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Abstract

The Small Scale magNetospheric and lonospheric Plasma Experiment (SNIPE)'s scientific goal is to observe
spatial and temporal variations of the micro—scale plasma structures on the topside ionosphere. The four
6U CubeSats (~10 kg) will be launched into a polar orbit at ~500 km. The distances of each satellite will be
controlled from 10 km to more than ~1,000 km by the formation flying algorithm. The SNIPE mission is
equipped with identical scientific instruments, Solid-State Telescopes(SST), Magnetometers(Mag), and
Langmuir Probes(LP). All the payloads have a high temporal resolution (sampling rates of about 10 Hz).
Iridium communication modules provide an opportunity to upload emergency commands to change

operational modes when geomagnetic storms oocur. SNIPE's observations of the dimensions, occurrence
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rates, amplitudes, and spatiotemporal evolution of polar cap patches, field-aligned currents (FAC), radiation
belt microbursts, and equatorial and mid-latitude plasma blobs and bubbles will determine their
significance to the solar wind-magnetosphere—ionosphere interaction and quantify their impact on space
weather. The formation flying CubeSat constellation, the SNIPE mission, will be launched by Soyuz-2 at

Baikonur Cosmodrome in 2023.
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Fig. 1. Imaginary picture of the SNIPE mission. SNIPE, Small Scale magNetospheric and

lonospheric Plasma Experiment.
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Fig. 2. Electron microburst precipitation observed by STSAT-1[18].

https://lwww.jstna.org | 107



108 | https://doi.org/10.52912/jsta.2.2.104

Ago 2 AR} ufo| ARZMAE 9] energy dispersiond &35}, 0|5 £l AR} IHA

so] 4Ag US FT Aol

2.2 Zz2t=0f Z(Plasma Trough)

Z&tZ0}t FHPlasma Trough)2 SU= A8 1= o2t XY 7He] FAX oA
A&EA o2 Aok A F5o] titi AAPE: 74 A0 s ARbH o R A9 AofA
FE A Ao 24 Exagich SetRnt 9] IS Y AB.Q 2el(Subaurora)
A Ao A9 Eet=n) 550] FA= Aol HH, Troughe= =& AA7] &F 7IXtol= AlE
HHo R v Hs] WHoks AS HRTHI9L ths9d ¥5e=, Eg=nt & gH), &5
AB=e] 25 A A AR 5= SloH, A7|EF 717t 57t Et=2nt 29 AlSHE

ol Wslpgg okl 4 ek,

2.3 33 ZE2t=0} I§X|(Polar Cap Plasma Patch)

= Zetxnt 3]s 1% FE Aol Wcks Setxnt e $7F A0 =A
ZHVHF), S29uKULF) 12|32 GNSS-LHE Aut 5418 Wt & o}, ol=st =%
2= B EUV T A7 Ho2HE Ao|A] A9 fdoll oJsf TAgst, 714 Eet=nt
e utt 2-108] S7HE FEi= vebdch eiF EUvel sl HA8sE sl W X ol 4] HAg
Slo] S 7IEAEM 44 tiRFE wEt olsdith ol o]F £k ~100-2,000 m/sec
QA Ao=E A 9lom20], o]H HiE & iR T oz AR FEE Tt
51717} ofgth, Y FRE SEA 0 100-1,000 km7HA] EE 4= k. oM e

o 91 BES olgotE, WA U 29S B9 AU AEk, A E B0 S

2.4 M Z2t=0t HE(Equatorial Plasma Bubble)

A Selerl ABS A elFol Sekxrt UES ReHIAT, A9 7 B
Sh AB7E B4 AL WIS 4 ek 1920 W) A BTE o]F o A7 sl
ool B, o] WY 54 AAE 22U Bl Feel AL 9 He
Azt Lutelztel eAl obartx] HekekA LAl et gk A Sekxok AEL 7
£ goRE 24 kmo] F& FEE KA, A5 ot 4 A km 29 71 Y
Upehdeh21], 137] ] AEe] det 54 Agl Zo] tjS- oldek. e e 10
kmolA 4= W) km7b<] #ie} ¥]go] Fssp] o] A Sl ABY T8 ARAC
2 BT 5 9L Ao sl

