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Aerosol Optical Depth Retrievals from BusanSat-B/PolCube
Polarimeter Airborne Campaign Measurements
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Abstract In this study, we present the PolCube, a multi-angle, multi-spectral push-broom imaging polarimeter, onboard a
BusanSat-B CubeSat, scheduled for launch in 2026. The instrument operates at four wavelengths—410, 555, 670, and 865
nm—across four angles. Before its launch, an airborne observation campaign was conducted using the engineering qualification
model (EQM) of the PolCube (Air-PolCube). The aerosol optical depth (AOD) is retrieved from the flight measurements for the East
Sea on May 8~9, 2024. For aerosol optical depth (AOD) retrieval, a linear conversion methodology was implemented to
transform Air-PolCube digital number (DN) values to VIIRS top-of-atmosphere (TOA) radiances. This approximate approach
utilized reference data from May 8, 2024. The derived scaling factors and offsets were applied to convert DN values to radiances,
allowing AOD to be retrieved from the scaled radiance. During the airborne campaign, VIIRS 550 nm AOD products showed
higher AOD on May 9 (~0.4) compared to May 8 (~0.15). The AOD retrievals, based on the look-up table (LUT) methodology
applied to the scaled Air-PolCube radiance, showed high correlation (R=0.91) and low bias (MVBE=0.021) in comparison with the
VIIRS 550 nm AOD. Following the successful launch of the CubeSat, Level 1B products with absolute calibration coefficients and
precise geometric corrections are anticipated to enhance the capability for aerosol property retrievals. The airborne campaign
demonstrated the feasibility of AOD retrieval using Air-PolCube measurements and provided an initial evaluation of PolCube’s
performance.
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ot A x $1/32] Moderate-Resolution Imaging Spec-
troradiometers (MODIS)%} Visible Infrared Imaging
Radiometer Suite (VIIRS)= tH7] A (top of atmo-
sphere; TOA) ZAt 3% JHE -85} Dark Target
(Remer ef al., 2020)7} Deep Blue (Lee et al., 2024) o
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Depth, AOD)¢} SAE& Zl—T—(Angstrém Exponent,
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2024'F 2€¢f] NASA 9] Plankton, Aerosol, Cloud,
ocean Ecosystem (PACE) 0] ¢] dH 2 &= HgA9l
Hyper-Angular Rainbow Polarimeter 2 (HARP2)2}
Spectro-polarimeter for Planetary Exploration (SPEX
one)©] BHALE] It Remer et al., 2019b). HARP2+= ]
= Z2E|Ro] 7w E dieh(UMBC)OIA 7=l
on] F 907H9] ZHx (£559F 7HA1AL A5PE (Nadir)
715 1,556 km @] W2 Z (Swath) oA &3 (Mar-
tins et al., 2018). TFFERE 75 Z}o] Afolsto] 440,
550, 870 nm oA Z} 107H, 665 nmoll A= 6074
o|th. SPEXone HERE 5471 (SRON)O
A st em F 57He] 2 (-57°, -20°, 0°, 20°,
57914 A Be spgolAd Aol 22 FA
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nm step)= ¥55h= 0|42 Z'd vt (Hasekamp et al,
2019).
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2.1 BusanSat-B/PolCube

PolCube= TH&Zt e, THE3 HFA 2 (multi-angle,
multi-spectral push-broom imaging polarimeter)=
Z Y] Z+% (57.0°, 52.0° 0.0° 5.0°) 4] ©F 20 nm2] ¥t
Z| A Z (full-width at half maximum, FWHM)-S 7}#]
11410, 555, 670, 865 nm 2] HAF &= I HPFS =
Yt A471A Yl A= ofolz2E ] v =o] St
4= (phase function) & =51, A H (53] P &
AL ggdor W=67] ol AR A o
3o Al 13} Z4o] stokes vectorS] I, Q, UAAES R &
FEH oot 4d B golHE 285t ol
T 4= QlTh PolCuber= H3-2 ¥5517] 9jste] ot
ol wret M2 o2 00, 60° 90°, 120° B3 We| S &
23k (Kim et al., 2021). 410, 555, 865 nmOl| A I-2}
LopS, 670 nmONAE 1062} Ige, I15s TETJICE

=

Table 1. Summary of the PolCube specification.
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I=[Q 69)
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Hago] WS & Yehfe B2 4] 20 &

DolLP=-"—~—— )

PolCuber HIFE7|HEA & F 567 kmo]
A L9E of|golm, 10°2] T AJoFZ}(Field of view,
FOV)2 7t} = Z (Swath)2 2F 100 kmo]™ 2
SHY (Nadir) 7120l A 3361 E+= ©F 0.39x0.31
km?olch. 8 5% HAL 2]%9} DoLPo] £+ 217}
SF 2.0%, 0.5%°] T} (Stamnes et al., 2021). PolCube2]

AR E 1] oFE]o] 9

2.2 3 &= Ahi2

B gy T Al PolCube FM BHALof| 9FA],
AA @7z g= S WAl FRlsk] Slst
o -39tk EMY} -8-AFSH Air-PolCube S King-Air
FE71° FAstA e, 19 1(a)oll YERH. EQM
< FM¥} &2, 3 Z1 o] =5 glolH Tt AlgshH, 2
Q] B Fu719] Asho s HESHEE At
Fot. 19 1(b)eF 2ol HIFY A, e vetdolA

