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Research Trend of Calibration Methods on the
Satellite Microwave Sensors

Kyoung-Wook Jin" , Koon—-Ho Yang ™"

ABSTRACT

Research trend of calibration methods on the satellite microwave sensors was summarized in
this paper. In addition, current operational or following near—future Earth observing satellite
missions were introduced. According to these missions, the particular calibration methods on
the corresponding microwave instruments were described. The main characteristics of the

sensors and their scientific missions were also briefly explained.
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TRMM(Tropical Rainfall Measuring Mission)<
NASA(National Aeronautics and Space Administration)
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GPM(Global Precipitation Measurement)-<
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Dual-frequency precipitation radar (DPR) consists of
Ku-band (13.6GHz) radar : KuPR and
Ka-band (35.5GHz) radar : KaPR
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\yﬁ —— Flight direction
P 407 km altitude,

m ‘)‘/1‘& 65 deg inclination

Range resolution
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KuPR KaPR
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GMI
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al. TOPEX/POSEIDON Mission (1992-2006)
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HE1. WindSat Configuration

L Bandwidth Earth Incidence | Horizontal Spatial
Band (GHz) Polarization .
(MHz) Angle (deg) Resolution{km)
68 V H 12 535 40 x 80
107 V H+4 LR 00 499 25 x 38
18.7 V H +45 LR 750 553 Bx2
2338 V H 500 50 2x2
30 V H 2000 50 Bx13
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NPOESS 1330
Configuration

X2 : http://npoess.noaa.gov/
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NOAA-19(NOAA-N Prime)9J4& mix|go =
%83+ POES (Polar Orbiting Environmental
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S o] & XA A AR e ® NPOESS wjAo]
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Y. Aqua AMSR-E 449 B A

Solution for Effective
Hot Load Temperature "

Earth Temperature el m—
from Satellite Network |

Deep Space —]
Obsgrvgtion =27K

AMSR-E Radiometer
Observations (Counts)

a8l 9. Two-point AMSR-E On-Orbit Calibration

AMSR-E¢] #A=4 ®A A]2=®  (on-board
system)< FIA F FEOZ YTt A9
2.7K -7 BEAUAE &=
Mirror), 28|31 129 7|F L5 &8 =437 93]

SAEARL 22 s S a27]EF A (Hot

1= =

Nel A LEAT A Eo] 747t $EE =
A FHa, o] ZAHAAES nHeR fa At
(average effective temperature)E 3t} WAL
F o] mT|EFAI U FHd=E = B FFol ot =
BET} i 92 A e SEAE B8 e

bt

o

A

Fa2=s To17] oHE wAH ] A7 = AT
old| Wz} 73 2 (empirical calibration method)
ugo R o A2 HAHo] 1A o] W

o
He AMSR-E, SSM/I &2 TMI¢] Z+ Z+ g2 #=

Ral
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zb g AdES agEe] grenygY
(feedhorn)2.2 RFAFE HAS HAH
(radiative transfer model)& o] &3}o] AAtek 7,
o] }4& Tl P A #ZA|(earth-target
calibration points)& A& v|g] 2x9} g7 HA
FRIER &gate= 3otk = FAHY] 43 <4t
(two-point linear extrapolation) ©.& 3r=2X(hot
load) &% #h= T3k Aeoltk (13 9).

SEIVGAERA S At gr]euEe] ®BA
Ag = WA (budget)oll FFS F5 Fa38 A 7HH]
842 F 127]EF A H(warm load reference
error), A7 #(cold load reference
error) 18]aL 2fo] o H|H AP ol o o 2] A
HAPYS & 5 Utk (FaR BE deEs aes
A AMSR-E 414 €] rlo]ox(bias)= 100K A
0.66K 18] 3L 250K 4] 0.68K= AAHE)

¥ =
fasd

e ot

« FHorEe BEAPSE HAd FFE F=
F2% A 7 24

1) 2-271F& )92} (warm load reference error)
A7) EA 8 Fa o= okl vl 7HA AR

25H op7]e

1. PRT(Platinum Resistance Thermistor) 3 &%

2. 2= (hot load) 9] &% A%

3. A AR A

4. A AAPEH =2 Qg F & Eof| 4] 9] REAL

2) A271&3AX 92 (cold load reference error)

$FAME (cold  sky  reflector) ¥}
(feedhorn)Ate]oll A WAL= ol &7} = 9.2k 2.219]
Aok = g gdo 2= gAMAAG R o 23 3
= Eo| A o] WARZA 18] 3L RIAFE RFA| o] 45

5254 A

vl ==
==

9 Hriedy gAY NAGY B oA

(Radiometer electronics non-linearities

and errors)

ARG ] v A G S oF7|ske 8 82 4
B (square law detector)?] &3 sZfolt}),
o] NP L 4-AF HAHZE Fo 40| 715

sheh. A AAPEA] el of7]H = dlel e o
7] E}te] 2ms} wiel A7) o] 54k ol (gain
drift) wZol A g,

k. GPM GMI 4149 ®HA

F. / Main Reflector
Iy

Calibration

Reflector Deployment
Assembly - RDA

Cold-Sky Reflector
Calibration
Hot-Load
Instrument Bay Hot-Load Stray Light

Structure - IBS Aumlar Guard

Sunshade
Spin Mechanism RF Electronics & Feedhomns
Assembly - SMA
(Inside IBS) Reflector Launch
: Restraint (3 PL)
Tnstrument Support / ) i
Structure - 1SS .
‘-“-__ Instrument Control
Assembly - ICA

