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R 25 m, HAKILR PR i3t
15 UL (S1—S15), X RL A5 o 21—35.
S A A A R B 15 e (N1—
N15),
®1 FEERZS0506IEFETHEERARESH
Table 1 Main modes and parameters of
HJ-2 05/06 satellite

SrHEIm BRI TE km
WGEE — - —
PRBRAE Jrfira BEESm BRRRME ER
Lk o 5 5 3.7—5.0 35 35—41
WU Ak 25 5 5 3.7—5.0 35 35—41
AL 25 20—25 16.5—24.5 95  95—109
WAL 25 20—25 16.5—24.5 95  95—109

BRI E B SR FRBE R K 5 05/06 B 2 ALY
A EEA , 38 R I E bR A R SAR MR 5 H ()
J&i ) BT R B ST R ELE R (Freeman, 1992)
TP 2R SAR PG 1 4 X6t 5 KRS BE AL T 2.00 dB.

R0 1 SAR B3 59 78 b5 & ST HTAR MESE 3, A0
SR R bR R R, R B bR — oy
e

(1) 385 A Bl 4 20 3t DX S B AR o 8 B A 1
XoF I B ) R 2k 1l AR ) iE AT R, AR E B R
Tia] S 7 1] (6] 55 R 207 1) RS R 22 R i 22 5, R
TE T G 4 AR X 8 S A B

(2) FI & H 7R 35 B AL RCS (Radar
Cross Section) 1) 5 HERPEAT 4 X 58 0 B b o 7637
Hiu A7 1 EH RCS 19 £ B 34 5l 16 4 245 ok 4R B
AP OpAE I

SAR 8 5F %€ F5 ) 1 38 23 2 57 vty 3 ity 1) A% 8
PRIES, W ERBRE 5% 4 oy B I8 S ) BT R U
(Larson?%, 1988), Dobson% (1986) #EHU T SIR-B
TR ) 40T G bR R R, S E b R AR i
KRGS B E KA T (Kasischke 55
1989) . b iRHR S e bR 3448 FH AR S5 i i s e 1o 19
W5 R AT, Gray % (1990) ¥ H G/ A
A T, R DA A 1k 22 3] SRR A MR EL R 52 )
FrRiE— AR I T BUE . BUME R,
AIEEPERE R, 8120 T Sentinel-1, RISAT-1
ZESAR T2 (Schmidtd, 2017; Mishra%s, 2015),
TerraSAR-X T3 & AH X 4 0K B2 1% 111 0 0.68 dB,
o %t 72 A A B HE N 1.10 dB, &3 7EHLIN R,
AR AR B AS BE IS 3 0.30 dB,  4a Xt iE S kS A B T

0.60 dB (Schwerdt 25, 2010; Breit £, 2010) .
Sentinel—1B T3 & AH X 8 5 kG B2 4 0.25 dB, T-¥5 58
AR 2 2 X R SRS BE 4 0.36 dB (107), Sentinel-1A
T3 Bl Sentinel-1B T2 38 X EGHIE A 45 5 0.38 dB
(1o) (SchwerdtZF, 2017), RISAT-1 LA Y FRS-1
i3 (Fine Resolution Stripmap mode—1) HH % 1k
At bR B EZE R 0.55 dB, F/IvA0.36 dB,
MRS £, (Medium Resolution ScanSAR mode) #r1
WX K053 dB (GuptaZs, 2019; Mishra %5, 2015;
Upadhayay 55, 2016) . ALOS T2 PALSAR % fif
() 2 X5F 48 59 K5 B2 4 0.76 dB (Shimada %, 2007,
2009)

[ 7 SAR TR 4 5 7 A 52 TR 5 1 E A Sl
W RRE, — Mk — i HaE 19 P A7 i 4T . Huang
45 (2023) FIHI 1 m C-SAR 01 T3/ s 40 4
ARG A | BT TR E bR, RS T
2NN, FEARR D, H AR BRI 2E 15 m
Bl AL 152 22 7™ HE 52 W) G 0 A OORE BE, e R %R
1.00 dB (Schwerdt 4 , 2010, 2018; Breit % ,
2010) o 4 =5 T AL R v [ AR — I v 40 B
RLZMAL SAR T, Ho o X 48 SRS B3 A
1.50 dB, ZEFUIKZE RN 1.30—1.40 dB (5KPEH
2017),

