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Abstract: Aiming at the application requirements of brightness temperature calibration of the hot calibration target of
spaceborne microwave radiometer, and based on the temperature gradient characteristics of the absorbing coating of the
calibration target and the mechanism of brightness temperature deviation, combined with practical temperature measure-
ment and experimental methodology, a brightness temperature metrological calibration technology solution applicable
for in-orbit use is studied. Given the current background of high emissivity design and determination technology of the
calibration target being basically perfected, this work focuses on summarizing the methods for determining the tempera-
ture gradient characteristics of the calibration target coating. The goal is to construct an in-orbit available brightness tem-
perature calibration method that uses multiple parameters, such as the measurable temperature values of the metal inner
core of the calibration target and that near the radiation aperture of the calibration target. Based on feasible electromag-
netic simulation technology, thermal simulation technology, platinum resistance and infrared temperature measurement
techniques, the paper preliminarily summarizes the implementation path of the brightness temperature calibration tech-
nology system for space-borne calibration targets. This involves first constructing a basic brightness temperature calibra-
tion model considering uniform background brightness temperature and improving the mapping relationship from the in-
ner core temperature of the calibration target and the equivalent background brightness temperature to the longitudinal
temperature gradient of the coating. Subsequently, an application model for brightness temperature calibration consider-
ing the installation environment is constructed, improving the mapping relationship from the temperature measurements
of the inner core and that of the radiation aperture area of calibration target to the overall brightness temperature devia-
tion. Finally, the validation and application of the brightness temperature calibration model are discussed. The research
on brightness temperature calibration of space-borne calibration source is an important technical basis and reference for
further improving the accuracy of brightness temperature of calibration target and even developing space microwave radi-
ation measurement standards.
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Fig. 1 Configuration of the iso-temperature surfaces in the coating layer of microwave calibration target (MCT for short). (For

demonstrating the temperature gradient in the height direction) (Parameters: period of the unit: 6 mm; uniformly coated pyramid,;

height to period ratio: 4:1; bottom temperature: 300 K, background brightness temperature: 3 K)
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the local absorption rate distribution in the coating layers of the
MCT
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Fig. 3 Configuration of the thermal simulation for the tem-

perature distribution in the coating layers of MCT

(R EE S - bR IR 4 8 LI RE T

B A 5 4 B BT T e, TR E A 2
BB AR )12 A A R RE, A 4 R
5 N E B A i BEL A R O A R S AT
HEo R, 5T B VR 4 a8 P A IR AT LA hT
AR IR A T, s BT X K2 4
ARSI AT OBCT, AE WA 4 28 AR B B, 8 3k ) ik
TRZE A RHE , B 2GR R O AR SR SRR B 345
PR ) A5 AR TG, AT LS B PN ERS B2 0. 02 K, i
FERIAIEE0.07 Ko A S 4G B2 Y 28 A U5 PN
TR T R AR, SR AR SO B A TR R o B AR Y
B,

(SR EE [l 4 S i -80S St B S Ui BT 5y

FEAR TR AE B a7 Ry P AP £ 1 2 S A

Bl 4 BT A I 4 T P B R G T EE 0 4 7 2 : () < PR A AT P B 222 5 B R T 2R B 5 (B) 2 AUz 475 OBCT WIFE % 5 1R 590 5
() it BE L P o 5 520

Fig. 4 The measurement configuration for the temperature of OBCT inner metal core.: (a) : platinum resistor temperature (PRT for
short) installing and measuring configurations; (b) : the initial appraisal of the OBCT of Fengyun—4 microwave radiometer; (¢): High—precision tem-

perature controller.