2.5 EMIC(Electro-Magnetic lon Cyclotron) ItS

2 PC1 Fuk fj9 9] 3+5(0.2-5 Hy)ol A= g0l of3t el oM 855
ATH22]. PC1 ¥&-2 A7A1EE] A= FHolA A5k EMIC 3hso] Ad2ls A[9go=



J. Space Technol. Appl. 2(2), 104-120 (2022)

Aol & Zo UeiA Ik EMICO] WAL F2 o] L BIPgAe] 7lelshs
Ao HuET 9tk

AT A7) EelA] EMIC SHES 19 $23 98 sk Ao deiA Sk B3t
RS BN Skt QAEC] WXZS WSAA TR AN oA AT
SpAAITO] oA HALE, S 1 MeV ol o] AAEE AT 7] fAA7IET
7leistin QIek. whebd EMIC SFES Uit SVl @4 B33 Ame A7gAHIge] o
A 94 dAUZ F9 A70] FR% AT T AoE |rhEch

3. QM QZ(SNIPE Mission) A|AE!

QM AR B3 SFEHE A5 A3k 6U FESLS 4715 Jidsto] Ak,
4 149] 9 82 AYshe A= F55h 27| dSARE 45k Aol Fig. 3
< E QMO AAH LPEE Y=, debQl 9481 2ol S5 -(space segment),
AAFEEground segment), TAF AH|A E(aunch service segment)@ FAEILE $F5
F2 AAA wA AlAEl(spacecraft bus system)™ §AA AlAEl(payload system)2 & L}
FHolRIH, MA AJARRE ZAAAAOCS), AHAEPS), B+2ASTS), ¥ 2 tlolH
2] A|(CDHS), H[FAZEOJ(FSW), FAIA(COMS), FAASPY)Z et HAA
A 2~EL ARAZE7(solid state telescope, SST), H¥°] B&l(Langmuir probe, LP), A4
(magnetometer, Mag), IRIDIUM 41 §AA|, 774 2YE(gamma-ray monitor, GRM)
2 A=A A= Al Al (ground station system) UEHIY SE=9)o(antenna hardware)
2} AF--FGAME(mission operation center, MOC) AT EJo]&2 FAET, MOC £AZEY

o= g7he] 519] mEE Ty,

SNIPE Mission
Space Segment Ground Segment Launch Service Segment
' ™ 'a k. | :
Spacecraft Bus Payload Ground Station
System System System
) g
/"« AOCS . ssT . Antenna O\
[« EPS . P + MOC ”
« STS + Mag - MPS
+ CDHS + IRIDIUM - SOS
. FSW + GRM - FDS
« COMS - INSS
.« SPS - FFDS
- TT&C
Sub - PDPS
\ u systems - TVMS
N /

Fig. 3. System configuration of the SNIPE mission.
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Table 1. SNIPE bus system specification

Subsystem Specification

Attitude determination Three—-axis attitude control by reaction wheels
and control subsystem

(ADCS)

— Field aligned attitude control during microburst observation

Accurate GPS system for position and velocity determination

Attitude information from Sun sensor, star tracker,
magnetometer, and Gyro

Attitude accuracy: < £1 deg

Command and data Communication between OBC and payloads with CAN BUS

handling subsystem
(CDHS)

protocol
Onboard flash memory: 4 Gbyte

Electric power subsystem
(EPS)

Deployable solar panel (44 W)
High capacity Li-polymer batteries (40 Wh)

Communication subsystem
(CoOmS)

UHF up/downlink: 437.5 MHz (9.6 kbps)
S-band up/downlink: 2,240.84 MHz (1 Mbps)
IRIDIUM communication (128 kbps)

Satellite propulsion
subsystem (SPS)

High performance micro-thruster (Cold Gas Thruster)
Del-V: ~60 m/s, Thrust: 20 mN

Structure and thermal

Dimension: 10 cm x 20 cm x 30 cm

subsystem (STS) Mass: 10 kg
Flight software (FSW) Cfs
Linux OS
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Fig. 4. SNIPE science payload. The SST, LP, and Mag are integrated into 1 unit.
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Fig. 5. SST energy spectra are obtained from isotopes, Ti204, Bi207, and Ba133. SST, solid
state telescope.
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Fig. 6. The Langmuir probe is attached the the backside of the solar panel.
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Fig. 7. Noise measurement of SNIPE Mag. The standard deviation of the noise level should

be less than 1 nT. SNIPE, Small Scale magNetospheric and lonospheric Plasma Experiment.
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