Ry /N AL R 22 B SE MR, AR SORER 5 B A
WATHEAT T H— W, BRI EEIR K — 5 06 2 4
S bRz 8 DEE VI RN E, P8R BT
A AL B bR AT 28 SURR ST E R 7 i, RS AL
JAE 4 HSURH [R) A o5 E A AT ORI, 3 e 4t BBV U
H A e i 25 S 1T 50l b T A 48 X 5 b i 45
kBRI R 5 05/06 AL AT SUGE AR B IR R R IR
WE, DA SAR 1AL 4 S A8 br A0 ik i it B
2%,

2 IERIK 5 06 RS AR T R

F T ARBOREZIE K 5 06 52 1 46 X5 72 b i 4K
T BRI RCS RS 0 2260 109 B AR AE bR ifE 2 2% Ik
Wi, AL, A TRIRE X 2% AR5 m,
FE AR B PR T S U R AR R X, A A
WO FIRTHA RCS 19 f RO ae e 2 2% Hiw, [l
2 IETT SR R M EA T SAR R Gu % itk R E £
MSAR DM TG, X brdy 0 B s B 517
GAb A 1 SAR AR UE S i, FEFRES UG ™ S rh
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X RE AR EL
2.1 ZEITEEEER

SAR M i1 4b B AR G5 — BURLAMERY , REAL BEAR
B A5 . HRMOL A3 £ 1 ] R U S5 A SAR R
Bt 7 al Az Y 3 R v AT RGO, TR R AR T4k
% b SCR (Signal to Clutter Ratio) [ 254 T~ Z W%
WS, 4T e bR BOTE AT (Freeman,
1992):

P, A
1
Op ()

AP, KX ErR w8, P, oo st H s 21 RE
i, AR AR ITIEAR, o, ERUA R R
) 7R IR BT AR

Bl (1) Bty VOB

K, = 101log, P, + 10log, A = 10log, g0, (2)
o, K R0 e bR w & 3 DU L

i3 AR R H bR RO RERE . A R AR
9 RCS 1l - T ) e T AR, BIAT SR H 266 %
PR BT LA X b R R TR BR AT

(1) b 85 - T A 5 o 1o AR ] 3 o =05
(Huang%, 2023),

A =6,6,/sinf 3)

A, AR WA BOTHA, 6, 16, 7R
T3 S 1) FUARE B 18] Y SR A B B, 0 AR R A LAY A
LIy

(2) AR RCS (BRTI#% 4, 2013) 3t
AKX

K =

_ 4wl
RV @
Krf, o, WOFMRAHESEIREIER, (AEM

S AR AR, A SAR # i iy TAEBK .

(3) RMBURMETT R S HArRYRER, anl&l 1 f7
N VLA RO AR AE SAR R IE B A H AR
St AT 1) ECR 2R BB 0 K XA
WA, IHEIELA (5). EHBPIE > HER
A ICRE AR s HAR R B RE R, TR 7L
3 (6) (Huang%, 2023),

P -J&“DW 5
——) )
BieB

N,
P, = > DN’ (6)
ieA

KA, P W BRI IORER, DN WA HARE
TCHRBE N, h A A4 K IR 9 1% 70 4 8
Ny g 75 B K B R 91RO B, i MR T)E
P WAL A RE RO 5 B BT SRR R 2
U RE R IE S 10 5 B AR B L A 2l

o = (P = Pront) (7)
S, P, o2 AR IE ST R B BRRE R, P
S b0 5 A U RE TR A B AR BT L Py
B EZMIRER ., S5AR (D)—@) A (7) BT
B3 AR

ez [ HEGIRMER

B i B bR FERRE i DXCUR T 5 X UE
Fig. 1 Definition of main lobe energy area of point target and

background areas

(4) H1 T W) 2% D 22 B2 W SAR 45 I 72 AR A K
&, R HARAME 5 250 HE>20.00 dB AR it 504
X GE bR BT e A5 F (Huang 5%, 2023), f52%
R AR (8),

SCR,=1010gm—l3@Lf (8)
P background
K, SCRAGHWWMGERL, P &S
P RE R BT AR BRI, P N T AR Y
it

AR 14 4 XoF %8 bR # K030 H AR e 1) 5L
S RBE, ET SAR EUGAFAE, SEPR L1A Zbn
YT G 7= i g e AL 31 +32767, i H e AR AT 9 f
RAGWEARATAE = St oo B3O rp, BT LSEpr b H
PREA R T U R BT R N

o, = 101log,, + 10log, P - K, (9)
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32767
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BARALRTR B RAE, POy HARRYRER , K, MRS
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22 R XIEHERR

