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Timeline

e 2021/7/2 (FRI)

° EP’—Fﬁﬁiﬁ% , EOIA—E (REFERERMREE) | &
IHIZB LU T 3R EE https: //forms gle/XaUcWJhz8r3vKztY7, 1
4:00-15:00 FF EEFTEHRHA.

e 2021/7/30 (FRI)

e 14:00-17:00 EFEZEFEZE ( Mission Definition Review,
MDR ) EE R REXETEERA.

e 2021/9/3 (FRI)

e 14:00-17:00 R#EFZFTEE ( System Design Review, SD
RN
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What is the MDR?

1. Phased Project Pla;'ming
2. "NASA’s Definition
107



Phased Project Planning

* MDRandSDRisinPhase A. [, ,
e (HeptaSat page 19)
e Phase A: Concept and Tech
-nology Development.
Phase C
phase D |

Phase E ‘



Uncoupled/

Formulation

TABLE 3.0-1 5E Product Maturity from NPR 7123.1

Implementation

Loosely Coupled KDF O KOP | Periodic KDPs
j= 8 Tightly Coupled L
)
8l Programs KDP 0 KDP | KDP I KDP Il Periodic KDPs
=]
.g i i Phase A Phasa B Phasa C Phasa D Phase E | PhaseF
E Projects and Phase A

Single Project

KOP A KOF B KDP C KDP D KOP E KDF F
Programs
MCR SRR MDR/SDR POR COR SIR ORR FRR DR DRR

Stakeholder identificationand | *"Baseline Update Update Update
Concept definition **Baseline Updata Update Update Update
Measure of effectivensss **Approve
definition
Cost and schedule for techmical | Initial Update Update Update Updata Update Update Update Update
SEMP Preliminary “*Baszaline “*Baselina Update Update Update
Requirements Fralimnary **Hazzling Update Update Update
Technical Performance **Approve
Measuras dafinition
Architecture definition **Basaling
Allocation of requirements to **Baselina
naxt lower laval
Required leading indicator **nitial Update Update Update
trends
De=ign solution definition Praliminary “*Prafiminary | **Baseline Update Update
Imterface definition(s) Preliminary Basz=fing Update Update
Implementation plans (Make/ Preliminary Basslng Update
code, buy, reuse)
Imtagration plans Preliminary Baz=fina Update **lpdate
Varification and validation Approach Preliminary Basslng Update Updats
plans
Verification and walidation **Initial “*Prefiminary | **Baseline
results
Transportation criteria and Initial Final Update
instructions
Dperations plans Bazelng Update Updata **|ipdats
Operational procedures Preliminary Baszaline “*Update Update
Certification (fight/use) Pralminary **Final
Decommissioning plans Praliminary Preliminary Praliminary **Bazaline Update **Update
Dizposal plans Prelimanary PreEminary Fraliminary **Hazaling Update Update **|ipdate

** ltem is a required product for that review

1 SEMP is baselined at SRR for projects, tightly coupled programs and single-project programs, and at MOR/SDR for uncoupled,
and loosely coupled programs.
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. Example

The MDR/SDR of PEARL. . .

. Mission

Agenda

e Introductioﬁ

it

Réquirement

. Subsystem. Payload

Schedule

*BEARL

+

7. Divisien of Work
8. Bu.dget

Sk Mode

.10. Mass Budget
11.Power Budget

12.Simulations



Example - PEARL

e Agenda

e Introduction
 Mission

e Requirement

e Subsystem. Payload
e Schedule

e Division of Work
e Budget

e Mode

e Mass Budget

e Power Budget

e Simulations



Time Content Speaker
14:00~14:15 (15) Mission =IER
14:15~14:30 (15) C&DH AEEE
14:30~14:45 (15) EPS BinL
14:45~15:00 (15) ADCS ZRE /(N
15:00~15:10 (10) COMM-UHF e
15:10~15:20 (10) COMM-Ka Band e
15:20~15:35 (15) STR =25
15:35~15:45 (10) Payload-CIP EEE




* Propagation Experiment using kurz-Above-band Radio in
Low earth orbit
®* Dimension: 100 mm x 226.3 mm x 366 mm (6U).

