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Fig. 2 Error source of the remote sensing product



TR RS INIRAE IR B A A SR T T S 3669

FEP AR TR IR, SO R — R T AR R
BRI N, AR AR 22 | BEAUPLH S5 AR
SR T R U RFRER B SEN RS SO R)
kLRI T s A SRR ETE (rese,
2020; 3K %, 2020; Gilerson %%, 2022), fnf
AL IR IR E TR N &y, B TALBES]ARY
WERRNN e, RIEHILEREFRR N oy HES”
mn A AR R A IR ZE T LIRR

U, =.Jel+el+ e} (5)
K (5) BIRGABB R IS, HEhRE
AR 2R BRLEN, STEE B eI
PR, BRIRZERIAXSTINEZ (Guilloteau
45 2022).

3 RS EL SRR TR 22 TR

3.1 HEXMER%

ST A 56 2 VA 328 SR i B 11 T R AR
T RS T R USRS R ™ 2R AT R L R b
B 7= i AR R 25 KO O B0 45, 2017; B
8, 2025) TESEPREEII H A% o0 RO B AR X
AREL, HAERRAEET . Bk, 588 K5 i
— AL HE B SRR B g e AR S AR SR AR
T A M TS | s RUBE B 4 RS 56 4 SRR
(G 25, 2023a) (K3). HMZIRBORH &M
/MR T R 27 LA DL LS i 8 J8% ™ i [
B AT ENE .

SRIMT, A2 b2 [H] S Bk« RUE KON A 5%
BOTRES % FAH R 5 AR 2. 3 LR
iy 2R 0 RUBE RSN 1T DL 20, HiLTT 2 2% BL(E A1
FEE B A SR ZE D E (Brown 45, 2020) .
XEFARY e, I A S I R RO KO 4 R 1
FE SR MR 22 RAGOT RE S5 B AN e T
B YR o b T A LI T A5 E) A I (A R
SO FsF B AT O IS BB 1 B, KL R R
Tz W ] A s A ROEE B, AR AR R B AR
FMEIRZE (50, 2013) . M S2 i 5 Ay
v S 25 RUBE RN G E 174 5 6 2 o IR A 7R 3 £ 7
RE e, WFELIER | ) BB TR A A
R, (AT BRI P . S50 R B AN E T
DA B 45 P AR A 25 14 5 | A ) iR 2 ek IR 48 it R
BB 2 FE, [FIRERS I T A 55 25 3 0 A iff
PEOMKER 55, 2018) o 5 52 fiff A 2k T 4045 3K

Bl A1) BROR Bl A 45 A i RORE G 5 B (Ge 55
2019), A&7 AYIR 27 A R AR TP B
M, A RN MEXE LA L. X, R/
FHAE (2025) #18 #NAR T RE S % B AN
PR, 523 T R TR/ M e gt s %
HAEM BRI R, MBI RESH EHER
AW E /N T RUE BT, 1] LA LS PG 5
SRR FLSI R T @ A SR (DG
45 2023a).

FRE =
FARE (< Yo A5
SR

I 4 R e

3

HER PR A

!

AN RE FES3 BT

F3  ESERGI TR (5T b B A R R
B F A AS F 22 5145 ,2018)

Fig. 3 The process of remote sensing product validation

(Quoted from Administration for Market Regulation,
Standardization Administration of the People’s

Republic of China)

32 REWIE

T 2 DT VR A2 5 MR e 0 5 SR 1 AR 1 2 [
51X — 1R 22 (A WO IR Je K. N T RILSE 15
Al FpRE EE Ry 0k, B N A 5T A
BOA R 2ZE IR AR AL T — SO SRS, R
FH—BOR AT 5 19 25 280008 S RMER TR AR 2, i
T 1 AR o v 0 2 B 5 45 o i A vfE S [
B T JE RS W B (AR SR A &R o KA JIF
1001—2011 Gt i ARE FoE ) (b RSt
] R o W B A S A R Ry, 2012), AL
o0 SRR OISR G SR TR Bl DAGRIEI]
JrS EE A ER —2 BEWIR, ER SRR
PIUEE, RIS R EYE . HERAT— A
S8 S0 24 HE 06 ) 7 LR Y L RRE , SRR
THE I ES R A AR (BRI 5%, 2022). 20184F,



