIE. IRIVF—2rO0—
DEFIRELVUTERTIEREITO.

. %ﬁ; 10 FFETTFHBEERE FEEER IR —mXORBRIIZT T8
DEHE

- 30 FEX TICFHIC MW k(D SBSP %, 2050 &FIZ GW HRIEDFEA SBSP &% %
EVWSHERIANGEEZEZEBITF TS,

TR

SerEfA ]

EspedidEs

- FEERFHER(CNSA) FEERBARFERZZER(NSFC) . HEFRIFEAME
(The Ministry of Science and Technology of the PRC) £ EEEZZA DB % KA
<2021 F 6 A. RO Y b —=XDF—TFH1F—"T33 Long Lehao KIERHA
RAE 9 50O hEEEET LT T, SBSP Z&#:% 9 1B CTH D | & FHERUT
V& GW #% SBSP MEEERICIE 100 B LDIT EIFAMRBED I &,

- CAST @ National Key Lab. of Science and Technology on Space Microwave [C&H
LWTE, SSPS RATAD VAV RIEEY AT LDIREIFZIT O CLV D,
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READTA7IVI—2AEEEBIEL TS,

ey bm — s NN
FARWLE = DB | . atgsla: 2060 2% CON—TKU=1— RS IVERD BIREBITTHY  AHZIE
m IXRIF—EFID S DBV ZRFIOSNTLNDENI &,
- ERFEEARMORZEIZI 227 —Y3aVEAEEMKR THSD Pang Zhihao Kld.
SSPS MBLKIAIGA BEIF. th EADKXFBELERAEHHKR THD LI
MR-SPS, CAST, 2014
A Proposed Roadmap on SPS(2015)
First stage : Technologies Development & System Demonstration | Second Stage : Commerce |
' |
SEERK S e~ iy
-\ " " T T T MW System 73\77 T 1GW Commerfial
: Demonstration System |
| o
o s e ﬁ}/ N o
| 2025 Space So‘a:\);\:lc;‘r;lwajgﬁl:vp'r Demonstration Technologies D?’\r;unstraﬂun 1
e e K b i
| my ns‘ralmni/l’\rLSpacc Station :
| SR !
! =~ W ____ = ______= = E _______ JI
'_'_‘___'_v_;og__‘_"__‘_“‘";;'\;_‘_"__203_5"“1-/ ____ !
Key | Epmorrnenr s Erdency srREIDG. 705 Eitaency SrREIDG. 795 1
Technologies I |
Goals I cotar Fower Eﬂ\ciezr?jys 30% Efﬁmczr?cayﬁ 35% ‘
: “Coimmr:nm Power/kg: 1500W/kg Power/kg: 2000W/kg . }
I |
T T T TN T T T T T T T TS vy - h A A v '
2015 2020 2025 2030 2035 2050
ESA 1t SBSP Workshp  Activities of SPS Development in China - Xinbin Hou, Ming Li
Proposed roadmap on SPS in China (Credit : CAST)
- “CHINA’S SPACE NERRATIVE” , CHINA AEROSPACE STUDIES INSTITUTE, 31
March 2021 (ISBN 9798674349808)
» https://mp.weixin.qg.com/s/cCt-uw6l_KB9cuVVyYNQeA, 2021 &£ 9 H 14 HEYS
- https://ieeexplore.ieee.org/document/9295541/authors#authors, 2021 & 12 B 24
. =t
ST - https://spacenews.com/chinas-super-heavy-rocket-to-construct-space-based-

solar-power-station/, 2021 & 9 B 21 HEUS

- https://texasnewstoday.com/china-unveiled-plans-to-launch-a-mile-long-fleet-of-
solar-panels-into-space/419332/, 2021 & 9 A 14 HEVS

- TEREZR, [SSPS MEFMADEEDHRICOVT, F7EFEHABFEE(SSPS)Y
URIDLERERER, 2021 F 128 17H
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China Academy of Space Technology (CAST: FEFHEMAA k)
BEEMEE X AREBAT. Chongging University (BB KS)

HEMEE

CAST,”Wang Li(research fellow with the program)

EEKZ /Prof. Huaiging Zhang

BB K¥ Communication and Measurement and Control Center / Prof. Yang
Shizhong

HERFE/FS HE

YA/ T—~

B || FHEAGCFREFRRER (Bishan Base :Bishan Space Solar Power Station
Experimental Base) JOJ T~

SRR

2018 I 12 A%, EhekFHAlE~5 Ffi

BrER

- PE(E, 2008 FICFHABNAREEEELMERBICEITFTUUR, SXTERY
J1—23 0 FRRBU BRI RIVF—EEICHEVWTERERREZXIFTTETL
Do

- DI, CAST ZH\C SSPS HIZEMNITHN TE TL\ S, > FiIE CahHih

. 2019;;E~ 'CAST [FEE (BILUXFFEN) ICHENEBR TRV F—mXtA TR DE
Eﬁsﬁ Ho
v EBOEIINEESNLIEAIL. HERENZ < ErRNDRL EEEAREN
R BEOBVWSIETHY . EOD=ANLUICBEFEN TR E, Thol.
v BRI 2010 FICHREFTIN T\, ZDE. BUAN - BBV BIREHN SEREE
FiEZE#E)RUTE T,
v THEPOMRR CHEMNEEN. A~ RN, 2 E(CRET 2ERICRBENED
TN, —BFESRIIAHBTL TLVZA, 2021 F 6 BICTE/HEE.
-33T—A—DI7ERERTIVT7HSHY  ERRFHREEINEER TSV I+ —LA
MEHRIND, A7ERTU7IEN 106 T—H—T IO IDTF AN J[EKT
SYNIFA—LTIVY T R—IL, EDMDHEREET.
v SSPS. iR VM IV IRIRIVF—mX. FHIFERRY T —078E DA DT
WRTEIRAN =230V Ial—Ya JEIEqESNEHNND,
v AMRIICIE 167 T—H—DRREET 7 HERITEN TS,
- SERR R ERER. BT SR, BT —980 HEEXEREHREURETIDKRR
A RERENE I D5,

F—HAiTERE

- VA ORDOMBDBEANDTHOLEMEDRIRE, >GW BROEBEHTIE. 3 V1ILLLA
TlEBEFR,

EHL AL

KR ERBRIEER DR . 5T T B

-EBETOEREMDA 2 TS1E 2021 FXRICESRZ T FE
v ERER DAL 2022 F£ 7 BICERFE

+2021~25 FTHRBEICRITRICEDRBARERT -3 xR I, B
20km DIXINF—EERAREERTE, SSOICAERTIE. IRIVF—2rO0—2
DFIRELVUTERTIEREITO.

- 30 FEXTICFHICTMW FEED SBSP %, 2050 FIZ GW HRIED SBSP RIS
EVWSHERIANGEEZEZEBITF TS,

TR

AIRERR: 26 ETOsIE C. EMEREMC LT 1 Bt (¥ 1500 /5 1 )0) OFIERE
PTDNT,

ESAL!

EspedidEs

EEMELR AREN. EEAF . FEFEHEMMARAZ 2R ALXEFRRAF
CEEEIR D IRE E T

EPR 1727

e DERICIIBADERNSE (L85, BRI R F — X DRAMAYICIE, IR
£ BRDPHRELVEEBN TV S, ZDZHHPERDELEKETE BANDIBHE & EE
ZEOTLBH HABMRISEZHIZLTVRWL, EDC &,

O EREESE DRFRE)
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- FEERFIE 2060 FXTOA—RVZ1—rIIVBRZEHBITTEY . FHAREFIRIV

TINS5 DBV EFONTLDENDT &,

THRLEDAIED
p)

- BUXBFETRZERME L FRBLIZEXORAO-A2ELTVWS, & BRI

BEEMOEEZHHDARMICAEL TS0, BERE DEFREREHFTE D,

- 2020 . BEBEAF CIIEATOYIIO WPT E88& U7z,

v 5.8GHz. 448W DE/ENZ 60m 5%, BALIRNZEIL 6.4%. XE7 7T 1.26m
X1.26m. L7} 3mX3m

SEME

g Al

- {

B2 || AT R BEREN A X —
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- http://j.people.com.cn/n3/2018/1207/c95952-9526477.html, 2021 & 9 B 8 HEMS
* http://www.stdaily.com/index/kejixinwen/2019-02/14/content_750019.shtml . 2021

F9HsHEE

+ http://www.xinhuanet.com/english/2019-12/02/c_138599015.htm 0,2021 F£ 9 H 8

HEG

- https://www.thestar.com.my/tech/tech-news/2021/08/17/china-aims-to-use-space-

based-solar-energy-station-to-harvest-suns-rays-to-help-meet-power-needs . 2021

F 98 10 HEE

- https://www.theregister.com/2021/08/17/china_orbiting_solar_panel_tech_tests/ .

2021 F 9 B 10 HEME

- https://texasnewstoday.com/china-unveiled-plans-to-launch-a-mile-long-fleet-of-

solar-panels-into-space/419332/, 2021 &£ 9 A 14 HES

- https://min.news/en/science/98alc175c5f4c267c683ec86f28de00f.html, 2021 & 9

B 21 HEYE

- ERESR, [SSPS MREAFEOZEDENMIC DT, E7EIFHABRE(SSPS)Y

VIRUDLEEER, 2021 F 12 H 17H
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National Natural Science Foundation of China(FTEER BARNZEEZE S NSFC)
¥R (FriEit) BZ - RMREOAH EBERICE DT ERMRE —BDISAM R EE D MERE
T CBIR T DR
BEHHRE —
R FSHE
AR,/ 7=~ | BARE(km X7 —)V)FEEEY (FHEM)ICEATS FSs 7OJ 1ok
Eis 2022 F 1 B 1BH5 2026 F£12 H 31 HE T
+ 2021 5 8 B 5 H.NSFC [& 9 DDORZFEFICKzH D 78 DEBRTOIIIDE
1 BEFRRKRUE,
v ZOHOHIE - YIERIERPINEELZ 10 DR TOITIHD 1 DHY B
B &R BIFEIEEY I DFEIIICRET B FS,
BARFHBSYOERNGCRHEAZREL WELBREIMDN\—RILOES 2R
T BIHDINRRELRARZEIT D,
*NSFC [IATOI T RNDSMERFEICHUNTI TS,
AT EFEEER IR NEHR T 270 ICFEENDES R/ RICINZ D& %]
BETRRZEITD.
- Pl e U T BEREYDMFE S TNICH<EE L TOMIL T EHIEDF
AN BEMRT D
CEE ETDIMFTIVZADETIVER, FHEEZTTOEADT1FI I EHIHIC
g st b2l —3r07 AT,
- AEATFFE CHZL CONSERGFEEEFE JOJIIMNIEHATES
F—R TR - EBAE (km 27— V) FEHEEEY)
EHLAIY FIRPIREMEICEIT S FS
SEDETH HR
THEBRIR FE LRI& 1,500 A7t(230 ARIL)
E Al
EapEXAE —
ER 7] —
TOMGFET. EREES & DRERSE)
m s e opg | PEISHGE LI KBS, B, YRS R, SN EE DRI
= ERIRE EEE&?%%@’&_’% LTHY. ZDEHICIFEE LICRAINYAIVEDI A RS
" OFv— &I DRI Z ‘urgent need’E LT\ B,
SEMK
- https://spacenews.com/china-researching-challenges-of-kilometer-scale-ultra-
large-spacecraft/, 2021 & 9 B 7 HEVS
AT + http://nsfc.gov.cn/publish/portal0/tab442/info81561.htm, 2021 & 9 H 7 HEUS