P T A 0 B TR Az B RN TR U A R A
FE AR B AR B ECAT R, A DR UE 48 X 7 A
RS AR SCHE R S E AR S0 A8 SR
B o 2 Xt 5 5 5 B A EL T RCS 9 05, H b ok SR B
Y X 8 bR B B, TR AT A8 SRR S A i 2N H
PR RCS IR —3, FATE ZHEATIRIS H AR
RCSTH . B A S 28V 28 SUAR B e bR i s H R
1 S5 25 1 RCS Bl 7 7 £ AR #1422 Ak 28 1k
(HHEME, 2015). F i f FE 2 TR FLIE A
VA0 S S5F 28 T Ak 23 B8 R S 00, ) IS B340 18 A6 £
HEARX (YeZE, 2004) K

o= arcsm( + COS,B) (10)
Kb, o Nifl, o BREPUEWA, Bl
MRATAL LM, M D RERENEMN A %, T
LR AR T AR R] s AR 2R AT 00D B 7 A5 A 60 A5 E A
RCS AU 51—

1 55T 2 B IR ATD F PR TR D R S A s
PEE bR R A R0 7 A8 e, g TR AR IS H
PR RCSAHAE, (HEEHN DEREKAER, &
HORASAAEEZES . M FEKO 81715
H, RAREER 5 06 £ .03 3.2 GHz, i1
K15 m, ASHA1E20—49° 254k 0.5 1, FRikHk
SRR B AR /N T 0.3 dB. AR 57 A —
Ak /NTF 037, BTLAE TR & R 225 A ST g 22
S0l 2%

BT LGS, AR T AT S Hir
SEIAE ARG R T, TR R T AN R T
SEXT A5 B bR A AR [R] 04 38 A7 X8 I 25 47 28 U 5
bR, HTE SRR, FAHRMEL R
F20.00 dBE R FE A, AT s

(1) ¥ DA REN—PCFRE SAR A4
XENRE B KIE RS

(2) LA R N B AS ) T 22 X 3 2 19 05 B A
XA . B bR SAR T2 flfE 45 2 SAR T
B DUAR TR R0 . A TR0 X6 326 5 1 550 L s DX 3
AT S

(3) TG AR B LA B s HEA T Ab 3, A5 3]
P TR R S, N b T3 R I s o B
HEGH, RIEIU B R E S bR, REBUEE
FIF I, PEAT N HEE, NHEC16. 3245, AEHfHRE
MEREE P, FIW{E A 2SR T 20.00 dB,

T ST B AR B S U A R o,
o,=P, -K (11)
Kb, o, WEm A S BRI HE RSO EER, P,
REARE RS m A S BAraeR, KHChRE T
BRI 4 68 5 B R B, AR AR BRI A B AR R
i, AR A E AR A R
(4) TR 1A A& G 4% 2040 A Y A5
Hir, ®ECSEH (3) MFEKR/NE O, SEFTAH
A E, KRB BRI B Py, IS
& SCR A2 15>20.00 dB, &I HX 38 4 5 H A
(eI, PR AR A 5 H AR 19 RCS T3R5 45 8
SAR T4 XT EbR a2, AR
| <
K= 2 (Pua=a.) (12)
K, K, WRHRE SAR TEML T Erm i, o,

N m A5 BRI TR IR B AL, P, A AR E
TR mAm HARRIBER, n oAl HARA AL

3 W HER

31 EREERFBIZER

WK — %5 06 ETEN S A X IR e FEfy
AT ERR, A AR A 6 &
A A%, AR B 1.849 m, HR4EER
BE K "5 06 & SAR H AR 3.2 GHz, F|
X (4) 155 RCS N 37.46 dBm’, EAnys A 5T 45
FEN ST IR R Y A3 A DL IR 2.

43°00'N
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112°20E
A RIS
K2 W5Eh AG X TR OE AR A S # A

Fig. 2 Distribution of corner reflectors in Suniteyouqi,

112°30'E

Inner Mongolia

MR R W RS 4 22 N A 3 40 A i 9T 4
(Garthwaite, 2015; Gisinger 5§, 2021), FREZIEK
T 05/06 B A SRS E Rl R b 20 A RS
PEATIRE, A i 3 B .
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Fig. 3 Corner reflectors distribution in Queensland, Australia
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Table 2 Radiometric calibration data of HJ-2 06 satellite

Wefr B Bede Ty
S1 2023-11-05 \A%
S2 2023-10-24 \A%
S6 2023-10-24 \A%
S7 2023-10-20 HH
S8 2023-11-06 \AY%

