%] 2.2.4.3.4-8 HOA L=z (), BT skE+ CF)

Hlar 7 4 71— g &2 X2.2.4.3.4-912, FIGE R A #2.2.43.4-312 7,

= |RE

x = (VX2 + V1) - (Vx1 + Vy2) L
VX1 + Vx2 + Vyi + Vy2 2

]

1 |

1 Y2

_ (Vx2 + Vy2) - (Vxt + Vv1) sl
VX1 + Vx2 + Vyi + Vy2 2

X1 Y

2IRTT
PSD

X, y: PSDEXEHRLERRE LEBED
ARy bHDOALE ERE (B mm)
L: 4.5 mm (C10443-01)
10 mm (C10443-02)
14 mm (C10443-03/-04)

coM

[v1 {E
L{ PSDi/3A 7 ABEEH |

2.2.4.3.4-9

M BIR
5~£12V

KACCC0345)8

=707 —va v

7 2.2.4.3.4-3 FHHIAE R
Direction Signal Voltage Pos Signal Intensity
V_X1(V) | V_X2(V) |V_YL(V)|V_Y2(V) | X(mm) |Y (mm) | TotalCurr | Photon
(UA) (uw)
Satulation -3.729 -3.728 -3.734 -3.735 -0.001 0.000 1492.6 2487.7
Perpendicular | -0.094 -0.084 -0.087 -0.09 -0.165 -0.089 355 59.2
45deg -0.017 -0.039 -0.051 -0.014 2.194 -0.558 12.1 20.2
B bHEE ST AT
o EEH: 6.1 deg
o 45°: 37.7deg

fEFE D D IR S B R E AL

o SEHME : 1L=59.2uW, 145 =20.2 uW

o WAFEME 145 = cos(6.1+/- 37.7 deg) * 59.2 ~ 42.7~50.4 uW

VITFADLHEINTEARNAIBEIZEy T vy b INEO LB o7,
NBEEBLLZELTEY, mVA—F—FTEHELOE <, 0.1%RE OG-+ HE 5 SIN 2
bbb,

— 5T, B A5 AR R AERM I, B FHICHFINEELIV b VT 7 2 —2 T
INEV, ZoREEMEE LT, (1) AFHAOMTHEEORMBE (RNV b)), (2) B#EMTHLVY =
—UBHRICLDRF D2 o8 FEZ 6D, BENERTERWEAIE, LCEV VY a— itk bR
YT AT ERT D ENRKEE Y E LTARPSD Z#RAT HBICHEL 2572459,

2244 2w a3k
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22441 —BRL7AH AT
(1) BAEEF
BEEOREF%212.2.2.4.41-1, 2.2.4.41-2 2R,

B canon

Control Ring
Mount Adapter
EF-EOS R

2.2.44.1-1 —RV 7 A Z P& 224412 —[RV 7 H A T BE#

(2) RBAR
BELEZ—RBLZ7IATKERL A —REZHANWTERICEEDORE 21TV, BB 7 7 A4 VA X
DM 24T - 72,

(3) HfT - HIRf
<GP R LEKRT A)llH 15485 M 553 5=
- HEF: 201943 H 27 H

(4) AT
BRI LA 3% 2.24.4.1-1, 2.2.4.4.1-2 12T,
#22441-1(—FRU=7)

Zas A= | WK YT NF o N—
NATRT 4 canon EOS RP 03102200059
BAZT LR canon EF200mmF2.8L Il USM 152596
~U Y N7 XK — | canon avbhr—nY 7 < | 710200533
Y NTHETE—
SD 71— F SanDisk | Industrial 16GB 6372DL85JOND
= Velbon GEO N545 0186359 8
EhA Velbon | PH-157 -
/J— kK PC FUJITSU | FMVWTS17 CP687405-01
UsB 7 —7 v - USB type A — type C -
#£224412() 7 N7 = T)
4R A—T AU Ver.
J1 A Z MY 7 & | canon EOS Utility 3.10.20.0
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B fREHT >V 7 K canon PintAide 3.04

(5) HBH ik
1 RO k5 ICHRBHSE R e R E T 5

AAS+HRINNTETZ+LUX

usBy—J L

224413 ey F T v

2. Y7 by =7 TEOSUtility] #&8)L, 747 a2—F— N& 8T 5
3. RDOWHWIHE Z BB A, IEKRETRTD

4. V7 +v =7 [PintAide] ZE#EL, 3.DEETT +— W AGDLEEIT
5. % 224413 TR T /RT XA —F TENENEERE 217 5

#224.4.1-3 fREENXNT A—H

No FHRE[s] | FAE ISO &L | PR1FIEN
1 1/4 2.8 3200 RAW

2 1/4 2.8 6400 RAW

3 1/4 2.8 12800 RAW

4 1/4 4 3200 RAW

5 1/4 4 6400 RAW

6 1/4 4 12800 RAW

7 1/4 2.8 3200 C-RAW
8 1/4 2.8 6400 C-RAW
9 1/4 2.8 12800 C-RAW
10 1/4 4 3200 C-RAW
11 1/4 4 6400 C-RAW
12 1/4 4 12800 C-RAW

(6) FEREFOIR T
BRI O 2 X 2.2.4.4.1-4 LR T,
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HAS+IVUNTET2+L VX

el
op

/—kPC

UsBs—7J )L

2.2.4.4.1-4 ARG ORRT

(7) RBRSE R
REBRAE AR 224414 TR T, HENRXTA—=HICHOX ZEREEZIToT27280, F DOfEROFHHE
ZRLTW5S, 77 AL A4 XOMBESLEOMENE ST,

% 2.2.4.4.1-4 RABRfE R
No 7 #[MB]
27.7
31.9
35.3
26.7
30.8
34.7
14.8
19
22.6
17.8
17.9
21.9

© |0 (N | |0 W N |

[EE
o

=
[EEN

[EEN
N

22442 BEEXEAITA VAR TF— - F—A2TF7E2TY

(1) RBAE
RO FLEZE T TOT U M AR R LT,
WO T — & OWREMRB X OCBMERBR 21T > 72,

73



(2) %t - BHEE

SiET © WO LR W& FEER=

- HIF : 201943 H 28 H
(3) 1 kRS
PRBRICHEE ] L7k as 2 3% 2.2.4.4.2-1 12”9,

#224.42-1
4 R A= AR
®500mm EH 2 F ¢ /3 — R =71 7 | FFiE
n—4% 1 —Kr7 LEROY SOMER CF29PR1
v == Canon Anelva M-350PG-SD N1G
I=RCE TN Canon Anelva M601GC
FT—vararyihe—J KK | BE
ET—F— K744 N F ) Z ) —H— CV503K
Z EAL IR TEXIO PW24-1.4AQ
FynAa—F TEXTRONIX MDO3024
(4) RBr Sk
M HO)
ﬁﬁﬁ®@m%;®t E?E%E\ﬁé(ﬁiﬂk%wtw% )
2. YRR & B2 2 . BEEZHEET D

3. oy LV Tv 1\7774@75455 MR %

EM O

CE— X — DR => S ZES - BT A R
A E— g ay e —TF EOBEERES

CE—H— R TIANRNEE—H— L ORI

ELE7N

1
2
3. TE—vararhiu—7LE—%— K7 A\OERHER
4
5.

Do B RS - VHEEFHI
B 74 7L —2 3 B 2244211077,

ERE)/NILR

15~24V

5V
INJLRF HEfE S
BV via
HEES SPI

224421 REpar 74 7L — g9
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(5) HRBREFORE T
AEEO
REREF O+ 2 X 2.2.4.4.2-2 1277,

2.2.4.4.2-2 RERE DOFET
RO
BRI ORE 2K 2.2.4.4.2-3 |27 T,

2.2.4.4.2-3 RERIF OFEF

(6) FRBRAEH
o FHAIRFRIRE @ 22°C
o TPIHEIE : HAEAE O A TOREZEE + 9.3x10-1 Pa (30min after ponping)
o RHIE
@18:10 K&E @19:00 9.5x10-1 Pa @19:20 8.8x10-1 Pa
B2 - R OFENMEITB LE Pa THY, WIRICHIT2HMR T DU N ZAOHEH I
Baviau,
o [EIEREHIE -
o 0~2000PPS £ TO /N AZ AL, HHEICEZVREEY OMEECRHEZL TWD Z & &
Lz WEMZEFHIC L2707 ) v P KR A v R—4)
o 0~2000 PPS D 2 & — MINNKREFHE] 3 #b > S FHRE) T a7z < 4y vf
o STFEATOIRVES 100 PPS AT v 7 ONNEGE T & AU ML 2n < 3 5 A3 nT HE
o EHERFIZE ISR ERAET (REILIA ST )
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N
=N