- https://digichat.info/2021/09/01/china-looks-to-build-giant-mega-structures-miles-
away-in-space/, 2021 & 9 § 7 HEUs
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AR (ArTEh) | AL ETRHRAZE (Xidian University) (AR, BREGE L)
BRE R E Academician,”Baoyan Duan (X =7E&1%)
R FSHE
SIS T SSPS OMEGA(Orb-Shape Membrane Energy Gathering A[ray)ZI“Jt_jl\U)*ﬁ_Eﬂ“
SSPS(Space Solar Power Station) T EV AL —23 2 - EEERI AT LDER
B 2014 FtH~ : SSPS OMEGA DIREY
v 2018 F~ KRR AT LDEL
Bny, = )= —DERKIET T DY TIFR/IN—FTEHY . CNET 500m DEKFZES
- EiEEE FAST DEFEREt 215 LT\ e,
- 2014 F, RERDF—LlE, SSPS OMEGA A FhDIREE(T o7, SSPS
OMEGA (& GEO ICRHEN. IRKDOARZEMIL 05— A D KEZEB 7L
BNEE- BB (PMAD) VM OOKXET7 VT EWD T2 4 DOEEERD THEK S
HRAE ey 2 pa s _ _
. ﬁﬁﬂ&ﬁ%@#ﬁ//\xp\][m 75m DR E&%b iAo)qnyeLlat\ HhEHS
55m0)m IL\ |_ 2 6.7m @ﬁifiYJk@%ﬁ‘ﬁ%Eb\ 4 ’D n’CL\é HW(O)&%T
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* Multi-systems
. - Effective WPT
F— Bl - In-orbit assembly
- Deployable array
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Earth

Spherical concentrator

Bl Almost all solar rays passed through the
Y thin film from outside to inside whilst
" being reflected from inside to outside .
'
e

Circular rail

Solar rays

PV array I'ransmitting antenna

This convert DC into microwave
power, and transmit it to the Earth by
pointing the Earth

This convert solar power into DC | and
rotates along the circular rail of the
spherical concentrator to point the Sun

SSPS OMEGA >tk
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- Xiangfei JI, Baoyan DUAN, Yang YANG et al., “Effect of operational condition of

rotational subsystem on attitude control for space solar power station” ,Chinese
Journal of Aeronautics, Volume 34, Issue 5, May 2021, Pages 289-297

- http://j.people.com.cn/n3/2019/0109/c95952-9536175.htmlt, 2021 & 9 B 29 HEXS
+ https://min.news/en/tech/e9ff9c0333bb878d07470c7144fc352d.html, 2021 & 9 A

29 HEXS

- https://www.sciencedirect.com/science/article/abs/pii/S0094576516306014 . 2021

F 9829 HE

- http://www.spacedevelopmentfoundation.org/wordpress/documents/2017/06/on-

new-developments-of-space-solar-power-station-ssps-of-china.pdf/, 2021 &9 B 29

HES
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Space Solar Power Station Committee of Chinese Society of Astronautics

BEMEE

Honorary Chairman Academician Baoyan Duan(Xidian University) . Chairman,”
Researcher Ming Li(CAST)

HERFE/FS HE

A8/ T—~

CSSP-CSA 2021(2021 Academic Exchange Conference of Space Solar Power
Station Committee of Chinese Society of Astronautics and the 3rd National
Symposium for Development of Space Solar Power Station Technology) DF#

SRR

2021 F 3/~

Br/ER

- 2017 &, FEFHERITFEDTIE LT T, CAST D Qian Xuesen Laboratory of
Space Technology ' SSP ZEREXI DIREZFIAL. 37 DIAFEHEIH SEIZ %
Bz,

- 2020 £ 9 A, FEFHITESN SSP ZERDFII &AL ERK

- 2021 & 3 B HEFHEMITFE S SSP ZE&xE%111 (“Establishment Ceremony of
the Committee of Space Solar Power, Chinese Society of Astronautics ") ML RIC
CHfEIN,

-SSP ZERI 7 BOFHZEREZEME U TBEL. 68 RDEEZEL,

- 2021 % 11 B 30 H~12 A 3 H. EEMIC$H |\ T CSSP-CSA 2021 %fifET %, >
2022 & 3 BICHEHA

- SSPS DAFICHIF B FEMRMERMH N ZRIE L FMHRT 1T 7 DHEE.
SSPS D1zh DEE R AMBERK. SSPS DAFICH T DHFEAT. 7177 REDR
. SSPS ¥—70./0V—DRE. F—<TUTZIPTNAZADTL—URI—. &
BERMFHREOMEDREZBENET B,

LUIFOREYINRFESIN TS,
v’ Space solar power station system technology
v’ Construction and control of super large scale spatial structure
v’ High-voltage space power system
v Wireless Energy Transfer
v’ Efficient energy conversion devices and materials
v Other related technologies

F—HEIERE

EWLAIL —
SHOHE | —
THEBRR —
ez
- Chongqing University
- State Key Laboratory of Power Transmission Equipment & System Security and
New Technology
EFPELTES - AEIC Academic Exchange Imformation Center
- Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences
- Qian Xuesen Laboratory of Space Technology of China Aerospace Science and
Technology Corporation
BRI —
%\@ﬁﬂ(%ﬁlﬁ EREIE & DRARE)
SEME
a3} - http://www.cssp-csa.com/, 2021 & 9 B 29 HEUS

45




RIEH 2: BRI T —(ERmICEAT SMERAE—E

OEFRAR(EICVIIOE)WPT

RE
U.S. Naval Research Laboratory ... s e e s 1
Purdue University Graduate SChOOL .....cocccceiirccciieer e 4
[ aT=Tg e oYU LS @le ] g o To] = L f ] o PSPPI 5
GURU Wireless, INC. ciieeieiccceies it s et e s s s e s e an e e s s s s e e e e s e e e e e s nnneeean 7
(@13 = T 1 o R 9
Powercast CorpOratioN . eeeiee e cc e cesre e e s ssn s e s s sanne e e e e s s e nnnes 11
Raytheon TeChNOLOGIES ...t 13
Z1—I—-5VF
=80 0T Yo 15
D UAR=I
LI 10 1S =T T (=T I o 17
B=E
Korea Electrotechnology Research Institute ...ccccceeeccceeeercccceee e, 19
= = OO 21
HE
R a5 N SR 23
CEPRI(China Electric Power Research INStitute) ...cccceeeeeeevcceieecceercceeeeceeene 25
D T= o100 I @Xe] g olo] =1 A Te] o PN 26
OL—1'—AxX WPT
RE
Y 27
U.S. Naval Research Laboratory,”PowerLight Technologies........ccccceeuuunenn. 29
Defense Advanced Research Projects AGENCY .viiccerrcceenssceeessseeesssees s 31
UNIVErSItY OF VirGiNia. e et e e s e e e e e s e e e e e e e mne e an 33

[220Y V=Yg MT<] o} A I=Yod 0] g Y] (o e LT TR 35



RKE
University of Surrey /Space Power

A1AXASTIY

Wi Charge ..o v e eennnas



K XHIHERS

| EE nE

SE et
¥R (FrTElh) | U.S. Naval Research Laboratory (NRL: AKBERFZLAT)

Radar Division’s Advanced Concepts Group / Christopher T. Rodenbeck (Office
Head)

17| g0
HE HRE Dr. Paul Jaffe (the innovation power beaming and space solar portfolio lead)
MIT Lincoln Laboratory Space Systems and Technology Division / Trevor Mayhan
MERRHE FSHE

GAMI S F— Terrestrial Microwave Po_vver Beaming N . o
(TRATHRIE R ST D) 1km LA EDEERE T O E VA I OREHE —LXE
ey it 2020 F£~2021 F(13 1A)
- WRISIEO TV VORENEE —LEET ST2HICIE HIRDOMFIC LS ¥1I0
REELORE, VILFNZADFE T TOE—LDFEHESE B2 RMEGE

EERTINENDD,
v 500m Z{B A D EEBE COAITH ERIFERBR TIE EEEELIT T 7 L1 DALE
Bhy, e EXNRICERTE. E—LDY—T Y ZEILEDEINBICECE T 5 Z & THIFZELEL
H= NEEERIIRICINZA TS,

- ZL DAV FTIATIE RIRDIRSTERDOHFE TE—LZBE T
NEENTLD, XK TIE “ground bounce” DIIREFIALTHIEME THDES
BEZALIEIZHDOENE —LEAERRZTOCE T NMIORICLDTHEAT
MMIBRMFEICH T DBNEECH T IEREEHEILTD.

- X=Z RN TOVH LRA D SORERESEHZFEIERICH VT BER 5.4m D X /\
DREENS 1046m DRI RFATEERET 1.6kWw DENZEMIET D TEI R
L—23arEREURz,.

v 2.5 GHz Z#8A DRIREICH W\ T X(SEERE 1km, ZFEH 1kw ZEBZ 59D
=5k,

v REEEHSZEMETOMEILE S ZER TR IN. BRUIEEETH D,

v EEBREAEI LT T EVTERETSNIZINSIRS TP T ThD. faER—
JIFNZPFOF1ITI—FICBRUMIFSNTEY. UTL2%IT827= 100mm DEEH
THEMBEEZZDENTT S,

v BR2OLOTFEREYAIOZXN) Y TINYF T T LUBRIND,
181mmx256mm, 203 HEF DIV ZFRH L. T 5IC 4 51 6 MDAFEH S N7z 51
JVDEFZHAB DTN, 1.02mx1.09m DL P77 quadrant ZFZRL 9 S, Quadrant
(FREZADLR—LNERUFFTEN TS, TSIZZEERIE 4 DDLU TF quadrant

HSBRIND,
v dm2DLUTF T 1.6kW DEHNZEERK L. RF-DC TR IL 73% Z1ZR LTz, X
MERE INURICHITZIIRIEOEMIKEE LA 7,

v ELMECRERRA G 2 BRBIICFIE U7z ground bounce [C&Y ., 9—4Y Mo
R CHEHEEZ 2.3dBE LT EH iz,

v BEERERMICELY. INT=N\VRUDTE 1dB A LA LU,

NYF1—LEYYMNITASTH—F®D MIT A1 X572 (HUSIR : Haystack

Ultrawideband Satellite Imaging Radar) KX &I1CHSEMDTAMTAMIHWTE

SEERTITOR.

v HUSIR XE#(% 36.6m ORREHATEIL 77T ZBRAL TS,

v JOYHLRAIETOLYTF% HUSIR BICERETZEE U, quadrant Z384F, 7
OV LRI EERKICUR—LZFREL. PLA12E%Z ImmEDNYA1S—TJ 1)V A
THHTDET . RENOSHRRARET 2 ADBUVERICTHZ . BIETHD &
v LOTFT7LAIE70.6m DE S HUSIR EEHEN S 1141m DEESECERE . TERIC
LED T4 A FLAZEREL. 1.2kW DENZEFEL.LED ZA b ZERITI B 7,

- SR EERICAEITTERINZERATERHICIE. LTOEIAENANEELTL

S,




v Scalable Spatially Combined Microwave Sources
v High Power Handling Schottky Diodes:
v' Rectenna Power Management Subsystems
- BIRENGE VIOORENmE . BHE—IY
F—R AT LOTFH LOTFT LA RFDREME
- “ground bounce”$15R
EW LA BT € AN —23 0 DERRE
SHBOEE —
T HERR —
KA
Office of the Undersecretary of Defense for Acquisition and Sustainment, Air Force
EapELy 3| Research Laboratory, Envisioneering, Inc., Lakenheath Electronics, Lincoln
Laboratory, Engent, Inc.
EFR17 7]

T O (T BREEEE DRIFRE)

SEME

z FIGURE 5. (a) 24 rectenna tiles being assembled into a quadrant. (b) The
© assembled quadrant with a protective rad lled. (c) Four quad:
installed at the Blossom Point target location.

i hol:.

