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Abstract Accurate observations of the Earth radiation budget are essential for
characterizing the energy state of the climate system and evaluating long-term
variations in Earth’s energy imbalance. However, conventional Earth radiation
measurements from low-Earth-orbit satellites are affected by limitations in spatial
and temporal sampling, which motivates the development of alternative observation
platforms capable of providing long-term and stable measurements. The Moon-based
Two-Channel Spectrometer (MTCS), a major international collaborative payload
aboard the Chang’e-7 orbiter, is designed to perform Earth radiation budget
observations from the lunar perspective. The MTCS simultaneously measures the
full-disk Earth radiation using two broadband channels, including a total-wave
channel covering 0.2-50 um and a long-wave channel covering 5—50 pum. The
reflected solar radiation component is obtained through the differential measurement
between the two channels. The instrument is equipped with an onboard blackbody
calibration source for the in-orbit calibration of the terrestrial thermal radiation
spectrum. For the calibration of the reflected solar radiation spectrum, an innovative
approach combining a solar calibrator and an optical pinhole is proposed. The optical
pinhole attenuates the solar radiation to enable direct observation by the instrument,
while the independent solar calibrator provides a real-time solar irradiance reference
for improving the accuracy and long-term stability of shortwave calibration. This
paper presents the instrument configuration and the operating principle of the solar
calibrator. A radiometric power responsivity calibration method for the solar
calibrator is established, and a high-precision pre-launch ground calibration
experiment is conducted. The calibration procedure determines the relationship
between incident radiation power and detector digital output, and the calibration
uncertainty is quantitatively evaluated. Experimental results show that the
radiometric power responsivity of the solar calibrator is 53561.316 DN-W™!, with a
relative uncertainty better than 0.1%. The obtained calibration parameters provide
reliable ground-based reference data for future in-orbit radiometric calibration and
stable Earth radiation observations of the MTCS.

Key words Earth Radiation Budget, Radiation Calibration, Thermistor, Uncertainty

][l

0 3l

HEkR, AKEHSEATENERBS, WHIRSURREMR T PRk, ik
RN EWNEZ AT EHHAOEC T, MihEkiEFE T HT KR E SN NG SR =URE
E% . SOHSIRRE.. TR TE TIRERNXEBRZ TR, hRENBRBRASEM
RS APRIESFIMER B S R HHNPGES . WERKEN N ELEREEZEIA T ERER A
WESREM. e, DEES. RERSSE/RUSREERSSBRUBHFEHMA.
RN=FNE FF2EERENN EEHSRBREL, TREZHRE, BENBENRER &
LEMEBENRIEWNERAERMESTEN. Ait, MESHENKRENENERA
%, NTREMASEDHEREEXEER.

1984 £, EE NASA 5 NOAA BAEFEHIRIESTUCZ LS (Earth Radiation Budget



3

Experiment, ERBE) , J4£/3#5%T ERBS. NOAA-9 #1 NOAA-10 P E#{THIRESIT L
W, ZASFXAZEHEMANARX, EPHAfREFIHEE=TBE: 2K (0.2-5um) |
K (5-50um) FEBIE (0.2-50pum) , AKIARIEFRE, USFEEFERPRE. BLLTH
ABRE RSk, REFRATKEEH EMR, HREWEZEFRRIR IPTS-68, 2K iEstEE
BT SEHEBZMEAGEN, FBIFRESREEHFIT (Active Cavity Radiometer, ACR) ¥
FREHSESEAE (WRR) | KB RSIIR AT NG 2%, CERES (Cloudsand
the Earth’s Radiant Energy System) & NASA #EZ: ERBE XM E, BE& T NEPREAEE.
BRENMARBHRFENEREE, Hp, REREEWEZEFRAR ITS-90;, X
AT A F s = AE4E51iT (Tunable Advanced Cavity Radiometer, TACR) 545k &%
J8 (Shortwave Reference Source, SWRS) [E#E R £ XEERITESHEAM R (NIST) 47
SNARA; KPFEBSTIRN AT ENIKBIENNGR &k, CERES ASKSIETR(LIESRE
Rt 7 x|, RESTEE 20 £, ATHHWNIKE®REL, HIKEDH
B IRMI ( Geostationary Earth Radiation Budget, GERB) =& /N&% AT HIkEST
WXtk ER EEHE, ERERREREREMAERSIK, REEEWHEEEFRRIR
ITS-90, fTFEm T EETHmERILERER, EPhERARCRESEMEEREE
KAYIELK = (National Physical Laboratory, NPL) BY3ES47RAE, ABHIR BRI A TR SN
HEFERS DBE EIGH R, 2024 FF, FEH4EST (Broadband Radiometer,
BBR) {E4 EarthCARE (Earth Clouds, Aerosols and Radiation Explorer) {F& B8 E, B
EarthCARE BENASF A, EEFRNMIKEFEZNSHEERN, HENEIRER
B B RAFEMAE Rk, REWEZEFRESR ITS-90, fEIER KRB EEIRER, K
BRI8 & 53 HR MW AZ K e Ry R A 19, FREMIE R AN ENERT REI T SR mEstit
TEREIRNABE ARG, HPEHRETZBIIHBLT. KB RFARSARRIEKEFER
EERNFBLEWR T, AT, KEBERZTEEFR, SITNESRETEXEER, K
BRIE R IR EARA ViR ST M th T RE R KBRS RIRER WA £ R, MTiF i
B EARBY ERRR D0 1617,

