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Abstract

The paradox of cubesat development process in the New Space paradigm is related to a complicated and
time—consuming system engineering procedure. Due to their low cost and quick production time, cubesats
are a highly accessible space asset in the startup—driven “New Space” industry. In reality, however, the
development process experienced by the student teams selected through the national cubesat
competition is quite different from what we expect. This is because cubesats are designed and
implemented using a lengthy and tedious procedure defined by the systems engineering perspective. The
purpose of this work is to explain to developers who are unfamiliar with systems engineering the role and

function of systems engineering in each step of the cubesat development process.
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Fig. 1. Development phases and key activities from a system engineering perspective.
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Table 1. Requirements verification method for systems engineering technical processes

Verification
Category Description Reference data
method
Inspection
Inspection of
- Drawings, design review
documents such
- Bill of materials
as design
- Technical
drawings or
Description/specification/publication
verification based
- Material and process
on similarity data
Inspection - Standards or maintenance manual

Qualification
Verification using
— Declaration of design and performance
various
- Software qualification

— Technical standard order (TSO)

certification

results at the
- Inspection on equipment
component level
— Test reports on equipment
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Table 1. (Continued)

Verification o
Category Description Reference data
method
- Calculations(loads, stress,
Verification of load,
performance, etc.)
stress,
- Theoretical checks
performance,
_ _ - Functional analysis
A Analysis electrical load, etc.
. - Electrical loads analysis
through theoretical
- Weight and center of gravity
or numerical
- Reliability/maintainability/safety
analysis
analysis
Verification of
operational
performance
through various
non—-measurement - Maintainability demonstration
tests performed - Demonstration on mock-up
during the - Inspection on spacecraft or
operation process system
D Demonstration
of the satellite - Demonstration on simulation
model (EM, QM, bench
etc.) or (dynamic demo)
demonstrationona - Flight test simulator
satellite or payload
mock-up or
verification through
simulation
Validate results
- Laboratory test reports
with testing at the
- Bench test reports
T Test part level, prototype

or development

model level.

- ETB test reports

- Ground test reports

EM, engineering model; QM, qualification model; ETB, electrical test bed.

sle] BAZ Tt A
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Ah 1, A Qe I B e E-8ote] 87ARe] Bitoles 8 AAE 435t
I Top Down Hr oz R-AZ-30lst Al ol £330l TEkA FEolct wehA
Table 20 H2H UF 2FARFS A2 Phase A B7]%H Phase B Alo|ofA] =8 x|ofof
AAE B 7l ZEAAE oFF] FERl AARS] QAR Tkdlshe AHjo|tt
Table 2014 MR-01-2 $1/49] 71 SAlof| AAA o2 e 7 |ojA| FofAl= A7
[FARYE] oo, MR-02+= A7+E9] dF 7Ig8A19] 2= =55 dF a7ARIoth
MR-019] 47 QARG 2 RE off] 7)o AAR] @AYol o 4= QIA9E, Table 3
off AAIE At Zol 7P A ARRE HAA|S] AL 750 RS 9 AlAEE
FAJElL 0]2 &3 S 9l Q ARFS T&31= Qo|t), AR 9% QAR MR-012E
B A 27] AlAFO] HAE A5 21“ SYS-SS-072 Z-& A AH 8 FARNE A
AlA"o] gk o= Qlok. 18] o|FA] TP AAH QFARRE AAH] QAR HED]

Table 2. Example of a cube satellite mission requirement

Level 1 Mission requirements

D Title Requirements

Intrinsic
Cube satellite must be designed and built to meet the
MR-01 mission
requirements of the launch vehicle.
requirements

Cube satellite's in—house LED payload must be capable of
Mission
maintaining an absolute brightness rating of 10 or less
MR-02 operating
when the LEDs are operational for the duration of the
requirements
mission.

LED, light emitting diode.

Table 3. Example of a cube satellite system requirement

Level 2 System requirements — space segment
Parents Verification
ID Title Requirements T —
ID A 1 T D

CubeSat must use only
SYS-SS-07 ITAR free MR-01 0
ITAR free components.