FIGURE 3. The it ap is (a)a 5.4
reflector fed by (b) a linearly actuated horn. Varying the feed location

makes it possible to focus the beam at specific standoff distances from the
transmitter. (c) A view of the transmitter from the target site 1046 m away.
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- CHRISTOPHER T. RODENBECK; TREVOR MAYHAN; PAUL |. JAFFE et al.,
“Terrestrial Microwave Power Beaming”, IEEE Journal of Microwaves, VOLUME 2,
NO. 1, JANUARY 2022
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- Abigail Jubilee Kragt Finnell, “WIRELESS POWER TRANSFER: EFFICIENCY,
FAR FIELD, DIRECTIVITY, AND PHASED ARRAY ANTENNAS: Master's thesis,
August 2021
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- Energous Corporation (&, 2R CRIZRMREAMBIDITEICINAZ . AR TTEICXT
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20 Z5E8LTW S,

v RSB R EOmEE T R— b, R E TlX. EEEN SRR
20W DHEAT 15 T1—r(# 4.6m)BENTZE/NAILT NS ZOEEEERD L D8I T
TSI TINAREFRERBE

- 2016 FREF R TIEEE TERDR T Z 2016 FAR~2017 FHHICIRMEL. e
BRI Z 2017 1R, REERERZ 2017 SF55 4 PYHHA~2018 55 1 PO4-HAICIRM T
BEVDIFEERARULTL,

v 2017 FITHRKRINT= Apple £ iPhone 8 [CIRATNZDTIXRLHNEDIRE
EHoH EBEIC iPhone 8 [CEATINIZDIE Qi BT CH o1z,

2017 F 12 B R THH TO1 VL EREFTERMICEE TS FCC 3RA! Part 18 D
nlm/:EEHy'f:.f'o

- Energous Corporation [E1) AUAR—=ZD A VL AE N mE(WPT)Eifie, hR%
NAXAIBER T 7L AT AU ERRE LT LD,

v EBFRMRIIIDFYI T IOTFT VINIITHRBY . CNSIERNY—R T,
TA4YRRANSYA— E7STIV BT —RE ZESKRT7 ) T—3
VU CERARRETH Do

v BEAMEICHIFINR<, 90 EDNAEICH 2R EHEEENERB 7 DM DMEHC
LBDBADHBEHIRRLRDA—N—TEITARTD WattUp FitTICE D <R TBDR
[CHITEHEEER ML ZHER

- A%t Products&Solutions

v <LI—N—(ZEH) > EICEE T 291 TOEEERN S EEMA loT T —,
KEDERARO—VET, SEITERTNAADTA—LT 7 II—ICENE T
R9 D ENTAEE,

v <bSURZYYGEEK) > EEERE. HERRE. REEBETIEA®D 3 DD WPT A
DAUNB B EEHAN S VA VIIETRER L TT /NI R ETEL., PR S L
ORIEEBAN S VA YIIIERTTINAIRETRET D,

v <VTEII7>WattUp®@E ek ZEMFRTDII L ZATE 2.0V TNIT
FICE > THR—FEINTHY., WattUp®T /\1 R EEE - FHIfHT S

- LR Developer Kits ZBR5E5H

v' WattUp 1W Active Energy Harvesting

v' WattUp 5W Active Energy Harvesting

v’ WattUp® PowerHub :F8EY — 2 [dXE#N S 15cm DEIFMA, 900MHz () RF
=1EM.

v Hearing Aids

v' Smart Glasses

v' WattUp® Near Field

- 2020 F 2 B BADRITEICE D<SHEFENTOELRAZRTU R 112 hET

WattUp Near Field ZEATHERFEAIREIC

F—Hdily

E—=LTA—ZT
- (VLIRS

EBLAL - )T EEEE, Near Field EMIIC DWW TIFERIELTLD M, i~ Z=FREETTE

BRI DNT

SBOEE

[FHcTBEFE A




- Apple D& =541 7—"Tdr 3 Dialog Semiconductor H'5 2500 ARILDIZEZ
THRHRIR FZFTWVD,
- 2014 F:NASDAQ [T 35
KA
- Dialog Semiconductor
EIpEX e Vivo(FEDAKFRY—r T4 X—H—)
- SK Telesys., PIBEX(POSCO). Primax
EF=17 7 —
ZDAt
E& - WattUp 7L 2T EBRAMTICRIT 3 228 DR Z VS, (2020 £ 11 BRE)
SEMK
i —— ™ _
WattUp® PowerHub(Credit: Energous)
- https://energous.com/
BT - https://www.businesswire.com/news/home/20200228005172/ja/. 2021 F 11 H 2 H

NG




K REEE

o
EhEt&RES
¥ESE (FRTERE) | GuRu Wireless, Inc. (K Pasadena, CA.)
N E g e Florian Bohn (CEO). Prof. Ali Hajimiri(Chairman of the Board, Co-Founder, & Chief
5 7L Scientific Advisor) Caltech () SSPS HiZe&
AR FSBE
— | SURICK BT ERM (GURU RF Lensing 7)) IC& D T4 L X OTA(Over
ANV TR | The A BAIEREITS R T LsBIR
ENerFHA 2017 F(XFLERILEF) ~
s OTA DA VL RENGERITDN S VA YI—DERETY, TDEEHE. SIEREMED
BAE VAT LREER EICEALU TR FFEDERMNMEZ >z  BEY I 1L —
AVIREDBERY—IVEFRUREY TINENRHDIRE . Filc|TEMRREN IR
BN/ Ex TEINTLS,
- GuRu Wireless $t(& 2017 F KEAH) T4 =Z7ITRARZF(CALTECH) h 5 RE
AU TCERILEINTZ. 2021 FCTVA VL RABAGERIT VAT LZRFE U ZCEER
o
- RENTDSTNAAANZIR(24GHz ) ICKVEVIRAI VN TCENZEGET D [E
EMERRAUEERIEIEEZRANY T, T INM AZFHUEEEE. N\ TET /N1
ZADFULVMILEZ ) THRET 5,
v GURUDFZE/NT X BEDI—I T SAMCA T4 ADBERZAE—H—Y
ATLDIEHN AN—FRE—HT—REDTNARICEHAFAD B,
v GuRu Wireless MFTE/\ T D—2I&. AppleliPhone 1110 13Wh D/ —
. PODREHNS 2~3 BB TIINFTETED
MERNE v 24GHZ BEDEBRERAD X YD 1 DEUTEIFSNZDM, BREE Point-to-Point
BERZEERTID LD HTH D, F/o. Wi-Fi W Bluetooth EFHLRLELD X
JYhEET D,
- GURU Wireless DILARFTRER DA VL RIND—E I 1—IVIIERET7 VT HEET
NTLWT. HET Z’Lt\'JlEZ%uj"(_cto'c BAMHEINS . I1IVRICERE TS
DEI1-IIW/FYTEARAIVAXAEET, mVWIR IR ZFHFDNEY ) 1—23
VEERTED,
v HEED 2.4GHz mEIFTEY 21— )L EEEERL T K@V NRUED AT EE,
- “Smart Lensing” %47 : IR Z (b I D12 HIUmETND E— LD E0EZ HifH
il Rl
SRR (CHATNEBERSURTY S
- SREERFE
EH LRIV v 3mLLEBENTZIBRRICH DT INA RICENZEE T D ENTE M AT —
TIVDBERAY VR DEL ICENMN BT EERZETTE I D EICHI.
SHEOEE | —
T EEE Kairos Ventures #t& Bold Capital Partners #t N H&E
EHEARE
A A - 71T A )V =7 ITRIKZ (Caltech)
- 2021 £ 5 F :Motorola E3IEZFHR WL ANRDOAFEZBIET D&,
E&17 1 —
BENE




Sl

J\ T (Credit: GuRu ereless)

Guu JLE

iR

- https://guru.inc/

- https://www.cnet.com/tech/mobile/motorola-signs-up-for-medium-range-wireless-
smartphone-charging-no-pad-required/, 2021 & 11 B 9 HEX&

- https://eetimes.itmedia.co.jp/ee/articles/2103/11/news094.html, 2021 & 11 H 9 H
0BG




K REEE

o

E Syt e
¥EESE (FRTERL) | Ossia Inc. (X Redmond, WA)
BRE . HHRE Alexander Huang (CEO)

HERFE/FS HE
FANIV,/T—N | DAV ZIGERAM Cota® DEMFARS KU1 it (RMmERTEIFITHR)
SEHERFHA 2008 & (SR IIEF) ~

- 2013 FERICIHTA VL ZRREDESEIREL. TNHS 3 FRICEINLIERER

BRBR AD ITREVI—TCES 2016] ClAEHDERIEER T VL RKET SV THBY
AV RAFTERT—3 [ Cotal IHELUZ.

- Cota [FXIEUE T /N\A RCEARBEEITD . ENHIETRDFR. EBET /N1 IAD
BRFE NG, —EZRADBN =T /N1 AADEAHIENAIEETH Y Cota Cloud
TS5V I —LZENUTRET /1R ZERL. BIET D,

v E=LT7#—Z7%ISBLT. ERNICEHNNT 1~2m FLDEFHEIFCH 1w D
HRENTES,

v 2.4GHz &% 5.8GHz D EK = (EH

v BRICHAFAENTZNS RV F YT THS Cota 2EMIIE—TES%E
FEEW 1008) . TNARICELZEURBERE D TREZETD AORYER
ZEME T INA ZDRBICAPRY MW TE, BEOY % (FE > T Cota EEHEXTD
R TR SEMHIBEIL TETREARE.

R v BEESTZTNARAICHRET B I0F Y FINRIT kDN T ) —(C
e T DTN,
- (A=A

v 2—I\—DRFIMRICH D BEFEFLCTIZBAD loT T — A T71 RRADEREL
—REETAVLRE
- 2019 &, Cota ) Wireless Power System(2.4GHz) Hh' FCC DRI = BNS
2021 F 9 A:Cota 72/ 0V — W@ EZ B CIHXEHOFIRZERIT &R
<\ FRMES (EU) D CE B RUEED UKCA ¥—I DEREEZES
v Cota YRT LN, EU B IE S P LU EEEGHEHRFHID T CERTINS &
BBE . AS127 14— LU RFREEE(CENL TV D EZHRTDIED,
RN Tldk CE ¥—2., HEETld UKCA ¥V—U &R RUSI VRS, BREEN TS
Do > NETIEKEDH CHRFERIBE T DTz,

_ = - E‘_ijzl'_s DO“
il AL RRE
- TCota Real Wireless Power | [F3R7E. SKEIDDR - BHEER DS VT I T I RT LR
LA EAEBOBET ) T— 3 [CEATNTV S,
- 2021 F 9 Bk Y MBS UEE TOIRFE AL R D72,
SEOEE —
TEBR —
e iy
Z<DEFEN Ossia TAVITLICIINY, Cota HIMDSA U XZERIT, HE. Him
FIFE. BmARSE. TS U RRIEZ S TRAREEIZE > TS,
L= P =2y TRE: AR (Cota DERBEADS AU ML Kl
R—F)
RS ny - & :KDDI Open Innovation Fund(KOIF), ENEOS th—J)L7 4 VT R
= - HEFF : SHARHRAS
BN IN—hF—1BZFIH Mobile Limited. In-Q-Tel, Saint-Gobain, Molex, T-Mobile,
SAP NS2®, SES-Imagotag. BOE. Galanz. Spigen. NGK Insulators. E-peas. Xirgo
Technologies, LLC . Motherson Innovations . Motherson-Ossia . Displaydata .
Goodman Networks, KonnectONE
Bt —




T

= - Ossia [FTI VL RBNEEI R T LICH W T HFRBT 158 B EDFEFEEE
e U. 213 A EDERFREDETEEZB L L\ S, (2021 F 9 AIRTE)
Power Power
Transmitter Receiver
'.. e ‘ / '
=i iz K
~ Receiver 3BRAE—-D 2R » Transmitter 34 U {80208 » E—D2i2 1 PMIC 100 BRET IO
> Transmitter (ZL\3L\5REHEETL TRPLFHHSBEERNERY T. BRICEHETIE
E=-JESE8E ® Receiver SRIENTE-2N
» Transmitter (D Phased Array & Transmitter [CHL8 U IsEiEDMH %
&7 2T+ TE— D OAREEY BALTRAE G
ERMEERID AL R ERAMI Cotal DFIFEA X— (Credit: #,3X)
SEMFR
Cota Receiver (%) & Transmitter (75) (Credit: Ossia)
- https://www.ossia.com/
R - https://www.marubun.co.jp/maker/a7ijkd000000kdh6.html, 2021 & 11 B 5 HEYS

- https://kyodonewsprwire.jp/release/202109099803, 2021 & 11 H 5 HES
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| 5

S

SeHEtRS

R R ()

Powercast Corporation (3K Pittsburgh, PA)

BE/HERE

Charles Goetz (CEO)

HERFE/FS HE

A8/ T—~

RF IRIVF—/N\—ARRT74 7 EBGENDEICET DY) 1—Y3a UREEKER
TOREER MERSE (Powercast®, Powerharvester®, Powercaster®, Lifetime Power®,
Powerspot®, Wireless Power For A Wireless World® , Power Finally Untethered®,
Power Over Distance®, and Vikaura®)

