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ARRE 22 XM HISU HEE I 7|7k Solf H2|HO|L 53 s A Aok /8%t
TLOICt. Ol2fet 22 =1 10| Al&sP| tEotH, Cifet MelX FHIS B HI0[HE &ALt
OF XI5t 4= QUCE. HZ|X|HHZAHO|ARE 2024 AH7|0f K A& LALS RIgHSH 7, 20251 1€
Qo= 2%t GSAIE ARRE 2AE LA OIF0|Ct 0] 222 XIS oMol ZLARE OF0(H, 2F 150
km2| =8 10 & 30 kg HAE A1, ZHT FH0A TS MFS " A0IC}. Eol, S
& X999 He|HoME FEMCR ML UEIt B716ke AXEtY ESH M MI7IHEN o5t A7 |1E
O DIMHEIE HEY & AUS A= CYEICt 0[2{5 HES lol KAIST QISHIEATA0M 7Y S
QI & XA IAMMAP(onospheric anomaly monitoring by magnetometer and plasma-probe)2| AF2H
Z27 HFO0| HARKO| A HIFOICH £ S+l= SR XFO| H2|HO0| CHolM OfsoiLl, 2Xt &SAI-0

Mol &= Thstt YR AAH0 SES FIA BIC

=

Abstract

Sounding rockets are cost—effective and rapidly deployable tools for directly exploring the ionosphere and
microgravity environments. These rockets achieve their target altitudes quickly and are equipped with

various scientific instruments to collect real-time data. Perigee Aerospace plans its inaugural test launch in
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the first half of 2024, followed by a second performance test launch in January 2025. The second launch,
scheduled off the coast of Jeju Island, aims to reach an altitude of approximately 150 km with a payload of
30 kg, conducting various experiments in the suborbital region. Particularly in mid-latitude regions, the
ionosphere sporadically exhibits increased electron densities in the sporadic E layers and magnetic
fluctuations caused by the equatorial electrojet. To measure these phenomena, the sounding rocket
version of ionospheric anomaly monitoring by magnetometer and plasma-probe (IAMMAP), currently
under development at the KAIST Satellite Research Center, will be onboard. This study focuses on
enhancing our understanding of the mid-latitude ionosphere and designing observable missions for the

forthcoming performance tests.

4o : M, ARFEEA, AxeY EF, Ak AVAE, nlA4A
Keywords : ionosphere, sounding rocket, sporadic e layer, equatorial electrojet, mission design

1. M2

[ S

2] H(ionosphere}> A7) F/dH)7] dHHo] o] 23kt FHOo= Wk 50 km o1
AR SR 9 EEE IRt W2 9ol xSk it A AEHEE F= 1oHA]|
Bl EAMIQ] XA AQJA, 18] ar 9] 95(cosmic ray)oll 2Js A€ o] 23
sH AAES AP oA ES2utE FASHAITL ods] Ar1Fow S ARt
Wol EAst7] fiiZoll S4H719He] H2Ae-2 FAIY o Qivk E3h :31tolA S22
THElSE )7 AGH R A= XX S5, AU 5 AHHY| APE AjHo] JF
S VR ER AFZA AHE FAIoHA FoHl]. A2 GPS(global positioning system)2:
A} B4 T Hftt 718 8ol & TS HIA7] wiEel thdRt 80 ofgt ¥
= o|5fista sAlsh= Aol Fasttth