PolCube specification

Platform BusanSat-B
Instrument type
Wavelengths (FWHM)

Radiometric & DoLP uncertainty

Multi-angle, multi-spectral push-broom imaging polarimeter
410(20), 555(20), 670(20), 865 (20) nm (All bands polarized)
2.0% for radiometric uncertainty

0.5% for DoLP uncertainty

Angles 4

Viewing angles (°) [57.0°,52.0° 0.0°, 5.0°]
Orbit altitude 567 km

FOV(°) 10°

Swath 100 km

Ground spatial resolution at nadir 0.39%0.31km?
Volume 12U

SO IstEx| M 41 E M5 S



Fig. 1. (a) The King-Air equipped with the Air-PolCube, (b) Calibration of the Air-PolCube using an integrating sphere at the
National Institute of Environmental Research.

Table 2. Summary of the Air-PolCube flight over Busan and Incheon, in South Korea, from May 8 to 10, 2024.

Date Target region Longitude (°E) Latitude (°N) Stez[tstTi;ne En(ﬁStiTr)ne Expo?rt:]rse) time ;2% T\tt
May/8/2024 Yellow Sea 124.5~124.7°E 35.2~36.8°N 11:38:47 13:23:52 8.669
May/9/2024 Yellow Sea 124.5~124.7°E 35.2~36.8°N 12:23:56 14:03:15 4.812 About
East Sea 129.1~129.2°E 34.8~35.2°N 11:06:00 11:30:52 4.812 3km
May/10/2024
New port of Busan 128.7~129.1°E 35.0~35.2°N 11:39:15 11:59:45 3.849
AEF=2 AA O] AR EAS A6t oH, A4 & &2 A85h7]ol ofg&e] Qltt. 1of wet ¥Eshe
A ARA A% L AT BAE 49 Folch 3T ol AuE L o) 24E wsto] B e
TEL2 =AY (KASD) PolCube ZNEEA A O] LSS 23U o] Hlol A% A2t
YSIATE 20241 59 8AFE 9UA7EA] QA 19 517] o] Rl AlA StEgflof Alof ZRIA eF
A3l (124.5~124.7°E, 35.2~36.8°N)° A oF 3km A5 AIZFS 224 245 T= 47 9] 25} dofut
oflA IS SRt 2024\ 59 10¥ell= FAF A o EEARES SAcke WHoR P E QI
Of A} ESHRF(128.7~129.2°E, 34.8~35.2°N)ellA] 11 A}, T2 o] = H|o[H & 23} §lo] AL
747} oF 1.5km, 3km g5 ollA TSoH3Ah 59 109 = WSESQITE 11 Lol g7 v AlAof| A ZpA|A]
T tolHe &2 AT 5 SAE BEste] 2 of Foll ¥Rt HEE AlFshr] 7] whizel A= A
ATL] S mAHA] 4SOl AgelA] ofof & A sho R STl 7SI wiZell, Hlg 7] 9
oAM= A2Joteltt. 2 AollA Eget sfif W5 ol AU ZpAA| o] el A TS AT} A5kl E

ole] 9] FFN = 3km 435 7
ojtt. 2 Q104 Z-83F Air-PolCubet= PolCube
$5ll EM S AHE8F A

PV AL, B TS

1202 9F2x2m?

oA 397} 4

2~
T

low, olef mhg et
A 4 lek shA, ol2§t eaks stehs vle
HE7E BES, 2 AFolAs VIIRS wlo]E ko] H]
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U229l 2 AAE0] A=) dlolg 215 7

Bog Aot B=F ool], AU Al
HRE AFF dgolet. ANl G 3 va 4

He= 3 20] ofstitt.

2.3 Digital number HIOIE{ X{2] & AOD AH&
2 4T TS ANE Fall g2 ool & digital

number (DN)Z AODE AH&3517] YallAl= A 3
T HH= QO] g g o} A TY (KAST)
O 2HE AFEE DN flat¥} dark current 237}
A o A EHO]‘:’r S1A]9L Air-PolCube= &57]2
BE B golgo] = 7|5 X (solar zenith
angle, SZA; viewing zenith angle, VZA; relative azi-
muth angle, RAA)E A 3H2] Z3tch 249 91449
PolCube ¥ 7|5} JH+= 91”4 4]Q1 BusanSat-BoilA]
AT Aolu, &5 &5 dolHMA s FsAl
A A= AR ATST O 715t AHE 98 A
Q7] W] Hote 24w RE Q7)o of
o] ek, b B QoA HAHE 45

o fi

_IZ:SL{‘”
o o

r{m

Mean Air-PolCube
Digital Number
- 410,555, 670 & 865 nm

I

Calculate the
Scale factor & offset

!

Air-PolCube
Scaled Radiance

VIIRS L1B TOA Radiance

(Resolution: 750 m at nadir)

—_—

- 412,550, 670 & 860 nm

- 410,555,670 & 865 nm
Surface reflectance
l D —— LER (30-day composite data
— from OCI)

Look-Up Table
- Dust/Sulfate/Smoke/Mixed

Retrieval of 555 nm AOD

Fig. 2. Flow chart of AOD retrieval from Air-PolCube mea-
surements.