£ N EMC @6&;1&‘ liZ\fET%é 9 o

HEETRA . W& E D) ORI E AR & BREV LR EO R R 2 X 2.2.4.4.2-4, 5127”7,

1500 1500

1400 1400
1300 1300 L9V =32279x+518.85
5 1200 % 1200 f———— e
z = -2 o V= 28.721x+44115
e 1100 § 1100 :
S 2 1 . y=28.279x+398.85
£ 1000 E 1000 e e
R ) 2
5 5
o 90 < 900 ® 1000PPS
e [
z ® 400 PPS
H L X 2 800
£ 800 hi 2 10PPS
o 24V operation 700 ssssess 4852 (1000 PPS)
@ 20V operation oo I e 18T (400 PPS)
600 ® 15V operation #2E (10 PPS)
500
00 10 15 20 25 30
0 200 400 600 800 1000 1200
PPS Operation Voltage [V]
5
4 2.2.4.4.2-4 {5 # & 7 0D Bl P A A7 4] 2.2.4.4.2-5 {5 %) 0O BRE) & AR A7

o [HERIEEARIFEIZ DWW T, EBEER KT A NEZH W20 WHEEITmD TE <, 500
WS&?&%E%MLQVW§5mwsuﬁ*ﬁé&%ﬁﬁ%ﬁmﬁﬁﬁéo

o BRENEIEIKAAMEICOWT, BIRELENEN LIZGAE O ARG Lz, WHEENITE
ﬁ%ﬁ&ﬁ%%%(ﬂﬁ%@)f%b\24»@4V€~ﬁyx&ﬁﬁ®%%m CEWARRT
HDTNWLHOEEbND, (BB EIINFHS 7 NETHE I TND)

o BETIX12VOFRIAEHEL TVDEN, 2O KT A NERIE 140V LLF CEEEMRRBIEEIC
FOEIELTLEY, A—=T—2biE, MHELRV] LW ERINAGE LT,

o

o MDE—H—FKITA4 1, BfEOE—varay ba—LERKEHWTAT vy E L 7 E—
2 OEEMRZITV, HffE Y OEEL R L7,

o 4% )X 1000 PPS BEENRF T IW FRECTH V| B/ E CTHL HOICEET 5,

o —FHT. FIANITELTA—H—HITEBIEN 24V UL FIC R > TWETD . THE AL
NAD RV LU TFIZHIET DL IWETHILERD D,

o SR OFEFR. CPUBKBIH DAL v F U T AT v 7 XU ar "—2 PREFHEEZ L
TWD Z LMY, ZORMOEIEZ —2&ZHT 252 LT, T XToOMEL 12V (EERIZ
IZTVIBHWnE) THEETE S,

2245 ¥BE®
2.2.4.5.1 BASE PLATE

(1) BHEfEF
BHERFOREF A2 X 2.2.45.1-1 1ZR7,
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2.2.4.5.1-1 BASE PLATE #}#i

(2) ABRAE
HE LT ER i & X O AVEE R T D,
(3) %A « HIE
o WP R LERY A)IH 15 5 B 553 5
« HEF:20194E3 H 29 H
(4)
BRI L 7o as 23R 2.2.4.5.1-2 1TR T,

#2.2.45.1-2 BRI L 7o pds
4 UiEzv
J XA -
AT ¥ — -

(5) BRI IE

AVX — KO FATHEEZFHET 5,
(6) BRI DAL T

¥ 2.2.45.1-1 |Z/R T,
(7) FRBRAE R

ML R C-HETH D Z & 2R L,

2.2.5 RETHREER

BHT ET A ZDOFHMRMEZFEE S 2 720, BFERRREZITo 72, THMIC L D2ETFT 31 %
D fEE — R, SEE (Single Event Effects) & TID (Total lonizing Dose)® 2 DIZ KB &4, TDZENE
NIZHOWTHBRE T o 72,

2.2.5.1 SEE B&

222511 B#

SEE (Single Event Effects) & 1%, faidhi - (FEIZ@EH =KX — DG+ « P+, WICEA A ) 334
BRI ANH U2 BRIC B8R N CAER SN2 BAIC L DEEBE L CE ISR T 5 K AMREZ 8%
B9, MR CHEATEORFITH LT, Z D SEE MIEDOFHE 1T 9,

2.2.5.1.2 57 - B
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C T BRI xR =Wt S —
- AWF 2019 4 1 1 21-23 A

22513 HBRE

SEE |2 L 5 T2 igkEE— KX, CMOS (Complementary MOS, Metal-Oxide-Semiconductor)## & 73 & X
L 72 W& % Z 9 SEL (Single Event Latchup) &, FFHNOAEY @ 1/0 BE X #ii> 5 SEU (Single
EventUpset) ThH o, T HDOFIOT=D, Fx I3MHELEH T EOKRZ T LT, MERICEL DT
2 hrE—AETW, BT T ALY A LA TEFRERLOCEZHOER LT/, EEERELZENRT D
T & T, SELFFICRIRICEBIMA M 2B R 2T 5, e~/ 3 FIZHOWTTMVIEL AT
Dt HAEE TV, ARV ECHEHZFHMT 22 & T, LYAZOAEY O SEU 2B+ &L
L7,

R RFE 1T, £ 225131 R-T 80HLTETH D,

#2.2.5.1.3-1 SEE ikBaxf £ FE+ L 7 HEH

5y ¥ AR AR | REAGE H

F T T 5 BRI, BEMER(HEIE)

~VFFL T 2 EIREN . BEMR () EE)

RIALNRT AV L—X 1 EIRENR., BEHRAEETa— Ny )

OBC 3 BIREG. BEMER(RAM EiAGEH . UART)
FT—H =T AN 2 EIREN ., BEMR(E — ¥ [Hlix)

~ A 3y 2 EIRE. BEMEE(RAM EiAGEH . UART)
GNSSR 1 BRI, BEME(UART)

BEEY 22— 1 EIRET., BMEMRCS Yy 7 7 FiAlBEH . UART)

2.25.1.4 HEBRHER
RBRAE RA2 K 22514118 T, ZEALORTHHERIEHATEL Z 08 bo-7z—J, OBC
72 &R D FE AL SEE MHIENMENZ E B30Tz, THHICOWTIEL, HIBRE M OM X R%ED
WEDOFEEMERH WD, HORTEZFHRE - BT 2R ENRRETHD,
¢ 2.2.5.1.4-1 SEE X BR % H

534 ABR R EWEEEE | R NE

FRT T 5 5

~VFT LT 2 1 B9 Ok A i)
RTZANRXTA Y V—X 1 1

OBC 3 0 I . R EE T Ok A M)
T—HF— RT3 — 2 2

=4 2 2

GNSSR 1 1

WEEY 22— 1 1

78



2.2.5.2 TID X E&
2.25.2.1 B#

TID (Total lonizing Dose) & I&, HSHRIC & D = R/ F —fF 50k KB ¥ RIZ X 2 38K oM
A - BRELILEET, MECTHERFEOZR IR LT, 2o TID iEDFAfi 21T 5,

2.25.2.2 15 - BEE
S BRET  BUR TR RIEILAEERB L 230 k60 RS
- HEF : 201943 A 25 H

22523 HBRAR

TID OFFMFRER L, FR OB o~ CEFICHEET 5 2 N TH DL, Fxld, 2L b
60 Z VT, @A 500km (23T 10 FE S O E L2 B Lz, ZOM., FEFOMERELILL KA
AT 5720, FFEFITONT, BIFEREBERRZERLE,
RBRATRFEF 1T, £ 225231 1R T45H5ETH 5,

#2.25.23-1TID ikBrxt S 3E+ & FH0IE A

73 i %%k | A A
FXT T 2 REET, BEMER (N EE)

~NFTV T 1 BIRE. BEMER(H ) EIE)
T—H—=FKT7AN

1 RIRET., BEMER (T — & [aldx)

+E— X
~ A 3y 1 EIRE. BMEMR(RAM EA/FH . UART)
22524 RERER

HERFE R A3 2.25.24-1 12777, 1EFEFEZBRVWTEFICHELTEBY ., +52 TIDMEEF->Z &
N Mot-, SEEELEEFICOVTIE. REOETFZHRET S,

# 2.2.5.2.4-1 TID SEE B it 5

L AR IEWENVEE | MR — N
FRT T 2 2

~NF T L 1 0 CEAIR =YL
T—HF—RRT7A 7+ —X 1 1

~A 33 1 1
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226 TOIEY ) BECERIATHEMERAV-HEERER
ONE 0 R CHEIET 5 AL (VSAC 12 L ARl Z2 BB 58 . 55 LV VSAC & RW % il x4
bR RE N OEIEMEE R EBEE) 2 EFEINLBEWRFAREE LD 5,

2.26.1 BEFHAUARE

B2 vyvarofle LT, mENMRE I X 2 EAWIEHEOBMIC, 3D BIRH 7 — ik
A A=V T 2 R BB PE RS I IS E WD 1-10MeV o ~BEBHRH 5, Eb L b RIED Y =T
BT D007, EHHCEET 28BS T 51 DICmERBERMRLE . ZO%OBIHNEE
ERFTHNCEAN 2T —Z LT 5 I migaR EMENER STV 5,

