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Abstract The Microwave Imager Combined Active and Passive (MICAP), the first ocean salinity de-
tection satellite in China, realizes the global scale measurement of key geophysical elements such as
ocean salinity and soil moisture through multi-factor fusion inversion. The high-sensitivity L-band one-
dimensional Synthetic Aperture Radiometer (SAR), serving as the primary detector for MICAP, fea-

tures a digitally implemented subsystem with a distributed architecture that constitutes the core mod-
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ule of the radiometer’s receiving chain. The subsystem’s key performance indicators directly affect the
measurement accuracy of both the radiometer and MICAP in detecting ocean salinity, thus the mission
imposes stringent performance requirements. This study addresses the high-precision performance test-
ing needs of the distributed digital subsystem, focusing on challenges such as synchronized multi-node
data acquisition under a distributed framework and separation of hardware-software coupling perfor-
mance. The testing method employs multi-device synchronous triggering and the Integrated Logic Ana-
lyzer (ILA) tool embedded in the FPGA of front-end data acquisition units to achieve synchronous cap-
ture of original AD sampling data from 24 channels across multiple individual units. This solution re-
solves the absence of original data aggregation points among multiple front-end data acquisition units in
the distributed architecture. Furthermore, the study proposes a bidirectional verification framework for
both hardware and system-level performance. The hardware performance is tested by analyzing raw ac-
quired data, while the integrated hardware-software performance is evaluated by processing the end-to-
end scientific data packets. This methodology achieves decoupled testing of the hardware and software
performance of the distributed digital subsystem. The actual test results, including amplitude consisten-
cy <0.4 dB, phase consistency <1°, and correlation bias <-38 dB, meet the mission's specified require-
ments. The research results have been applied to the MICAP engineering development, providing criti-

cal technical support for the performance verification and optimization of the distributed digital subsys-

111

tem of ocean salinity satellite synthetic aperture radiometer.
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Table 2

Initial phase of each channel and the difference between eask channel and the average phase

Wiy Al A2 A3 A4 A5 A6

B1 B2 B3 B4 B5 B6 T

WIRGL/(?) 11231 111.92 11243 11217 111.81 112.30 111.44 112.37 111.68 111.19 111.76 112.13 111.96
ISRy N
J% q@fﬁ{v‘ 0.35 -0.04 047 0.21 -0.15 0.34  -0.52 0.41 -0.28 -0.77  -0.20 0.17 —
Z%/()
% 3 FFT YMBALEMRA—BMHEIRER
Table 3 Phase consistency test results by FFT initial phase method
WIE TS Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6

SYCIREE R /(°) 0.33  —0.06 036  0.19 -0.17

031 -035 031 -0.30 -0.55 -0.22 0.15

£4  DREMRSETE—HEER [ S ()
Table 4 Phase consistency results by cross-correla-

tion test method [unit: (°)]

SlibLe]

e A2 A3 A4 A5 A6 Bl B2 B3

B4 B5 B6

Al 0.39 0.03 0.13 0.51 0.02 0.68 0.02 0.64 0.88 0.55 0.19

A2 — 042 0.25 0.11 0.37 0.39 0.37 0.24 0.50 0.16 0.21
A3 — — 0.17 0.53 0.05 0.71 0.05 0.66 0.91 0.59 0.21
A4 — —  — 036 0.12 0.54 0.12 0.49 0.74 0.41 0.04
A5 — — — — 048 0.18 0.49 0.13 0.38 0.05 0.33
A6 — — — — — 0.66 0.01 0.61 0.86 0.53 0.16
BpB - - - - — — 0.7 005 020 0.13 0.51
B2 - - - - - — — 061 086 0.53 0.16
B - - - - - - — — 0.25 0.08 046
B4 - - - - - - - — — 033070
BB - - - - - - - - — — 038
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Table 5 Test results of amplitude consistency
WIS Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6
Yi# /dBm 3.59 3.56 3.58 3.54 3.47 3.65 3.52 3.67 3.70 3.47 3.60 3.67
®6 BFTFRAEEEE -HHENLER
Table 6 Test results of the overall amplitude consistency of digital subsystem

I P 1 2 3 4 5 6 7 8 9 10 11 12
Wit BE 5514 B

12 /dB 0.05 0.14 0.00 0.17 0.07 0.30 0.01 0.03 0.04 0.13 0.13 0.18

BRI A I B 19 12 5 BB T R Sci - o .
RT BFFREEXKREVKER (R4: dB)
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Table 7 Correlation offset test results of digital
subsystem (unit: dB)
WEFS 1 2 3 4 5 6
1 - 3956  — - - -
2 — — 39.5 — — —
3 - - - 3915 - -
4 — — - - —38.77 —
5 — — — — — 39.29
6 _ _ _ _ _ _
F8 MKERILCE
Table 8 Summary of test results
AR —E:/ (%) IR —EPE/dB M E /dB
PERET  gedn  WEOE RIK SRR RECE IR dEbR BRI
BOR O MERE MR ZOR O MEAE MERE 20RO Mg
MHASER <0.91 <0.91 <0.93 <04 023 030 <-35 -38

ORI, SERAI A BT T R G R S A
BRRE R RV RE IR, S B 5 R A ) 03 e
AR SCHE Ay VA AR TR R B TR g sh AR AL
L % Bt —4E 28 S LR RS o0 A B - R Ge i il o 2
e T AR RE, AR B — B <0.4 dB. AH{
—EHPE< 10, MR B < —38 dB, A AU AR R br 2
SR ARG AT Ry JE S KA T 49 25 A FLAR R ST
ST T RGN T AR S %

R FrAEE R AER 2 0P 2.
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