® Mass: 10™12 kg.

® Payloads: Ka communication payload for ground station te
sting and Compact lonospheric Probe (CIP).

® Orbit: 500-600 km and SSO(Sun-synchronous orbit) for ch
eaper launch cost.

* Time: (TBD)
® Local time: (TBD)

10
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https://drive.google.com/file/d/1NE8KKAKmNsa0FpPYwj2c7Xi2RY1tGX30/view?usp=sharing

Mission Simulation 3D Movie

file/d/1A1INMhHC5YOmQgAE3d6F)a-w3WXzwuSJ3/view?us

FOR UNFUNDED EDUCATIONAL USE ONLY

Earth Inertial Axes
1 Jan 2022 00:00:48.000 Time Step: 48.00 sec



https://drive.google.com/file/d/1A1lNmhHC5Y0mqAE3d6FJa-w3WXzwuSJ3/view?usp=sharing

Schedule

2021

project '- 2021 o8 o 2022
e | e ’Eﬁ%lﬁ =8 - g N Iy Lg L s i Lg
o BEE= 2021/2/3  2021/2/24
° 3FEEHH 2021/3/17 20213117 |
o 3FEEMDR 2021322 20217330 | ADR /2D
© MDR/SDR 202133 2021331 ¢ VYIRS TR SEFTR
o 4F-~3EBEHRE 2021/4/1 202175731 | ]
e CIPER 2021/4/1 2021/5/31 | ]
© CIPE{EPCE 2021/6/1 2021/7/30 [ ] =1l L e PSP Sig—
. ¢ 2021/7/30  2021/8/31 CIP PCBZTF ° ?Ev <Ay Iﬁﬂ EIt j: ﬁf = ﬁé&ﬁm ||:|j ETJ'&;| J
o CIPEE 2021/9/1 2021/9/15 | —
o CPElE 2021/3/15  2021/11/30 E N S I ]
° PDR 2021/8/2  2021/8/2 s FUR
o 6H-10B%E 2021/6/1 2021/10/29 ~
© CDR 2021/11/30  2021/11/30 ¢ GUN

2022
;. 2022

profect
b - I T I T T T T T T T T

P | EEQ’EHE _H =H MA HA =B +A MNE pInc] +A +—R +—H
@ 2021 Q1 FM 2021,/12/1 2022/2/28 |
@ 2022 Q2 Function Test 2022/3/1 2022/5/31 [ |
o 2022 Q3 Environmental Test  2022/6/1 2022/9/30 [ |
@ 2022 Q4 Launch 2022/10/3 2022/12/30 [

14



Division of Work

PEARL

{EFSEEZRA

ADCS OBC STR COMM CIP

Eeemat  AER

15
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Requirement

e Level 0: Mission Goals and Objectives
o FEiR0o: EHFEE

e Level 1: Top Level Requirements

o EFiR1 mEEBHEX

e Level 2: System Requirements

« EiR2: RRFK

e Level 3: Subsystem Requirements

o FiRN3  RRMFEK

e Level 4: Component Requirements

o FEiR4  THEX



Requirement (Cont.)