915l DN Elo|HE HAL 2= Helch= HEo| A
2] & -85k3ITh AODE AH&Eshe 2 17
298] SEE et A
TS Hlole o] I EE oF2x2m’E F
731 (signal to noise ratio, SNR) 25
o W S-S 7 wpgollA 3 e
= %A% ettt (e o5 94
OF 512X 150 m?). - & Suomi NPP (Suomi National
Polar-orbiting Partnership)]l ©ZH% VIIRS LevellB
(L1B) EA} 2% Hlo]e| & &-8-5fo] FXHEE7} B
A d4stAE 59 84S 7| S 2 Air-PolCube DN
= Bl 91/ ] BAF 1ot dAJste = ekt & Sl
Hi-g Al 9 @ TS 53T Suomi-NPP VIIRS
= 7HPERE Aol abg (0.41~12.5 pm) 7HA] F
22712] BT S H.951H, oF 3,040 km 2] 7}
Ak & Aol 283 #5 ME] I E=
750 m©]™, PolCube&} FAFSH T (410, 555, 670,
865nm)2] VIIRS L1B TOA EAF 3] to]E] (412,
550, 670, 860 nm)= 2851t VIIRS L1B= &5 3
5 S 53g g o] HlolEE Zﬂ%@ oy
o]—L]a]- a5t E/q. 74_@_14 _1,].73 ° 747;] © =z %,]'E
} UZH dolelehe dolA 2 Ao Hx Eﬂ =
g-gs5t7]9 Ao (Cao et al., 2014). 202413 5
% 89| VIIRS #= AlZ}F(3:42 UTC) +3& o<
Air-PolCube DN H|°o]EE 500 m oWl 7V 7172
VIIRS TOA A} 2% A Ko} tf-§-5t3ict. -8 H
o|8 & &-g-oto] 7t s intet A 3 4S5kl
t}. 2] 30 wHa} Air-PolCube BAF 3] (Lo peq) HEZ
ksl ow, A 3] oy B bk% oo Al Al
9 @ IAS ofnjjich, HEkeh BAL 2= A 40 o
2} HEAFE (reflectance) @Eg 5tk 4] 49] Ey(M)
£ I BAF 24, 0= SZAES oju|gitt o B
At 25 = ZF YAto]| s Sh= Total and Spectral Irra-
diance Monitor1 (TSIS-1) €H+ Hlo|HE &35}
T}, Air-PolCube”} ¥H55h= Ad o] T4 w7} 717]
4= (slit function)©]] SFsk= £7He] Wi B EA}
X L5 Foto] 28519t (Coddington et al., 2021).
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Lscaled(A) =, DN(A) + b/\ (3)
T[Lscaled(/\)
fl = —scaledt/ 4
Reflectance (1) Eo () cosf 4

AOD AF&E-2 ZZAE (Look-Up Table, LUT)®|| 7|5t
sto] Y= QI ol BARAERE 2 thefRt 7)s)
27 9 2 EA YL, AOD ZA0f|A Abo] Akt
= BAF 2% gholl Uiddshs Aol 2 Aol A
g9t BEAPAE RIS VLIDORT (linearized pseu-
do-spherical vector Discrete Ordinate Radiative Trans-
fer; Spurr, 2006)°] ™, XAEO] LA I 39 Q95
At ol ofloj=E Fet 4 £71-2 Ozone Moni-
toring Instrument (OMI)2] @G ofo]2F 4tE il
2]Z2] near-UV (OMAERUYV; Torres et al., 2007)°]| 4]
283t ofoj2F B (4 sulfate, smoke, dust and
mixed)S 7|9FO 2 sttt Aol E thr] € A=
el oJgt BiAF A5 FAlof WEs17] whizel, th7]
aES AEstr] flsto] 2 A= A AR
H HEAFE (minimum surface reflectance) 574 W'H2
g-851] Air-PolCube TFZTHE] Lambertian Equiva-
lent Reflectance (LER; Kleipool et al., 2008; Herman
and Celarier, 1997)2 514t} o] & 9Jste] &-85H
tleo]8 &, PACE 149 AH21 Ocean Color Instru-
ment (OCI; Remer et al., 2019a) 2 OCI+= 305~900 nm
7H] 5nm IHA 0 & 2553 Hlo|HE AlEstH, o] &
Air-PolCube®| g He} AX|5h= S &8st
At 2024\ 59 §F & FetO] T Ho|HE 44
5o Air-PolCube THHE Z|AZ|EH HIALE HH
£ F/dstaih

)

Table 3. Look-Up Table (LUT) calculation conditions for Air-
PolCube aerosol optical depth (AOD) retrieval.

Parameters Entries
Wavelengths 410, 555,670, 865 nm
SZA(°) 0.01~88°(5° step)
VZA(°) 0.01~88°(5° step)
RAA(°) 0.01~180°(5° step)
Albedo 0.01,0.05,0.1,0.2
AOD 0.0,0.3,0.5,0.7,1.0, 2.0

Air-PolCube AOD 4t& ATHE H|W S| f]5to]
Deep Blue (DB)/Satellite Ocean Aerosol Retrieval
(SOAR) algorithm®]| 7]¥ksto] AF=% VIIRS Level2
(L2) AOD H|o|HE -85ttt g A== °F 6km
O] FRVeVF oA Alg-5kH, 274 = HloTH (Aero-
sol Robotic Network, AERONET)S} WAHASS 55
E2 Ago] G o] A Hlw e &g
ST (Lee et al., 2024).