SRR

2003 F (SRERILEF) ~

BrER

- Powercast [&, 2003 FICTA VL ZRED AR T TIUT—U3 0 =H(CHET S
CEEHNEUTERIIINE KE FCC DML R EREERRE(915MHz)
DEMELELIEZT. TM VL ABREDIVRAT LAEHRICH KT TRELUZTI1TL R
HBEBIZATLDRNY TA—=H—ERDTNS,

- [EHDTA YL REEERAMIE. K 80 T4 —(#1 24m) DEERE TENMET D, 9 TIC
loT. R&E.RFID RE 15 L EDFERTHBEAADI—F—ICFRAIN TS, [t
F. T . I Z7UDT, OMNMAEDTICEET BRVERFRNEEELTCH
Y, INFETIIB+O7TIr—o3r0EHER1I-vcOERZEERIRL TS,

- 2017 5 12 B. 915MHz T 10 71 — DR CHAE rIAE 823 HY FCC Part15C ©

nltu'f—To

- Powercast ) FCC 587 RF b5V X2 w4 (E, 915MHz D ISM B ZFIBLTT /N1
ZICAEINIZLY—NF Y TIZ RF IRILF—ZEEE L. BER(DC) ICEIRL, T\
A A= EERE T N N\vT)—ZFETD,

+ <IESfAl> Powercaster®& ([, 2010 FIZ FCC H LU ISED DEBEZ(TTH
L) (FCC ID:YESTX91501. IC &5 :8985A-TX91501) . ¥ P L UEXRT7 T —
IIVITFERTN TS,

v Powercaster®% REEM T (C U7z/VBY PowerSpot®~S VXA WA X JMIILZTE
BRREUVTHEATE3EN. MO RERERICHAAA T, BEDOEH ORGSR
EJbEBa_ék_tb\jﬁbo >XBEENITH 3W

E{H| > Powerharvester®Z{EHEIFIBL VY RF /N — (RIE-17dBm) & BIREX

(1OMHz~GGHZ)_C‘§M’FL/\ BA 80%D%WET RF % DC [CEIRT D,

- 2019 ZE., PowerSpot®Xt iy —AL IV hO—S535&E25& LT Nintendo Switch DA
L RAFTERTEUT, Nintendo Switch Joy-Con IV O—SHEDIAV L RAFTES
1w % F5E,

v' Amazon.com C Wireless Charging Grip + PowerSpot Wireless Power
Transmitter Bundle Pack % && A RIHE

- 2020 £ 9 B fpFEMN COVID-19 EZ4) U7 O IIUICHIS LU TRESDIFESE
BENDRLICERTDIENTEDLIIC, T1 VL ZHEERD RFID BERF+
VIRT LR

v REEROERREEAFT v - I+ T RFIDJ—4— TVEZY TERIND,
EEENAOICH S RFID =9 —[CBAEFERADINRDIATEHDT5E. <
[CHREINDMNEEFTATEF > TENDBEZRAFT v VU TR EZEZFHID,

-RF IXRILF—I\—RIAT12T
AR

HEHL IV

- I CICEREE T O THY . HRPIC 100 UL EDEREE/N—MF—BFEEFULTL)
2. A T63IHDIES FOEARKFFEEUFU. 34 DRFEFEHREHR Th D, (2020

SBOEE

FARER)

TR

SRR

EspedidEs

CBFYT T N T—=IX—=HFET T T =3 O MR TERE  PPG
Teslin, IDEAL INDUSTRIES. VANGUARD ID SYSTEMS. INDUS INSTRUMENTS,

11




EPSON . MICROCHIP . TEXAS INSTRUMENTS . MATRIX PRODUCT
DEVELOPMENT . NXP . CYMBET . KYOCERA AVX . CAP-X . Compliance
Innovations. E Ink, NORDIC SEMICONDUCTOR, ESensors &

EF17 7 —
ol
e - HHFRT 63 HDIHAS LUEARRETERF U, 34 HDFFTEHFER TH D, (2020 F
i KREFE)  https://lwww.powercastco.com/IP/
®
((f P 0 N e R C a S T « FCC/ISED Approved
* Far Field RF Charging
S * 3W (EIRP) Transmitter
e ~._* Charges up to 30 Devices
PowerSpot
SEXR “~._ Charging Zone
\\\§ . 60-80 feet
PoweerZ)_t®(CreditZ PowerCast)
HRREEXF - T4 T & RFID |J—4%—(Credit: Powercast)
* https://www.powercastco.com/
AR - https://www.prnewswire.com/news-releases/powercast-sees-record-customer-and-

revenue-growth-in-2020-as-demand-for-wireless-power-gains-momentum-
301200776.html, 2021 £ 11 B 2 HES
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K REEE

I
| m=mH A
Sy
¥4R8 (FR{Eih) | Raytheon Technologies (K El Segundo, CA)
o Intelligence and Space System Business Unit,”Hooman Kazemi (Engineering
BE HHRE Fellow)
HoRRIFE,FS HIE
18I/ 7=~ | SURBRENERDL 277 Bl (312 61.5%. B/ 3.6kW/m2) DEZFEER
EhekFHA 2021 &
- D7 —J4—)VRERENGEDERIEDHIC L. SEBO/NLESENZEN
:‘:_t@%o
- SRR D I 7 —J 14— IVREEEIL RF VI OKRE ELLERU TREBLZE X
B, Ex RICIERKTD_ENTED,
- Intermediate force protection (IFP) system D& D74, JERRE/FERICERE I N
100kW FEMBITRIVF —Z RSV RZI VI —IE S URBERENGEDHDE
OB FEERERET D,
FUVWET T2 GaN +./ 3w b+ —4 174 —R (GaN nano-Schottky diodes
(NSDs)) ZETIMEL. B AIVRERSRE LI T T RIBRORFEEIT o/,
-W NV RDIMESH LU KRESOFRIEFHEZTTL). GaN T /I3 vy hF—LITFD
MREZBAS MM UMz, 95GHZ ICH W T AANEIILE 3.6kw/m2 Tixim& /8% RF-DC
IS 2 61.5% & TR LT,
7L v CORRIT.BHOWELITTEROESMNRELEUT 15.7%ND3RME
THDo. T ANEHWIENEENE 94 GHz THREI N GaAs H LU CMOS L
T FERRICHUT 1.5 BH KU 9.5 BDHEERD>TLD,
- 100GHz Z#82 25\ EIERIEE L. E—AIEZE S SICH TRENRIEREH L
SESEH.SEEIETNDICEHNBEINSDS,
——— - FAF—R.GaN bS VIR EmEALITF VBRI RAT LW
-EBIRENE -0 BIRE X
EHLANIV - RRE(ICHITDER
SEDETE —
THRIFE —
A
EpEiiES - Teledyne Scientific Company:GaN 7./ 3y b —5 1A —R DRt & BUE
=/ =
Z1th
Integrated Diode
Input low Tee structure
pass.ﬁher .
SENFK

S
‘—E'_.;}_.
GaN/SiC JT/\ EIZEREN/ GaN F/Y3vbF—Lo7F MMIC(2.1 mm x 0.75
mm, B 50um)

13



Power Meter

R WG || wetocpw | . Redema
10 dB Coupler e
l"[ o Bend Probe Cros
W-band Power Variable |solator _]
Amp Attenuator
W-band Freq, i _]
RF Synthesizer Eiderider solator

—

KESTOVIRELITTHFDEYNPYTEE

R

- Hooman Kazemil, “61.5% Efficiency and 3.6 kW/m2 Power Handling Rectenna

Circuit Demonstration for Radiative Millimeter Wave Wireless Power
Transmission”, IEEE TRANSACTIONS ON MICROWAVE THEORY AND

TECHNIQUES
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NZ KfE{E

IBH

SeHEtRS

R R ()

Emrod(Auckland, New Zealand)

BE/HERE

Greg Kushnir (CEO). Dr Ray Simpkin, (Chief Science Officer)

HERFE/FS HE

A8/ T—~

tele-energy technology to transmit energy wirelessly over many kilometres /miles
RIEBHBRIRT R ¥ X Zr8EC T 5T L IR F KT DRFE

SRR

2019 F 6 B (SfLEIIRF) ~

Br/ER

FZa—=I=3VRDIVIBRDFPEDRAAFEEFR TIXBET—TIVNBETHSD
B ENSDREPHFFICERNHINITED,

F IRIVF—DEREFFBDAALIEZ 100 FTREHNISESLZN, IRIVF—0
EEAEFIFEAEESL TR,

- LECOEAN S, Emrod 1 TIXIRE DRMFHEFRIC L UERBEN CTOERRIERET R
IWF—EEERENDEXRICERT D,

Z1—I—SURBRC=_1—I—S RN/ R—3aFEF Callaghan
Innovation MBEIRKEIC LY YA VIR EMNRNICEAICEIRTDXIVTUTIVE
B\ OM1 7O ZEERE,

2020 £ 8 B FEEDHRZERFZTEHE 20 TOMNII TERHE L, Z1—I—FUR
% 2 fIME N4 Powerco DEFIRFEZIT T, 1 VL IO DREEBED TRV
F—EEEERNIITORMDARZRIET D EFHK.

v ISM(Industrial, Scientific and Medical) BE#m % E M,

v 2021 F 5 B:BRTOEEARICHEIN RE RG-SR - SRIDAFETH D
SGS (&, 2B DFARRICHIUE=EREL U TUIERV. HEDBERICNT S
MHREZ FREE

vV DAV RBNEREY AT LADREM . $hER M, EFEEE S 525U, 2022 FI(C
EHERERE1TO T E. 40m DEIFEEZ £,

vV R1UOBDBRERICIEL —F—RYMDRE I N, BOANRE (VA IORN LT
;)%’5 [C/RB EENEICRAOORMELE TR E T RESEHERT DLHEA=HE
R

FEMICFZ1—I—FUREBERF 21T —MEER TS 30km DEFHEENDEIR
ERBIC. 7T TREICHPHMEERTE T R EIERT .

- BRIREICIE, EFRH PR L LW\ D #Is COEAMHMRICER T EEEELTUL
Do FZBIFEDA U ITISDAUTFH AR BRICENZHIGT D& EH8E
V T=TJEDREEAXA VT T IVANFREIIGRDE T EBIVIIICETDIAR

hERK6SKHIR TS DEHE

i

- beam shaping (E'—LJZH)
- metamaterials (XY~ 71 77)1)
- rectenna technology (L 77 7 $%4i7)

EHLAIY

2020 & 8 AMHFFX LML, 2020 F 10 BHSEBARAERRZITVN. 2~3 7B TI1—IUR
TFANIBITT D EBRARTUZH, Z-(E 2021 F 5 BICEREERZITL), 2021 £ 10
BIRE. 74— IVRFTRAETICEATIEMN -1 —RIERV AT T 1—IVITENT
L\ DIRER,

SHEROFE

-SRI —IVRTANEERTE,

TERE

» Challaghan Innovation 55, 2020 £ 12 B 10~2021 £ 12 B 9 HD22#9(Project
Grant) ©¢31/59,977%,

s A=t P TRITDIZIR TP IT4 00 - T3V TH—LTdHD Republic &
UTREEZ(FHFF. > B=ZEZEERL 2021 F 10 BIZV0—X, 1,234 HFDIZEIC L
t) 100 T RILVEHER,

SerEfA ]

&S

Powerco, Callaghan Innovation

EHA

Emrod #iN S REAFERAREDZEKISEED AT LICDWTH#ENSHY . KE
1AV OREE D X T Ls(Magnetron-combined phaser array)& LT, 5.8GHz ¥ %

15



FO%Z 16 BELVD 12kW DZEEV R T LERST Uz, EEOEERDIZHD I NE
(1 {EMAREE) T2/,

Z DT EREESE DRFRE)

SEMK
2021 F 5 BICEEUZERERD TON9 1777277 (Credit: Emrod)
- https://lemrod.energy/press-release-nz-start-up-launches-world-first-long-range-
wireless-power-transmission/, 2021 £ 10 B 15 HEMS
- https://emrod.energy/emrod-successfully-demonstrates-indoor-prototype-to-
powerco/, 2021 £ 10 A 15 HEVS
R - https://startupsavant.com/news/emrod-wireless-power, 2021 & 10 B 15 HEYS

+ https://www.callaghaninnovation.govt.nz/grants/emrod-prototype-rd, 2021 & 10 H
15 BEE