PEARL_Mode_Requirement_vbxdsx - Bxcel

=R &l BR R Q SRRAEEHE

= X =T N —— ——— _ eon Bx o X aEmE - A
S5 -2 A A S== - [asmsn  EEa - = 4 ==k 7 €m =X T
s - i - %m ﬁ%‘i% & S & %\ %&% %I gs FE;&&%%E&;
Ll - . 2 B= = | &=3= . .0 €0 00 =18 a - = T;f L i - b5 &) ~ 7 : Z
. ¥ aEmIsE B I U i v} A ex = = = €= 3= %HEE}J $ % * 00 3.0 M- - i /] = ’ - - Hhs - B -
EUERE I £ ~ HESR P e I # BES iReE ~
C154 N I EEAREEREIELE  BEATeFE M
A B c D E F G H | J K L M N (0] P Q -
1
2 HERMREI A
IEFE4Lif PEARL #5408 UBH 4%,  Baiafef B sisbm a6 A -
3
g e
L. Source( Verific Verific Verific Applica Require Comment Flow Flow Flow
Ref Description . . .
= s) ation ation  ation  ble ment s Up? Down?  Across?
12 542 (.REQ.S A P . .
A U5 g stk o 5 2KadA BRI A -
6 Science CI.1
0. REQ. S '}‘r; measure planetary scale \"&-1‘\‘1‘.‘3 alm_{ structures
in the ionosphere, and quantify their
CI.2 . L .
7 var ity and contr
To measure the distr
0.REQ.S and structure of ionospheric i
8 CL.3 Travelling lonosp Disturbances (TIDs).
0.REQ. S To infer FI:(' LLL-L‘ILL‘_l‘iLLLls L_U'i\ ing horizontal
plasma drift, and their relation to the
CI. 4 ; o . .
9 ionosnherice F oregion wind _dvnamo h
REFEETE | Mode | PEARL-1Requirement | PEARL-2 Requirement | IDEASSat&id ) F »

T H @ = 1 + 100%
i




Requirement (Cont.)

PEARL_Mode_Requirement_v6.xlsx - Excel

Bt ®E ®R &H#E

- E\‘{,E;'F DFKai-SB -2 SR K S=5%- tawmmn  ||ERAsX - D —h S F (E-.;ED EX @ i?m . ’%Y p

. %Ezﬁ B IU-[li- O-A-(wf- === |E% Elesgr - $-% > | %8 %ngih *’%g;hf% -4 EEME. L BA BB e . R ?gﬁ
EBnE I =2 I HESE I 8B I BERE ECE= ~

Al M Je .

A B c D E F G H | J K L M N @] P Q -

1 :l

2 B oadr K2

3 REFZHRTIEEE

4

5 PEARL

6

7 PR A F 1 oL

8 RRA L 8 i M5 Heak ADCS #E FREA

9 1.00] 2020-10-19 |#Z4% Zole €3 CaDil A ErEryy

10 1.01]  2020-10-27  |#3CDHE K HiEE 3t COMM Eib:R

11 1.02]  2020-10-27 |#738STRE £ ok R EPS 3 5

12 1.03] 2020-10-28 |#38TCSE £ A STR AL it 5

13 1.04] 2020-10-28  |#733COMME & B ST

14 1.05] 2020-10-29 |#734L0% & ~ EPSH & ~ &P/l FofE

15 1.06] 2020-11-06 |#HFADCSER, SFr4E K BEo

16 L.07] 2020-11-08 |[##5L1~12F & HoRE

17 2.00] 2020-11-12 |4 % -« #{3STR FR wRE

18 3.00] 2020-11-23  |Mode 52 AHiEE

19 3.01] 2021-02-04  |Mode 152 ~ 4583 MURSTTHR & BEoHER

20 3.02| 2021-03-17 |ADCSH RiEeL B

21 4.00[ 2021-03-24 |4+ #3PEARL % $8 1 2 1285 15 5 £ L AMDR FREE

22 4.01] 2021-03-24 |STR#E 2 HEE

23 4.02| 2021-03-25 |EPSE £i5a 15 30 &

24 4.03] 2021-03-25 [##CIPE K HEE

25 4.04] 2021-03-26 | #% eifEds B A SCOMME K - #E8@nm 415 K 3 EF

8 FEEEE [ Mode | PEARL-TRequirement | PEARL-2 Requirement | IDEASSatZia ® ‘ 3

i H g - ] + 100%




OBCRequirement - Functional Requirements (FR)

Description

C&DH ZEINEE I {717 BB 2R R #HYHousekeeping datas.

CRDHEREE —EEXEME ERFE,

C&DH BT T 1.,

C&DHZEAD E 717318 H B¥Housekeeping data, (TBD)

C&DHEREE HEPower Peaks

C&DHEMEZEFT R E (RIFMABER)NWER , HBRBIETES.

C&DHEF B VAR , EREINB M ERVES.

C&DHEBE T IE S #ADCSIE R ADCSEEUINE ¥,

C&DHERE NES B UHFIE R UHFIEINE R, (TBD)

C&DHERE e BEAME., (TBD)

C&DHE—ARZ AR EZEWRMWE LEER , ERETEMHE.