3.2

3.1 2A 3= YE Het Zut

2024 59Y 8o =3t T WS Aofigt AL
oA Y=gl o, Asfjof A 550 nm AOD7} ThH-2

0.15 A|FFo = g2 Fo|Ql7] wfZol| |3 ¥ HRAE 7}
TS H 9 oA Bl 2] L3I 2 Aol A= o]
o] tlo|HE &8oto] AT vl Al H QuAl
HEE Fot¥et I 32 VIIRS TOA 5AF 3=t
Air-PolCube DN H|o|E|E ti-§-oto] 7} spgriimict
vepd Avtolct ZF sjd-2 (a) 410 nm, (b) 555 nm,
(c) 670 nm, (d) 865 nm°f| FsIH, & 56712 MZ
= &8sto] ARFIAAS 3 2ot A A=
o] Qlt}. 5¢ 8 3:42 UTCO| A3l QoA T&4H
VIIRS EAF 3]%= 2] 49 412 nmol| A 2F 93~95 Wm™
sl um™ o] glom, o]o) 3% Air-PolCube
410 nm DN 15.1~15.4 X 10* oA T djo]g] =
T A A3 T TS50 2 Qlof B2 HEA
< B3Itk 550 nm FAF 2]E=0] 9ol = oF 40 Wm™
st umtoll A BEo] E]9) 0™, Air-PolCube 550 nm
DN-2 3.10~3.17 x 10*¢] H9]o|A BZE STk 670
nm EAF FEE oF 19 Wm™2 sr! pm'lf’r_ e oW,
Air-PolCube 670 nm DN-2 2.44~2.49 X 10*2] HH$]o]|
Btk Ao 2 870 nm o] EA} 3] o] A9
ol &F 6 Wm™ sr™! um™! =520]91.0.H, o9t AF-g-5F
= Air-PolCube 865 nm DN-2 11.55~12.0 X 10* <]
ofl Al UEba-& Shlotoinh. gutA o &2, Bt 914 |
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(C) 19.2 T T T

£ Y= 1596E-4 X + 14.93
19.1 Nz 56

19.0

18.7 E

VIIRS 670 nm Lo, [Wmsr'um™]

2.44 2.46 248 2.50
Air—PolCube 670 nm DN (x 10%)

(b) —
E
=3
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E
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3
o
E
c
o
v
Tel
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T
s
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Air-PolCube 555 nm DN (x 10/)
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E g5l Y= 0.019E-4X+ 610 i
c - 56
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g
d
£
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o
©
©
£ 625f ]
S
6200 .. ‘ ‘ ‘
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Air-PolCube 865 nm DN (x 10%)

Fig. 3. Comparison of Air-PolCube digital number (DN) with VIIRS top-of-atmosphere (TOA) radiance [Wm™ sr™" um™'] on 8 May
2024 for (a) 410, (b) 555, (c) 670, and (d) 865 nm. Linear regression equations with sample size (N =156) are shown in each panel.

o[Ejete] H|W o R HAF HEA ALE o] §
SfAE vt A BH FRAHE = HloEE &85

of T35 A g4l gl 2=, 2 e
A= A EH HIALE O] B3 g o] A|ghAo]n] Ao
=2 gt ZV*OMQ U= G EhS &8sl o
Ao 0] B= ZH(N=56)2 E-g3to] 4337]
AL Foleleh 1 A, 2 Aol gukog
L85 AYs|AAE E8otg o, B2 3o o
RURU = o= g R 711?7]&@# QA Zkel 9
ol2|gh A= <Isf
to]E o] FA} HE —?} TrgefA et
on, 91 A =D gk Kt ookt
HEALE A Ho 7|kt AP B duEES T 5

el 4

TI9 4+ 9 3004 =E7F wE A AAS
2024 59 8¢ 9 9 AJfjof| 4] EESE Air-PolCube
tlofefo]] 2-g3F Axtolrt. 2} w'd-2 (a) 410 nm, (b)
555 nm, (¢) 670 nm, (d) 865 nm®l| {FSH= Air-Pol

Cube®] HA1E BAL 3% (L ,.0) S HERACE 59 8
A= F 1,6867H, 9L = & 1,58071 2] #= 227}
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i
Flo

AFE RS BAT 4 o £2 AHIE #5519
t}. VIIRS Hlo]E] 2} B w5L7] I5ke] o] 7]7Ee] VIIRS
dlo]E AJ7H 2] + 155 o]U] Air-PolCube AOD %, 6
km o|Hjo]] E0] 2= 71 7F7kS VIIRS AOD TS
ANE7HE 0 2 geAA 603719 M-S Agich 18
5(a)= Air-PolCube”} HIIHE AR 9122] VIIRS
550 nm AOD H|o|ElE F35te] Hlweh Ailo|rt,
+ 1558 5] 7] MEAdS aefsty] $lste] vl
A G2 Al W99 Asfit VIIRS AOD2} H]
st} sttt F2 B 490] &% dlol"HE A