The LED (power) output of
LED module
SYS-SS-65 the CubeSat should be at MR-02 (0]

output power
least 20 W.

ITAR, international traffic in arms tegulations; LED, light emitting diode.



J. Space Technol. Appl. 3(4), 342-354 (2023)

9(SRR)IL} A4l A HES||(SDRYE &0l 87AYY] ¥ {15 AESHA =W, Table
30l AAIE Bl o] AF2] AFFA 59 HE(inspection, JE &3 A&d(compliance)
RS ASE = Utk

MR-02= MR-013 t24] A5 GA4AY] 7|53 T2E A5 24RO & MR-013} 1t
ZA7MA R ofg] 7|9 A|A' QFARFO R B71dE 4 ok o= AF 87ARYF MR-027F
LED EAA19] F49] 9719k B o] o] "ol S5 = ofoF & AHEPS 4 HiE g
9] A B)= vIRst Fd YIRY HH =5 G AlolE sl FAA Pl AgHo=
FEFS E S Q7] QEolth A, 74 Agelwt 3y Z|of AA”] QAR &
&3 A8 AuEA 4 MR-029] A 87 24 AsFe] = A8 A4t =
Aake] Aol wheh gebd 4= loug A A5 13 Ale]9] YZHelevation angle)ll
wetba] GefRl= A7t AA o] FE5] vrg=lojof gt

Fig. 2= AV ¥5387 9149 Afel9] 2ol wet Derl= f1d-254 19 ARE EAR
Afolct. I ZAlH A2 e Jzio] 0= ool BHTEET A4 2t o A=zt
900 km oWl 27Tt AF-E FPHeE AU HAE sHthd, o124 siaS Bl &
Z+9] wstof wet AAF TEHNA AXEE LED F¥9] 87|7F Adisd 71% 1063 °lske
FABE] Sleliad= 4 20 W Hgo] QPgH 0= FHE ofof shi= A SRIt 4= SIrkFig.
3). o] 314 ATE vigoz AR AR} MR-020 #&55= A~ QFARY SYS-SS-55
£ T 5 0 B2 B2 AlAH 87 AR AES|E Bl MAshoF gtk

FA 7]&St Hiel 2ol MR-029} SYS-SS-55+ AlAH] 7153 TE0] Q= AR
o} mEba] AAE A AES] O] B3] MR-029F SYS-SS-559] 84+ 27A AAJSkL Q)
£ 715 T8 oRE HIstolof gt B4 a7ARYel AXE Tls T oRE wdolr]
Qlol A== AT TS oA 7% viet Zo] Alf(tesyolth. A AlES B 8¢
ARl A ANELL Sl 7159 T o RS HFOE oAFaAo] o]fojd AL, M =
7] @A(~Phase A) 9= 7RLsto], Fig. 40 AJAIE vkt Zo] LED SAAIS] BME AlZts}o]
71 AFAAE AT = AUt

Fig. 5= Fig. 49 AIAE LED 9AA BMO] AA 5 Al AXZIO R S4E HES kA
St Axtolct, I =AIE PWM(pulse width modulation)& Z-&5t0] LED Egto]H

jal

7
pd

g7
$A1719 LEDS] on-off Aot BE == AL o 20 W Y502 §A% % 9

3000 T

2500 -

\ J
2000 |\ 1 /’,‘ﬁ
\ -

1500 |- -
N, Target Slant Range: ~900 km,
a_ Elevation Angle: > 30°

1000 |- N HE

1

1

. 1

B H P
s | o lllumination Area

1

1
I.———————————————_I

i i

L i
0 20 40 80 80 100
Elevation Angle [}

Slant Range [km]

\Elevation Angle
L

500

[Brightness Target on Ground Level: Magnitude 9th -11th]

Fig. 2. Calculated distance between ground observation point and satellite as a function of

elevation change.
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Fig. 3. Calculated power required to meet system requirements with elevation angle.
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Fig. 4. Example of configuration of an LED payload BM. LED, light emitting diode: BM,

breadboard model.