2.2.6.2 XFHAURE
VSAC Z Bl R s L, Rl L EMRE 2 m L35 2 &1 & o TRRFHIC Z ik o
BRI SFIRE & 72 D, Bl X4 MERE 10m T, AIS ELFEH D ANA 7 U » FIZ XV | ¥ EOMAREERIC
FLWERBFOND, fEEE5m O 3 Wt (A7 VAR) X, #bTF—% D~y F 7T,
ERGBON Do T EMEREEGTE S, 62, 3m THIUX, BEIEK TOEEMENAIHETH D,
B DRFE DM - I & FH AN %ﬁ?ﬁﬂa‘é ZEIFEEICE OTEET&% Bl x X, BIEFEEXRET
IR R HUIER D e O H O R E U 10T THRE T2 2 & TRHERMICT — 2 2 G TE 5,

2.2.6.3 XAEREE
R - fEMEECH L - R ONEEIL, S%ROBEBERFIN TH D, WE & HIT, mEEHEE
B L mfRm - B E O W PERE 23 %ﬁf&)éo I TCHEHFICBREEICOVWTELT 5, ZEORVIEIMH
- CHEEFTAZIENEELO T, AENPOEWEEEZHOREBHHNVATH D, K
F”ﬁwmﬁf%f;u\@f‘ WENMEL TEDAHREMEDO H D VSAC IZ L 2 BBHIEIZIAE TH 5, 4§
I, RFPHEE -/ RB R ALY — ZM?é%ég%$@E%ﬁwﬁ HIEIE 720N TH D,

22.6.4 RO L—4 (SAR) &2

SAR HTEICH W TH VSAC BT OIEHIC LY (230D SAP O E 228 2 % Z &I TG BLRIA AT HE
Ll b, R, BOlid/N SAR R OB BB/ - TR Y, Bl dHmem L4 B L T, VSAC
DEADBEFRE I D EEZEZOND,

2265 CUNIEBHEEE
B A28 o2 EEHTENNT-DIC o NSAEBE L TWATrT—ZARNHHR, 2D L9
RBEAICHL YU NLORDYIZVSAC 2##i4 5 = &L TREFETH 5,

2.2.6.6 FFEHEER

EFEHEICBW L, BEBIERT 2240 PV 271X KGRI EO R E R | TN KRBEE) %
XELT D, WE . RFHEARIIREOBLE D GHLE EONEIZ X6 RBEE RIS KT W A
M3 L50ERH L, —HT, i EEOBEMAESTMOFEHEMRBROTLDIZ, 707 o8l
E W o TSR O MR RO BN D, FETRIRBEEEIT. VSAC IZ X 52 REHIEICINZ . ¥
WEAT 22 & CRBEHNE bV 26l L TR L2 ZE (bS8, 2O KEGEMO KGR L O

80



BB ORI ~ORE R S5 2 L BTE D0, FHICHNTHS.

227 £&EH

ZZET, A= MFEHVATLL LTOWERREREREZE T L2HEORE, TOHIMNEILELITH
AR OME . BXOZEDOI v a v, VAT ABHFRIL, B BRRBRE IC OV Tk~ 7z,
EBHIC, MEY CEHESNIBEMORBICHLIHLVWE DX R, FHI AT LADREL X LT, FE
FHELTWDB/NNUEEDOSFICBWTHLARAMERE LS, b L AAD 10-50kg % O fif 2 Tt R o8
EVRAELBATHEA, D EFEE TR RKIIIT L TE 20, 1#dH 7m0 THE O XS
PRS2 MEBK 70 < B R —F ZHERE T M B il T D, X B, HaENE & SRR EMED I 7 & Al HE
T HHIEEM AN CE, EAMREEMETEE, BERYE— M7 3RITEL
KILFIe EONE CTHIBMS NG TE D, 70, B/NEHEMALEZI v a VOBEBIERL,
FHHGRRH IS THA I, FROBRILRIEN, BAEZNE IS LEFTE 2 RSB OB b
1IToTW5,
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2.3 HREBRERZBOINATS—ERDIRHEE
2.3.1 MATIREERIEER

BEHEELAINT 5 A~ — NEEHEL « VAT AOMMASHRENNICEE LTk, R TERFERS
B A A FE e S0 8 - DAFZERTICRRE ST\ D a0 b RS B a% & 3 L7=, =0 IR
BN Tld, 21 k60 (60C0) 26 DA v~ A F i h . b, EFME SR, A&
AP EICRE L Ao MRIERICIBE TE 5, R, REEESFEDO 22— —I2 X 2 KRR O EE
W a ik L CRBREREZ RS T 2B ZELE LB, SO —AM EZXDZ L2 BIE
L Ttz

AREFEBEMEEN Y VA Ny Tinod v TF~r RCRBEO T v~ BHRBREZED b b1t
RN i i BN N

OFEN T/ RENZIR S T FE R ICHE D 2R H T, HMASH0 X 5 722 5 i et iR Bl
D) b B R 2

@z L N BETERRKEFRIC BT, SRS OB I M kT D ARRREEBRE ) D ORI FE
M GasgF ) OH R — b

@i — L L— T DB A

@ RS R A O AR IS 722 & O EL Y AH A
IZOWTHRFZBZ 20, RO X I BRERN GO & &bz, BENIM LT,

DIz T, HAHRARBROEREY T THHET 2 HHOT, HEHEREZEOND X5 FHPHED
WEZRF LTz, X 2.3.1-1 124l L2 LRIFIH RFEE & Mt B L2 77, HEHFOBEMIT, £
DAY 2a— ety NT v T7DREUTHLIEEMRTEHILELT, TELHLETF 7L
oo ARIZOWTIEMREE LT, E90V) bDEE LIzonc 20T, BEREHME S £ TR
HLAWETH, ETHLTHNE, 7o 7TV 77 AT RONDERD 2L N—=Z72O0%E EH\N)H
A ICHELREE E > TWVDH D0, MEIZOWTH ES W) HiEh, EEEETLILEEZHMELT
W5, RBERLA—MIOWTHMHBICETLZZE2EMEL T, YU TELEEREZMER KT
LCT—ZBBFTELE, BT LERLEIWIHIFmAGEonizs, 2L, EFRETHTCE
J2b0EZL L, Zhicky, LRAFAZEIET M E LTH, FIFAEOFEE FEHEHR) 215
b L, HifEmitE, 5% oY — v 2Kk, FTHAMRED BICEERMAIIRD LEZTND,

FEERICH AR HFELFAFICKET 20089 2 o % EOBEIC O WTIE, 72, RBRHFTH
0. WAEEELIRE, IR R R KON EB E kT2 2 &1k b,

Fro, B/MNUBRFES (FICTKRT) OFHERO BB T 2 H RSB REF 2 et L
Too ZAUE, ERNTE/NVERRNZR O TR EHEEIICEE D 2 5EE T, QRS & D722 D R
RERE A Om EA R E LIcRES - RIS EZFIC LRREEE T HZ LT, MHREEICEEEL T,
O AR BRI B 2 R ORI FEFTHOSM b FUMAFE TR T AN, EFXOaxs va v 2EL85%
BT 2 LA BT, REEUKROEERLE LT, JlEHmEmaTd 5,

@Iz TR, R TERFOBANC KLV | KEFEER O FE EREREITIEAREE 234 it o
FIHH LIAS E B SN EIRD £ O TFHETH I LT L < SEMMBEREER]IZIT 5 SED
HDHZEPH LN E o, LToh o T AN ORBIEM ISR T2 8 AL LanZ & & L,
ZOMRDY | WAEFELIREIZ, B HR o 2%8 & i o mEEdE . B J7iE4 SICBd 5 mmkiE o
FEEXDZ EE L,

@ LDIZHONTIE, HEICHRF LR, FHEEUAOFAE Y — 2 2EZ LT LE ) AR
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PR D DT, ARFEEB LS OREIZ LY BSOS LT o 70, ZHICHOW TR, REELEDS 5
SHES CRHEHYE L bR LA LTV,

WL, AEEOMFT M OERANEL S LI2, EMERENA T~ FTH -~ BRI L
06D 2L L, AN AR EZITO L L IR ZT U Ty P LTWVELL,

EE £ B 8
IHE - FEEMMAE DY S L THPHEREMNET AT — FPEME - AT AOWEMBNA] BE £ £ ] ]
HETEASEO/L MBS ER AREE SR - $E;!m_mf¥7nﬁi:ﬁ$$?&émm1§27ib$iﬂ£- ‘)R-T-Ld;(;ﬂ!ﬁﬁhimﬁj Ty
HRIFEXRFINL FBEHFERHEFARESE
oW
WI KRG E & 7
EIXHGE :
a
» b
0 b
&) 0
*
=
L El
L]
Ed
E]
g
# S
é B msmcconessyy
| F
ENREE [krad/h]
e [krad] .
(B H TS X [en"3] =
4T ILER [ke) ki
| (5) &y b7 u TR - RER [hr] -
g (5) BE BB DI o DF PHIE [hr]
|6 mmmARHO AR o
() EHEEROLER ;
G| AERAOBYS. BES~OBL. v 7y IBMERI—Y—~ONELL.
(8) W41 & DBEDHM K
(@ FEEY [day] A
(10) EHFLE