qEAQ] A T= PHOE o]kE|(jonosonde)7t Tt SIS HSIAIA 7HHA
Aups Mo F2 o= WEsto] HhifEo] Zotoes AN} JAFISE S0 2N,
ol 23l 3o ARt A Uk FEE I53th E3L AEE Bck= GNSS(global
navigation satellite system) HIFE 0]-83t ZH|(occultation) ¥ A€ o] A(scintillation)
57940l o™, HF, VHF, UHF a5 ARk 7Hd Akt #lo]tl(coherent scatter
radan)= £&29 878 @80l o2 AL, 4 Eddyt 22 IS 15
AUt ¥FHC, HIZH] AFE Flo|H(incoherent scatter radark= 2 Bk, 2%, EF £k,
/4 t719] E42 2eto] Mo Aol gt et AR AlSetH2l detHEo
2= FUHolA F= AlEE7IA]ol f-deElolH et A7IHetE AA|ste] skar 3loH
F7HE THAE ol8sto] A4S ti7] 2 Al A7 aska 3] 25491
£ AT HAAIR AAY JSRE TSoHAY, 2AE ol&sto] % S (in-situ) Tl
OlHE FEoh= 1ol Atk £3|, NASAY AR2d ZA(sounding rocket) T2 132 oL
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7¥sstth. 914 Aol MUYSHA] doba] 17ke] BAEY /452 P E (telemetry,
™) 9 =0l BashA| Fouz i Hlgo] Agsith. 300 km PI9He] kofAl= th7]
T g A A= FAZF olH7] wiZol AR EA°] 100-200 km 11%=9]
FEH71E TSohe FUT TS Wolet & 4+ Atk HEX|ofloj2 A o] Aot
HY Ao A= SFEAH 71 5AI8 S At ARRE RS 7dsto], 20249 ARE] W AT
kAL o Ao itk o] 1990\ XHHH = el ZAl(korea sounding rocket,
KSR) AlZ|ZE AlSshe o7t alow, ABE g JoolA 3 4= = of7HA] A9

71818 AlSE o 4 AC= AZE. vaFH(107° g olsh % ARIY dde] ks
A3 HAAE ds HEONE o8 = -
2 =olAl 20259 1€ o]F A wZA Aked 229 231 el it o

FAAE staAt gioh skt Al #5 9 AorgAA Aol KAIST Q5918 A4l
A 7Eskal Q= JAMMAPGonospheric anomaly monitoring by magnetometer and
plasma-probe) §AA2] #H2]X] AR ZA(perigee sounding rocket, PSR) ¥ Zo] o]-&E
Aol

2. A28 23

H2jZ= 20189 HAEE FEAKA| AEQoR 20224 390 ARY ZA Blue
Whale(BW)-0.12] Al HA LALS A3FctAA, YA 27| Bd 7 SEst9ct o]ofA],
AR 7Fs e WA 71e gHsh ] fIs BW-0.33 EAR9] 1, 275 2 BW-0.49] 7
| Zolc}. o] 7|uko & 2F 29l 2Rl BW-12 AFet TAb vl8y} &2 A=A
| oL 7 ZAolok oF 200 kgl BAAIE HYE7IHER 5T 5= L, olF
029 4% TR Hl& A7 9 28] i 59 ot AL A= Sl

BW-19] 34| &3+ 733t % (toughened resm) 718te] etAAS 715t EZnfaElog
AAE], 2AL 9 WehdS 25HA A% a8 AR ES 19 A 9719 3
Ed HEHI fg Ao g FEo] w2 FFHIE FAlshH, WE 2A1E A9 dXES

Argste] Qlixl AR QIgh AR A 7S St 29 AR 714 25 Aot
TE GE3E o 3% Aslol et A= SRk iE-S ARsiith 1
15% W& fAIste] H7|2E 4] 21713 Aeet 34 AA9] BpAF Ado] Bis) £~
= FASIL Qlk FUHHo R, SiA] Rl HElE g EHE 50l 7Rse AY
(jack-up) TAMKENEIAT HARE Y5t HFR|AD) “Cetacea-1"S AZRSI] i) TARS ZA|
7N, Bt qlo HAF 913 & 40 RS =Y & AUtk

