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A Ground-Based Integrated L-Band Radiometer—

Scatterometer System Based on Receiver Sharing
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Abstract To support the ground calibration and validation of spaceborne L-band
active—passive microwave payloads, this study develops an integrated ground-based L-
band radiometer—scatterometer using a multiplexed receiver architecture. Conventional
active—passive observation systems often rely on separate instruments and independently
configured antennas, radio-frequency front ends, data-acquisition units, and processing
platforms, resulting in increased hardware complexity, deployment costs, and limited
flexibility. The proposed system shares the antenna, radio-frequency front end, and digital
baseband resources between radiometric and scatterometric measurements. Through time-
division operation, the common receiver alternately acquires passive microwave
brightness temperature and active radar echoes, while an automatic switching sequence
coordinates signal transmission, reception, data acquisition, digital processing, and result
output. This approach establishes a unified dual-mode measurement procedure and
improves the integration and reconfigurability of the observation system. Experimental
results show that the system can stably obtain both normalized radar backscattering
coefficients and microwave brightness temperatures. Their variations with observation
angle exhibit physically reasonable trends and agree overall with the corresponding
scattering model and radiometric empirical model. In addition, soil-moisture retrieval
based on the combined active—passive observations performs better than retrieval using
either active or passive data alone, demonstrating the complementary information
provided by the two measurement modes. The proposed system provides a feasible
technical approach for developing a compact, flexible, and relatively low-cost ground-
based active—passive microwave observation platform. It can support the ground

calibration, performance evaluation, and validation of future spaceborne L-band



microwave payloads, as well as the observation of geophysical parameters and the

analysis of ionospheric propagation effects.

Key words Radiometer-scatterometer system; Multiplexed receiver ; L-band; Joint

active and passive measurement; Calibration and Validation
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Figure 1 Schematic diagram of existing radiometer—scatterometer systems
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Figure 2 Schematic diagram of the radiometer—scatterometer system based on the receiver-sharing method
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Table 3. Statistical table of L-band radiometric-mode measurement results.
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Figure 11 Results of the scattering measurement mode before and after calibration.
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Table 4. Statistical table of the mean absolute differences of co-polarized channels before and after L-band calibration.

HILAR BRI F1Y4e 3T =/dB RAERFYRITE/dB
L% EX HH %1k 4.98 0.39
LIFER VV iRkik 477 0.36

HZRER, LEBRHH. VWIBERNFHLEIS =5 5 H 4.98dB F1 4.77dB 1K ZE 0.39dB
#M036dB, W, ZKIHHEIRG, FRESEREZEANRENEER/)N, FHRER
E4EZE 05dB M, WIE T EARTENBR M, RABGNEBEMLT 04dB, FEEZEN
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Figure 12 Field experiment diagram
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Figure 13 Measurement of backscattering coefficient and TVG model in L-band as a function of incidence Angle

ME 13T INEY, #EMEAESEER, MT/INSBXE, BT BREE T AR
SNBRE, MARBMTERERR SASB#—TERE #ETUETTE Mk
BANGAEER, BMHARBREERER, FHE-—EERNEBER. XTHERE
X, AXNFEXE TR XN TURESHRBULB SN — R AR TN
Pl H—FHRAERABET RN, ERABIE HH M VW B EE 8BS E T BES T XK
LIBIE HV M VH, RAZFIHR TR ESEMERERXBRSEIFE AT, mMERLEK
SR ENKRE. SWEKN, HV 5 VHRFiHZBETAEZRNELE, BiRERGEER
XARCNE FABE—E M RYT

BEMERS TVC RAHTH LT INAI, WAL 5STNih %A 2FES FRER
a0, HRALFEBFRLEENAFAXEENRS . BEARIEINZEN TRENER
NE. BRAELFE—ERE TESIREGDRELREE. REHEEENERS

18



19

MEMIFHIUER, FANOSRESHEUTNMYNTEILNE R, ENRRENR
EMAEE, SNERELRFHHNTREUMEANEARBFNE, HKRALAXRGET
HNERX TREBRERMEBYIER NN "EIE.

AHFE—TEETFNMNEERNERM, AXCTETEREHARBHEASNNIRE L
Z BHSEITHENIERR, BIEHYTRIZEZE (Root Mean Square Error, RMSE) . Y154 XfiR
% (Mean Absolute Error, MAE) FIREZRE (Coefficient of Determination, R?) . Hm,
RMSE BT RALNESERBEZ BNEXRZ, MAE BTRUEFEHENEEZ, RPATITF
MEMh 2 SRB LT HEBN—B M. HXRITEROKRS AR,
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Table 5 Statistical evaluation metrics for measured and TVG-modeled backscattering coefficients

HATT RMSE MAE R?
HH 0.772 0.634 0.906
\A% 1.015 0.976 0.896
VH 0.911 0.813 0.914
HV 0.875 0.788 0.916

MRS TR, ERABENRERLIFEHENST 0.90, WALN/EEEE Rtk
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1BiE RMSE 4bF 0.772-1.015dB SEEIA, MAE 4hF 0.634-0.976dBSEEIR, FRPASLMERS
RERZ BFaR/NEEREZ, SHREAFREFNBIERTEE.
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Figure 14 Measurement values of radiant brightness temperature at L-band and fitting curve change with incidence Angle

HE14 TR, KNTEXENEERENHRA BT ARE EBIUANHEE
W, VRS EEGS T HIRK, BEAFAER, VRUEREZUAXNTEE, MHRK
=m NEEAPE, EfH. VIRKZBNERERAAFBXEH—FHIT. ZAES
SCHR PR iR At o= SR AR — M B AR B — 2 P, MR SCHh BARSTIT U Rk B, L
BT AT AL, VIRUBEST HIRK, TRl AT RN 5L fh 2 fror Reference

source not found[26]
o

MEBEXRERMILERE, XRERRFHHN T REBARENIRUCEHN S GEE
%, LHAEV. HRUREDBURPRAFAXEZFERTE. KNERHAFE—
ERHMEE, XERSHRYEERESGAYY. LRERTEER. TREHEMI

REGSERSHNRUFRERAX. 2L, INERCSELETBBMORUERH
BmEXER, RPARAXRFERDRA TEBH LRSS SEYER NS ERNEE

—SEBINMNEBERNBRM, AOTETRERHFREMZ S5X AR 2 2 (8]
MGEITTENERR, BXGETERO TR,

*® 6 BHRESHEMEGEIHTNERR

Table 6 Statistical evaluation metrics for measured brightness temperatures and fitted curves

RATTH RMSE MAE R?

H 1.89 1.60 0.917
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Figure 15 Comparison of soil moisture retrieval results from the three models
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