2.3.1-1 #Eff L7 L ARH R EEE & s EH ok
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232 BN L EFERBES
2018 AR XS v AR — )V KREFFHNICH D S /3 RIFo E R FEF IR L CIRERINE 21T - 7=,

[ 5
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Singapore OSAGS Ground Station Upgrade Report 9-22-11
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Q1 2016: Integrated ADACS with Star Tracker
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Space Technology Pipeline

Commercial Partnerships

Early Stage : ' SBIR/STTR

Technology Transfer Program
Flight Opportun&s
Centennial Chalfénges
Regional Economic
Development

NASA Innovative Advaneed
Concepts .
Space Tech Research
Grants

Center Innovation Fund

Changing
Development

‘ Small Spacecraft'y
Technology
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CubeSats Support Facility >Sd Sentinel Small Sat Challenge

The ESEC-GALAXIA based CubeSat ALV Laboratory Is an Assembly Integration and Verification
facility, designed and equipped according to professional quality st andards

ISO-8 cleanroom
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® Cubesat Kit(TH5 ) /10cm™ A&

TyME-BE L - 1=y A L Cubesat

Your Systens

b ’ or Prodects o0
CubeSatSnop?

Sl Linaatees bt (ot VMg

o XREAF|IHEIA=—vMELED
P - o3

[“r‘ Y
XACT XACT-50 FLEXCORE

-

, T e
s (?..l\.'- .':
._'\\’. -

ADACS Computer + EM’s

a 2
Steck #: MAT-400-31100000 * + e
Voltage: SVDC

Magnetie Dipole Moment: 0.108 Am*2 @ 72% duty Cycle

ADACS Computer + EM's + 3 Axis RW - . & 2 P
Stock #: MAI-400-31130000 ' + 9.,# m 1 O +

Voltage: SVDC 8

Magnetic Dipole Moment: 0.108 Am*2 & 72% duty Cycle

Max Torque: 0,635 mNm

Complete Integrated ADACS
Stock #: MAT-400-31130200

Voltage: SVDC I + ' .# 2 + \Ol_l" + g
Momentum Storage: 11,076 mNms (@ 10000 rpm 0 '  §

Magnetometer

Q1 2016: Integrated ADACS with Star Tracker
Stock #: MAL-400-31130010

Y PPN —
Voltage: SVDC o l_# + ¢ 4
Momentum Storage: 11,076 mNms@ 10000 rpm | )

Star Tracker, Magnetometer

Source:ISIS, Tyvak,BCT,GOM SPACE, Clyde Space. MAI. Hyperion technologies 43
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Additive Manufacturing (AM) and Micro Dispensing (MD)
*  AM in general

KEOERLAFMR: HEDRORYRBES RTLOMSE  HEEr—

vV ZEQRICFEYVATLZREAFET HEE (ORS Office:
Operational Responsive Space Office) TlX. BIEZDE T TV
D) Bl - S ER[ZMBSE (Model-Based Systems
Engineering) Z & A

v BENRAEGEZERIET HRaytheon, Northrop Grumman,
Boeingb &m0l .

v ORSEHEFMEZEITI—a—AF L aAKED CubesatBAF M & L=
COSMIACH. FEHASDTVUE—HMDEFE L, BEFEIEEID ey o B
TIoA—% B EHLE-EE— KRB RREBORIELER - oo densiomdy

Viswon System
* Hgh definition cameras (16§ and microphones [ 3] craates contingous chaln custody of
satelite compotents, Bulkd aod test processes
< High dethution machine wsson mmu Aneras (4)

«  Archived and sem:hable Aglle Manuhcmrln' Object Graph (AMOG)

Open Manufacturing Initiative o5 Giun MadEachoring irfosraation Syssern (ORIS)

Program Goa Is and Examp'es * Digital capture systams provides a inncvative Mission Assurance solution

b ikt (MBSE. 3D7 >4, BlIGS5&E)

COSMIAC's 3D Lab

Program Goals Digital Assurance Next Generation Space Factory P
D trate aut manufacturing of Quality Control through Continuous Custody
Or-VERInM Mgy s (Opan ” * Evolving missile business drove changes to Raytheon manufacturing

Manufacturing)
Utilize digital techniques to provide mission
assurance (Digital Assurance)

— Automated factory capabilities F
Identity, characterize, and utilize viable COTS . Adapted Assemble/Test for Small Space Products

(Responsive Space Parts) Backbone of assembly workstation to inclodes proven production system: l
4x 6U Mission-Capable CubeSats —  Hobotic muterial handling - Star field generator w.,,i .
= Thermal vacuum chaembor — GPS antennas test
- Vibration snd thermal chambers “Inertial rosasare et test wER N
Open Manufacturing Responsive Space Part ~ - Solar insilator ~ 3-ax> magsetometer N 't I
R?d"’;':::“(' 2,, BeagicBone Black

Development Board

F’S_'ﬂ

1GB SDRam (tlpk!a) lGMz ARM;

512MB flash wiMR Processor

1MB L2 Cache 512MB DDR3 RAM
268 8-bit flash
storage

Fusion Test Line and Senall Space Coll

95%b reduction in material cost

Assured Space Power Focused on Timely Satisfaction of Jeint Force Commanders’ Needs

USAF-AFRL (D J 4t B H: 17 B 2 (MBSE. 3D 7124, Bl AliE) Raytheon(=#3 (1 2 B &6 5 0) 1 B84 T 15 45
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® *WE(USAF/AFRL) tNASAT[i 4“'5’50)*%’5273:5‘]:— Evolution to Market Transparency
HIV Ay T —RAAXIGT SR EEE TS 2o
o ERMEE. HERER. >—2 7  AI(T7tEV T &
AT L—23ay) HEERER, IRIERAR 17 —X
=IR1E
¢ ——X[IGLERRLGFHEVATLEERMDEE
o "o MTDBEFE ITHRaytheon, Northrop Grumman |
e 3D7°'J’5! MBSEZRE  N—REVYTEDRERBIZ VgorRear
FU. BARERERAG I TEREBH, o T
Verify build in models
Estimate FFP
HARIZIEINAIZLL., (... By

Technologies Leveraged (Cont'd) A ‘_J; ACQUiSitiOﬂ / Administration

RRSW architecture and capability enables
ORS support of warfighter neods
- Matching

Capabilities

ORSstoodpin €
2007 1o focus an
“Assured Space
Fower Focused on
Timely Setistechon
of Joint Force
Commanders
Needs”

to
Customer’s Needs

Responsive
Manufacturing

Responsive Space
Components
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INEY 17 B BLE R T R K 1E (Northrop Grumman)

® 3D7T1) A—(AM:Additive Manufacturing) D &15(Z & « Extruded thermoplastics and embedded wires and
Y. B/MEYDNFEIZZHRENEFTN-EFR Sl
v AR KY Az sRe (M ER. TSt #ER)
vV AMEEBICILIMAZIRZEDHAD
v AMIZERY, KU FUBRMENSEESIE |
v AMIEERET RETHEEMMNEIEHE S E E—

o MEMMNBILITLY, IRMEIFEBEHIRER - s wiring
® “IioiRffiZa"A—RICRHAHESIUTIBEM? clhittes
o E/EYDXRERILZBEREEDHTIND

Recent Advancements in Additive Manufacturing ~7 o= ememeas Cubesat*ﬁ%lﬂ"‘ﬁl’:*b@—i&j{l‘%?&ﬂﬁﬂ&)i&ﬂ

NONTHIIOP GRUMAR

=== Embedded Components: Propulsion Devices

e dimmahs

* AM machines becoming faster and more ; T oo
repeatable. y & 168
33
« Multifunctional machines - NGC/UTEP. e
. o)
* More materials printable (>571 per Senvol). prrEsge 30 Printed CubreSat Paned with Micro Pulsed Plasra Thruster- HE.mpd

+ Material characterizations are occurring.
+ Able to enhance materials with additives.
+ Designers maximizing the potential of AM.,

« Embedded electronics.