Hlwsty] S8l 9 5(a)] ZH A FHOE 47

rr

km Uel] Gl 412 B Hlole S Shfeto] HE3Y
o} w3 B Ao) nelE GE BE AZ0| A2

13 5(b)ofl LeRATE 20241 59 8L} 9L o] s}
Z3St Air-PolCube AOD7} 0|5 RS VIIRS®} At
F3to] Helof whet 31789 B Auprt 59 9ol &
AX o7 Z utdE 52 & 4 STh Air-PolCube
555 nm AOD+= 8°] B|373 = whe} B+t 0.189+
0.0399] Zr2 H .o VIIRS 550 nm AOD+= Bt
0.146 +£0.0189] 72 X Air-PolCube”} 2F 0.043 4
T =7 AEE QI 92 9] Air-PolCube 555 nm AOD
= 3 0.345+0.002, VIIRS 550 nm AOD= Bt
0.411+0.072] gF& 2o Air-PolCube”} 2F 0.066 =
| A= QiTh HEHA © 2= Ajr-PolCube]| A] AH2
%l AOD7} VIIRS 9] #1} #=2 Y= HolFql
% 62 94 dieAX] B HolE Y AHE 2

ol

it

J. Korean Soc. Atmos. Environ., Vol. 41, No. 5, October 2025, pp. 862-873



870 olHl, 2w, 22T, Z|YE, HUIY, 87|, 222, A, Holg|
550 nm AOD
0.0 0.2 0.4 0.6 0.8 1.0
(a) May 8 2024 (12 42 LST) May 9 2024 (14:06 LST) (b)
i - T T T T " .
e éﬁé Alr—PoICutae flight path (May? 2024)

Latitude (°)

=

S6:2251 T13:59:35

T13:59:34
T13:59:33
T13:59:32
T13:59:31
T13:59:30

|

36.220 -

T13:59:27
T13:59:26

=

36.215+

I I
124.600 124.605 124.610

Longitude (°)

1240 124.2 124.4 124.6 1248 125.0
Longitude (°)

124.2 124.4 124.6 124.8 125.0

Longitude (°)

Fig. 5. (a) Retrieval of 555 nm AOD from Air-PolCube measurements on 8~9 May 2024. The background color of each day is
VIIRS 550 nm DB/SOAR AOD. The colors in the square indicate mean values of the PolCube retrievals within +7 km from the
center. (b) An example of all samples for an averaged value in panel (a) of the Air-PolCube on May 9, 2024.

08— T T T T T T T T
I R=0.91 1
Y =0.62X +0.11 i
| RMSE = 0.050 ]
MBE = 0.0201
06~ N= 603

0.4

VIIRS 550 nm AOD

0.2
O 8/May
O 9/May

0.0 £ a4 s f e oy o F g oy oo

0.2 0.4 0.6
Air—PolCube retrieved 555 nm AOD

0.8

Fig. 6. Comparison of 555 nm AOD from Air-PolCube and
550 nm AOD from VIIRS on 8 and 9 May 2024. Black and blue
open circles depict AOD values on 8 and 9 May 2024, respec-
tively. R, correlation coefficient; RMSE, root-mean-squared
error; MBE, mean-bias-error; N, the number of paired samples.

W2 =2 A (R=0.91)1 F2 H3F(Mean-bias-
error, MBE=0.02)2 X AA7} £2& = 90

2 s Ao s Btk @7, 9ol dEdon D
Ap=lo] Wrt Aokek PRI} Haet Ak AR gt

 o]3t AOD 41 FHE9] A EE T
Ao= 7didrt.

B oo A= 202610 BHAME
Al PolCube2] EQM H 7 2] ¥
FA Q1 Y-8 9 AE AASHIT 2024%
ASiE TSk oH, 10gell=
1ot Qlef Ao H3gsto] DN HEE ilﬁé} Atk
AOD A% 915] 59 8 VIIRS TOA EA} 3% 2}
=25 —?é]' O]-OC] Air-PolCube DN EA} 3|2 HEH
toule Al Toreleh ol &
o 841} 9 HFY HlolEof -85t At
£ 3.14800 A5t e o] F 7|HFe = 4HERT Air-
PolCube 555 nm AODE- VIIRS 550 nm H|o]E]2} g
7| 3.2780f 7|35t VIIRS 550 nm AODE 7|&2
2 20249 59 9Yo] gUHL} Lo Zre H o,
Air-PolCube 555 nm AODE ©]¢} H|W5}3-S o, =
L2 A (R=091)T W2 Q7 (RMSE=0.05), HaF

L o

=

L
—
oF

oft mo
ol

9 omge

Sty eS| M 41 H M55



BusanSat-B/PolCube 27| &2

(MBE=0.02)& 291}, 12k, §371914 A3ehe
Aol Aeto] gto 71719] Hoe AR A
7t ohd A dolelz HF7I4S 480t

ot

AR T B g1o] WAt o],
9 7jsh HAo] wlE LiB AR E B8}

= optimal estimation (OE) 7|5+2] &112]Z (Lee and

Jeong, 2025; Jeong et al., 2020, 2016)= Z-8-5}10q ofjo]
2Z EAS AFHCE AXNG o S Ao R oA

Hot. £5] Hg2 ofol2E 9] Fst EA WAL E
Holmg ofo]gZ Bshesd AHo| taf 714

{1
3
EEmE AT 5 9L A

e 2

0|

2 A 202335 RIS PO 8 o=y
AT G-H I (LAMP) A 2] ¢E o 35|
AEYTH(No. RS-2023-00301702). T3 2 AF+=
2024\ FARFAAZE 2Lkl (A) FATEH 2t 2