FE AR IARE flsfiAlE BW-19] 28 dF 34 7[e=9] Aol B5Zolt
ol {5l BW-0.45 ol-&dh= = YA UF-E 718513t 2023%1 129, 120%9] &
Ax AIES ATAow EYorFig. 1(@)] A A |7 FMo] Al&to] nhig] T Sk
o]%, 2024 A7 W AIFLALE AA 202549 197 22+ 5AE ool et 12 A1
HALS] BX T 85 kmolH, AR S 270 kg(@AHA 100 kg)olth. thFl v]g A]
& °F 67 =R o=, HobE7AY] AZlE 21 kmolth. 22t AsAIRolA= Ho]
29| S webA FH4: 100 kmoflA o 220 kme] H3# 1% HAo] 7FssitHFig.
10 AAL] & FAI 30 keE ref3tehd, ARl HPAIRS 108 AR nj45Y
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Fig. 1. Combustion experiment and flight altitude analysis of BW-0.4 (a) Results of 120~
second combustion experiment conducted at Perigee Aerospace in December 2023, (b)

Maximum flight altitude by payload mass.

3.1.1 Sporadic E layer

A R} o] wEbA T #slsh, fikof whet 1 §ste] HF/do] Tt vehd
o} ARk o g ykof wet D, E, FEo R EREH, Fo) mEth = F5E Fl, 2502 Y
A £ |E Stk SEolAe A ESolA 1Hddo= Azt Wit G4 F
7Vok= A3 -E(sporadic-E, Es) @4f0] WhASHY, EsE2 2F 90-120 km .%o X5
A= 2 1-2 km, £ 4ol+= —rﬁ ) kmof| gobH F9ETh D7k 2-38) o4l &
A7HA] geRl B ARICEE, & 449 54 ol(Fe', Mg') ztei7t 44 #3ke] &
A Ate(wind shear)22 Il EsT= é LA 5 dotal dEA UAH5,6]. ol EsE
< o050 © o] Wske S Hedl, Aol 8 4501 Ad EFMY =
& ol2&S FAAA F4E A7) diZelth ol2tt A4 miAUE] wket fhtE X0
A oEE EsTY TEEC] HHZoR 80%0l SEfot= wHA, ALHol= oF 45% HAE
S BAMOR Ho|1 StH7l. o] F2 20-200 MHze] ]2+ Fut=0] AR/ g HhAe}
7] g2l Ant FAloA A2E It AFZIAY HAHE 59 9 1, AdolA A=
HE BUEHSks A Woldit) Fig. 2+ A% A7olA WaE Esse 4% AA 35
23S HojEt

H22|9] 22} FEAIEZ 20259 1940 = oidstal 9lon, Z3# Ik 150 km= 7l
Fd aFgolt}. 7|& AFE S5l 2A TR A7IQl S9E] ALEol= EsT BANIE

=

rﬂ



J. Space Technol. Appl. 4(2), 153-168 (2024)

Vertical Electron Density Gradient Length, km
hkm (2 hkm (b) () -0 -80 -60 —40 -20 00 20 40 60 80 100

15 | 1 1 1 L 1
180 - 4% SEEK Il : Rocket S31 *
170 Ascent Ne profile
= { ) .
160 ’ .
10 F
l// *
150 Vd .
. -
I o E s
~ .
» £ 105 - o * -
130 o - R I ——— m— A
120 |- < g 1~ i
) .
o
P . i
110 100 - ¥ ] 100 - L " L
b TETTErre i
s .
90 ] | I " - go b~ L o | . | i . L
3 7 9 1 7 ; (- ¢ (———N——— ————
* -4 -3 * -4 -3 00 0.2 0.4 06 0.8 1.0 12 14 16 18 2.0
N*10 " cm N*10 " cm Electron Number Density, x10~5 cm~(—3)

Fig. 2. Measurements of ionosphere. (a,b) Profiles of electron density in ionosphere using by artificial periodic irregularities (API
technique) [8], (c) Es layer electron density profile (solid line) observed from sporadic E experiment over Kyushu (SEEK) 1|

rocket and computed vertical plasma density scales (dots) expressed in kilometers [9].