6 LT 5N 5 B K k2

XX &

B, PR T A By A A 2 A R A N I Y
F AT A 52 BT 0 AEHBIRTBYBE , W] LA 2 512
55 T B i {5 FUASERY | e [ ) g A1 AL AT A
A S TS B G ROA BT S IR 1) BT 5 [T
2t DL BRI HT, ALAIEREAS SR AR AR
() 2% v, M SSAE T TR DR 3 LA Ol S I RS
I8 BT o HIPE R T(2) 6
2.2 BES&ZEREABTETQHHHFEFRR
FEXTTEREA LR B R R P OB R IR )Z
WRLEE 7345 T(2) , AT AR B0 BT B S 3R AS AR PR
G TEHLZ AT, B /i T e AR SCTIe i S TR i 4
ARA XS F AL Ge e b I s R i S 22 5. B
PRI, an= (L) A, % Bm VR S S i A A% 48 o A
T, HAE A2 R R IR — A S RORE T, e L
KGR e AR ERNE A B ARSI SR TR
(4) 531 — FL A Bn Y 45 48 1 2 [ B A S T, 25 2R
ULIES 7R 43 B 5 R X T 1] 2-3 FlSC
wE . AT LA B AR LR TR T, =300 K, 5544
T 52 IR BT 51 AR AR 22 BB LT, 2
IR R 22 (IR B T T ,,,=300 K) H B IA S (14 BE A
FARAING O AR R U E AR IR IR 2 N R R
TR R A A A2 ) S B AT AR AR 8 1T XA [
JEE Ak W 2 PN PR30 T DA AS TR) A UM, T Bk T /2
TR AR R S 5 0
WA R, AN BRI FH A A 5L S — kB 0
G RO BT B AR R A T AR IR Y S B e T
SR (4) B AR B A ZBR T (2) B9 43 A,
SR R B R 22 R Al T se iR 25 . Sk [10]
HR O EATE B T K BT B KRR
i 2 A 117 Ak 280 35 15 SR IS =2 )3l 22 (7 EL{ED) |
P TR SR BT, 5 4 B LR T, 2 )R
ZEM E AN T o AR SCIT RIS A 3 T R S 1) %
TR HERE A A bt R 33 e i) A v A T i 22
ABT, 5 (T =BT ) Z RN BY & F , JE 1T 857 A BT,
55 (48 NHE T e, FCAb R B 28 far /R B2 4G DU 55 7,
T,, T) B EAEXT I 56 &, T SE e R A o
2 Tk, 20X 1R 2 B T () 20 AR g )
Wo AR I, TR 2 NS I I 0 AT R X DL B A
B, A R PE AR B 20 BARAS . AR L il
I AE AT B AT S BB BT AR R [ R 2
ISR R LA (S RER 6. ¥ T
(2) 43 A PEAT AR Ak i de KA 0 — L Ab 38 | % B AH
XA AR SRR AR o X — 7 T R AT BT

10mm, 4:1, BJ5)ELE N 4HE

o
8
oo
13
LR
"

12
8

© e

5 eee

s o ee e
ss e

© o eee

FARK)
b
BEBE
=
€
.

QEEER

_—
JE
g
&
o

"0 20 40 60 50 100120130160 180200220 240260 280300 320340 360380 400
$71% (GHz)
sos IHEMIBZE1208K, FFIERETK
seo MEMEELLMK, FFEREIGK
HEPIREIAIK, FEREM K

sos IWEMIBETITK, FFIBIEZGC.TK

sos FEPFHRES 64K, FIRIRE3ETSK

soe EEFHRES 6K, FFEIRE26.85K
Bl s ANRIFRSE LA AF T, 3950 TR VA 2 b U5 4 7 1) 4
G52l 10 mm RPSEIR - (BRI 7,,,=300 K, R EE75 5o i
AR T e bR IRHE I LI | PRI S B O s IR B O A )
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Fig. 8 Surface temperature measurement of the MCT coating layer by the infrared temperature measuring method, in laboratory en-

vironment.
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the MCT surface temperature in the thermal-vacuum facility.

Surface temperature measurement configuration of

(By infrared thermometer, focusing on the tip position of the
MCT)
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Fig. 10 Thin PRT measurement upon the surface of coating layers of MCT.
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Fig. 12 Scheme design for the fundamental model of brightness temperature calibration
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Fig. 13 The applied model of brightness temperature calibration: (a)Scheme design for model construction; (b) Thermal experimental con-

figuration considering installing structures.
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Fig. 14 Scheme design for the Error analysis for the brightness temperature calibration



12 AN/ RS9 S g o XX

gl

5 A5 3 R TR RS AR Y T A N ] 37 5 BRI
e E bR B b B S B2 IR A R A, AH L LA T
RS ARV B AN M 5 JRE A (R SR R EE A 4
AL B FEME A @ bR R v, S8 i A TR
TR e T < T PA) S RTT s 10 11 T S 3 A 45 i R S
DIE, 255 R 53 R ORI A 25 SR | 52
I 25 H RO AR U A A S S e ol a0 E A i R Y
K§BEPEAT , B0 UE T8 1E S8 iR MR BY | A D 78 B
JHHT Y e IR T