DT A—TERARLMHORREETFRB/E—ARE  AMDCubesat( CBHEPPTRB (RXERIEL)



¥ EPlanettt ) Dovefdi E DI E

€ Planettt|Z XA B EDOVE (GRER#S) . Flock ((EFHEY) iR
v 2013478, 77FH5 $13MillionE £ ER:ZE. 128128 $52MDE L FHE. K55 $65ME A (#965(EH)

& DOVE-1.-2(20135%4A 3Tt @Antares. Soyuz-2) . DOVE-3,-4(2013%11 208 3T_t @Dnepr)
& ERREBIEFlockld20144F1 82288 @Antares . 6 5121188 @Dnepr. 78 2288 @Antares$T L

20184EE TIZ30088 LI E AT £ QENERAF FTLEERITEET)

ISSENE F &b (450km) (105 B B2 . B EE600kmENL B A H AR IR A BHIS (BB AT TERR)

¢ FEHT
v H4X:3U, EE5.8ke
v BBl fEREA—6m
v BT 9U) 0% E XI\VR
120Mbps (FrEA > T150Mbps) . B EER
¢ OBERFRFHR
> WEIISFEHFHTHRE (ISSHHIE8MNATERA)
> YY—=—LEFEHLLENMTE RS

e L"":';mr

bové—1 -2 HEAEYDODA—TY—R1{E

Flight-Qualified Radio: Planet Labs

* UHF telemetry channel based ona CC1110
~ 4800 baud duplex, plus ranging
— 401 MHz Space Operations band

* X-band primary downlink
~ 66 MHz licensed spectrum
— DVB-S2 variable bit rate, up to 120 Mbps max
— 3 W RF TX power into patch or helical

* Earth-exploration Satellite Service commercial license

— Initial filing fee: $450k
Annual fee: $150k o
- Good for 15 vears
— | year licensing process with
public comment period
~ $5M bond required (to
prevent spectrum squatting)

B EROBHiTER

SourcePlanet LAB. SRI

48



Solar panels

Circuitry

KEPlanetft T E DHERECE
EUERTFH

v PlanetLabsD#E[ECE KM FK

V TR )0 RE(X85 B T3.5GB

v B{EEE(IF162.5Mbps

v BEAEET—4B=(4500GB (45H DimEE)

RF Graphs 3.5 GB

Xband Lock Data Downloaded (kB) Link Margin
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York Space Systems (I8 R E £/ \R)

TA)HaaSKkMICHAIFENFr—
INBUSARBI Z2ICEYED /N RIZ %
BE/NRASU)—X{M1&1L6750 5 ~$91{EH

#t & X Geoeye BT E ZFAFKE L 1=Generral Dynamicsft DT T =7 H'E 5 e

2016448 . BrldgeSat Inc. ftEBERERRETEE CtBIERYE
D—OBEDNEE

C &DHIZAAC Microtec(USAF&X#:—?yﬁl:;%);%IEJEﬁ%?@%ﬁo

PnPEIE R FKELE)

ZEAH|H 2R EZBCT+ (BB £PlanetiQtt M E£& . RWIZESinclair

Interplanetarym b &LEREE)

XINURESINURBIEIX TS AMSylinkstt Z{E A (ESAZ YL 3>

PRICE LIST

$675K

$775K

S-Class w/

Dedicated Payload Flight Computer
Dedicated Payload Mass Memory Unit

$875K

S-Class w/

Dedicated Payload Flight Computer
Dedicated Payload Mass Memory Unit
Second Star Tracker (2 Heads Total)

$1.03M

S-Class w/

Dedlicated Payload Flight Computer
Dedlicated Payload Mass Memory Unit
Second Star Tracker (2 Heads Total)

X-Band High Rate Transmitter (50Mbps)
B 2 /2D (M

COMMAND & DATA HANDLING | ELECTRICAL POWER

(aacrroes

PROVA-V. 174 NEMO-HDZE#&)
BEDEERFEREDPTHLIEHEK

AESYV (a-sev): S-CLASS c,?M[PONENT

1(‘m'~

Launch
Mas

ATTITUDE CONTROL SUBSYSTEM
ACS Sof

o
ar ‘;, n
G : TELEMETRY, TRACKING & COMMAND
’ X Bond Trem & 5-Baod Rea'vr,

d"nks( S Hernago PROBACV
- KENTBRIOEE 1
bbb LA L NEMG-HD (2017)
STRUCTURE, BATTERY, & ARRAYS
CAD Incustres Elight Structure
ORK -z
ritage. KB v av
1

SPACE SYSTEMS _

YORK

SPACE SYSTEMS

York Space Systemstt DRIE /SR {H#k York Space Systems#t (3 Ei#EH DL R IEA



Xk E Astro Digital® (IHAquila Spacett) IZZI‘S(‘}‘%)CubesatEB:'ﬁ':0)747Dﬁi§1t§iﬁﬁﬁﬂ

v

AN

Current Projects aguila space

NASA-AMESRE >V 7O % THAHAquila Spaceld, BE
[ZDauria Aerospace NAISTE 2 (BUH A X)FFIA-FTELT= P Q
RELFHE (A0 FE Y (4 X) TlECubesattE B ED & o
(GPS. RATEHE . UHFEE#. EHOB|MBEE. /\vT)) il

ERYIZDBITT oL TU—F 2 HREHA, S ’
Cubesat SR DV A YA E R GRS 25T LI EER S,
[CubosatBIEDH A RBRBIZLHTAVABERIBLD ™o '

4x 16U Earth observation CubeSat

%E‘llj1tj &L\a*ﬂiﬁb\%<fd~éj'hb'lﬂi:b Mutispectral: Red, Green, Biue, NIR, Red Edge

« 25 m ground resolution (GSD)

: X aquila space
Platform Upgrades: Corvus-HD “ . Aqmlaspaces*iO)ﬁE.;I- (AIS B FRI v o)
* Upgraded bus to be used for A Example: Assembly Procedures aquila space

Corvus-HD, launching Q3 2016
* 18U, 20 kg platform

* Improved ACS accuracy and
avallability

«  >200 Mbps data transfer with
adaptive MODCOD

*  Miniaturized Ka Transmitter
assembly

+ S-Band, UHF, and backup TT&C
radios included

« Doubled battery capacity (96 Wh)

* Unambiguous assembly - e -
procedures . & & «
+ Can be used without modification, ; -
or just as a reference for design
methodology

« Language bamier-proof format

16UH 4 X (20kg) DI 1E £ (BERIE TTHE) CubesatZf s DY AU OBEF B
CubesatBEpfmzE YA VAR ENIELHT HE)M
SES /BERI=>Y/(O0BEDE# et 51




MIT® CubesatB flTANOAA CKRZ B AR ZBELL TR

v
v
v
v

v

MITEAFE D < 14 0B ST ET & MicroMAS-1A%

KiBERKITNOAAN , KE T ER—XIZERARKRBEEON-MWELTEA (120914 X)
v BINBERMNERGE (REIviay) ELTHEBASN=ZEH 2 =3

EON-MWRIZ D ARV R UERER®

ASANENENENEN

FAETBAIL6OW, /Ny TYEE216Whr, 24— (MIT)
SINURFH) 0 (L-3%t)
AR —K5vHST-16R(Sinclairtt skybox skysatZ=#&)
)75 3> 14— )JL (Millenium Space Systems#t)

IMU—STIM300(tz>V /7 4t)
MRITEIEHE - BIE-BHHIET7TEA =YX ( Andrews Spacett)

[Z] MicromMAS-1, MicroMAS-2, and MiRaTA

MicroMAS = Microsized Microwave Atmospheric Satellite
MiRaTA = Microwave Radiometer Technology Acceleration

MicroMAS-1

3U cubesat with 118-GHz
radiometer

B channels for temperature
measurements

July 2014 launch, March 2015

MicroMAS-2

3U cubesat scanning
radiometer with channels near
90, 118, 183, and 206 GHz

12 channels for moisture and
temperature profiling and
precipitation imaging

Two launches in 2016

MiRaTA

3U cubesat with 60, 183, and
206 GHz radiometers and GPS
radio occultation

10 channels for temperature,
measurements

Nov 2016 launch on JPSS-1

FHEI/KDI (U AX)
ELRF v RILEEEMLUFE-MicroMAS-2IRER & & (3UH 1 X)
IAODEMETEHZINZ . GPSIEme &R Rl RE A B E L F-MiRaTABR R ETE #2015 FE H K (3UH A X)

Frequency Tripler

PreampifieMose

IF Processor o

Cecilator

dode Noduls

Approimutely a Incior of 100 /eCUGHON [N sizs, wght, and |
power elntive Lo the current state of the an

MITHRED YA /0 EMS EHREE Y —

Earth Observing Nanosatellite

/ Solar array

Star tracker
(zonith deck)

GPS-RO
antenna array
(rear facing)

S-band
patch
antenna

EON
Earth Observing Nanosatellite

Scanning tri-band
radiometer with
11.cm aperture

« All the features of MicroMAS
(wide swath) and MiRaTA
(sensitivity)

* 12U cubesat (21x21x34 cm)

* Larger aperture (improved
spatial resolution)

« 23/31 + 50-60/88 + 166/183 GHz
22 ATMS-equivalent channels

+ 2-3 year mission lifetime

« Data downlink using S-band

i
E-
zs

MITEHREFEfTZEZEAKKZFHELLTNOAAL R

LINCOLN LABORATORY

52



Mg MTER-NJT—UEAIFAOXREE

® ARIwi a2 (F20144E([ZAviation WeekEEIZT “Tomorrow ‘s Engineering
Leaders (BAH DT =71 —H—)"MD>55 . MicroMASERFEHN20 AD1 A&
LTEIINT-,

(Cubesat CREREAELND FTT-LEF LUV L TRFHMEEH M)

"hr .. " v Cooruos MESNENS

MIT News

[a

5 One

Aviation Week's 2014 Twenty20s includes two with
ties to MIT Lincoln Laboratory

Awards recognize promising work of young aerospace engineers.