7 oF 45% AEE WSk 9, AL B 74 wol FAsh Tk BAREDI lou
2 Bs3e] BEG AR 5 kT ek Sa, AR Ae) 4ES Selsh Ol—E—
BT} 959 B3] BHET S 22 BT 4 9lon, ol WAARRS 111642
sithel woh SIS Aeido] Lene 9 Zow dSHnh EE, Es3o) WA 92
Sht oARE B4 ol Aale) Qg Iekslel] 8, 19 A}Tﬂx}a@uadrans
Murahs> FH9E FUOR WA Fbe AAHE Flo] BE FRsAo] Bk 202482 71

o= g uj, 19 4%0] §490] Bgolnz, 19 195H 19 sowma S S E
She Aol $490] FFe W Fed AL TG H5Ao] 7V

NO_L; FN

3.1.2 Equatorial electro-jet

AejHold= S48 AT A1 AT A8l os A& H7|AE(equatorial
electro-jet, EE))2t1l EelE A& 5&0F s2= £ 75t A{7F v, gut
A o= EEJ= F7HA Aol sl @45t =t, A Whe R A9 AR (dawn side)

ol A =X (dusk side)= TY== 5F FF] AFoIth o= AR Ho Aol 4l
As7t FEA GO R o]FshAA WAsHY, ol AW oR A W A oA WAsh=
5% Aipedersen current, J,)°lt}. o] Hoj& HAFEREE oA LAEE= & Afhall
current, J) ‘80| ESAA =1, ZEHORE = o] F Aol BF & Wgos 527
wizo] 2 A 9] HrRtofi= ARt EE7F S S QA Ec 1 A7 Rl oz
ot B BAF 9 X2p7] 24T 22 9219] FFE whot Al-o] whet HEAdE UElc

EEJi= A71go] & Weks wet $H0 R FAEE AA7] oA Wsh= o] Iyt
Zolw, H2|H ESolA B/t EEf= B w2 11kQl FS7HA] AA182] ¥l ofr|et
o} oleet Fd2 A wet B v Alrregularity)ye 4oA FupsAle] ZAE HA
Al =t Ag) A5 Sl B AEE Ave U3948 AxolA <4 nT =9
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A7 A71E 2 A& d#A URHI0L oA HealA st Eollet &0l 1
nT "|9te] et 2= A7t F a5it

EEJ= A=AolA 2 AT 11 R0 we} S9= AolAE IS 7hsgt 4
o|t}. Kikuchi et al.2 ZA}7] &t 717k 52t DP2(disturbance polar of the second type)
event’} TAY51AL, PPER(prompt penetration electric field)2tal 8= dA4°| EEJE 7%
9 A5 4= ekl AFRt v QIoH11LL 3L Ak AR &3 717 Bt 9= A
AA7] /gE0] ¥iske} EEJ7E AL s Ao E mofEw, ol SRk AolA = EE]
o] Bt A 0 E IEE & S2 AlARITE &8 ARP7| FFo] WAsfofk etk 21
o] AR, FA 25 BHIF719] AT HiYET 7R HE 7|7HHY ART] FFo] A5
gstar Qo g S| E AFAL S IS5 FEol Erh ol2fet A H
]9} 22} AR HE 1 E(150 km)yE IESIS o], Woll MF7t AslEs §40]
NoEm g 10-14A17F EEJ Tl ZE3t AR AR o, EsTa} oA #&517] flshAl
11-14A17F AR A AIZFe 2 J1EH. Fig. 32 IRI HEZ o83 2024 1€¥ 49 F
29 Al Mt YU E Hoal 9lom, Table 19 AAIE IAMMAPS] AFL & 50|
7Fs5tch ESE A=HA(AIMAG, adaptive in-phase magnetometer) 4'5{(Table 1)&= EE] &
ol o5t A1} BiskE WS 4= JZ Ao = wekEh
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Fig. 3. This is a density and temperature of ionosphere using the IRl 2020 at noon on January
4, 2024, when the maximum of Quadrantid meteor shower. The black vertical dashed-line

indicates the maximum altitude of perigee sounding rocket.