R T

o]
Zd5H] (2024F)0] 2J5te] A

fn)
ol
7]
il
W
o
o
1o
]
O

Ao AR e,

References

Cao, C, De Luccia, FJ.,, Xiong, X., Wolfe, R, Weng, F. (2014) Early
on-orbit performance of the Visible Infrared Imaging
Radiometer Suite onboard the Suomi National Polar-
Orbiting Partnership (S-NPP) satellite, IEEE Transac-
tions on Geoscience and Remote Sensing, 52(2), 1142-
1156. https://doi.org/10.1109/TGRS.2013.2247768

Carslaw, K.S., Boucher, O,, Spracklen, D.V.,, Mann, G.W.,, Rae, J.G.L,
Woodward, S., Kulmala, M. (2010) A review of natural

aerosol interactions and feedbacks within the Earth

A

ol

(=]

mjo

St o= Z o= M 871

system, Atmospheric Chemistry and Physics, 10(4),
1701-1737. https://doi.org/10.5194/acp-10-1701-
2010

Coddington, O., Richard, E.C., Harber, D., Pilewskie, P, Woods,
TN, Chance, K, Liu, X., Sun, K.(2021) The TSIS-1 hybrid
solar reference spectrum, Geophysical Research
Letters, 48, €2020GL091709. https://doi.org/10.1029/
2020GL091709

Deschamps, PY., Bréon, EM., Herman, M., Leroy, M., Podaire, A.,
Buriez, J.C, Deuzé, J.L,, Bricaud, A,, Séze, G.(1994) The
POLDER Mission: Instrument characteristics and sci-
entific objectives, IEEE Transactions on Geoscience
and Remote Sensing, 32(3), 598-615. https://doi.org/
10.1109/36.297978

Dominici, F, Peng, R.D,, Bell, M.L,, Zeger, S.L., Samet, J.M. (2006)
Fine particulate air pollution and hospital admission
for cardiovascular and respiratory diseases, Journal of
the American Medical Association, 295(10), 1127-
1134. https://doi.org/10.1001/jama.295.10.1127

Hasekamp, O.P.(2010) Capability of multi-viewing-angle photo-
polarimetric measurements for the simultaneous
retrieval of aerosol and cloud properties, Atmospheric
Measurement Techniques, 3(4), 839-851. https://doi.
org/10.5194/amt-3-839-2010

Hasekamp, O.P, Fu, G,, Rusli, S.P, Wy, L., Di Noia, A., Brugh, JAD.,
Landgraf, J., Smit, J.M,, Rietjens, J., van Amerongen, A.
(2019) Aerosol measurements by SPEXone on the
NASA PACE mission: Expected retrieval capabilities,
Journal of Quantitative Spectroscopy and Radiative
Transfer, 227, 170-184. https://doi.org/10.1016/j.jgsrt.
2019.02.006

Herman, J.R,, Celarier, E.A. (1997) Earth surface reflectivity clima-
tology at 340-380 nm from TOMS data, Journal of Geo-
physical Research: Atmospheres, 102(D23), 28003-
28011. https://doi.org/10.1029/97JD02074

Jeong, U, Kim, J,, Ahn, C, Torres, O,, Liu, X., Bhartia, PK., Spurr,
R.J.D., Haffner, D., Chance, K., Holben, B.N. (2016) An
optimal-estimation-based aerosol retrieval algorithm
using OMI near-UV observations, Atmospheric Chem-
istry and Physics, 16(1), 177-193. https://doi.org/10.
5194/acp-16-177-2016

Jeong, U, Tsay, S.C., Giles, D.M., Holben, B.N., Swap, R.J., Abuhas-
san, N., Herman, J.R. (2020) The SMART-s trace gas
and aerosol inversions: I. Algorithm theoretical basis
for column property retrievals, Journal of Geophysi-
cal Research: Atmospheres, 125(7), e2019JD031835.
https://doi.org/10.1029/2019JD031835

Kim, M., Kim, J., Torres, O., Ahn, C,, Kim, W,, Jeong, U., Go, S, Liu,
X., Moon, K.J., Kim, D.-R. (2018) Optimal estimation-

J. Korean Soc. Atmos. Environ., Vol. 41, No. 5, October 2025, pp. 862-873


https://doi.org/10.1109/TGRS.2013.2247768
https://doi.org/10.5194/acp-10-1701-2010
https://doi.org/10.5194/acp-10-1701-2010
https://doi.org/10.1029/2020GL091709
https://doi.org/10.1029/2020GL091709
https://doi.org/10.1109/36.297978
https://doi.org/10.1109/36.297978
https://doi.org/10.1001/jama.295.10.1127
https://doi.org/10.5194/amt-3-839-2010
https://doi.org/10.5194/amt-3-839-2010
https://doi.org/10.1016/j.jqsrt.2019.02.006
https://doi.org/10.1016/j.jqsrt.2019.02.006
https://doi.org/10.1029/97JD02074
https://doi.org/10.5194/acp-16-177-2016
https://doi.org/10.5194/acp-16-177-2016
https://doi.org/10.1029/2019JD031835

872

based algorithm to retrieve aerosol optical properties
for GEMS measurements over Asia, Remote Sensing,
10(1), 162. https://doi.org/10.3390/rs10010162

Kim, W.J., Moon, B., Choi, Y., Jeong, M., Lee, D.H., Park, Y., Park,
WK., Shin, J,, Sung, CK., Kim, S.B., Kang, K., Cho, S.,
Seo, H., Baiz, R., PolCube NASA LaRC team (2021)
Optomechanical design analysis of the Polcube pay-
load for 12U CubeSat. In: Proceedings of the Korean
Society for Aeronautical & Space Sciences (KSAS)
2021 Spring Conference, pp. 857-858.