- https://republic.co/emrod. 2021 Z 10 B 15 HEYS

- https://www.sspss.jp/%E3%82%B7%E3%83%B3%E3%83%9D%E3%82%B8%E3
%82%A6%E3%83%A0/2021%E5%B9%B4/, 2022 F 1 B 11 HEUS
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i BRI

o
KRS
¥ER8 (FRTEMh) | TransferFi Pte. Ltd. (37 Central Region)
BRE . HHRE Aashish Mehta (CEO)
RERHEFSHE
1R,/ T—< | RIEEE TLEH DFIRAI Wireless Power Network (WPN) DIEEE
EherFHR 2017 & 10 B (&#5%31) ~
CEEEEA 10T BT —RY D —ODBEICITOX SO B D, FD 60% LIS —
B, S TIVEHREREICRIETDENDTH D,
R - TransferFi IFENANDT I AFEICERZRCINL R CLZEN DERAR
WPN Z iR THIH THERT B,
- WPN (&, ECiEDEM S M DHICEZEAD 10T LU —ICEAEMIALTE
VR A a7 OBEARIRIVF—REDEEIRIVF—RICERICTD
TRATEDRLIICRBEENT7 TSI T—avIERBINEY T3,
v REBICIE SRS EADESRBIEE LOE—LTA—I I D7 TR
LZEBUTITON, D1V LZFEE(WPT) L 100m Z#8 % DEHEICIEAT B,
RN - TFi Turin-1 wireless power network (WPN) 75V bJ 74— LDFF
= v TFi Gateway & &t U —Z & U7z TFi Sense 1= N TSNS, TFi
Gateway |&. 1ZEEEfE RF J1 VL 2 EZFIAL. 50m £TD TFi Sense 7/\1 R
ET—YBEEITD,
- TFi WPN lloT &) —X |, JREEESR . AV —RE VA — b X—3 ) BiEtE YYD
TD=HDe—cvE D T (F—IN—IL—LORRERNE CER) &R
v WPN GATEWAYS, SENSE WPN
s - E—=LTFA—Z07 GEEREET7IVTIX A
- JAVLIARE
EHL AV - it
SEDETE PRI (FHREEE DI A ZHIEY . (100m KL L)
THRIFE —
KRS
e SRR —
ErEH —
Zfth
Tl cateway o TF sense
Data analytics
Technology: TURIN-1 Control systems " Technology: TURIN-1
860MHz ~ 940MHz BMS 860MHz ~ 940MHz
;/5%_% feaZulJ)r;i:ler'ma array, feaEl:;eeS;ompuling

= Sensors: Temperature,
humidity, air pressure,
3-axis accelerometer.
Sound & TVOC

* 2 ports supporting
analog, I°C or SPI
protocols

TFi Turin-1 wireless power network (WPN) 25w k74— /A (Credit: TransferFi)

with digital phase
and power control
* Modbus, BACnet &
Web services
* Upto 32 TFi Sense
devices

Up to 50m range

17



GATEWAYS WPN((Credit: TransferFi)

iR

- https://www.transferfi.com/
- https://www.powerelectronicsnews.com/long-range-wireless-power-transfer-for-
industrial-iot/, 2022 & 1 B 11 HEMS
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LN

o
‘ BB P\]e
KRR
¥ER8 (Fr{EHh) | Korea Electrotechnology Research Institute(KERI : B [E B A7k )
BRE . HHRE Electro-Medical Research Center / Young-Jin Park
RERHEFSHE
I8V T | TAVLREBIMEEY R T LD
EherFHR 2019 F~
- 1997 FEH'S 2000 FE TO KERI FIDDE =LY I IEEBRE IO T MT
BHy, s DTV D ZORIROTOI T VRDERH SN TULREN DTz,
= - 2019 NS REIMEZRIALIED. RO BNIEFEH TORES. SE7 WPTH
MDERTHD. ELTLD,
- ERFFER T (NST - National Research Council of Science and Technology)D
BIG Issue Group 7OJ T & UTREAZE Z R, (2019 F£~2025 F)
RPN
v BEERRODEI 1B WPT IRT L
v WPT OiE AT DREF
HERE v BAMEEEYI ROV
v v FEPFIT—3TO WPT DEIF
- 2020 F 15—y MBEfE BIMEERMDIRZE
v EEMDRTS 50m TY— Y EH\BEIT S & LED MIER =T (1.3° DRIV
E—LAZRERICHIEL TERR)
- 2021 FEFRFE TIC, 100m DEERET 10kw IS AD YA I IRImEERI =i E TERET
DEEEII T,
e - EI1— VB WPT VX514
il 55y NEEE
EH LRIV - #th 28R
SEDEE RERBICIEFEEE TOREN. REB XZHIE Y,
TEHAR - 2019~2025 F:1100 KRV
EheAH
E3EL S| —
E3[5:3reya —
FDfth
AR =24
E4:21 W (44 W /48 eh)
4 :50m, 150 W/m?
UByun 1.3° (1.13m) LED W% =M g
Pilot QHEIL} \
9614 03¢
4.8kW3 “§§ ) .\ ,’_J
sERE M Sl

T imm |

SUE 91 FBHY
(DoA Rx)

e

[ . -
"( Pilot t12 &437|
(DoA Tx)

& =7y B & BAGERM DR F (Credit: KERI)
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2021

Step 1: Realization of Step 2: Module type
GND to GND WPT system for industrial
a

target tracking
beam control

Precision tracking
control

o 2 :
L= = 1 X .
5 I\ Mt B 3
4 ﬂll.-nua;‘l 2 . \l‘__ w
Eal | y | : 3 P
h 3 ! o o

A"‘,’m i £ - ower MMIC and
o SO NVETE 1 g er for WPT App.

Target
recognition
and beam

WPT Y X7 LDEFBIZ(Credit: KERI)

AR - Joon Min.Choi, Net Zero Scenario and Status of Space Based Solar Power
Research in Korea” ,ESA’s 1st Space-Based Solar Power Workshop 2021.12.10
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B XF

IBH

wa

SeHEtRS

R R ()

{ZTRIARZER (Inha University) (8 {Z)II[A3E)

BEMEE

Department of Mechanical Engineering, Creative Research Center for
Nanocellulose Future Composite /Dr. Jaehwan Kim

HERFE/FS HE

Y18/ T—%

YAV OEEREN DRI TR (microwave-powered airship drone) 258D BEFE & K3

SRR

2018 F£~2019 FtH

BrER

SEE RN TERNSROSE EECEEYDEZEFERE U TRITMNARES
N EHUVFGE R AR RITIENE Y R T LADBERINBEEIN TV S, 2<HFLLT
KIWF—=REAVTS FUTCRAY—ITCAITII TV MNSEBE AT LRV NT—2
ANDZRBIZENRKHSN TS,

CEREIVEBEVAREREL, KIGEM THREVLENTEVNI T OATEZET
B0V —UFRITIADRRIN T\ B, BRI KSR B O AGHFAE. REFC1D
OR(MW) ZF AU CESHEE AT LZREIT D,

AR TIEAUDLETEU X NIRIIIOEERWT, Ny TFU—REDER
EREEIIC. VMO OR CHREIT D RITMNO— 2 DEIEEIT D,

X INURRAOOBRDEREEICKVEEIT D AUITLAZTEUZRE 2.2m, BR
1.1m ORITIRNUDLHREFTHBUZESDEEL 1kg) DEIEZITV). HEEAR
TR BRICVNEREEBNT —IZREB U SEIERAHNAB. BRHNSD
PR, BEREN(7~13GHz) TOEIMFMREEIRIELT=,

v 200W D7V THSREETNBZIVIIORDAHEENHRET B,

v XINURDIAR—=ILLOTFT7LA 16 (5T 32 ) EFRATMDEAIICEEL. ¥
(OO ESEL. ERHEI AT LEBNTZHDERBNICTIRT 3,

v HE-BERDEEI TONRSN 2 D EARDOBEROTORIN 1 DFLTLY
B, BIE—Y—ICIE MPT YRTLZFERALTHY . RITIMOENEE AL 7V,
8W T D,

v NASA S L—%Etz249—0 HIRF(High IntensityRadiated Fields) F+ >/
IN—NT., RATRRDENEREEICRIH LTz,

- EERODFER. R A/ 8.3W. RAEE 10V, ;R AET 895mA T, RITIZEESES
DIZHDBREINE SN, IRHEEEERE 7 V1)L TRt DRI T o7,

- EEARITIRO— VIV ORIRIVF—EBMFATI RO DOSEEEEL
T LIOTFF7LAMIRTLADOERIEEREI N,

il

CIPVYT RO—D NAMIORENEE LITFT B RTFII

EHL AL

Fr IR TORITEEE

SHEROFE

7R

TERE

2017 FEE#HAHTOY S5, (GRDC-INHA IST-NASA FHIEBEHEMRSEEY—)H
SEEEE IR E (NRF-2017K1A4A3013662) =@ U =B X IBE £ 2 TEHE,
ek o N

SRR

&R

U.S. Federal Highway Administration. Norfolk State University (3() . Dronicar Inc.
(3K). National Institute of Aerospace (3£)

EPR 1727

NASA DQERHATOT S AICKYEE, EERICIE NASA Langley Research Center
()il

T O (T EREESE DRFRE)

SEMR
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N AU DR E AT D EARMETRATREL DB F

iR

- Kyo D Song; Jaehwan Kim et al., “Preliminary operational aspects of microwave-
powered airship drone” International Journal of Micro Air Vehicles Volume 11: 1—
10, October 2019
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oA

IBH

wa

SeHEtRS

R (FRTfEsD)

EFRHFEKE (UESTC: University of Electronic Science and Technology of China)
(Fh, PO)11&RER )

BE/HERE

School of Electronic Science and Engineering,” PhD Biao Hu

HERFE/FS HE

A8/ T—~

JEEAMHRE IR0V ET/ OOV KERESRE AV RERKEHYII0
SREIRENMEED AT L(MWPT : Microwave wireless power transmission)

SRR

2020 FtE~

Br/ER

GEE, BFREEAZETIE MWPT ICRET 2 Z<OIRENTONTHY . FICEEAY
1R (Wang 5. 2017) . BRI 1A —RR—ZADE RO oOMI K
R—2DE 23 (Zhao 5. 2018) . ZDMDFIREZET T FT DEIF(Zhao 5.
2017) TN T VDS BRI A A—RICED<KIV/INI MR Ku s MWPT VT A
(&, 60m T 4% DC to DC hEZEZERK L MWPT BEEADR/N) T ZEHhE—D)L
HEERETDHDETARERV)1—3V[CRVUEBBRZEEZEIL TS,

SJEEAMHRE Y MOV EY/ OOV ERERE AV RIEEAZE N1
R ERENEE(MWPT) VR T LD ZERFELT,

v YA OORFEREFE U T, 400kW, IR 4500/ NIDIEF A MERIREIV IR
~O> %8R,

vV BRMETUTTEUTIR AT LT UTHEERL. KREAODYI OO %1%
2159 %, 10km DEERET 2.6%DIEDBNGIEMNREER T D_ENTED,

v ZIEUVEYIIORESE (IO VEEREBTENICEERT S, 2.45GHz,
10kW DM IO ZE AAUTZ/NBI 1 OO RO EEERER L, 85%NDE L\ ZE )
EEZERL. BAOMEICHIEIND,

- REEBERE N MWPT DR T AL EIERIRER 2.45GHz, 10km DEEREICH T &
HRHYIZH 1% DC-DC IREZHE T 8.5kW D DC BEHZEERIRTET D, CDELIBIUR
T Ll AR DRV ZEEIC i E D SRR CEANZ R T D2 DBENIN DA
RV 1—23rThY AL LB EICENEHIGT D ERRETH D, 5
WELE ED SSPS A ot EICEHZEET DEHDFERICERD,

- VAU OREREN X
JEEAMHIREIY RO
s HAEILITITS

- oOMOEERSS

EHL AL

AT LB V=2l —y3ay

SEROETE

VAT LOINBEEEED BT ZERS T 2ROWRELITHLEHIC. TE58D
HRETD,

TERE

National Natural Science Foundation of China(FEEZRBARIFEEEZE S NSFC)
DEIRREC KV EHE, £FRIFTA,