Table 1. IAMMAP specification

Units Parameters Capability
Density (cm™3) 10* — 10°
Langmuir probe
Temperature (K) 600 — 3,000
(AIPIM)
Resolution (ms) 20
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Table 1. (Continued)

Units Parameters Capability
Frequency (MHz) 0.1-10
Impedance probe
Density (cm™3) 10* — 10°
(AIPIM)
Resolution (ms) 1
Measuring range (nT) 460,000
Magnetometer Resolution 1 nT @ 10 Hz

(AIMAG) Noise 300 pT/VHz @ 1 Hz

Temperature coefficient 0.1%/°C

IAMMAP, ionospheric anomaly monitoring by magnetometer and plasma-probe; AIPIM, advanced

impedance probe for ionospheric monitoring: AIMAG, adaptive in—phase magnetometer.

3.2 #4= EMAN 81 £

JAMMAPL 20254 38 SFRARAI(KSLV-1DA Ay 228 2S94 3%
(CAS500-3)9] EAAl & shuolth. IAMMAPS] 5 o2 Hx AojlA k=
ElA(equatorial ionization anomaly) ¥ EEJo|t, & @4} Alo]9] BExst A4 52-8-S 1o}
= Zlo] Hiro|tH12]. AMMAPOl= E2t2nt S 91 o] T2 H(langmuir probe,
LP) ¥ YoeA T FB(impedance probe, [P)7} Z3He AIPIMOE AT, AIMAGER=
I EYHAAIE A A MEZF TFETHI3). A IS5 X F(engineering qualification
model, EQM) 7ido] k= AJgolH, ol 7|2 = JAMMAP-PSR HZo] 7idE of"go]
o} Fig. 4+= Hl2jA] AR2d 229 §A1E IAMMAPY] =S o1l 9t} 71& 91488

. . w= = = = Power +28V
IAMMAP-PSR Configuration
= == == = Secondary Power
E-BOX i
CMD/TLM
e we = = Science Data
) IAMMAP etz
< Fluxgate AIMAG |« == — LVPS
<§( Magnetometer Controller : - - - -
= == o
1 |
1 |
1 I
S-BOX 1 !
LP =i — 1 Perigee
Langmuir Electronics 1 = = =% = -| Sounding
s Probe Board [*{ _:_ =TT Rocket
= 1
= | !
< Impedance P i ! |
Probe Electronics .
Board s ------ !

Fig. 4. lonospheric anomaly monitoring by magnetometer and plasma-probe perigee
sounding rocket (IAMMAP-PSR) electronics configuration. AIMAG, adaptive in—phase
magnetometer; AIPIM, advanced impedance probe for ionospheric monitoring; LVPS, low

voltage power supply: LP, langmuir probe; IP, impedance probe.
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3.2.1 AIPIM(advanced impedance probe for ionospheric monitoring)

3.2.1.1 Langmuir probe

LPE Langmuir & Mott-Smithol] 2J3} @i o, Eat=n} AdojA 714 7idshiA 73
et Ttoltf(14]. V-2 2A0] AS A= o][15], 1L fFR/do] YSHHA B2 ARRE =
2 A5 el A=) AR o] EH F TR Ho|| K AY(sweep)otH
SH2AE A5k sHAYAREC] BHOE E=T, old 'TAske Aol et AR
7F sk olF &Fste] Eetante] B4 ST 4 Qlth Fig. 59 o] ¥RbAQl -
V(current-voltage) 3419] si4Z Bl A W o] 29| ZtgH, H|FPA| HPl(spacecraft
potential) 5= FEZ 5= AU, ZF Yol gt E4 HHAE ol-&sto] Etxmte] WEet
255 FEob "ot IAMMAPY] 749 Guard ring + Disk-type?] FE}E A&oto], A71%F
9 o2 WSt oM, A4t4ao] HFSHL = 5 SRRt HE o|gsto] L2 HO)
RS Z3stTHIo!N

Plate Voltage: 300V & Grid Voltage: 90V Frequency 10 Hz

-o— PV =2500V
-o— PV =3000V
35 —e— PV=350.0V

Current [A]
T
Plate Current(mA)
N
S

Te = 2606.35K 30
y N, =46715.83cm~3
10-¢
(a) 5 (b)
1073 0
10 15 20 25 3.0 35 4.0 45 5.0 30 40 50 60 70 80 20
Voltage [V] Grid Voltage (V)
I - Freq. F: ;
w0000 Falling Region - Freq. 10 Hz 1000 alling Region - Freq. 10 Hz
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—-— PV=3500V
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Temperature (K)