CRDHE B S ER1zZsEH b ERIE 5 .
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OBCRequirement - Functional Requirements (FR) (Co

Description

C&DHEREEIE 2K B Ka-bandBYUser Terminal FMGatewaydy £
~EER

21



OBCRequirement - Performance Requirements (PR)

Description

EEHBENERESFF0ES EASTBIRI.
SwitchB RV I & |, BRFE ZE 1018,

FSWZE gE T2 il 1B K R e
FFWEREAEEZE , EFHAR

FSWEZE e FI el th E vh BEINEEE | BB/

22



HEEEAE HEE=ETE5
Phoenix Safe Charging Science TT&C
we R 1S 1 A ON/WE s a
ADCS o | i jj}jffnf N/ EER| oNCPEBRIE TS | i
bl q . (sun-pointing) [ (nadir-pointing mo
e mode) de)
C&DH ON ON ON ON ON
EPS ON ON ON ON ON
UHF(Tx) BEACON BEACON BEACON BEACON BEACON (TBD)
UHF(Rx) ON ON ON ON ON
CIP OFF OFF OFF ON OFF
Ka band OFF OFF OFF OFF ON/BEACON

TT&C: Telemetry, Tracking and Command

23



Flow chart

ZEEL
=+ S /
BEER EE>a0% | Angular rate < 0.5deg/s ]
> Fast-spin Det e
- | umblirr: cont fal e | petumbies
ADCS off I % — I coarse sun-pointing
=B o r
BB E=<25% \ 0 > 0.5deg/s ,
— RS
BE>75% l T EE<50% // \
Fast-spin
EE‘ —+4 S #
TER SRS Detumblin

R-wheel Sun tracking HEZ>80%

control >0.5deg/s T l< 0.5deg/s

fine sun- pointing VN XYZ wheel cont
?w\g\?@\ \

"HEA =& EER &

cking control

Wkt EAm a2 "ARREEEEW RS

CIPERRI &1 5 [a)
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Subsystems

e EnduroSat
* 6U Structure
e EPS Il + battery pack
e 6U Deployable solar array
e 3U Deployable solar array RBF

On-board Computer + Software Development Kit (SDK)

GNSS + antenna
e CubeSpace ADCS (3-axis) 6U high
UHF transceiver

e UHF 2U antenna (bottom) +[ UHF 2U antenna + solar p
anel (top) ]

e Ka-band Tx Antenna + Ka-band Rx Antenna
e UHF Ground Station equipment

25



Subsystems (Cont.)

* Arralis (TBD)
e Ka band transceiver

* SPL
e Compact lonospheric Probe (CIP)

26



STR

PC 104
- 6x connector |~ N XYIZ power - N
Ve ~ Solar P / \
I Array s » Kill SW1
fa » I —L
X/Y/Z Comm. ——— Kill sz
Temp. | [T ’ 1
R P b sensor { RBF
| S
o ( 1 l follow I UsE .
om0 s VL
< OBC 1
-
b Sun M Power | g
. Le-- ~-Analog-Mgensor +' Power Il *
J-axial e
P compass accelerometer \ y, I
* narst Puros p—(TBC)— 3.3V 5V 12v .
e : GNSS receiver p——(TBC—*
4o Ganaca Pumate ¢ --¥ {TEC) -| Antenna \ . T /.
PC 104 /’_ 41—1;\
PC 104 ) U H F ‘
- - Opticnal Antenna )
-~ — o UART (TBG)- -
ADCS \ < 12C » UHF
Sensors \‘. eraneass USB(VCP) - "
[ RS4EEweseerenn ol
| Star tracker |—|Sun Sensors Earth \
["Sun sensors | sensor ~
MEMS rate Sun sensors - ™~
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MEMS rate Sun sensors
Sensors ) ’m‘ Magnetometer
S Sun sensors s N\
(TBC —
MsEel\:sor:“te [ sun sensors | ") "
" .
)" [‘sun sensors | R .[ Reguiator or |, Ka Band Transceiver
Converter
J
Actuators I
. Optional
[ Reaction wheel ] [ Magnetorguer ] Ka Band
[ Reaction wheel ] [ Magnetorquer ] Antenna