e LR S, T G B i R A AL
55, Al S AL 1 B 2 b 2 s T I 2 N
M 3 S T B Gl o s 6 S B v AR A 88 s v
B o KAWL, R SR I s AR IR iR AR T 5 T 2
T3 FR RO T 5P R ) TR o T E R T
5 ST R A B I S T, R S A R B ]
b ry 75 A (a0 b R R MR AT 07D o Mg
T A S S AN AR s A v, LUIR 55 T 32 g ]
4 S R SOOI, 2 6] s 5 ] P AR DG AL R 5%
JyiEEEH bR, 36 E KR S BRI 5T B
(NIST, National Institute of Standards and Technolo-
gy ) Bl Gkt Ay R 5 R R VE T e T — R AN 5Y
TAER, FRETT WS R Tk H B AR
Tl 5 B8 [l R f 2k ofiE , H AR 55 10 ~90 GHz,
D AN 2 BE 0. 3 K(h=2) , 7 El B b Al J& T4 56 iy
BORTRE o B IR 5 R B R e A B AR o)
BB OBCT [ se i (AT 30k . 25 1, 2 Tl
JRE S (AL 8 7 s R Y B0 25 TR AR AR TR, 2 A3
AR SIE R IR A B i DB R A
07 S IR B B R GE PR B T 5 X T Il 7 iR i e g 2
G s br R, W R R R AR S %

4 BEERE

A S 48 A2 28 BB A A T A DA I e
F0 8 55 S S TR R T 5K, DAHE AR 4 51 70 72 A 5
¥Rl A BB K A PR e O 22 B9 O B
R, DA R A 2 i =, WA 17 S 3
LA XA, 7 B AR X 23 A B A v B R B AR O
G0 TRV PR 5 T AT AR A5 I L, BID4n iy 256 BB A Y5
URIZFR AL PRIRAR , e T ETAER & )8 N HEIR
oA BT P BELI o, 5 b 1rT £ A MO 7 8 T e S 11
WAME R E AL B OGRSk T LIRS, Rt A
SCHEE T 58 B 1Y 2 430 o 0 0 0 A I B AR
2, X B BB A S RE AR B 1) AR e B TR A
THEARG SRR . 2D B BAR S R R

A0 A AR A R P AN TR R 5 T e 25 REOC R LT
0 R e R T P A R R (25 R AR A TG
OB SV S 2 AP 1 ELARBEGY T A

AR SC T AR 538 U0 75 5RO K2 U5k
HUB Ok BT RERRE . TR WS
TE A b DU 8 - 6 B R, S R S AR Ak R
K, TR BF 22 Ge ity 3 BB 9, A L SE 2%, O DR E L
K BE 7 ZA) AR T E P AE L o A RTIHIRIE , 8
FRE B R 1) T B0 5 T T R R I s AU A
PR R AR 22— 4T, B 25N 28 (Rl AR 1 3
I FE BT B4 XU 2 D 5 288 A 28 s Y ) 58 A% 00 B
AR SFIPIFE = i E i, 5 H B PRT DU EORS B2 A%
TR RS 82 R AR T, HG v I RRS B M H 0. 1 K 2 3]
0.02 K By 7K F, AR5 B 0,15 K i 25 ]
0.07 K, AL MAEB LA HEBE T HR IR . 7E
J 61 58 WU S S TR T A MER R A R S R e
AT RN L, S 52 R AR R HE R — 1R
B BE AR IR N o

References
[1] HE Jieying, ZHANG Shengwei, WANG Zhenzhan , et al.

Prospects for Microwave Atmospheric Sounding of the New
Generation of Fengyun Meteorological Satellites [J]. Chi-
nese Journal of Space Science, 2023, 43(6): 1025-1035.
(PIASE, skFAAR, TR, %5 RN EL LEMBERS
PR [ ot 5 fe 22 ()], == m R 4224 ), 2023, 43(6) -
1025-1035.

[2] WANG Zhenzhan, WANG Wenyu, TONG Xiaolin , et al.
Progress in Spaceborne Passive Microwave Remote Sensing
Technology and Its Application [J]. Chinese Journal of
Space Science, 2023, 43(6): 986-1015.

(B i, E3088, PR, 55 B 3l sh s e R ER
B THERE [T]. 25 REE2AA) , 2023, 43(6) : 986
1015.

[3] He Jieying, Dong Xiaolong, Lu Naimeng. Perspectives of
Transmission and Traceability of Space Microwave Radio-
metric Benchmark [J]. Chinese Journal of Space Science,
2023,43(06):1016-1024.

(AT ZS S0, BEGET0, 75 T4 . 225 (1A 5 S S5 o A% 32 W Y
JEEA[J ] A5 (R4 ) ,2023,43(06) : 1016-1024.

[4]GuSY, GouY, Xie X X , et al. Recalibration of the FY-3
microwave payload historical data records [J]. National Re-
mote Sensing Bulletin, 2023, 27(10) :2252-2269.

(BN, S5k 0, 55 s =5 TR Il g 7 o2
B ERRL ] IR, 2023,27(10) :2252-2269.