Dorothy Ryan | Lincoin Laboratory
December 10, 2014 " ”» RELATED

Source:MIT 53
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*Tyvak*:l: (Calpoly RN Fv—) DFHE R EF MR

CUBESATER D KE RN DERFTEE X

/ EORXRZEREFOT VD TEA =Y RFF
v' CubesatiiHHEBE DR (SUT A XBEEIL-6UY A XMHE
vV O7UMEERXEEXE(BEEFREOXR—KE/MHFTE— LVSP*%Z)
v JPLX EZ#EECubesat, MarCODNA>TIL—3>
v ST T—Fy* Y cubesat TEHSHCPODEAF »
v 1mEBRET7UT TR (SBIRFEH) N EIFE T 54734 Cubesat®d MarCO
v' CubesatiT L {RIRE FXZ R (BN RIS AONLIRE) PODGoilometion: . il Astocknide
v AZ)T~DBEZXER: Terran Orbital Corp —F—-—W-“z“—
v Cubesat?=[+7%:< . 50kg*>100kg7 S A DE ELEAREF GPS, Docking Mechanam _C GesPropusin S0 gps B
Launch and Satellite Insurance
+ We offer insurance services on major U.S. and International Launch
Vehicles
- Competitive rates and favorable payment tarms
~ Simple and afficient process and contract
-:nﬂy i:::nerg::e from the smallest CubeSat to a SmaliSat in the 10's of kg can
- Comprehensive package for reducing financial risk and providing piece of mind
TERRAN ORBITAL -mmm:‘l:’::lofmimrutvmlyﬂnlmtunglouponmma
~ Can cover the full cost of replacing the satellite, including COTS subsystems

Tyvak and CubeSat Work Flow

CubesatD¥T ERBREE

TWak*io)?TJ:i?§$$(F‘iﬁi?ﬁ+7’ftzx+ﬁéﬂﬁ) Cubesatfit i 3£ & S 7T —Kwyx> % Cubesat(CPOD) 95



*Tyvaktt 5> T 7 —FvF*> % Cubesatifi &
CPOD Performance Summary

2018FFT LT E

Tyvak Nano-Zateliite Systams inc

Capability Specify

Average .y 1o ny
Power OAP
Generated
Average T
Load 1
Pointing
Accuracy

Mission
Downlink
Delta-V ~-30 m/s
Total Mass
5 000kg

Endeavor Vehicle: C&DH and ADCS 1/2U Solution

« C&DH Linux Processor
~ Arm9 @ 400Mhz
« ADCS Linux Processor
— Arm Cortex-A8 @ 800Mhz
« Reaction Wheels (x3)
— 10mn-m-s; 3mN-m: 10000 RPM Max
+ Star Trackers (x2) and IMU
- Pitch/Yaw/Roll 10/10/80" 10
« Magnetorquers (x3)

-~ 0.1 A-m*2 in all axis
wm

~ 80mm.—
-r-/

56mm

Tyvak Nane-SateMire 3yemmy (ne

Toegque Cotls (2x)
MU

Star Trackees (2x)

noomy CEOH
Control Procsessol ! o

Frimary Broakouwt

*Bafhes Nol Shown

<0.15 degrees available under all
MISSION SCEnanos

Data ~G0MB / doy UMF and S-Band

Polar Sun-Sync

Fully Activa

Star Trnckers

Cold Gas

Wol Mass
(13% Margn)

Space Vehicle Architecture

Tyvar Nano-Ssisdne Sysisas ing

ADCS

Health & State Sencors
Pawer Sequencing |
comm ,
5 HAND {downlink) }
A 1
_UnF ]
s 7}
Inter-Satellite fink (Comm [ |
|
' RPO
Wide field [ Marwver |
Walire ™ e oS
Position ( i
Infrared imager — Estimation “ ).}
Processol Decking ‘._
Wnfruted ImAge =% imsging | _Mechanism |
TDocking Prcessor] | | Optical -
Usangar [ TorgetAd |

%ty

lStote  =—dadsimu |
[Estmation (g
| Star Trackers w/
ontto! e dedicated ‘
| | procassing
[ 3-axis Nemction ‘
| Whesd Set
[ F-axis Sun Semoc
set |
| 3-axiy
| Magnetometer Set
Sas
8 thruster Cold Cas
| conmrisuTions
[ Tyvak Nano-Sateltite Systerm |
| Applied Defense Salutions |

Tyvak {Prev. 406 Aerospace)

VACCO

26



Nn.-ul GODDARD SPACE FLIGHT CENTER NASA( J: é F Fk Bﬁ Eﬁl I] \‘J /3 _/ % I:IIE

® NASA-GSFCT ( j: 7(575'3 a0 j_ EE;E“ D 7,_: @/ DemonstratlonDon CubeSatsP 1

& . FFAISEAIG 2 £ 5%t o e T . i
o= = . i CANYVAL-X

. *ﬁ 1’1-‘]- % EIE & Fﬂﬁ % U Z71ﬁ ;}& O) 7'—: &) N i 8?\12%ntsechtniques l - Science Den)rob (TBD)
Cubesat’&{ﬁﬁﬁ L,T: %EIE*%?&E—'—E |:|:| - Science on CubeSats ~ —Full Scale Mission (TBD)

® FFIRAMHYAIUVR=—X-FHifiDI
—RFAT7M5CubesatFAICBZMRITS
NASA-GSFC

Virtual Tolescope Cemonstration CubeSat Astronomy by NASA and Yonsel using Virtual Telescope Alignment

Mission (VTDM) - Experiment (CANYVAL-X)
ow Do We Measure the Formation Axis? | : : : 1
@H 1 Formation Alignment Requirements i |
‘ Jeliuid o diiaed Fpaee
H H R : Coronagrpah [ Qcculter
Solar Formation Alignment Camera (S-FAC) . Sosoncit |  Epacechlt
Single instrument to measure relative position wrt formation axis cscy | [05C)
(i.e., inertial line of sight) | Absoluto Attitude | 0,5 degrees | 1 arcminute
Knowledge |
| Absolute Attitude ~degree | ~arcminule B4
Control </ < W
Coronagraph r Atiitude Transvorse +- 1.6 arcmin @15m = +-. 0.6 A )
Spacecraft Roelative Position om N‘ﬁ A2 o
: Reiﬂl“’e PO-“’ ' = _,_‘ iz : Knowledge (W ,0 0( 50‘3- radii) g ,m“"d‘ ad vV N
....... ’ y W Transverse uN control available 7 90
____________ . \i> Retative Position / e
Formation A)os ~"'\ A Control / £ g™
P\ 7
Relative Transverse v /
Position / o

/ / A ! Spacecraft
[ A (OSC)
| ¥ S.FAC Algorithm objective: Pt e
- Move dot (CSC) towards x (target) [ wn
/‘ - Move x to center of focal plane '

D|ff¢r_ence in dot and x rgprese_nl lransverse oot
position errors off formation axis Spacecraft (CSC)

S-FAC Focal Plane Source: NASA-GSFC 57




P01 CubesatDFF (T4 —A—232-T51k)

¢ INSPIRESwI 3V End-to-End Detumble Demonstration
¢ [FORITRIL/VESIEGVICHL. BARAHEE |
¢ NASA-JPL, CalPoly, MIT, UCLAZZEASS I |
¢ TH—A—a RIT. VU VBIERER

¢ RTHRERMOMEL (=31)L/ \OHEER LIR)

v FEHEEEAOGALREERE
v BEOREIEARITT, HIFWEEOHE LEROBERSL

s Design Overview

CubeSat Overview: X-Band Patch Antennas (PL)
Volume: 3U (10x10x30cm) UHF Antenna [two sets]
Mass: 4.0 kg . (1SIS) :
Power Generation:
3 Axas Stabilized: 20 W
Tumbling: |3W
Data Rate: 62-256000 bps

Software:

Developed in-house (protos)

in-house S/C 1&T, external . '
envronmental testing, NASA
CLI P-Pod/Launch Integration 5

IC&DH + Watchdog Board +
Primary: DSN Lithium UHF (AstroDev)

Processing Board
(CalPoly / Tyvak)