20,000 %300
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Fig. 5. Analysis of plasma experiment using langmuir probe. (a) I-V curve obtained via LP,
(b) linearity between grid voltage & plate current with plate voltage at a 10 Hz sweep

frequency, (c) electron number density, (d) plasma temperature.
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IAMMAPS] LPoJA%= MCU(micro controller unit) W52 DA(digital to analog) AHE S
AR&5= DMAC(direct memory access controller)?} Z& 13 7153t 9l WG(waveform
generatory °-§sto] A A A4S AHoHA Hrt. o] F 7H] W42 MUX(multiplexer)
£ & AdS AEsHA H, ol: mEHE F EetRut ARE ST 5 A=E I=

£ 99k

3.2.1.2 Impedance probe

LPE ©=02 ARSI SEsfoF & R 71 AlRle] EAsk=H], 2A A5 EHY 2
A3t 9hd EAH BAVL ik o] T AR BAle Sehzole] WEel 5t REEE 1V
T4 =okaL, ofof wet ARd =R AlSd ¥ el UtH17.18]. mEkA, £ A
3 ARFS WA e IPE A elo] Se=n} QuEAg Sk Zo] IAMMAPS] 2
AHolet & 4 AUt

IPE Fig. 63} o] 28 Agislo] Sejzule] QuidAg Agishy A5 £ Zujs
(upper hybrid frequency, fupr)E 2 4 UEE 519, O] fumrT LUk AlR|Y BAE 5
o Zetznt o pusg 2250 Gk A9 AR S5 2] ohy] whge] vz o
A3t Y FARIA A-Ehs o] EAsHR, St Bakxut 414Ghear)?) ¢
oA HY7F fuupt BAA G 27g0] WQSITHOF 1-10 MHz). EQM A¥ATE v
0% 15 cm® Hi=E HHUE #-8sto] H2d Etzrt 40 AT = e E]lst
ATH191.

3.2.2 AIMAG(adaptive in—phase magnetometer)

EYAA0E AFAE 193690 A Esl o 20], 1958\ AFEUA Mo FAE &
o= HHXAH R AMGE]7] AIRSITH21]. A= E=t2vE olsfistal Aot Hlol
A71% Elolele B4AQl Q40A|N, 4= nTo| ARE A7 HolE #&sfof stEg, Ao

12.5
— 0t = 22 MA m—pjate = 11 MA

oo =21 MA = [py000 = 8 MA
w—[pjate = 17 MA  Ipiate = 6 MA

10.0

w—fpjare =14 MA w100 = 3 MA

Diff Voltage(mV)

Frequency(MHz)

Fig. 6. Impedance probe (IP) sweeps through frequencies to locate the upper hybrid
frequency (fyur). It identifies fyur by comparing the output to the background and selecting

the frequency where the voltage reduction is observed.
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o =17 Eolok Tt ARkl E-2A01E A=A e I U(pick-up) 4122 9
gol 2ol weh HiztsHA vkgsh7] w2l S7te] &k 230lM Aert B9 s &

A Fe HolFal Sl
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Fig. 7. Shape of IAMMAP and mounting on sounding rocket. (a) S-Box, AIPIM & Sensors,
(b) E-Box, AIMAG & low voltage power supply (LVPS), (c) structure of ionospheric
anomaly monitoring by magnetometer and plasma-probe (IAMMAP) on sounding
rocket. AIPIM, advanced impedance probe for ionospheric monitoring; AIMAG, adaptive

in—phase magnetometer.
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Fig. 8. Configuration of the communication link between launch vehicle and payload.
GPS, global positioning system; TLM, telemetry; SSR, solid state relay; FCU, flight control

unit; IAMMAP, ionospheric anomaly monitoring by magnetometer and plasma—probe.
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