Kleipool, QL., Dobber, M.R,, de Haan, J.F, Levelt, PF.(2008) Earth
surface reflectance climatology from 3 years of OMI
data, Journal of Geophysical Research: Atmospheres,
113(D18), D18308. https://doi.org/10.1029/2008JD01
0290

Knobelspiesse, K., Cairns, B., Mishchenko, M., Chowdhary, J., Tsig-
aridis, K., van Diedenhoven, B., Martin, W., Ottaviani,
M., Alexandrov, M. (2012) Analysis of fine-mode aero-
sol retrieval capabilities by different passive remote
sensing instrument designs, Optics Express, 20(19),
21457-21484. https://doi.org/10.1364/0E.20.021457

Lee, J,, Hsu, N.C,, Kim, W.V,, Sayer, A.M,, Tsay, S.C. (2024) VIIRS Ver-
sion 2 Deep Blue aerosol products, Journal of Geo-
physical Research: Atmospheres, 129(6), €2023JD040
082. https://doi.org/10.1029/2023JD040082

Lee, S., Choi, M., Kim, J,, Park, Y.-J,, Choi, J-K,, Lim, H,, Lee, J,, Kim,
M., Cho, Y. (2023) Retrieval of aerosol optical proper-
ties from GOCI-Il observations: Continuation of long-
term geostationary aerosol monitoring over East
Asia, Science of The Total Environment, 903, 166504.
https://doi.org/10.1016/j.scitotenv.2023.166504

Lee, S., Jeong, U. (2025) An optimal-estimation-based algorithm
for simultaneously retrieving aerosols and ocean
parameters using multi-angular polarimetric measure-
ments. In: Proceedings of the EGU General Assembly
2025, Vienna, Austria, 27 April-2 May 2025.

Martins, J.V., Fernandez-Borda, R., McBride, B., Remer, L., Barbosa,
H.M.J. (2018) The HARP hyperangular imaging polar-
imeter and the need for small satellite payloads with
high science payoff for Earth science remote sensing.
In: Proceedings of the IGARSS 2018 - IEEE International
Geoscience and Remote Sensing Symposium, Valen-
cia, Spain, 22-27 July 2018, pp. 6304-6307. https://doi.
org/10.1109/IGARSS.2018.8518823

Mishchenko, M., Cairns, B., Kopp, G., Schueler, C.F, Fafaul, B.A.,
Hansen, J.E., Hooker, R.J., Itchkawich, T., Maring, H.B.,
Travis, L.D. (2007) Accurate monitoring of terrestrial
aerosols and total solar irradiance: Introducing the
Glory mission, Bulletin of the American Meteorologi-

cal Society, 88(5), 677-691. https://doi.org/10.1175/
BAMS-88-5-677

Moon, B., Choi, Y.J,, Jeong, M., Lee, D.H,, Park, Y., Park, WK., Nah, J.,
Kim, W., Shin, J.H., Kim, S.S., Kang, K., Cho, S., Seo, H.J.,
Baiz, R. (2020) Design of polarimeter payload for 12U
CubeSat, Proceedings of SPIE - CubeSats and Small-
Sats for Remote Sensing IV, 11505, 115050R. https://
doi.org/10.1117/12.2568509

Mukherjee, A., Agrawal, M. (2017) A global perspective of fine
particulate matter pollution and its health effects. In:
de Voogt, P. (Ed.), Reviews of Environmental Contami-
nation and Toxicology, Volume 244. Springer, Cham,
Switzerland, pp. 5-51. https://doi.org/10.1007/398
2017_3

National Air Emission Inventory and Research Center (NAIR)
(2022) Air pollutant emission statistics in 2025. https://
www.air.go.kr/main.do

Remer, LA, Davis, A.B., Mattoo, S., Levy, R.C,, Kalashnikova, O.V.,
Coddington, O., Chowdhary, J., Knobelspiesse, K., Xu,
X., Ahmad, Z., Boss, E., Cairns, B., Dierssen, H.M., Diner,
D.J., Franz, B., Frouin, R., Gao, B.C,, Ibrahim, A., Martins,
J.V.,, Omar, A.H., Torres, O., Xu, F., Zhai, PW. (2019a)
Retrieving aerosol characteristics from the PACE mis-

sion, Part 1: Ocean Color Instrument, Frontiers in Earth
Science, 7, 152. https://doi.org/10.3389/feart.2019.
00152

Remer, LA, Knobelspiesse, K., Zhai, PW., Xu, F, Kalashnikova, O.V.,
Chowdhary, J., Hasekamp, O., Dubovik, O., Wu, L.,
Ahmad, Z,, Boss, E., Cairns, B.,, Coddington, O., Davis,
A.B., Dierssen, H.M,, Diner, D.J,, Franz, B., Frouin, R.,
Gao, B.C,, Ibrahim, A,, Levy, R.C., Martins, J.V., Omar,
A.H., Torres, O.(2019b) Retrieving aerosol characteris-
tics from the PACE mission, Part 2: Multi-angle and
polarimetry, Frontiers in Environmental Science, 7, 94.
https://doi.org/10.3389/fenvs.2019.00094