[ Reaction wheel ”

Magnetorgquer

)
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TT&C Simulation

Time: 2022.01.01 00:00:00 ~2022.02.01 00:00:00

Alttitube: 550 km
LTDN:0900
Elevation angle: 10 deg

tim Start

End Period (min)
es
Min Duration | 39 | 13 Jan 2022 13:4 |13 Jan 2022 13:47:31.31 0.862
6:39.597 3
Max Duration | 61 |21 Jan 2022 01:04 | 21 Jan 2022 01:12:39.80 7.912
:45.067 3
Mean Duration 6.154

Total Duration

547.727

28




TT&C Simulation (Cont.)

Time: 2022.01.01 00:00:00 ~2022.02.01 00:00:00
Alttitube: 550 km

LTDN:0900
Elevation angle: 30 deg

times

Start

End Period (min)
Min Duration| 3 2 Jan 2022 00:37:4 | 2 Jan 2022 00:38:28.1 0.676
7.634 66
Max Duratio | 25 |21 Jan 2022 01:06:5|21 Jan 2022 01:10:36.6 3.776
n 0.073 21
Mean Durati 2.978
on

Total Duratio
n

125.079

29




Mass Budget

UHF

UHF antenna
OBC
EPS+Battery
6U Solar Array
3U Solar Array
STR

CIP

ADCS

Total (including 30% margin)
For Ka Band and Wire

85
130
1350
677
270
350
433
960

No
No
SR

R e T e T T S T SN S

170
130
1350
1354
270
350
433
960

7289.1
4710.9

30



Power Budget

UHF (Transmit)
Antenna (Max)
UHF

UHF (Transmit)
Antenna (Max)
OBC
EPS+Battery
6U Solar Array
3U Solar Array
CIP

ADCS (Ave.)
ADCS (Peak)

Ka Band

Totel

(TBC)

12

0.025
(TBC)
(TBC)

0.025

0.3

0.0825
2

3.5
0.0825
2

3.5

0.517
2.295

(TBC)

17.577

31
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* . Application™
The SoftWware was used when we prepared
the PEARL MDR/SDR. - * 1=

1. GanttProject

2. 'XMind . =



Schedule Software

e GanttProject
« HYEE

GanttProject — O X

EE BE BE B EE =B

e
Qo
ay
O
Q

Jill

: BA | & SE v | GE | % BTEREE | EEL.

» O | A o
project . T T T T T T I [ [ | I I I T

=i | ﬂﬁﬂﬁﬁ| P =l 1 2 B B 7 g q 12 13 14 15 16 149 20 2 22 23 26 29




e XMind ZEN (1E#H 85 %)
e XMind 8 Update 8 (B EHEK %)
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i Re_f,er,ente.- -

The BooKs and Data about Making the
CubeSat. : g s

1. CubeSat Design Spécification _
© 2. CubeSat 101

3. . Systems En_ginétr-ing Handbook

-



CubeSat Design Specification

* https://www.cubesat.org/

ABOUT RESOURCES CUBESAT SERVICES 2021 WORKSHOP INFORMATION



https://www.cubesat.org/

CubeSat 101

%z'ﬂz_Lj]_m—EE/J ;)IL$E
« RZXHEERTIWRIE.

e https://www.nasa.gov/sit
es/default/files/atoms/fil
es/nasa_csli_cubesat 10 =
1 508.pdf - P

Concepts and Processes for
me CubeSat Developers

NASA CubeSat Launch Initiative
5 — Ran 2

n Dated October 2017


https://www.nasa.gov/sites/default/files/atoms/files/nasa_csli_cubesat_101_508.pdf

Systems Engineering Handbook

« RIIE.

e https://www.nasa.gov/co
nnect/ebooks/nasa-
systems-engineering-
handbook

NASA

SYSTEMS ENGINEEHING

HANDBOOK



https://www.nasa.gov/connect/ebooks/nasa-systems-engineering-handbook
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