25 T T T T T T

LED 75 HHY 58 Zat

l

o - "
s o S
T T

Measured Power [W]

o

0 ' L L L '

.

0 5 10 15 20 25 20
Time [sec]

35

40

Time [sec]
E|tHHY [V
Pulse (Duty 20%)|
HciHYel 20%
1s (1Hz) 1s (1Hz) 2 s (2Hz)
(LED ON) (LED OFF) (LED ON)

Fig. 5. Measurement of the supply power of the LED payload. LED, light emitting diode.
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Table 4. Summarize development phase review meetings and production documents

Design
Phase Purpose and related documentation
review
(SX) A QTAE FO, AAR HE 28, Ml
A% ok
System )
| NAR QTAE Holk
requirement B B
QTN T It B Y M2 ot
review
; - YT QAR Y O
re-
- 7ISH/H7ISE QPAE £R
Phase
A (FH) AAE” 7 dA &=, 45 22 44
System AAR 2 MEAAR Y 3 75 FY
design AAE S MEAAR F2AM
Phase )
A review - A& QAR gt R
- MNAR 749 MEAIAR XME 0{F
Mission requirements New
Mission operation concept New
Technical
System architecture definition New
document _
System requirements New
Budget analysis New
(FH) OHIEA =, SMEA 2, 25 22 474 2 HA,
Preliminary Al ¥ =4X{2| OHIEA &=
design OilH|EAIM
review - AIAEITZA Big ofR
- ADEQ0] 3 SIEO E/AIARE QIETHO|A O
Project organization plan Updated
Phase Mission requirements Finalized
B Mission operation concept Updated
System architecture definition Updated
Technical
System requirements Finalized
document . o
Spacecraft technical specification New
Ground segment technical specification New
Budget analysis Updated
AlIT plan New
(BX) AAL AHEA 22 S
Critical
Phase . SHEAM
design
C - OfH|EA ZE Z1F 2t of%
review _
- ATEQ0| ¥ SH=gof 72 $MsYZt Tl 7t ASEA S
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Table 4. (Continued)

Design
Phase _ Purpose and related documentation
review
Project organization plan Finalized
Mission operation concept Updated
System architecture definition Finalized
. Spacecraft technical specification Finalized
Phase Technical _ o o
Ground segment technical specification Finalized
C document . o
Budget analysis Finalized
AIT plan and procedures Finalized
Verification control New
Mission operation procedures New
(FH) MEAAR-HIH ST HAE Y 223 2=
MNARD S & AR BN
AAR Se H SHEAR” Z0M
Test
- MEAAHE 77 B 0l
Readiness
- NEAAE 27 7)5/45 DI Sl Wi
review
- MEAIAHE 7t HE AS =01 2
- SR AAE VIS H 45 O S0l /o B4 01 s Sl Ui
Phase - ZA B RFEEAY T|E
D) Test paln New/finalized
. Test reports New/finalized
Technical
Verification control Finalized
document o . o
Mission operation concept Finalized
Mission operation procedures Finalized
Pre-  (SX) 23 % 201 NE ZI BI, 53 2% XF, YT 2%
shipment 29, A2Y Ext =0l
review - H=d AR AR E ERL AR M 2 RS AR E ERHE

AT, assembly, integration and test.

27 a7 Atiael Aol AN, 207t BuHo Skt FRAHY A
W A28 Falue] Aol AXSIL Qs AIE Wt IS %—oﬂ Slde A
SHL AHE 4olok Tk SHAIT 5 - Y SIAe) ket A Skt e wihoz
TEE A 2H %@L@ A FEIA A Z2Ie] A8plols Rzt ek webd
B =Rol A NASA 9571 T2 TIgio] A8 AAT Foby S vgos Fus)
o] A %741011 %01 7k A A2 Bote] GBI 715 71&skn. ool AANY
of olshA ke AATOIA FESAS] 2 A Aol AgEE ALgIt] ST
7152 AX|BReT] A £80] B Zojet wrelch
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