Remer, LA, Levy, R.C,, Mattoo, S., Tanré, D., Gupta, P, Shi, Y., Saw-
yer, V., Munchak, L.A., Zhou, Y., Kim, M., Ichoku, C.,
Patadia, F, Li, R.R,, Gass¢, S., Kleidman, R.G., Holben,
B.N. (2020) The Dark Target algorithm for observing
the global aerosol system: Past, present, and future,
Remote Sensing, 12(18), 2900. https://doi.org/10.33
90/rs12182900

Spurr, RJ.D. (2006) VLIDORT: A linearized pseudo-spherical vec-
tor discrete ordinate radiative transfer code for for-
ward model and retrieval studies in multilayer multi-
ple scattering media, Journal of Quantitative Spectro-
scopy & Radiative Transfer, 102(2), 316-342. https://
doi.org/10.1016/j.,jqsrt.2006.05.005

Stamnes, S., Baize, R., Bontempi, P, Cairns, B., Chemyakin, E., Choi,



https://doi.org/10.3390/rs10010162
https://doi.org/10.1029/2008JD010290
https://doi.org/10.1029/2008JD010290
https://doi.org/10.1364/OE.20.021457
https://doi.org/10.1029/2023JD040082
https://doi.org/10.1016/j.scitotenv.2023.166504
https://doi.org/10.1109/IGARSS.2018.8518823
https://doi.org/10.1109/IGARSS.2018.8518823
https://doi.org/10.1175/BAMS-88-5-677
https://doi.org/10.1175/BAMS-88-5-677
https://doi.org/10.1117/12.2568509
https://doi.org/10.1117/12.2568509
https://doi.org/10.1007/398_2017_3
https://doi.org/10.1007/398_2017_3
https://www.air.go.kr/main.do
https://www.air.go.kr/main.do
https://doi.org/10.3389/feart.2019.00152
https://doi.org/10.3389/feart.2019.00152
https://doi.org/10.3389/fenvs.2019.00094
https://doi.org/10.3390/rs12182900
https://doi.org/10.3390/rs12182900
https://doi.org/10.1016/j.jqsrt.2006.05.005
https://doi.org/10.1016/j.jqsrt.2006.05.005

BusanSat-B/PolCube ™2

Y.J., Chowdhary, J, Hu, Y., Jeong, M., Kang, K|, Kim, S.S.,
Liu, X., Loughman, R., MacDonnell, D., McCormick,
M.P, Moon, B., Omar, A., Roithmayr, C.M., Sim, CK., Sun,
W., van Diedenhoven, B., Videen, G., Wasilewski, A
(2021) Simultaneous aerosol and ocean properties
from the PolCube CubeSat polarimeter, Frontiers in
Remote Sensing, 2, 729672. https://doi.org/10.3389/
frsen.2021.729672

Sunyer, J,, Basagana, X. (2001) Particles, and not gases, are asso-

ciated with the risk of death in patients with chronic
obstructive pulmonary disease, International Journal
of Epidemiology, 30(5), 1138-1140. https://doi.org/
10.1093/ije/30.5.1138

Torres, O, Tanskanen, A., Veihelmann, B., Ahn, C,, Braak, R., Bhar-

tia, PK,, Veefkind, P, Levelt, P.(2007) Aerosols and sur-
face UV products from Ozone Monitoring Instrument
observations: An overview, Journal of Geophysical
Research: Atmospheres, 112(D24), D24547. https://
doi.org/10.1029/2007JD008809

Wan, Z,, Zhu, M., Chen, S., Zhang, H., Wang, H. (2016) Pollution:

Three steps to a green shipping industry, Nature, 530,
275-277. https://doi.org/10.1038/530275a

A EE = HHOIS S5t o|0I2E ZSITH ME 873
Authors Information
olHl (KAt st FIHY HAIARZSAE A Akt sHAY)

(subin_lee@pukyong.ac.kr)
A9 (FAYSL FIARA LT
(ukkyo.jeong@pknu.ac.kr)
R E@RALATN SRS By
(bkmoon@kaSLre.kr)
IAEATY ST B
(y]ch01@kas1.re.kr)
AU (@RARATY SFHSIRALY. AT )
(msjeong@kasi.re.kr)
U117 (AR ATY SRS AADTE)
(wkpark@kasi.re.kr)

A9 (ARALATY SFHFRALE. ATY)

2

(ehdsprkrp@kasi.re.kr)

S IERE BT S D e E )
(ycryu86@btp.or.kr)

18] (AT 2 et 2 St e A7)
(inhoe@btp.or.kr)

J. Korean Soc. Atmos. Environ., Vol. 41, No. 5, October 2025, pp. 862-873


https://doi.org/10.3389/frsen.2021.729672
https://doi.org/10.3389/frsen.2021.729672
https://doi.org/10.1093/ije/30.5.1138
https://doi.org/10.1093/ije/30.5.1138
https://doi.org/10.1029/2007JD008809
https://doi.org/10.1029/2007JD008809
https://doi.org/10.1038/530275a

	BusanSat-B/PolCube 편광계 항공 관측 캠페인을 통한 에어로졸 광학두께 산출
	Abstract
	1. 서론
	2. 연구 데이터 및 방법
	3. 결과
	4. 결론 및 요약
	References