S11 2023-10-16 HH

S11 2023-10-27 Vv

S13 2023-10-12 HH

S15 2023-10-14 HH

S15 2023-12-01 HH

S15 2023-11-01 \AY%

W& KT VV B A48 X0 58 b i 8. X Al N AT 40
M, S15 A7 HH B Ak 246 K68 5 b 850 5 149 (B o K A
#40.53 dB.,

R3 TREFRREIETIR

Table 3 Data list of cross calibration

F s i BER:! I} fi]

] PREIRK 505 B2 2023-06-16

: ! IR K 5 06 2L 2024-02-16
i IR 5 05 L 2023-08-12

? o2 IEEI K 5 06 AL 2024-01-27
‘ FEERK — 5 05 1 2023-07-05

: o B K %5 06 2 2023-11-15
B K 5 05 A 2023-07-24

* > B K 5 06 4 2024-04-01
BT K 45 05 A 2023-07-29

: > BT K 45 06 2 2023-10-25
BT K 45 05 A2 2023-06-24

° o IRBE K 5 06 A 2023-12-18
BT K 5 05 A 2023-06-15

! o RS K 5 06 A 2023-11-27
B 5 05 52 2023-06-30

’ o FBEI I 5 06 £ 2023-11-19
WK 5 05 & 2023-06-20

’ o IR 5 06 12 2024-01-22

F4 MERRIS 06 ERRFEMAEI EREE
Table 4 Calibration constant of different beams of
HJ-2 06 satellite

Wefr W AAESR R ECEII(E/AB bRz

T8 VV AT R STE B HH ARG R R P Hli

TR B 22 M A2 SCSE b 18 B0 3R B 1
W23, i o Rse Wit s bn, etk sk
A HH.,

33 REBEHRR-S06EIEES TR

IREEI K 5 06 AR FH AR 4306 AR I 46 %) o
PR BSR4 s, A B 2 0 AR SO R
AFR A A 2 06F 5 A BT AL, SRR 8 AN
[ P 0 0T 2 A 5 85, D3R 4 T 60 HH W AL AN 7]
WA 22 6] e K25 5 4 1.42 B (S15HH 1 S13HH
Z I8, VVARAEARRIE A Z A K25 50 1.21 dB
(S8VV FIS6VV Z[H]) . A S15F1S11 %} HH # 4k
VYA FRIEAT T M, FH A Ak 26 %5 22 A i 40

s7 HH 20.44 0.07
S11 HH 20.80 0.25
S13 HH 20.21 0.04
S15 HH 21.63 0.36
S1 \AY 20.59 0.00
S2 VvV 20.53 0.10
S6 VvV 19.98 0.07
S8 VvV 21.19 0.18
S11 VvV 20.39 0.05
S15 VvV 21.05 0.10

HH A2 3 28 b 4 20.87 0.60

VV AR L0 5 b 5L 20.64 0.43

T VV AT B ST 30 BN HH AR R RSP Heli

A T) A7 1) T 1) T RS T 8 R T1] £ 48 4 25 S
TEARMES™ i A 7 i R P EAT T AMES 2 X 4R S
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FRAAKIS T 00, K5 I A 4 00 1 A i 8500 7 241
FER A DX SRy A 2 s U0 67 1 266 % 7 A i 4. HH
WA 28 %8 2 i B 7 Y9 (B Ry 20.87 dB, AR ifE 25
9 0.60 dB, VV # Ak 45 %) 52 b i 5k 09 - X K
20.64 dB, HRifEZE K 0.43 dB, FREEIH K 5 05/06
TER FENEPRREEZ) R 0.60 dB, AHXT 48 51K
FEHE T 0.90 dB,  JIF LA 45 % 48 SRS B2 4 T 1.50 dB,
55U A 1) 48 X0 28 A B R R 25 142 B A
TerrSAR-X L& S002. S007 1 S013 I {37 () 4 Xof 5
FREEUX AR [-57.3, -55.9], FH{EH -56.58 dB,
PRifE2E 4 0.31 dB, A L ERRIRS B T 0.20 dB,
A A B RS TE RS BE A T 0.30 dB, T A 48 o) S
i BT 0.60 dB (Schwerdt %5, 2010), FREZHK
T 06 B I 28 0T A RS FE AR T TerrSAR-X L&,
J PR T2 A TR PN B ARG R X RS

A R AR B SR E H AR5 4% F>20.00 dB, 4b
GRS e s b A SEHARE 2 R g R LR 57,
T K

%5 FRAABRFETEFEIRERLNNELER

Table 5 SCR results of radiometric calibration

=L AN 22
I e e P
CR-1 48.19 36.57 43.34
CR-2 46.04 38.63 43.57
CR-3 45.20 41.02 43.70
CR-4 45.56 42.19 43.88
CR-5 47.06 38.95 43.00
CR-6 45.85 38.54 42.19