[5] Wang Z 7, Xiao Y W, Zhang S W , et al. Analysis on appli-
cability of nonlinearity coefficients derived from prelaunch
calibration tests to onboard calibration of Microwave Humid-
ity Sounder (MWHS—-1II ) on FY-3E satellite [J]. National
Remote Sensing Bulletin, 2023,27(10) :2327-2336.

(B A7, S AR, sk T, 45 FY-3E SO B & S A
FERRIARZ M RBE B P br P i 3s FME A A (] R



XX P AF R S AR IR R A e R R AR R T SRS 13

#4¢),2023,27(10) :2327-2336.

[6] XIE Xin—xin, WU Sheng-li, XU Hong—xin, et al. Ascend-
ing—descending bias correction of microwve radiation imag-
er on board FengYun-3C [J]. IEEE Transactions on Geo-
science and Remote Sensing, 2019, 57(6): 3126-3134.

[7] TWARONG Elizabeth, PURDY William, GASIER Peter,
CHEUNG Kwok, and KELM Bernard. WindSat on—orbit
warm load calibration [J]. IEEE Transactions on Geosci-
ence and Remote Sensing, 2006, 44(3): 516-529.

(8] Dong K S, Xie X X, Li X, et al. Nonlinear characteristics of
FY-3D microwave radiation imager and an optimal calcula-
tion method[J]. Journal of Remote Sensing, 2020,24(03) :
226-232.

(HE oM, W0, 2555, 55 FY-3D Sl AR (X AR £ vy
fif Be vt 5507 S A Ak (7). 38 2 4 ), 2020, 24 (03) -
226-232.

[9] DRAPER David, NEWELL David, TEUSCH Dennis, YO-
HO Peter. Global precipitation measurement microwave im-
ager prelaunch hot load calibration [J]. IEEE Transactions
on Geoscience and Remote Sensing, 2013, 51 (9): 4731-
4742.

[10] SCHRODER Arne, MURK Axel, WYLDER Richard,

SCHOBERT Dennis, WINSER Mike. Brightness tempera-
ture computation of microwave calibration targets [1l.
IEEE Transactions on Geoscience and Remote Sensing,
2017, 55(12): 7104=7112.

[11] VIRONE Giuseppe, ADDAMO Giuseppe, BOSISIO Ada
Vittoria, ZANNONI Mario, et al. Thermal vacuum cold
target for the Metop—SG microwave imager [J]. IEEE Jour-
nal of Selected Topics on Applied Earth Observation and
Remote Sensing, 2021, 14: 10348-10356.

[12] YUAN Rui-li, TAO Yuan, GAO Qing—song, et al.
Brightness temperature analysis in the miniaturization of
pyramidal calibration targets for sub—millimeter wave radi-
ometers [J]. IEEE Geoscience and Remote Sensing Let-
ters, 2022, 19: 5003505.

[13] JIN Ming, YUAN Rui-li, LI Xiang, et al. Wideband mi-
crowave calibration target design for improved directional
brightness temperature radiation [J]. IEEE Geoscience
and Remote Sensing Letters, 2022, 19: 7001705.

[14] Gao Q S, LiD T, Tao Y, et al.The Study of Metrology and
Measurement Technology of Spaceborne Microwave Radi-
ometer Hot Calibration Target [J]. Vacuum and Cryogen-
ics,2023,29(02):103-110.

(RIS, 29 K K B, 55 . 2 2 R S 3 A A U
TSRS (7], B2 5 AR ) , 2023,29(02)
103-110.

[15] JACKSON D, GASIEWSKI A. Electromagnetic and ther-
mal analyses of radiometer calibration targets [C].
IGARSS 2000. IEEE 2000 International Geoscience and
Remote Sensing Symposium. Taking the Pulse of the Plan-
et: The Role of Remote Sensing in Managing the Environ-
ment. Proceedings (Cat. No. 00CH37120) , Honolulu,
HI, USA, 2000, 7: 2827-2829.

[16] ZOU Tao, SHANG Zi-qian, SHENG Yu-peng, WEN Qi-
ye, LU Guang, WU Zhao, SU Yan-rui, LIU Hai-wen,
YAN Fa-bao. Research on calibration targets for a 35-40
GHz millimeter—wave solar radio observation system [J].
IEEE Transactions on Antennas and Propagation, 2023,

71(5): 4094-4101.

[17] LIU Jie, SUN Zhen-lin, SUN Guangmin, LI Yu, CAO
Tong, TANG Wen—jie. Design and implementation of a
Ku-Band high—precision blackbody calibration target [J].
Micromachines, 2023, 14(1): 18.

