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Abstract Microwave radiometers obtain the accurate brightness temperature of the target scene
through calibration, which is a necessary means for quantitative data application. The synthetic aper-
ture microwave radiometer consists of multiple radiometer units, and the calibration requirement ex-
tends from a single receiver to all units. Noise injection is a calibration method for fixed antenna beam
radiometers, including synthetic aperture microwave radiometers. However, the noise diode used as the

calibration reference encounters issues such as short-term fluctuation caused by temperature and long-
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term drift resulting from the aging of the device, leading to the deterioration of the system's calibration

accuracy. To address the aforementioned problems, this paper proposes a method of amplitude calibra-

tion for synthetic aperture radiometers based on a special cold-sky observation unit. By designing a dedi-

cated cold-sky observation radiometer channel, the common noise source of the synthetic aperture ra-

diometer is calibrated in real-time, reducing the influence of noise temperature uncertainty on the ampli-

tude calibration of all observation channels in the synthetic aperture radiometer system. Based on the

system scheme of the K-band one-dimensional synthetic aperture radiometer in the Microwave Imager

Combined Active and Passive of China’s Ocean Salinity Detection Satellite, the radiometer system mod-

el and calibration model are established, and numerical simulations and prototype calibration experi-

ments are carried out. Simulation and experimental results validate the effectiveness of the proposed

method.
Key words

Noise injection

0 55

R R RS —, Sk
P LA R AR AR UIAR DG, v £ 3 o) % B IR 2l ) 4
BRUETEIR R B B, A6 PG PR OO DR ff e
JEREAE AR 3 R SFIRER B9 AR, DA 52 0 18 2 iR
PRV A R PIEER . LR it 0 e B 0
o S b RAE AT, 7R R B A T B s il LB =
TR — @ 2418, A 27% 1) 1 0 5L 32 I 4L
P (L 1R ARSI 43 A BRIBE I ), 70% 136 THI A
DT 10 YRR PE R R IR . B R R R
JRRHE AR Y i, Xof UL )RR AR B R 3 15
A sk R £ A P RE.
S SO AR T a H I B AR A B il SRS R E S
S B A 1 B R B B —. i A s
A B AR E SRR SR, T T Y S IR S T AR
B KRR | W TEDRDRE B2 . ATk DA R U £ B2 AH G
TEUE SR B B BURR Y L Be, K¥Erh 1 PSU I
3 BE AR Al 228 R 1 BTk HLA R 0.2~0.7 KPR m,
TR TED I 85 LA K g T BRGS0V T 4 ¥R P D ik 5 v
TEER EE R TTHRAE 24, TH R B3R P PR 3R A 52 0 X T
R S i B H R L

F 9N (MICAP: Microwave Imager Com-
bined Active and Passive) J&HH [E £ B 400 T
B FE w2z —. H L/C/K P B— 42 A LA MR 4%
SRR L BB O B2 . i i 0k
A 2B LI A, SIS0 X6 ¥ TR R

Synthetic aperture microwave radiometer, Amplitude calibration, Cold-sky calibration,

VAR AT L R TR XU ) 2 B R e e ),

R SR 38 A b R N R O A S
MISCFR, TEMGHEA b5 i AR kG B2 BE S TH B ) Joe
. AR P v R AR S AR 1 B )
REWHN D3R G Y R SRR, KRS BIK
(0 28 S AE TGS BE N 5 e M, HGpl o J3E 5 S AU SR IR
JERALNEROCR, SRR SR XPRsE . P R
AR — 2R B, PRI s b iR 1 RS i I
FEFRIT I, I WA R B A [R]5e T H A B R )
A HARRSE IR, ¥ 25 12 PIRUE brad F vh i FH IR
Z% Hir, et fit — e B P His (kY
2.7 K)'". S BRI # R A R UC R Ak, RESR
PEAE T Wy SR (Y MR P RS . A U e T
BUBRAT HE S5 44, % b 08I0 B I 125 L4 % ¥8 23 AT 0
M, ANEERHS 25 HHEAE I ERRS IR, WAHh, AT 5)
A S A 22 BARRY AT, AN AR 5
i1 (Jason Microwave Radiometer, JMR) /2 15 4~ it
JHMETE — VR b S IR R R sm . kT
W 75 B AR RS, 15 IMR X LBk B 2
H R A TR TR KRS 1
JMR R LAY Sh3gh R AR I i v 18 Sk H A % g
BRIk AR 22 B SR S T S SUE B 7 ik, A 17—
SERIRCRM M S8 (Aquarius/SAC-D) LUK 4
B £ 93 T2 (Soil Moisture Active Passive,
SMAP) 1) L i Bt 134k F e A= P54y W e b
WS HPRZ—, B A5 e Be A T =5
SEBR, AT TE M 7 U A K 0T A 1 Bk =2 4,
TOPEX /Poseidon 7 % #& 4 it (TOPEX/Poseidon