I FH AR BB 268 o8 2 s B 0T 53 Ey b R AR A
S IH—AR S B Ry, WAR 6N, K6
AL, STEBL VV ARAIERY v, Y91 8 -6.18 dB, #rifE
%4082 dB, 5 CH B VV ALy, 1l }-6.5 dB i
HHEUT (Shimada %5, 2009) . 4 B R85 k0 —
506 A2 1Y 4R SR BE AR Pk, B X Ey 3 /Y
ARIEAT LI
34 BBERR-ZS 06250523 XWIE

PLFRES I R 5 TR 05 BN 52 X BR 88 K
T TR 06 B UE TR ARG E bR, P T A
ARTR) AU 7 L o 2% I KR I s 3 1) o I 33 8%
DR IEAT AR o AR T 48 28 SUAR B e b ik, 3t

BN HPRE 2R R WL TR, 1528 0 2
>20.00 dB 14 5514
*6 TOBHHAMBHNGFIT—LEEEE R

Table 6 Gamma naught from amazon rainforest

0 J4—

il B ﬁﬁﬁﬁﬁﬁms)%igggﬁ%B
S1 \'A% 20.59 -6.83
S2 Vv 20.53 -6.96
S3 \A% 20.64 -5.18
S4 Vv 20.64 -5.67
S5 ‘A% 20.64 -6.29
S6 ‘A% 19.98 -7.29
S7 \AY% 20.64 -6.39
S8 \A% 21.19 -7.44
S9 \A% 20.64 -5.82
S10 \A% 20.64 -6.24
S11 \'A% 20.39 -7.37
S12 \'A% 20.64 -5.24
S13 \'AY 20.64 -5.08
S14 \'AY 20.64 -5.15
S15 \'AY 21.05 -5.76
KM -6.18
bRz 0.82

T VV AT 5RO 6 B

L X ARHHEARS B AT E AR B 8.
HAE X E AR AR IR TR 4, R8T UL B
K 5 06 258 SRS 28 b 5 4 X I b 258
KRR S13Pehr, W AHZE1.33 dB, FH/h R S153%
fif, PiFHH220.29 dB; S14 P AiE4T T 2 kA8 XL
SHEbr, SIS T T 4 R8RS Ehn, P&
A8 SUKR S 78 b 55 248 %0 4 5 2 B ) 22 144 < 0.50 d B,
e F Bk 38 AR e bR S5 5 o 25 W 38 AR 4
SEARE M M 21.25 dB, 5 HH H Ak 46 % & bn i
BOF-$4{H 20.87 dBAH L, 2254 0.38 dB. HIULAS
B, 38 I S H AR A SRR T E BRAE IS X SAR SR g e
B B 25 TG AT S0 AIE , I LI 38 XOE FRAmik
38N, EFRREE RO T — 3 JR2Lac )R
SENRIEAE N SAR A7 bR i kb 72 F B, kgL
BN A8 SUHR S5 B BARIR - 1 — 20 DN 28 X R
WU R E A, 45K 5 060 TR 4
X bR BUNARE M, PRBE SAR T K i 4 4
— 5k
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x7T INEHERBERIEHER

Table 7 SCR results of cross calibration

20 B S
i Y
CR-1 36.95 27.54 3225
CR-2 31.49 22.87 27.18
CR-3 39.76 30.29 36.82
CR-4 31.30 25.06 28.18
CR-6 33.98 28.65 31.51
CR-8 36.90 28.83 32.23
CR-9 35.39 26.54 32.87
CR-10 30.19 24.717 27.48
CR-12 29.54 25.55 27.54
CR-13 32.61 32.31 32.46
CR-16 30.21 29.35 29.78
CR-17 29.85 29.72 29.78
CR-18 29.02 28.50 28.76
CR-19 31.52 29.89 30.71
CR-29 31.61 28.03 29.82
CR-36 30.67 25.28 27.43
CR-37 28.35 21.81 24.71
CR-38 26.37 25.25 25.81
CR-41 26.33 21.77 24.04
CR-42 31.65 30.53 31.09

x8 TNERER

Table 8 Result of cross calibration

. ESGERR AN GERE R EAR 2 XERRS
EEHE/AB bRiEZE/AB HAE/AB RS E bR 2 (H/dB
St 21.70 0.49 20.87 -0.83
S12 21.79 0.10 20.87 -0.92
S13 21.54 0.48 20.21 -1.33
S14 20.50 0.85 20.87 0.37
S15 21.34 0.61 21.63 0.29
iﬁ‘;{é 21.25 0.76 20.87 -0.38
+ DA
4 én e