SeIEfAHl

&R

|

RREREE T AR AEREBEKRFE AILAU—KF () BEXRF

T O BREESE DRIFREF)

SEMR

|
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Long-distance large-power MWPT]

10km
Transmitting | '
Cassegrain Cassegrain
antenna
==
400kW asymmetrical magnetron 10kW cyclotron-wave rectifier
Modulated power supply I Modulated power supply II ~ Power load
REEBERES MWPT DIERK

iR

- Biao Hu; Hao Li; Fadhel Ghannouchi et al., “A long-distance high-power

microwave wireless power transmission system based on asymmetrical resonant
magnetron and cyclotron-wave rectifier” Energy Reports Volume 7, November
2021, Pages 1154-1161
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‘ EE AE
Sy
CEPRI(China Electric Power Research Institute) (1)
PR (FRTEsh) FREZRFT DENHER. PEEREMEE (State Grid Corporation of China)
[CEBLTWS
BRE R E —
R FSHE
SAIS T %Om YA OO ERFR(RE (a 10-meter microwave radio transmission) 'O 54 DB
i 2021 F 91
B, SR —
- 20m DEEEET kW IRDENmEZEH TE 3 M10m Y1 IV OREBGmE O 1
T1ERAFEU,
PERE v ARERIES 25.5%IE2 L. FfFmEPEERERAF (State Grid Corporation
of China) DEERZEET,
: CEPRI [&, GaN 1 A—RLOTFZRHLZ kW RO Y1 U R EIRENGEERS
EEL TS,
F—RAiT —
EH LA ORI T DREF
SEDEHE —
TEHR —
Sy n NG|
| Btk —
SENRFK

iR

» http://www.news.cn/english/2021-09/01/c_1310161562.htm, 2021 & 10 B 22 HEX
=
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 REEE

oI
(i
¥ER8 (Fr{Edh) | Xiaomi Corporation (F7 Beijing)
BRE . HHRE Daniel Povey (CEO)
MREFFS &
HARI,/T—< | SR ERVEER T YL R FTTER M MI Air Charge Technology | DBEFE
Eiiisgl 2021 F 1 B~ (HHERIIIF 2010 F)
- Xiaomi [FEFHHRTEBRMEMABELTHY . CNETICTRK 80W EL\SEBEED
Br Ex Mi DAL RFEER, 120W BT ER S RRTBRINZEIBHNIC B EAICHRA
LTET,
- 2021 5 1 B EEERED 7L RITEHELAT Mi Air Charge Technology | Z=F3.
vV BAXA—RIV(E&EKRI 15 T — 0 4.5 X—BIL) ) BENTZIBFRIC H 2D T I\
RIZHHU. [FIBFIC 5W TOTA YL X FTENATRE
RN vV FSURZYI—IE 144 BDT7 T TP LADSER N E—LTDF—Z2JI(C
Gt J:D’CtJT’(JI\T\'J/&EEEZVTI'i“Fh_%éo
SERVNAICETE VP UTFIEIZRET T TP 1EEEH TN R
T_Faﬁ%qﬂ E—O 77T AIERREFREL. 14 BO7 T T HOKDRET
T TP LAIEREV IR EEREBICES D TERIRIVF—AEETRT D,
. = - t. Ajzi'_ = JO
il (YL RKE
EH LA - EmERIT DT EERE
- 2021 FAICIEE LD T EF 7S,
SEDETE CEVEERIICAN =R Iy FRTLVRLY N REDTI TS TIVT A RICERIHT
TBLDICTBRENZE,
T ERIR —
EREARH
EpELy e —
EFR —
Zfth
|
Mi Air Charge Technology
SEMK
M| A|r Charge &m(Credlt Xiaomi)
AR - https://blog.mi.com/en/2021/01/29/forget-about-cables-and-charging-stands-with-

revolutionary-mi-air-charge-technology/. 2021 £ 11 A 12 HEXE
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K XHIHERS

I5H

RE

SEhEtERES

¥R (R fERD)

National Aeronautics and Space Administration (NASA: KXEERMZEFER)

BHEMEE

Glenn Research Center (Power Division) ,/Geoffrey A. Landis
Jet Propulsion Laboratory, ~ Jonathan Grandidier

HEREFE/FS HE

Y18/ T—%

Laser Power Beaming for Lunar Exploration

ESiiing

2020 Ftg~
%1990 FX~Laser Power Beaming DIREFITONTEN AEAVEFHEFEAIC
BIFDFANEENICREFIND LS TR 2EDIETIVT I REHERBILE

BEBR

- BOWBH A DK AR RS20 L — 9 —[ERIFERERZEEICS VW TELIBEMDOS )
9 TYRTHIN, KBAENBEURV\EIH TH D26, EAMIENEEREREE
TEHINTUVD BFOL—F—BMDESHICKY . IL—F—RHNICEHFET RV
:\'— EREETOIVATLOERENSE>TE,
v kW EHDEZIE (9 50%) Erbium/Ytterbium RZERW\z9 1A —REIE T 7
AN—L——DHEREINDLSITBO>TI TS,
EEENSZEMETOMERNBRIVRY—TIIURDENVRT L. BLVTINSD
HFUWBEHZERARRISERT2HLLWI Y3 VDIV T hETP—FT0F v =
HIDINEHUENBEL TS,

- BEBEEADOEHERENAIRERLRILDL——
%EDZ%AI:DL\‘C*E%;QJEHDO
v B 810nm DY 1A —RL—Hf—/\—& GaAs SHEFZERV\PEHIVvIIY
OEERERETE 1064nm DY A A—REIE T 74 N\N—L—H—E&BF%IE Si LIVICEK
SRIERE — LABRROIREEZ1T D,

- NASA D JPL DBERIZET A MF v /\—IZHW\ T ERAEE (808nm) TOL—
XD —{R3%E% 1T\ ), Spectrolab (M GaAs (1.424 eV, 870 nm)& InGaAs (1.1 eV,
1130 nm) LPC (laser power converters) DMREEHIERERE1T D 720

v A% 2w ETEAS G, BRINZNT—BENE —L/INT—(TRU TERA
[CIBINT D& =MLz, 2W DA T B NIZERDENEE (T
12kW/m2 T o7z,

- NASA [F A ERERMEAFEDIBED/ZHIZ LLFISRT KO REBROFEHIRIMAT
B TO7 S LEERBHPTHY  EDHRTL— T —[C X DBFENGERMNT—~
[C7RD>TVDEDHH D,

v Lunar Surface Technology Research (LUSTR) Opportunities 2020: Topic 3 -
Flexible Power Distribution for Difficult to Reach and Mobile Applications
< BERET CERORER (km LARIV)IZHDIRTLICH 100W DELHZE
FEFICIED CENTETHRIMEFHRZIRET D,
v" NASA 2020 Big Idea Challenge Awards
< Capabilities to Study Dark Regions on the Moon

BAE—LMEERMD I S1RE

il

BRENEE LT —ENEE

EHL ARV

FAEIVYIVDRE TSI MRIAD R T LDOBREREH FURREL NIV TOHOER

SHEROFE

B

TR

NASA Glenn Center Innovation Fund

SRR

&S

JPL TM3EER:U.S. Naval Research Laboratory(Paul Jaffe EGAEY), University of
California, Santa Barbara, Boeing Spectrolab Inc

E3|Nrepa)

Z O (5T, l?ﬁﬁfﬂﬁtmﬁﬁﬁ*i‘f)

SEMK
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JPL TOL—1— 13;2%%%@*%3’—(Credut NASA)

iR

- Geoffrey A. Landis, “Laser Power Beaming for Lunar Polar Exploration”, AIAA

Propulsion and Energy 2020 Forum, August 2020

- Jonathan Grandidier ; Malcolm Wright; John Brophy et.al, “Power Beaming for

Deep Space and Permanently Shadowed Regions”, The 2nd Optical Wireless and
Fiber Power Transmission Conference (OWPT2020), Yokohama, Japan, Apr.2020
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K XHIHERS

I5H

RE

SEhEtERES

¥R (R fERD)

U.S. Naval Research Laboratory (NRL :>KBERFTFT) ~PowerLight Technologies

BHEMEE

Dr. Paul Jaffe (NRL the innovation power beaming and space solar portfolio lead)
Tom Nugent(chief technology officer of PowerLight Technologies)

HEREFE/FS HE

Y18/ T—%

Power Transmitted Over Laser (PTROL)D#h_E3REFERER

SRR

2019 FF 5 B ({mHimEl% 2 &£/[E)

BEBR

- PowerLight Technologies #t(&. LRI LaserMotive £t & L\ D BT, 2009 FIC
NASA O Centinnial Challenges Power Beaming Challenge T 1 fiIZ#SUTL)
=
SSPS [CHELRFITE LT EEDNEULZRIREE T o (L——) ZAWEES
HRTEVRN =3V ZEFNSE, L —[CXDBEENEEI T NESE
EEEE

- XY= RMIZH S U.S. Naval Surface Warfare Center [CH\\ T I REEEEZER/\

T—E—ZJ 100D TEV AN =3 U ETO
B 13T714—bD 2ERDYT—IZ, 2kW DL —HF—&EHE | FFRIICERETI N

KIEHRBDZEMNERE SN, 325m DEEREICH7=S 400W DL —H —imi%E%E
Tolz. ZEEIEL—TF—IXIF—ZBEREBAICERL, AV N —F—TXRE
AICEBU T BIYHED./—RNY I, FEENSMEIC I —b—%5END
DICFEAL TV zZO—E—X—7h— "laser lattes" R EZEEIH UT=,

s IRTLDLZEMDEINIEEERBN TH DT

v RIZRTLDZEMIE Lead Naval Technical Laboratory for Laser Safety (LNTL-
LS)ICEL D TRREE SNz, > BYNE —AISED<KEEFNERAL. EYHA D8]
[CE—LZ1ESH, E—LDRBEIERIN TV EZEELTHSBUE—L%F
i

v ERERTIE. VATLAZREITDIAEESH T HEL—TF—FBAOZELI T
REDLEZEEBEEEITDUNENRH DI

F—Hil

- BIRENmE L —ENmE
- VRATLDLREN

EHLAIY

M ETHOTEIANL—23,

S#OHE

- PowerLight #tl&. L—'—HAhZ LT XEEZEBIEL. YR TL2EDREZE
BisUrzRAFRZ#ik,.

v 2020 FICIE FO—VISEUEREDTERENDTE VAN —Y3VEITO
cDRATLIEGBE BEE EE, BEEOXRFEAREB TVDIENDIE, [k, Efb
HRECEERR COFERICBITIDEBNIES RAH

TR

—EDEITOITIMMIXLT 950 ARV

SRR

&R

Operational Energy Capability Improvement Fund in the Office of the Undersecretary
of Defense for Research and Engineering, the U.S. Naval Research Laboratory,
PowerLight Technologies, the Office of Naval Research, Naval Surface Warfare
Center Carderock Division, Naval Information Warfare Systems Command - Naval
Information Warfare Center INDO-PACOM, U.S. Central Command, and the Army’s
Combat Capabilities Development Command C5ISR Center.