AEXBEMKEFEEUEEHR Lt SESHEIREREEHETZ— EEMNAIKINA
I ER & IR KEFREMN . $XHhEK R HABRE R KPENERH K, REKRER
#|EXFZNILEENTENERTE. EF@E 2NN RENARERES, B, FIA
7 B A PH EAraste SO AT KPR R, M B F TR Sk R TR EN ErVER TS
KERRE M

AXNBT HEEESERRET—AERRIEMKES TR, s E itk k5
EEREIMERP A E SR 7 AR, RAEAREBNETERIE, HWELEE
EMRTERFARGHR, B 7TETHOOURESEHRNSRNESR IR ERTTE THAAMH
TErantth EAR ST RN N EEARS N E E 1T,

1 XA

RS B ENREMIKES B BRER N RBRFZE L KENXVT R TE ),
FYRZARBZENA, ZRETNTIEABETRARENARNET S, EBEERIUD
KefES, FNERESRIPABERNTESREN BEERTNEBENZ REEME
FRSINBAFHEM!Y, i, AXRPUBEZEMIkASE5ETW, RETHENRE. KTt
FIMIREE, AKERELAMIKIESF N EE E 7 o EE MY, 2B BV EMOE 1 Fix,
DA EE: 5~50um KOKIBIE . 0.2~50um 2K BIE. £ FERERE. KBHEIRS. HF
INFL . X IUNARNL (2 EEfRREFRIES NN T URRE) « Eh, KERERTN
EMRBEANES, £FBEATNEMKRSERES, FEdmBEMNNEERATES




REERESN D E. 2 EERERGE TR A MESIERNENESER, RAEEE
M AP ETENERREARE, KAERSE SN FLIEEMAH IR R SIS B ERER, U
B NN AFH KRS, AFRERRIZ SN ARREREE, XHIUNENE
MNHEREFRFFHLRGE R TT, DRAGNHIRER R 5, AR RS RESSRMUER.
EiR AR E B EMREH RN RS,

Solar calibrator

Earth-viewing camera
Total-wave channel

Long-wave channel

1 AENBEHRES R BN SRR

Figure 1 Overall structural schematic of the Moon-based Two-Channel Spectrometer
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Figure 2 Structural schematic of the solar calibrator detector
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Figure 3 Schematic of radiant power calibration experiment for solar calibrator
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Table 1 Measurement results of beam-splitting ratio
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Figure 4 Radiation power responsivity calibration experimental device
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Table 2 Responsivity calibration results of solar calibrator

NE R NFHICTHZEP/ mW MaszE R /DN-W-!
1 7.7080 53526.5924
2 8.5235 53584.2826
3 6.1208 53598.7817
4 7.3247 53566.7563
5 6.8302 53586.5662
6 5.6435 53541.6967
7 4.9452 53574.7865
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Table 3 Repeatability of incident laser power and net output DN at single power point

B P} P,/ mW RSDp;/ %  RSDapni/ %

1 7.7080 0.0060 0.5154

2 8.5235 0.0070 0.4245

3 6.1208 0.0049 0.4249

4 7.3247 0.0073 0.4056

5 6.8302 0.0083 0.4624

6 5.6435 0.0066 0.2259

7 4.9452 0.0149 0.2972

8 4.2354 0.0061 0.4048

9 3.5326 0.0067 0.2805

10 2.8154 0.0104 0.3850

11 2.2183 0.0060 0.1872
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