Sy /N B HIL R 22 X0 R B R R, AR ST
PAFREE I K — 5 06 BT TERT G, Xof 2% 1 o7 246 %o
TEAR AT T o — W, [R5 & B4R e b
23 TR FE YW A RS, 2E—B4m T A
i AR PEAT S SURR BT e AR B T, TR) IS 2 A e 3ok
WO TR 9 i F AR B AT IR0, 30 o 4 B R st H

(4 Rl 1 22 S T B e b TR A A X RE bR B, T
DA I S0 A 15 ) B S48 T B o5 H AR AT T 50
W, FELEBWT .

(1) FREEW K =5 06 & I 7 0] 48 % & b %
BN 1.42 dB, A N 48 X0 A8 A 5 BOAS B o
0.53dB, LT &it4E4r2.00 dB.

(2) TEARUES= A = i, R AT
WA 18] 7 1) L ) 25 57 L AN TR) gl o T) £ 184 25 R Ak 1
PRI S5 A UEAT AN, BT LA 4 N B B S AR A A I
£, R EREE I K 5 06 ALK T A 4630 & bR
B FEAE M A RE bR P 07 A9 4 36 52 A 4, HH
B AL X 7 bl A -4 20.87 dB, bRifEZE N
0.60dB, VV AL XT38 bR B V- Y E 2 20.64 dB,
FRUEZE R 043 dB. 2830 Eifh Ry AR ek, VV AR
TR A S AR 0 — A0 5 1) S R BB -6.18 dB,
FrifE 22 4 0.82 dB, 5 C I BLAY 2 % (5 -6.50 dB
Pl .

(3) FIH A EARSEI T PR K — % 05 B Al
DK =5 06 258 SRS E br . BRI ARS
PEF 1.33 dB, 45 9507 58 XHR B e bRl R )
RIS R B AR HH AR A28 %0 5 b i 07 Y (A AH
I, 2555038 dB. Ul A8 SUHR 5 2 im AT AR A #b
o T BeAE SAR Ah 47 bR g Rk TR, Jf B A
3ESOERRAIR 3, R T R, SR
S8 bR R AT B — 2 T N AL R 2 1 R
i), ] Bk 58 SR B A R IE T 52 3% ] SAR 2%
ar i o — Btk B B EEH

K — 55 06 B 2 58 4 gt e b, Jf
BAx e RCIMAZME AR RS, A TR
(R 7 PR SR AL A DR B . F T AR B 3 1
J, MR A B B A B, RS R B
SN RN AR I K 5 05/06 S 1 4w S PEREIEA T
PRI

2 % 30 ik (Reference)

Breit H, Fritz T, Balss U, Lachaise M, Niedermeier A and Vonavka M.
2010. TerraSAR-X SAR processing and products. IEEE Transac-
tions on Geoscience and Remote Sensing, 48(2): 727-740 [DOI:
10.1109/TGRS.2009.2035497]

Chen J, Wang G L, Wang D, Zhu Y L, Mei M X, Wang S L and Jia S
L. 2022. An overview of HJ-2-05 satellite. Space International,

(12): 33-36 (KRB, EEE, Fill, R, f4 5, FIE, 5T



3334 National Remote Sensing Bulletin

R 2025,29(11)

FK . 2022, B K 45 05 TR . EPRK=2S, (12): 33-36)
[DOI: 10.3969/j.issn.1009-2366.2022.12.008]

Dobson M C, Ulaby F T, Brunfeldt D R and Held D N. 1986. External
calibration of SIR-B imagery with area-extended and point tar-
gets. IEEE Transactions on Geoscience and Remote Sensing, GE-
24(4): 453-461 [DOI: 10.1109/TGRS.1986.289659]

Freeman A. 1992. SAR calibration: an overview. IEEE Transactions on
Geoscience and Remote Sensing, 30(6): 1107-1121 [DOI: 10.
1109/36.193786]

Garthwaite M C, Hazelwood M, Nancarrow S, Hislop A and Dawson J
H. 2015. A regional geodetic network to monitor ground surface
response to resource extraction in the northern Surat Basin,
Queensland. Australian Journal of Earth Sciences, 62(4): 469-477
[DOTI: 10.1080/08120099.2015.1040073]