[18] LI Xiang, BAI Ming, JIN Ming. Direct modeling of ther-
mal-radiation reception by antenna in close range [J].
IEEE Transactions on Antennas and Propagation, 2023,
71(2): 1757-1763.

[19] 11 Xiang, JIN Ming, HUANG Da, BAI Ming. Completed
near—field reciprocity relationship for brightness tempera-
ture transfer and 3D modeling investigation [J]. Submit-
ted to IEEE Transactions on Antennas and Propagation,
2024.

[20] HOUTZ Derek, EMERY William, GU Da-zhen, JACOB
Karl, MURK Axel, WALKER David, WYLDER Rich-
ard. Electromagnetic design and performance of conical
microwave blackbody target for radiometer calibration [1].
IEEE Trans on Geoscience and Technology, 2017, 55(8).

[21]JACOB Karl, SCHRODER Arne, MURK Axel. Design,
manufacturing and characterization of conical blackbody
targets with optimized profile [J]. IEEE Transactions on
Terahertz Science and Technology, 2018, 8(1): 76-84.

[22] JACOB Karl, SCHRODER Arne, VON WERRA Lean-
dro, REINHARD Florian, RAIIN Philippe, Murk Axel.
Radiometric characterization of a water—based conical
blackbody calibration target for millimeter—-wave remote
sensing [J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2019, 12 (6):
1699-1696.

[23] ABLERS Roland, EMRICH Anders, MURK Axel. Anten-
na design for the arctic weather satellite microwave sound-
er [J]. IEEE Open Journal of Antennas and Propagation,
2019, 4: 686-694.

[24] SANDEEP Srikumar, GASIEWSKI Albin. Electromagnet-
ic analysis of radiometer calibration targets using disper-
sive 3D FDTD [J]. IEEE Trans on Antennas and Propaga-
tion, 2012, 60(6) : 2821-2828.

[25] BAI Ming, XIA Dong, JIN Ming. Effects of coating materi-
al properties on the wideband reflectivity performance of
microwave calibration targets [J]. IEEE Transactions on
Antennas and Propagation, 2017, 65(9): 4909-4913.

[26] JIN Ming, LI Bin, BAI Ming. On the reflectivity measure-
ments of microwave blackbody in bistatic near—field con-
figuration [J]. IEEE Transactions on Antennas and Propa-
gation, 2021, 69(11): 8027-8032.

[27] JIN Ming, FAN Bo-hao, LI Xiang, et al. On the total re-
flectivity estimation of microwave calibration targets by
backscattering measurements [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2022, Art no. 5223711.

[28] GAO Qing—song, TAO Yuan, YANG Lei, YUAN Rui-li,
JIN Ming. On the antenna illumination effects in monostat-
ic reflectivity determination for microwave calibration tar-
gets [J]. IEEE Geoscience and Remote Sensing Letters,
2024, 21: Art no. 4500705.

[29] ZIVOKOVIC Irena, MURK Axel. Characterization of mag-
netically loaded microwave absorbers [J]. Progress of
Electromagnetic Research B, 2011, 33: 288-289.

[30] Liu Xiaoming, Yu Junsheng, Chen Xiaodong, et al. A



14 AN/ RS9 S g o

XX &

broadband quasi—optical system for measuring the dielec-
tric properties in the terahertz band [J]. Journal of Ra-
dars, 2018, 7(1): 56 - 66.

(XIGEW], AR, BRIGEASE , BT X AM 2% B L 2
B0 SEA EE R GE, Wk aE e, 2018, 7(1)
56-66.

[31] RANDA James, COX Amanda, WALKER David. Pro-
posed development of a national standard for microwave
brightness temperature [ C]. 2006 IEEE International Sym-
posium on Geoscience and Remote Sensing, Denver, CO,
USA, 2006, 3996-3999.

[32] GU Da—zhen, WALKER David. Application of coherence
theory to modeling of blackbody radiation at close range

[J]. IEEE Transactions on Microwave Theory and Tech-
niques, 2015, 63(5): 1475-1488.

[33] HOUTZ Derek, EMERY William, GU Da—zhen, WALK-
ER David. Brightness temperature calculation and uncer-
tainty propagation for conical microwave blackbody targets
[J]. IEEE Transactions on Geoscience and Remote Sens-
ing, 2018, 56(12): 7246-7256.

[34] HOUTZ Derek, WALKER David, GU Da—zhen. Progress
towards a NIST microwave brightness temperature stan-
dard for remote sensing [C]. 84th ARFTG Microwave
Measurement Conference, Boulder, CO, USA, 2014,
1-4.