Secondary (Recerve only):
D55-28 (GAVRT), & Secondary
Stations, &x: Peach Mountain

SIC componants provide the bass for

future high-copahitty, lowercast-risk Structure (IPL)
missiens beyond Earth expanding and : g AR
ronde NASA feodership in an C 8 oo o rd MEMS gyro
:me"ent domain Na/ X d Radio (PL) J and Thomas Werne
*Model is from Machanical Fit Check on Feb 3,2014 BM Board :‘U' Mich Ban) ’, s Thruster Sy - Travis Imken and De. Glenn Lightsey

58

Source: NASA-JPLMIT



B S>T T —RvFx> % Cubesat (RACE)

& BMTESUTIT—Ryx2T3yiavEEEA, v a4 IERACE (RENDEZVOUS
AUTONOMOUS CUBESATS EXPERIMENT)

& KE®DCPOD(BUHAX)EILEL, BUTAXTERFE, FTHLEITIZ2021FEDFTE (KD
HEX2020F 1=>1=H, R Eh DERR)

& 2018F8HA DMET., VATLT YT )— ¥ ([XGOMSPACEtE

Rendezvous Autonomous Cubesats Experiment (RACE)

System demo of: w

Rendezvous & docking : i Mission concept:

-Target close fly-around » two 6U CubeSats

' + joined together in 12U

Enabling Tech demo (TRL4): POD for launch

-6 DoF propulsion " * joint commissioning and
RelNav sensors (vis, GNSS) separation in orbit
autonomous GNC » series of docking and fly
-docking mechanism around trajectories

* testbed for different GNC
algorithms

Phase A/B started
with GomSpace,
GMV, Almatech,
Micos

AL e path to completely New space syst . :
e« Onvaggregation that are not feasible o TOR 04 2019
e today due-toMauncher fairing constraints Launch Q4 2021

=-h:=-+ll-:;=—...

59

Source: ESA
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® OLFAR: Orbiting low Frequency Antennas for Radio Astronomy

® SMF—LIERK
» 72 A:LESIA, CNRS-Observatoire de Paris
» #4524 :Radboud University Nijmegen, TU Delft
» Rx—T2:IRFU

o HBIRERZFEAELTIERRIXIVIIavVHFEEIaV TR

Very Low I|u||u Hey l\d(ll()lsll()llnlll\ OLFAR

[dentified Science pportunities /eams involved: NI + many other interested
LF sky mapping + monitoring : radio galaxies, large scale structures (clusters with radio halos, cosmological Lk J
filaments, ...\, including polarization, down to a few MHz ®  OLFAR: Orbiting low Frequency Antennas for Radio Astronomy
Cosmology : pathtinder measurements of the red-shifted HI line that criginates Trom before the formation of ® Science objectives

stars rk ages, 1@ bing f! P .
the first stars (dark ages, recombination) - «Dark Agesx (cosmology < 10MHz,

redshift ~100, FoR [Epoch of Recombination])
- Sun-Earth (space weather), Planets

(outer planets: Uranus...)

- In situ measurements (Thermal Noise).

® Technology objectives
- Passive formation ﬂying {swarm configumliun‘l;

v ion of i /s inos wit har surface . ; .
Interaction of ultra-high energy cosmic rays and neutrinos with the lunar surfac inter-satellite distance < 100 km

Low-frequency radio bursts from the Sun, from L5 Rsto -1 AU = Type Il & III, CME, . - Inter-satellite communication with GSM,
Space weather - Passive: through scintillation and Faraday rotation shared computing power (distributed computing)
- Active; th radar scattering i 5
Active; through sadar scattering Radio antennas: 3 electric dipoles axes (6 x 5 m);
Auroral emissions from the giant planets’ magnetospheres in our solar system: 1otation perlods, modulations frequencv range: 30 kHz-30 MHz
by satellites & SW, MS dyvnamics, seasonal effects, )
First opportunity in decades to study Uranus and Neptune ® Schedule: 20207
Detection of pulsars down to VLF, with implications for interstellar radio propagation : LF cutoff of temporal Orbitography: lunar orbit (or L4-L5 Earth
broadening in 1/4.4 2 Lagrange Points)

+ largest scale of turbulence in 155 ? limit of transient observations ?

The unknown

60

Source: Reinventing space conference
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¥ AerospaceCorpD B ERERF 1L EREERVATLRREGRAYVIMIA)

<ITtBERFE>

\/ KBTI Ze B AerospaceCorp Tld, BIE Lith EEF L —H —EB{E T HAerocube—OCSDHFAF
v I TEIX2015F ¥ THY. 2016 FIZIF25 AT EFE

v B2t FREETIEH EAIB0OcmERL S —/A—TIlE50Mbps. 80cmEZL < —/\—TI(£200Mbps

vV BEBICKSERvETD— @ EFGERLETE S

<BE2EIAVARTL—Iar0BEMtEHEF NHEAYVIFTHEE>

v ANIBEDOBEBEEARICIE. BEAOERIEDO—ATH LAILEEILT IDLENDHD,

vV COEBRVATLEBREDNREYINMTOS 52 EE THAMATLAB, C++, VB6, Python, HTML
EAL, T—274—< b AETRYERYL., £ZE0SEMRDWINDOS, LINUX, WIM/MAC,
Mobile CIE A CE5ER AT LZHF., L& LB E CTEIFH

V RERITERVATLATEEINTELN, MAVATLTULEEREETH A EFEEHA,

Exploded rendering of OCSD

Software Key
. - -MATLAB
Constellation Automation Cro
Zenith Face Detailed Architecture -vas

-Python
Assembly  Thruster HTML

Mobile End User Data Key

-XML
Website Email Email Website -Files —»

-Database

-Socket ~—»

OS Key

Avionics
Stack

Nadir Face Windows @

»
l ’ ; | L' u .
i sh L
Assembly Batteries . e -sdvmle o
Uplink AN WinMac @
Receiver/ 0 Ground
| Rate Gyro Statinr Tg';?:{zy =48 Notifications
915-MHZ 9 o
\ 3 i Execution I Apache Web
A’;taet::lrr:a \ Star 0g Parser l Server
Tracker MYsaL
Deployed

Laser
Wing
Downlink Beam Earth Nadir Sensor

J¢ 31815 CubesatBA % (OCSD)

RAVIL-ARASEICKSEEERE EROBRFE (EIRAME)
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CubesatH- 4 XD FEEEEDERFE (MIT)

HEKERRl T —AEDT—FF OV IRE
LD, LBERMITESATINSD
MITA>AerospaceCorpft Tld. Cubesat 4 X
(TR ERBEEETHRED,

MITIE BRI 2B EH A Eh E2—SF )LERRFIC
FFEH,

IRFE(F10~100Mbpsf=H., FFEILXGbpsV TR %
HiELLTULVAS,

v

NODE Space Terminal Overview

SmallSat* Lasercom Missions

aa

SmallSat Lasercom
Tech. Demos

"'.

e
! I'd /’.v"
) -
NFIRE-TerraSAR-X® NFIRE LCTI'® LLCDI" SOTAl
5,6 Gbps 5 625 Gbps 622 Mbps 10 Mps,
LEO crosslink LEO downlink Lunar downlink  LEO downlink OCcsDi" -
NODE "9 FLARE

BRITE!Y
0.0115°

Missions that
Advance
Supporting Tech.

MINXSS(4
0.002°  pointing, firs
fught of Blue Canyon
r<n wheels

Related: UAV lasercom:

Facebook Aquilal'Tl
Optical crosslinks batween aircraft

Google Loonl'®
155 Mbps crosslink,

Scope CubeSat Low-Cost Payload Beacon receiver
Architecture Direct detection MOPA
COTS telecom parts (1550 nm)
Downlink data 10 Mbps (amateur telescope)
rates 100 Mbps [OCTL)
Power 0.2 W {transmit power],
15 W (consumed power) Fiber Tray
Fiber Amplifier
Beamwldth 1.3 mrad (half power) (under tray)
Modulation PPM
Fast steering mirror (FSM)'
Coding RS{255,239) :
Mass, volume 10kg 1U ~9.5 cm“
wide
Control o Bus coarse pointing {<0.5%)
architecture o FSM fine steering (+/- 2.57)
« Beacon recelver (976 nm)| for B“‘P"
pointing knowledge {20 arcsec) ool MR

CoTS =
Collimator |

Beacon ulink

balloon lasercom svatem

NODE Ground Terminal Overview ﬂ

Downlink with NODE amateur telescope:

Data rate 10 - 50 Mbps
Rx Diameter 30em
Data dlind | putector Direct detection w/ COTS Voxtel APD

Recelver slectronics Custom dats scquisibon system

Pointing COTS IR camera and star tracker [1
FSM to keep spot on APD (no AQC)
Uplink beacon OCTL beacon!®!