Gisinger C, Schubert A, Breit H, Garthwaite M, Balss U, Willberg M,
Small D, Eineder M and Miranda N. 2021. In-depth verification
of sentinel-1 and TerraSAR-X geolocation accuracy using the
Australian corner reflector array. IEEE Transactions on Geosci-
ence and Remote Sensing, 59(2): 1154-1181 [DOI: 10.1109/
TGRS.2019.2961248]

Gray A L, Vachon P W, Livingstone C E and Lukowski T 1. 1990. Syn-
thetic aperture radar calibration using reference reflectors. IEEE
Transactions on Geoscience and Remote Sensing, 28(3): 374-383
[DOLI: 10.1109/36.54363]

Gupta M, Malhotra V, Shah B, Prakash S, Sharma A and Kartikeyan B.
2019. RISAT-1 SAR HRS mode data quality evaluation//Proceed-
ings of the IGARSS 2019-2019 IEEE International Geoscience
and Remote Sensing Symposium. Yokohama: IEEE: 1041-1044
[DOL: 10.1109/IGARSS.2019.8898129]

Huang Q Q, Zhang F L, Li L, Liu X C, Jiao Y N, Yuan X Z and Li H
R. 2023. Quick quality assessment and radiometric calibration of
C-SAR/01 satellite using flexible automatic corner reflector. Re-
mote Sensing, 15(1): 104 [DOI: 10.3390/rs15010104]

Kasischke E S and Fowler G W. 1989. A statistical approach for deter-
mining radiometric precisions and accuracies in the calibration of
synthetic aperture radar imagery. IEEE Transactions on Geosci-
ence and Remote Sensing, 27(4): 416-427 [DOI: 10.1109/36.29561]

Larson R W, Jackson P L and Kasischke E S. 1988. A digital calibra-
tion method for synthetic aperture radar systems. IEEE Transac-
tions on Geoscience and Remote Sensing, 26(6): 753-763 [DOI:
10.1109/36.7707]

Mishra M D, Patel P, Srivastava H, Shukla A, Patel P R and Shukla A
K. 2015. Approach for absolute radiometric calibration of Risat-1
sar data using standard target. International Journal of Remote
Sensing and Geoscience (IJRSG), 4(1): 28-32

Ou N M, Bai M, Liang B and Miao J G. 2013. Application of the trihe-

dral corner reflector in RCS calibration test. Journal of Beijing
University of Aeronautics and Astronautics, 39(2): 220-224 (KX J)
B, LW, B, BRI 2013, = AAR A RS £E RCS ZE ARl
AT LR S RS2 1, 39(2): 220-224) [DOL: 10.
13700/j.bh.1001-5965.2013.02.005]

Schwerdt M, Brautigam B, Bachmann M, Doring B, Schrank D and
Gonzalez J H. 2010. Final TerraSAR-X calibration results based
on novel efficient methods. IEEE Transactions on Geoscience and
Remote Sensing, 48(2): 677-689 [DOI: 10.1109/TGRS. 2009.
2035308]

Schwerdt M, Schmidt K, Klenk P, Tous Ramon N, Rudolf D, Raab S,
Weidenhaupt K, Reimann J and Zink M. 2018. Radiometric Per-
formance of the TerraSAR-X Mission over More Than Ten Years
of Operation. Remote Sensing, 10(5): 754 [DOI: 10.3390/
rs10050754]

Schwerdt M, Schmidt K, Tous Ramon N, Klenk P, Yague-Martinez N,
Prats-Iraola P, Zink M and Geudtner D. 2017. Independent system
calibration of Sentinel-1B. Remote Sensing, 9(6): 511 [DOI: 10.
3390/rs9060511]

Shimada M, Isoguchi O, Tadono T, Higuchi R and Isono K. 2007. Pal-
sar calibration and validation. The Journal of Space Technology
and Science, 23(1): 1_36-1_42 [DOI: 10.11230/jsts.23.1_36]

Shimada M, Isoguchi O, Tadono T and Isono K. 2009. PALSAR radio-
metric and geometric calibration. IEEE Transactions on Geosci-
ence and Remote Sensing, 47(12): 3915-3932 [DOI: 10.1109/
TGRS.2009.2023909]

Upadhayay S, Rani B A, Pandey S, Mishra N, Patra S K and Chowd-
hury S. 2016. Radiometric correction of RISAT-1 data//Proceed-
ings of 2016 International Conference on Communication and
Signal Processing (ICCSP). Melmaruvathur: IEEE: 86-90 [DOI:
10.1109/ICCSP.2016.7754452]