8 10. GMI TIHA| SHAE

Cold-Sky Reflector

/ 2203161-500

Hot-Load

Callbration Support Structure
2205 2203140-500

841-500

De-Spin Mechanism
2205881-500

Hat-toad Tray 7

2205816-500

Calibration LR
2205830-500

8 11. GMI 23 AlAH ojdEE| A

agl12. GMI 225X SAF 2-EX| (Hot Load)
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« GMI A=A 2H AlAH

GMIAA (19 10)+= & ] nlE e} f-AFsHA
T R (A SFEAZE 9 AL SAHAEE)
SAe o3k BAIFSZAS Sl BAo] o] FolXIth
GMIAX R A gk 2pAek U-8-2 [2]ef] 7]%%]o] 2k

ThE ol emE o} ApEstE = e Al BA
= A3l He] F7HARI S 0] o] Fol Xtk H ol
ol e AR STFEARR R/ o] Aol o=
574 283 v shis 23 A RARgE wol=
thol e =gke] SA4olrt. gt emE o] 3 WA 34

o} ZA AL E gt

(gain) 2 223k (offset) AlHETE o} 2} o] =T}
olero] wojx gl gl FAIH O H|HFALE A
kel 4= 9l o] ok 29 11 2 129 Hol=
AEASEES 918 JEAPE(Cold sky reflector )

load)= & o)A a1 T

fo
f
o,
o
1
=
5
o
S

St2C(hot load)?] &EE FFoz ZHEELL
AESY T T2 2= E 240K~330KE
FrABHA Hol vk A= e o] F&T2E]
¥ “eccosorb’ B EE R FH o] Hof 9lEd)

Rk

=de] FrEe A9 1o 7MY REs
4l 13] sl wisf o2 o] e A =,
A} o] 0
iy

A}
Fatele] s 8ol s sl WEES ghel B
2 17

Al H=dl, o= €4 wol=E Fo

ot RS AR 231
2 10-89GHz9] 79 0.9992 18]3l 165.5GHz <}
183.3GHz A€ A5 0.99998 ¢} 2 k& 71A oF
gt o= #5E W) 2xgle] TEEEEE YA
H= wgEE el AAl HAksks g Afolrt v
A& HAgs7] g8 Dot ezl 18
gEE Yol HA& 1170 o9 =54 (PRT)7F %
Zkulo] glom, PRT®} eccosorb ¥ 3EWARO] €]
SEESANS ATV JElM o] 2EAES
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g epr =2 Aol A3 9l
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SAEEEA B AWkl A
ofw A7) & Q& Bggo] == R F]lste]
A2 gol A PRTZF 81 ghE25-E Bloju)
H= Al olldk #A32 AMSR, WinSat,
SMMISE 9] AlMEellM vepd v gtk GMIZE -
ol e wAlHe] A ES YAl HAA|RE
A o] ARA L A8 stk

ml
o
fru
>
rlr

* N2 PFEARE £F(COLD SKY VIEW)
ALHA7EA = ALSFEARE 1A CSR(Cold
Sky Reflector)ell 98 (718 11) 9= &o] g7 =]
T 2.7KE] T EAL Seghelth SR} whRrhA|
2 9FEARE R TP o] 3 A el dis)
& QA =9, FukAbg o] eAte] B4

AR SAA ol = R HlE o B dlEAnE

st} 5 93k A8 12 S-FuE HAL o)
U OE 90E F AXZEE Y v WEe 9fgh
A5 aeaL STl E A 584 CSRY FH 55
F(back lobe)ZHH FY=HE= AFAS5 FAIUA]
T 3l alo] "k A AL o] SFEHALSAA]
== S A8 A 7124 28 CSRE S+
Elgdn=s

74431 7101 w5 A7} 5o gl

dlo] f-91(Moon Intrusion)
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[e) =
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AL TE o of g mlo] 72}
g omEA  #58 wh gk (e, SSM/,
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« £0|=Ct0|2=(Noise Diodes)

GMIAIA o] F2E] = o] = tho] Q== &
BANES Agst. Ad 1~7Rlo 2= o]
o] o]zr}o] @ Eof oJafA AW ] wo]=:
220K+ /-75K7H4] W3t} o] mo]=t}o]
o} 29 A kALY B A A] on I off & WHESHCL
SR 9 9-FulE A SAR SAY Asete] &

sEo] 71EAQ 2709 B ¥RIE (A& H 1Y)

fo i1 3o
M2 rr ro

frorlo

o Hatel 2718 744l A FAEE (el 2r}
ooEgt WA FAT ALSTRAG wmol=
oloxgkst A AT WLIATADES AT
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S5 Al vl
o] Aol gk
| 50l FAA R

1EH)) EICIQMIE X7 B2E gie| QHHILE 2=
Ztozo| WEt

GrenEe AT $EH, wme]= thel 2 Eglo]
A BEE 1S D AL @, LLHA R LT
RS AL tE fELE: W ARASE B

38t ZH2he] GMI Aldel dig <telu 2= @S
e} AR5 54 3k(Earth Count)E Z wholy 2
gko]ur ;(1]§ 7)\— %g]x% o7 u] o]}\l—ﬂ o] = %kc
(out of bound values) A|As}aL o] &3}A
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=
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O &2 olnfEAI L BA Ao R Al F SSM/I =)
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3 WS HA AlSH(non-linear iterative
least square)oll 2]l Z+ 3}k JAzbel oigh 7]+
W2 Eeks 24T 71 ok
T oA e £ o dukst
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wolth & A WA W £l
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Qug 59 A3 BAHA(Cross—Calibration)
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