E3|Nrepa)

Z O (5T, l?ﬁﬁfﬂﬁtmﬁﬁﬁ*i‘f)

SEMK
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e

.,
| . = | \
LI Y .- -
g b R e
RAALLL TTHR

L —H—{mEEER DT (Credit:NRL)

iR

- https://www.nrl.navy.mil/Media/News/Article/2504007/researchers-transmit-

energy-with-laser-in-historic-power-beaming-demonstration/, 2021 Z 9 B 30 HEX
=

- ZBAENE. https://www.youtube.com/watch?v=Xb9THqrXd4l. 2021 & 9 B 30 HEX

=

- https://finance.yahoo.com/news/powerlight-hitting-targets-power-beaming-

001029109.html, 2021 & 9 B 30 HES
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K XHIHERS

| EE nE

EHEHERED
¥4EE% (FRTEHE) | Defense Advanced Research Projects Agency (DARPA: B &FEMEEHER)
BEHRE Small Business Programs Office (SBPO)

MREFFS &
S48V, T7—~ | Breakthrough Technologies for Energy Web Dominance OJ T~

s 2021 F 10 B~

- 2018 &, DARPA [ SUPER PBD (Stand-off Ubiquitous Power/Energy
Replenishment - Power Beaming Demonstration) 005 L% EHE

v RITHPOESNEAMEMES X T AIC, 10km DFE#TL——E—LZERHL
TREITDHCEDERMZIAPAIT S EBNET D,

B Ex v 2018 FE(C [ Silent Falcon UAS Technologies #t%:#E U. 2019 FIZ iRk & E1HE

THEUTUVz, > 5HRERD 1 —RIFR U,

- DARPA X, BEEMEENZRA LS B 572000, BIREHEERRMORAZEZRERIC
HAIRFL CW\ B &R EAMICIE s8N —F—HZE YT VIR L, EDIx
IWF—ZRRLU CESRICERIT I —F—AR-_2DEMERFL VD ENDI L,

- 2021 & 10 A. Breakthrough Technologies for Energy Web Dominance ] 03 T
D7z SBIR/STTR Opportunity (SBO)(HR001121S0007-29) ZH41T,

v Energy Web Ry cDJ—2(& 1 EDL——HENSEHD./ —RICEHZE MG
U /—RIZFEDBHEZHREUTCEMOEKICHU TERAL. BB FICE B
HEMD Energy Web /—RICHBTDEVNDIENTH D, BHGEI AT LDZE
FERD IE AR A X REE. EEEE N (SWAP) TH DI ENEFEULL,

v BEDYI1FZv 08— R TERI NS EHFERY N J—20D Energy Web (&, &
EReHZKNEICALEIEREEZS5NS,

-REESIEIEIXIF—T3Y 2 (high-energy-flux) ITERIRAL TRV F iR
(high-efficiency optical energy conversion) |l iz (relay technologies) 1M 3 D
DEMPBFeEENFEEZI TS,

v AHERZEZERUCIRTLOMREZRE(LT S EZBIELTHEY. 1Ikwim2 D
TIRIVF—R%Z 100kW/m2 X THARAIGER Y AT LAZRIRT B,

v BRI IRV F—ZBRICER T ER<BEEEITIERTH D, 20D
HERFRIE. S T—DLOBRBEMREDEH DN, ENZE BRNDZEMEICRERICER
ETDEHICIE BHOEBENMVEICRDEEZIOND E—LANEDFHIERER
BROBTERAEZEIRN T D2UNENDHD,

- BRI, 227 Energy Web RV NI —U R TDI_ETHD. ARCHHAICTE
EZEMAD LB HIRINF—DEXRICENDOZERICESL D BRI TD
HUIADH ERADERNITHND,

vV BFIZBEINDDIE, Tsplash | EIEEN B D &40, Tspillover | & [EN 3 Kk
FOTRICERUVRWVGICHEITSNSZETHD,

i - Power Beaming, Energy Web, Wireless Power Transfer, photovoltaics, Laser

power Transfer, eye safe lasers

L AL -DOD STTR ICKWUEFHMNI VT FDRER A, (2021/11/30 HEXT)>T1—X|

= (VAT LA EREHEE) IRRDHo

RESAPORRITI—X I DHATHEIN. TI—X | DEMBERICTT—X 1| DI
REERT T

vV JI—X Il Tl 7= I TEONEFRRRZESICTIVI17YvTU R
T=IVI o LETOMNATIATLADBRETE AN —23 0 %ET,

- JI—XM:EBENLZARICRESNT  IENGNT—E—I VT ICHERIRT
Ll BHZEETOL——@8E. 8IRIVF—L—F— DGR, LIDAR, DG
INVZAIRIVF—0EGR/NT—DL—F =7 T VT =238 <07 T )T—
3 VICIGATE S,

i - JI—X 1112 7 BOXREHB TRA 2275 5 FR )b,

FJI—RXNERK 125 FRIVETD (50 FRIVELTD 12 4 BEOEAHRE +75 AR

SROETE

an

31



| [ VRO 12 5 BEOA 73~ #)

=Syt
RS DARPA O SUPER PBD 02 T2 b :Optonicus. SolAero Technologies. Ascent
Solar Technologies
EFR17 1 —

Z DR EREESE DRFRE)

- https://www.militaryaerospace.com/power/article/14211849/transmit-electrical-
power-laser-wireless-networks /, 2021 & 11 H 12 HE\S

-“Small Business Technology Transfer (STTR) Opportunity Announcement,

a3 HR001121S0007-29, Breakthrough Technologies for Energy Web Dominance”
DARPA

- https://www.electropages.com/blog/2021/10/darpa-looking-wireless-power-
transmission-lasers, 2021 & 11 B 12 HEWF
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KR KEF

o
il
H4RA% (FR7EML) | University of Virginia (¥ CHARLOTTESVILLE, Va)
i oo Electrical and Computer Engineering ,/Prof. Mool C. Gupta (UVA Langley
HbE A Distinguished Professor)
R FSHE
Y18V, 7—~ | BELLE(Beaming of Energy via Lasers for Lunar Exploration) > X 7 LADEFE
Eii53; 2020 & 2 B ~2021 EE 18
- BB DX AR T2 O L—9—IFRFELPERFEEICH VWV TEEIBRIOE
B, Ex =TV THIN, KEEEHRF USRI TH D, ENEENER G EFEE
I\JTDIL\D L_nz—ll\éo
- IOL—5— 0)?%!""“ SN =TS IRIF—ZEHIEL. TDIRILF—
Z0-N\—DYV—5—/\RIVIL—H—TEBHZE T, AEDKAR TOEEZXIE
9 %,BELLE Tl&, .—;*731 BEAL——ZRANT. KRR TREYESD
L—4—0EN 5. BREDZRAICHZO0—/N\—FICEHERHETDIENTSS,
v ADEEBICH DY IV O —F—FRE 4.2km T KAFMEIHK THD. U
MU, BDOELEN 5 RTS8, D% 200 HELEHELTL\S,
v BELLE Tl E—LARFvZ I IRTLESHZTFERVD. BEbINEY
PRERE VNV KRFEMDAT ZRFAEL. L — 1 —HAZERIRIIVF —(ICERT DL
T, O—N\—EHEBFCHALDIENTET D,
v ARSI ERFRIED IR E, i’fbikif%ﬁﬁﬂ?*%if“"fib\aﬁé \mA
MZEDR[RETE. BEERITHADIRIIVF—{HiE. #E LOFEEHNSBPX
BOO—/\—ADEE. XEHFNEMH E’\]—C“E‘L\L%Fﬁ/\d)l*)l/#—{,itfﬁﬁ@t“dﬁﬁ
RICEFERAEIEETH D,
2021 £ 1 A.NASA [FFF—LIC. REBFRITRZY—EEREBFEMTEI XL
L—23VEERS U, (COVID-19 DFZESZIT. F—LAlE NASA [CETA TRE
% Ef. )
F—F i - Power Beaming,Laser power Transfer
EHL AV cDRATLRERETONIA TOEE
SO E —
- NASA D 2020 Big Idea Challenge Awards [Z£&10U. 12 /5 3 FRIVDBIREZE
TEHE =
e
AR AF—LAlE Prof. Mool C. Gupta & KFFREE RFEE TR I NN, PRI —
[Z NRL O Paul Jaffe EHgHE,
EFR17 1

T DA (R EIREEE & DRIRTF)
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BELLE ’O0~%4 Zf(Credit: UVA)
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Specs
O Power Consumption: 62 W
¥

CE} End to End Efficiency: 3.7%
Gk} Efficiency Potential: 10-12%
A= Weight: 14,83 kg

ﬁDimensinns: 95cmx28cmx 23 cm

Subsystems
Laser Photovoltaics Gimbal Quadrant Detector Galvanometer

A 975nm high-powered fiber- Ahigh efficiency solar cell A dual axis gimbal to center laser silicon Photodiodes with high A dual-axis mirror scanning system

coupled direct diode laser to nergy back on photovoltaic receiver. responsivity at NIR wavelengths to with resolution of 12 prad, and

into electrical energy for use by process reflected laser beam repeatability of 8 prad to direct

the rover high powered laser
> ©
>,

Q@

iR

- https://www.cbs19news.com/story/43322942/looking-into-using-lasers-to-beam-

energy-for-lunar-exploration-more /. 2022 & 1 B 7 HEUS

+ https://lwww.youtube.com/watch?v=yhr65400HNA. T E&fi#| 2022 & 1 B 7 HEXE
- https://bigidea.nianet.org/wp-content/uploads/2021/01/2020-BIG-Idea-Team-

Digital-Poster_UVA.pdf, 2022 & 1 B 7 HE\S

- https://news.virginia.edu/content/researchers-explore-laser-beaming-energy-lunar-

and-terrestrial-
needs?utm_source=DailyReport&utm_medium=email&utm_campaign=news .

2022 F 1 B 7 HES
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PowerLight Technologies (X Kent, Washington)

BE/HERE

Richard Gustafson (CEO). Bob Zak (COO). Tom Nugent(CTO)

HERFE/FS HE

Y18/ T—%

L—H— &7 1L RIAERM DRI

SRR

2007 F (SR, YHDRIL LaserMotive Inc.) ~ XL E(L 2017 F

Br/ER

- PowerLight Technologies &, L—Hf—IC KD EAEEZEIRMEITIKENDI VI =
TUITRETHD,

v FRERELTIE L= —HDIRIVF—ZEHT 71N\ —TI5%Ed S power-
over-fioer] &, L——IRIVF—Z L[HE CEIRMEE T Sl laser power beaming |
N,

- FEtDFETIE TS LaserMotive #tDEAD BHIIL. 2009 FD NASA Centennial
Challenges 0D Power Beaming Challenge [CB§FIIT 2 & T 2Tz,

vV T=JWISAZ70RY rOEBRBRICET DIV TANFEILAR -5
BR)T 1i&RY, 90 ARILEEESUR,

- TDH&. LaserMotive ftI& UAV TOREFENR T TV T—232DzedDINT—E—L
M DRFEIEFAL TET,

- 2019 & 5 B :NRL @ Power Transmitted Over Laser (PTROL)D#h_E3EFEAER % 3£
#eL. 325m DEEEET 400W DL —H —{mEI TN LT,

- 2020 F: RO—VISEUEENZEREDEI =X,

v BHOL—F—IRFT LN E—LICBRBEINEAZBRICEST &< 72
[OBRATISZEEEEL,

- 2021 5 10 B :Ericsson (}) D 5G E#S I Streetmacro 6701 (RAHEE
300W) ICXF U Bt DL ——FEEI X T LEFE> T B X—NUVEEN/EEREN S
HEDYEDEBNELET DEIEERICHKIN

v EEHEHNSEBUHFMEDL —F—E— L% SEMBIONEEHTITES
[CZ#, E—LVTAED T DFERICKY . L—F—IRIF—DHmEL. {mEbFD
BEOIE, SEATOENDREKRILEER

v =B S NI D) DEEEIET 55 Ao DAL —F—DfF
BRISEDUVVRFCE SURBMOBEARTL——DEZEZ L. AN BN
5B FEIEEFICEFE/ v 7 —IC KU EMBOEMES#EG

v #HERCTOMAFEEL TLVRLA, KEWNHRCEIRFOMNGE | #aza TR
[CEESERINERSRVRIETCOBAZEEL T /N —IEICERYED

F—Hdily

- beam shaping (E'—AFZE)
- REHE

EHLAIY

SERIEDERFETH DD, BIIC 1km DEERER TIXKELZ1To>THY . BRI kw D
BAZEkm [CDOTEET D EEBO TS,

SEROEE

an

2~3FAICEHMETEDRE L,
- K TE 1IkW DEHZE 1km L EDFEE CIEE T2 EEBIZEEL TS ZER TS
MU BT 1,000 BRIV EDYNEEZ RA D,

KYRD =0 BEETERE JUBKDEEZERIDCENTEIDLIICHD

EEIXRIDEIZBINICENDELTVNS,

v BEEITI S LEEOE IR, G PR A TO—RNQERELTEH A
TED. ISICIE KBHFEBCRAFAEBDIEERN SPROEER CERTENZE
EDCEEAREE D,

TERE

-NRL DEHETOITINE 950 ARIL,

FAHOEEEREEICEEDEZWICKI O>THEERL LD ED &,

- $7600 ARIVDEBIREZEZ(T TS, T5IZH 200 B RIVDEHRAHERIEFHE T
EMHBEDORITEEZI TS,

e
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- NRL. Ericsson(}%)
- NASA NER TS BE COO—/\—ADENEECKDFERE T R—NT D701,
F—LZHATIRRELEV . FHEEERENGITZ TN TV ENDC &,