Weng Y K, Li S, Yang J L, Yi H, Wang H and Ma Y. 2015. Fast solu-
tion to the RCS of corner reflector for the SAR radiometric cali-
bration. Geomatics and Information Science of Wuhan University,
40(11): 1551-1556 (F B4, 240, B be, S ik, TuT, hER.
2015. SAR 517 b o f S 5T # RCS i HUR i . mRIBUR %27
R (fi5 B BF2F M), 40(11): 1551-1556) [DOL: 10.13203/j. whu-
2is20130613]

Ye X, Kaufmann H and Guo X F. 2004. Landslide monitoring in the
Three Gorges area using D-InSAR and corner reflectors. Photo-
grammetric Engineering and Remote Sensing, 70(10): 1167-1172
[DOTI: 10.14358/PERS.70.10.1167]

Zhang Q J. 2017. System design and key technologies of the GF-3 sat-
ellite. Acta Geodaetica et Cartographica Sinica, 46(3): 269-277
(GRPH . 2017, @4y =5 TLR SR BT 5 S A L 224412,
46(3): 269-277) [DOLI: 10.11947/1.AGCS.2017.20170049]



WEEAK A5 T 0 AR EIE IR K 5 06 TSRS bR RIS S E bR 3335

Radiometric calibration and cross calibration of HJ-2 06 satellite based
on point targets

YAO Yulin,HAN Qijin,XU Zhaopeng, WANG Aichun, YAN Lili,ZHAO Hang

China Centre for Resources Satellite Data and Application, Beijing 100094, China

Abstract: The HJ-2 06 satellite was successfully launched on August 9, 2023, and forms a coordinated earth observation system with its
twin satellite HJ-2 05. As important components of China’s civil space infrastructure, these S-band synthetic aperture radar (SAR) satellites
enable critical quantitative applications, such as soil moisture monitoring and ocean current observation. Radiometric calibration is the
fundamental prerequisite for these applications because it establishes the precise functional relationship between SAR images and target
backscatter coefficients. The HJ-2 06 satellite aims to achieve an absolute radiometric calibration accuracy of 2.00 dB through radiometric
calibration.

In this study, the radiometric calibration method of the HJ-2 06 satellite was introduced. Compared with the peak method, the integral
method demonstrated superior stability and was thus adopted to derive the calibration constants for different beams of the HJ-2 06 satellite.
To reduce the influence of random errors, absolute calibration constants of all beams were uniformly analyzed. The results were further
validated using incidence normalized backscatter coefficients from the Amazon rainforest, a benchmark for other SAR satellites. During the
on-orbit testing period of the HJ-2 06 satellite, absolute radiometric calibration of the strip mode was performed at Suniteyouqi, Inner
Mongolia. Operational constraints, including limited revisit cycles and on-orbit testing duration, make simultaneous calibration and
validation particularly challenging. To overcome this limitation, we proposed an innovative cross calibration technique that utilizes point
targets as references between HJ-2 05 and HJ-2 06 satellites. The basis of the method is that the change of the radar cross section of point
targets can be ignored when observed by the same beams between satellite constellations. The absolute calibration constants of the calibrated
satellite were calculated by extracting the energy difference of point targets between satellite constellations. Cross radiometric calibration
using corner reflectors as point targets was completed in Queensland, Australia.

Experiment results showed that the differences in the absolute calibration constant among the beams of the HJ-2 06 satellite are not
more than 1.42 dB, and the calibration constants within the beams remain within 0.53 dB, surpassing the design specifications. Furthermore,
the cross radiometric calibration accuracy of single beam between HJ-2 05 and HJ-2 06 satellites is better than 1.33 dB. The difference
between the average results of cross calibration and the average results of radiometric calibration was 0.38 dB, demonstrating excellent
radiometric consistency within the satellite constellation.

Comprehensive calibration constants were successfully derived for different operational beams of the HJ-2 06 satellite, and the findings
showed that cross radiometric calibration on the basis of point targets can serve as a supplementary means to verify the results of SAR field
calibration, indicating that the results of cross radiometric calibration tend to stabilize with increasing frequency. By averaging the cross
calibration results of all beams, the random error is effectively reduced. Cross radiometric calibration plays a pivotal role in ensuring the
consistency of SAR payload radiation between satellite constellations. The derived absolute calibration constants were successfully
implemented in the HJ-2 06 satellite’s ground processing system, establishing a robust foundation for subsequent application verification
and operational deployment.

Key words: HJ-2 05/06 satellites, radiometric calibration, integral method, cross radiometric calibration, point targets
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