834

Microwave Radiometer, TMR) DA} KA K 1E 48 5
71 (Atmospheric Correction Microwave Radiometer,
ACMR) 8 E Ar I e UI3ds Ve 25 B e bR RZe LA
W RS IRz 0

ZR G LR R R 2 R RO AL, B
A 2 A HEAR A PL ., (B 2200 18 R i i e
PR RSN 2. MRS E AR HETH 2 G LR T
PRSI AR I —, TS T A 53 A e e
FREARMAIEEA. MIRAS (Microwave Imaging
Radiometer by Aperture Synthesis) +& H BIME—FEFL
BTSRRI AR ST R 40, SR oA s 1)
ZEEATMEFE T JE AT A 1) G A O OB
TTREbR. A =S T A ATkt S b 7 1 2 9 2 (]
FIA—E R EIR R ZE, FE bRl R A i, X i
ZEAWITR R, S B IT I e b B 237 A — R 1
1. MIRAS 51 A 7 & Fa 8 BE 0y MR 75 10 A58 59 1
(Noise Injection Radiometer, NIR) F 4 il i 75 it
HYPZN, T NIR Y R A W) 75 25 00 2 R A7 v 25 0
W, B2 E AR, BR T WU A SRS BRI AT,
H T EPRI AR LE 6 NI T 0.2%~1% 1Y
WP, ARSCHR R TR L R A A S L TR
25 WL B 45 5 1Y E bR O 1 6 3 Bk Sl R0 A
C/K PB4t r G LR AR T A T e . X
Mg P 3 A ek — > TR R 0 L R M 7 ) R 4% %
R R AN G IR R b YR oy U NI LT R B o 4 ) Ry
HENRS IR Z —5E 1 A B ERR, [FII 58 LA S
5 IS W

Chin. J. Space Sci. =AFFFIR 2024, 44(5)

AR S T IR P B ) I 1 R A P IR R R
ZRASRY S S S A LA A S AL B E AR 5 e %
PROT R BEAT O B, A ERE IR K B LR & AL
PR ST R S8 L SE AR B3I, I HTE AR
o TR AR P W NS EART | AR E RS, X RS
PEREHEATHI L1 734

1 RGBBIHESRIT A

1.1 ETFRENANETERHREEER

TR EEIRT 2

WA 1 7R, BT 2 W BT bR i R GE i =
PR RA I, o3 ) R v A LN BT | R A I 4 L b — 4
AR HR ST RS, ¥ A W BT S R —
NIARRBAR T RS, HRAIR AR =,
EETIRE S0 T AN T I 11 7 B AT 2 B T MR 1 5
R 4 2 ORI B Gt 2o R AR S DI T sUAE DT
BE B v 2s LR SRR RS = iR ] )4, v 25 il
DERC T RS I EAR ST . 52 bR 4 Hh 2 L0 7 5
DAK MR P Ty o3 AR A, o LRGP ] T 4R AL A 2
RIS Ty A A IE A A R IR A I T
[l — MR IR, —HEZi S LR R S R G T X
F AR 5 A AN TR WrULn .

PR TR AR TN 2 R, EgshiRil
AT LA RS, S B S T R 5 A S L
WA 21 [T T2 B2 A s T I TR 1) ) s DX
C/K B B S 4 = AR L R4 ik ==, C/K

Reference load Calibration radiometer
Cold-sky L
antenna g .
Tes Waveguide E SP L
des o Coaxial c, > —> <7 i
[0 4T el e > e anc
c . } » () | o LNA BPF
ommon noise _oaxial n PD 3=
source 1 - b |
- »  PD. . LO
®—El S oo oaxial n :
Observation PD, li_—
antenna e
o Conc: o SP Y i
T, H —»{Coaxial k, > p— ) >
—=%p|  |OMT] - 4T —>.—>>—>.—>€f\, ) g _ADC
y —#Coaxial k > (5) TA{'A R >
Reference load Observation radiometer |——

BT BTV s UL BAOTE bR R GERIZE

Fig. 1

System structure block diagram based on cold-sky observation unit calibration
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