Downlink with JPL OCTL telescope:

Data rate 50 - 100 Mbps

Rx Diameter im

Rx electronics NODE electronics {APD & custom electronics)

Uplink beacon 976 nm, 10'W tx power, 1 mrad beam

WUH A XDIEIELE

B

Hh EBIZ—SFILDEF 63



JPL NASA JPLD EEIE M M YL@ 1E

20184 A . NASA-JPLIZEIHR LB NZ S, EIRRE LB EEEDHARTETHRE

6U Cubesat~N&&, L BEEHERZDELDIF1UY A X (EFE4in: 10cm) TIHAZ

125 2 [FISOC(Inter—Satellite Omnidirectional Optical Communicator)
1DDISOCTLROA—THN24EDEHFHTHNIEMEMSIS—HEEIL . ZEIETTHE,

iSATcon (#thEk[E [E16644) =3 F, RePAR(ZE B AIREL I — AR 7L AL —F)Ivia TG ER
Etep

AN NI NI NN

x l Multiple link capability
\ K ‘
Simultaneously CubeSat design we are pursuing for technology

demonstration of 1ISOC communicator

%?ﬁlﬂﬂﬁ'ﬁiﬁ%*‘l*'j—7$ﬁﬁ V)ngljjgiég*ﬁtj—éj_/tjh EEEF6UY A XD Cubesat

P B Wrnat oy Baans € B © S WA TE M v A

ISOC Transmit Telescope

MEMS
mirror

With a 15 cm receive aperture
Transmit
aperture

1 Gbps is achievable
At 5,000 km

1 mch

5000km D FE 2 T1Gbps DB HEE



B FIEBH{E Cubesat

v BRI, FETERBREKEFESEIE
EHMICL-B/NIEELHFET

& B NICT(SOCRATESIwi3V)

¢ HEREFER#TKZE(USTC)

® J—UKRE

€ 1X1)X . University of Strathclyde
vV BIEOEREIE. BEIEEVSEMTEREIC/NEE
ETCEIAZHEDLIZE

Low Earth Orbit (400km)
E.g. IS5 deployment

-
Fine pointing ~3 microra

Active beam steering ¥ .” 10 kg 6U CubeSat
R ADCS pointing 0.1-1deg

. -

532nm Beacon ¢ .7 90mm Aperture

Artificial Guide Star +° "+ 7.8 microrad divergence HA

rl -
#

&+

* »7 B0Onm Single Photon
x’l:'! WCP or Entangled Source
r,

4
-_'___----—_ \
£ 1.5m Opftical Ground Station, MLRO

6U Cubesat A/ XDtk

KFERT7AHABKL )
v AFBHB~RR

o

WAXFERANT D
FREH

J
NICTAp=EFIESBIEHDEF

HBIERE —SOCRATES
« B W 50kg., B4 X50cmfl

INELEB{EHRZE —SOTA
- fi6ke

2017 /NG E THR VD EFIESRIEIZAHII
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"¢ The CHOMPTT Precision Time Atomic Clocks (Microsemi)

| o
Tra nsfer CUbesat M ISSIO“ Characteristic | Chip Scala Atomic Clock Miniature Atomic Clock

= John W. Conklin®*, Paul Serra, Nathan Barnwell, Seth (CSAC) (MAC)
Nydam, Marla Carrascilla, Leopoldo Caro, Norman Fitz-Coy Standard Cesium Rubidium
|[UNIVERSITY of Allan Deviation 3.3x10* @ 6000 sec 9.5x10* @ 6000 sec
UF 1 F[ORIDA (time error) {20 nsec) (6 nsec)
Power 0.12 W SwW
Mass 359 85g

Size (LxWxH) 4064 x 3531 x11.42mm 51 x51x 18 mm

et Lngmu:mk,
*jwconklin@ufl.edu
CHOMPTT: CubeSat Handling Of Multisystem Future applications
Precision Time Transfer o 1 T—
~ GPS Disaggregated Navigaton System Using Navigation System:
GPS, E+ b g Laset Precision Titme Transfer
position, | 1. Command station performs time
P\ ))) - ||\\" v & oy transfer with reference satellite
s I ‘ Lo ';I ﬁ P % 2. Satellite with atomic clock
teubesat | @ pasiiong & Y A e ' synched with time standard
e =R gfubesat i °':f':, 3. Navigation satellites synced to
b 6\\0"’ i \ fis atomic clock using rf
f ' O 3 : (no ionospheric effects)
v

4. Navigation raceivers determine
location and time from navigation
satellites

o BSTOIOUN K-USAFTIE. A ARSI ERHEA S LSBT

Source: USAF,Japan Space Systems$ﬁ%§ 66
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Small Satellite Pointing Accuracy

Pointing accuracy [deg]

100-180kg ¢ 10-100kg = -10kg

Year

= B[ (NASA)

| | |
| I | | |
' } I } |
| \ I \ !
| | | |
10 - | - | |
| | [ '9M0/pigy g
| | . - Satelljtag g QDX
: 4 TUDelft
! ! Can-X2 ML
! ! | - AgroCube 4A
‘ RF / Communication CXBN
| L 4 : ‘ ' ® & B
i Myriade JAXA Falconsat SSTL-100 JAXA MIT
| |
1 SSTL Earth science Mini / micro satellites SEEEE Sich
| ‘ Myriade SSTL-150 | Astro200 SSTL-150 Myriade Astro200 D:LR /F
| i | | N
i % Proba; | 1 { I AeroCube s
- TuBe J . 0CSD “«
| i Prob Pathfinder
Reconnaissance Proba roba
0.01 - ? 1 | | AeroCube
i ! - Myriade | OCSD-B&C
i Astronomy ,
| | ’ |
0.001 i ; ‘
2000 2002 2004 2006 2008 2010 2012 2014 2016

From: “Small Spacecraft Technology: State of the Art,” by C. Frost, E. Agasid,etal.,p.61,
NASATechnical Report TP-2014-216648/REV1, NASA-Ames Research Center,2014

INEL - B/ NBURT 2 0D E B i i R L o

Source:NASA 67
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i FREFERALGUMEEERS XT.LEyeSTAR, Linkstar (JBRBEBEABLRAEZDFEER)

vV BEEREBIZEST. BEREHMOIYLETIIERIZKELEEBLEINTILVS,

vV CORIBEZTEEET 51=8. 7A)HEETIEIKECubesat " [E BB {E 5 £ GlobalStar~BEim AR &
BHF. BEIE. LB L THCubesatZ & HTEH R fiTERFELTULNV =,

v K RTLIXEyeStar, Linkstar D Z TR THRFESN, EEREN M EF/RELLIZ, BERZEXILZ
(XX (X245, 12—y EI#ER EGlobalstarE 2% 1@ LTQT‘IE’\77&Z7\_IJE‘E&E6 -

v & GEARRS2 Globalstar Coverage .

@ LinkstarldF 2R T—FRZ{F (L F M 3,500F )L i P T i
vk {ER#EEE N THE 20,000 )L
® Eyetar[IREREHITHY . BEBREICL>THENED AR T SRR |
v' 100045 D CubesatBIE B A IRFERIAETHY . FIESEY TIHEKRZEOF R T IR
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N:'; = & = Commercial Products
arEpace Launchin  see NSL Booth 104
- . 1. EyeStar Radios: Globalstar Simplex and Duplex
@ SAT DUp'eX Transcelver PrOdUCt 1 3 launches in 15 months {Space X-ELaNa 5, Orbital-ISS, Atlas|,
2 Refiability: S for 5 simplex, 2 for 2 duplex all warked well
1 Up to 7000 baud data rate 3 Delivery: 10 universities, NASA, NSF, AF, Industry

2. F-Bus Series (F1-F6): Fast, Fighter, Functional
. . 1 2-3 Month Delivery of Satellite Bus
* TCP-IP software with ARM 2 Robust Structure, EPS, Solar, Li-Poly Battery, Camm.

processor IA-Mag, EMI shield, lsotherrmal, Optical bench plate
3, Nanoracks-ISS, P-POD launch, FCC, Safety, & Doc

* Data and Command Control

* Handshaking pr
andshak gp otocol 4 Flight Herltage: GEARRS 1, GEARRS2

* Active patch antenna (6 cm) 3, Operational Data Ground Segment

* 1 Watt ERP 1 Arywhere Anytime, 24/7 coverage, near real time
X 2 Fully functional with University, Government, and Industry Use
* 33 & &) V' SW InpUt power 3 Graphics display software and command software [ NSL Web Cc;nsoie
¢ Size6.1X11.9X11.9cm 4 Muiti-Sat, Stangdardized time-ordered Data base — 1
* CAD, ICD, Support, FCC License 3 Other Services: ‘ |
1, Sensors, High Altitude Balloons, EyePod Globlalstar § ! [ — — —

Radios, (Over 370 Launches with 99% success) [

BEEHOBEHM LT TIFRAEDRIIE = - .
PHREEZOREH R LT TFRAEDEERK) EyestarBE OB R EHOEE 50
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