EFHA

T

TRESLR

SRERMEUVT T PAN—=—T I EFE =X ERMICERUBA T D, SR
TORERECHER T—TILOBEIREDE TX IV NER TS,
v AT—=URILY —PHRE/IN— T —IEBEE . EXHER. EMF JU—0DEE.
EEEBOEEILRE, TPAIN—R—=ADVI1—II VL >TIRBICERTED
BERREMFEEZEL S,

SEME

56 EMBICTIRIVF—EMIFTIVM VL RABNEEV AT LDEIERD PV L
</—J\—(Credit: Ericsson)

Convert electrons \.m Surround the beam with a Convert the photons
(electricity) into s safety shutoff ring to protect back into electrons

photons (igser light) anything approaching the beam (usable electricity)
; T b

POWER BEAM
TRANSMITTER

POWER BEAM
RECEIVER
\:

%\‘\\

) Shape & send laser beam ~ Catch the beam with
- optimized for power, - 4 aphotovoltaic array
distance, and efficiency | {Specialized solar panel)

rrrrrrrrrrrr

1YL REHEERMTY X T L X (Credit: PowerLight Technologies)

iR

- https://powerlighttech.com/

- https://www.geekwire.com/2021/powerlight-hitting-targets-power-beaming-system-
uses-laser-light/, 2021 & 10 A 27 HEUS

- https://www.networkworld.com/article/3637010/5g-base-stations-could-be-
powered-by-lasers.html, 2021 £ 10 B 26 HEX{Z
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INBIEEAD L —F—IC L DEIRE H{mEA X—IK(Credit: Space Power)

iR

* http://www.space-pwr.com/
- https://www.eurekalert.org/news-releases/941531, 2022 & 2 B 7 HEVS
- https://www.aerospacetestinginternational.com/news/space/uk-company-to-

develop-technology-to-transmit-power-in-space-using-lasers.html, 2022 £2 B 7 H

NS
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¥ER8 (FRTEdh) | Wi Charge. (Rehovot Israel)
BRE . HHRE Victor Vaisleib (CEO)
HRFARFS HE
FANI/T—< | TR —F—IC L DT RIEEFAT (AirCord™) DE RBIF
EherFHR 2010 F (RFERIIEF) ~
B A= - NTT ROENEEL7=IDOCOMO Open House 2020] Tl JRIERT1 V7L XFTEE
R L CTIwi-Charge I S 1172,
-1 ADEEHT am BEDERICHDE<DT NA1 RICEHEMIETTRE,
v" Wi Charge Iﬁyzs‘y’;—(m R1-HP) (i3 AC-DC EIRX® USB IC#Eft d
BET.HRIMETLY—N—ICEHEHIR T IEE, (BEHKRSR)
v Wi Charge L'Y—/\—: 3 E T 21423 CHRY {117 D& T\ Android 2 ViR[Z%<
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Specifications

Transmitter specifications R1 R1-HP

Delivered power 100 mW 250 mW

Supports multiple receivers Yes Yes

Range 10 meters / 30 ft S meters /15 ft

Coverage angle (cone), area 80°, -130 sa. meters (1400 saq. ft) 80°, -130 sg. meters (1400 sq. ft)

Dimensions 94 x 94 x 40 mm 94 x 94 x 46 mm

Weight 300g 350 gr

Input voltage 12V 12V

Temperature range 5° - 55°C / 40° - 130°F 5° - 55°C / 40° - 130°F

Control interface (coming soon) Proprietary APl over WiFi Proprietary APl over WiFi

Technology AirCord™ IR-based power transfer AirCord™ IR-based power transfer

Standards compliance UL, CE, FDA and international UL, CE, FDA and international
safety standards safety standards

Wi-Charge F5 XX W% (‘Credit: Wi-Charge)

Receiver specifications Compatible with both transmitter models
Maximum output power 5V @ 20 mA for R1 transmitter
(current/voltage) 5V @ 50 mA for RI-HP transmitter

Interface 5V t0.25vV

Connector 2-wires or any connector

Dimensions 21x 57 x 8.7 mm

Operating temperature range 5° - 55°C / 40° - 130°F

Standards compliance UL, CE, FDA and international safety standards

Dimensions in mm

Wi-Charge L>—/\—(Credit: Wi-Charge)

iR

- https://www.wi-charge.com/
- https://u-note.me/note/47510148, 2021 & 11 H 8 HES

40




(#L2)

TIRFIAARAKGE D A B

5 FISAF L BN B AR R b 2 (F°
; ?%ﬁig:iﬁﬁ5@%&%0)%?5;4)%&&@%
Hx

[ AN A o | W B

H & ZA v
4[[X2-1 Orbital SidekickfEDfr EAurora
5|[x]2-2 Orbital SidekickfEDH—E XA A —
6|1x2-3 PixxelfLO T EPixxel
6]IX|2-4 PixxelfLD7 — X G —EAA A —
7{IX]2-5 HySpecIQfEDfir EHySpeclQ
8|X2-6 HySpec Q& (f5) & o#r (&) A A—V
8|Ix2-7 Kuva SpacefbDffi£HelloWorld
9|1%[2-8 SatellogicfhdDfiEAleph-1
10|12-9 I\?l;f}f?r Earth and Spaceft® =z A7 L — 3
11{[X]2-10 ASTRO DIGITALAEOfiSEPal isade
- VIT Technical Research Centre of Finlandftbd/~A
12|2-11 PR AT W PR A
5 EBRIC B G- B JEa DSBS Lo A /3 —
i L Ry PAETAN AT
13][X[2-13 Etf R E AR E O A Ji1in-1GP01/02
14|29 Eﬁ%ﬁfi&%m&aﬂmﬁf;ijﬂin—mpm/m@%/\‘y
2R DB R AT
15(1X]2-14 ERUEDRR LR R B A A PR ]
15529-10 BRYERR LERF PR B 4 A7 R A =] O fi 220HS -2, 3 A
~v7
18|[X]2-16 UAV~ODAOTFE o O FE il
19|[X|2-17 DC-8—-AFRCH#]
29|[X]2-23 /INRITo T4 5 SpaceBee D48
29|[XI2-24 g AR Swarm Tile
30{[X|2-25 W{E Ui KSwarm Eval Kit
31|1X2-26 0622 > AT L—1 3 v M EuliA062 Modem
31|[X2-27 IsatData Pro¥—E X HHL Fu#=ST 6100
32|X¢2-28 TridiumftdOIridium Nextff 2
321 1X]12—-29 TridiumftOH EToTH# R Iridium Edge
33|X2-30 Spireft /N 2 Lemur
33|1X2-31 SpireftOUWFFE Y — B A DiR A
BEhmEHEEEOH LRy NU—F LR Ry T —
34|1¢2-32 7 A~ 0mnispacettdNA T v KX v b
T—0 DA A—
. OmnispaceftdD/~NA 7 U v KXy U —27 DloTH—t
34|[2-33 AFFRIADA Y v |




(#L2)

Lynk GlobalfLiZ X 5., 2%t U THRIEZEFTD AN

35|[X|2-34 Bt CXDBUE () & O EEN LR T
DR (H) DA A=Y

35([X|2-35 Keplertt:o /N ToTH# 2 GEN1

36([X]2-36 Keplertt DT £ 10T Y — B AEverywhereloT D Fr{#

36]1¢]2-37 KinesisftOMi FF v 7y FDA A —

36]1¢/2-38 KinesisfttD LoTHT RN EE T 5 FIH 0B

37|1%2-39 AstrocastfE23BHFE 9 5 bkgtk T/ FDA A —

37|1X]2-40 AstrocastfEMDIoTHE Y = — /L Astronode S

38|[x2-41 MyriotaftdMyriota 742

38| [X2-42 Myriotatt®Hi i RMyriota Module

39|1%]2-43 FleetfttOE A A —

- TP —/ LoRaWANZF — s T =A | FEEET 2D
39|d2-44 B LA L et HovThe borial 5ot 5
40]1¢]2-45 Lacuna Spacefl:d il iR
40|[X]2—-46 Lacuna SpaceftdDLS-3fE
41[[X12-47 EEmEDOKE (Apocalypse) firk
41{[%2-48 E & O # R AR TQZD-01
42([%2-49 GeespacefEDGSPIOOK R 7 7 v ~ 7 4 — A
42([%12-50 Geespaceft: 0D HLE I ¥ AGEETRACKER
42{32-23 Norsat—-2D:E T
43[[%2-51 NOSADNorsat—277 &
43|[X]2-52 NOSADNorsat-TDH &
44{1X12-53 VESTAfT 2
44(1%2-54 VESTABT R DB DA A —
45|[%]2-55 AAC Clyde SpaceftdDfirk N ZAEpic 3U
45|[¢]2-56 AA$A #VDES~< 4 = — KR60 VDES Base Station
46|[2-57 B@RIOT?’E 77 B2 K HVDESHE L O iEfE A A —
46|[X]2-58 Sternulaftda > ZAF L — a L OBHEZ A LT A
47]1¢]2-59 SkyloftdH FimRKSkylo Hub
47]X]2-60 SkylottDELF 7" 7"V Skylo Apps
66|[X4-1 Copernicus DIASDAEL
66|5:4-2 CREOD{ASb)E‘%ﬁf:@C)\?:EIﬁE& oo, Tux s

r Y —E X

68|[X]4-2 Destination Eartho F=3EAE R I3

68|1X|4-3 Destination Earth®F—% L A 7

69|1X|4-4 Destination Earth®m— K< v 7

72|[X14-6 Azure CHEAL STV A T — L

72|1X4-7 Ty DAPET N A ZAzure Stack EdgeZ#&dk L7-H [l
73|54-3 Azure Stack Edge Pro®Di&ir

73| [X[4-8 Azure Stack Edge Pro®4ME

74|14-9 Azure Space® Bt FRxy NU—7 DEBTE

- The Copernicus Australasia Regional Data Hub®}§
79|[X4-15 D (ROT)
82|[X]4-16 SIWEI earth (PUAEHIEK) DOFERE
87[[%14-18 GECDDY AT AT —X%7T 7 F ¥




(#L2)

88|X4-19 G-EGCDDT =T A LV H—T =— A
94{[X]14-20 TPMZ 71 75 LS
94|[X|4-21 ViCryoSatD U = 7 A A —T = — A
94([4-22 SMOS Global Mapping Tool ZFIH L7z > 7 VX
09|51 NRLOPRAM-FXJEE (72) & ISSPIC IS TH S L7z L
J T FEEOEETE (F)
99|[x5-2 #E b TDArachneDFZBRA A —3” (Credit : AFRL)
e SPS—ALPHA Various Versions (Credit : John
100([45-3 Mankins)
. CASSIOPeiA SBSPY A7 LA A — I (Credit :
102|[45-4 Frazer—-Nash Consultancy)
. CASTO~ /L Fra—~ J— g A h-SPS & LETF
104/[45-5 K2 D SSPS—OMEGA
105{[%5-6 BE | KB B KBRS A A —
105|[X]5-7 P2 E LR R F v o S ANICERE SN2 T —
_ SPS-ALPHA Mark ITID FZMERE 7 A R ET AT A
108|[X|5-8 2xoc
109|[%/5-9 CASSIOPeiAD FHHERLE 7 X o R & AT AFETT
— )38 EE M (LCOE: Levelized Cost of
110([45-10 Electricity) O FhBZ
111|X5-11 1GW MR-SPS
111{[x]5-12 1GW MR-SPSDFAE
112][X]5-13 K-SSPS D 1-k£
113|[x]5-14 SPS-ALPHAO ER{bETor— K~ v 7
114{[x]5-15 Je[E (CASSIOPeid) DEMILETCOT— R~
115{[%]5-16 HEOSSPSE — R~ v 7
115][X]5-17 FEDOSSPS A /LA h—r I v g v
e TR ST BENPTDARE T DT K DA ocFhEE « 2558
117|X5-18 ) - REE
117[1X15-19 L — 9 —J7 2XWPT o> 3 F &0
— Wireless Charging 2.0 Ecosystem Roadmap (Credit:
119|[45-20 Energous)