3670 National Remote Sensing Bulletin

ERCEIR 2025,29(12)

FriT i /5 BIPM (Bureau International des Poids et
Mesures) | & FR i il 71 72 41 21 OIML (Organisation
Internationale de Métrologie Légale) . [EFR3Z56 % A 1]
BYELHZIILAC (International Laboratory Accreditation
Cooperation) FEFRFRAELH 20 1SO  (International
Organization for Standardization) F:[&] % fji 19 75 B
BF A 31 ) 50 P o e R ) 3 A T B )
S5R G SH R QIR AR A R S5 R a0k, H
RS P i BRI 255 | A A 2 BE (htps://
www.nim. ac.cn/node/1534[2024-10-241) . N T 1%
TR A5 R B — B AT et EIBREAL ] (SD
NS E X4 (NPL QA4EO Team, 2010),
TSR R, M S5 R AN BB

T 90T 5L ) A A AE 2 L — 2% 5 B 1 A (1) BB
FOTESG BE MR L, BT AN E BE VTS 5 1k 58 B g
IR 22 W R Y, AR ZE AL B EE BR AR S
AN E BEAG S S AR . 2% JIF 1854—2020 (#5
WY BT TR A N L P AL S R AT EOR
RFE) (E 7 R E R, 2020) MUERY T
S R T R T, R R AN
A FEARFES LR (1) =B T
(2) ZMX G e HWR THRAESE; (3) K
(4) D AERRFERARIA s (5) W& AN o B2 PEA .
R MCHIE AN S JRE DY 45 2R 0 I A 52 o ol 0 AN
B R PR 8 o3 B A T 0

TR A P RIS 2 T T AR E bR L L
20 JEEE . SRR A R, H
i AR R ) RIRIRE S BRITRESE H
(ELZR U B A 8 5 IS 2 2 W) ™ i B4 A6 B 0
JEE TR [ R R AR SR P R IR ZE IR, R
FHE A E A PRI R IR ZER IR RN, A R 22
feib ML, Jf 5 TR 22 AL 1B BB JEAT W IR . 9918
8 8 S — 7 Tl 228 J% ™ il B AT — SO AT L
75— 5 WL A e RS E ek L R T B R
THESFE,
4 RZEMIREYEEA T Ik

TCIE S T8 287 i 30 S LISV AG: 56 1% 22 ) UL Y
SR P RIS 2 ] R AN 7 i A 7 2o AR R L SR A
0 L AR I A % 22 R BT AL RN . A
FE AR ZER IR AT, il i 42 R/ Jey A AU
M. SRR (Zeng %, 20225 ThiiF %,

2022; Kim%F, 2023) HRHERS & EL52m A
R AR, FEXA T B, 2 R AR
AVAT DA SR IE R BOC R ), B i Ak T
FTAR G AT S, hE AR TR
ZW A TEOL (Zhang 55, 2022) o RS 53 B %
AF 5 5 | B 328 JR 7 it R L SV ARG 0 L 158 25 1 2
R B E, w14 R 2 BUSfe 5
oL, HICET AR R EHT . AT
TR AN 2 A 25 o0 SR A SRR, TR 2
B FEALRG LR 3R IEA T

41 ETAHEEWERF X

28 R i AR L S R 0 L 1R 2 I UR AR T I
5t i R AR AL, A O Sl e AN S S
Aty ) A % 25 [ 90 I i L S A 0 15 2 A U
1 H 1.

b EROUL I £ i T R UEAESE (QA4EO) HhiE
SCHH YR Ay 38 2ok — S5 5 AT B AN B 2 B A (8] T 7
FLRCHE, (0 25 R i (L RE 8 5 00 2 19 2 % A if
(il H g2 55 [ G0 o s o ol ] Pl A vf ) KR
FfiE e (Woolliams %5, 2014).

4.1.1 WHEHENEMN SR

T JR 5 it i R A SR S A Ak 3
PR R, ARG OO R X B AT DA B B R AT
RN I B S v (ERS 4 T =SS LN A A
PRIEE 3 ™ 5 A ) T 2 2P0 AE Lk
BARALFL, AT 2208 0 I (R A AR A
AR E B A P R ME DL R s B — A e R B
BORY N7 1B S A 7 A T R R 2 W R B B
T B R IR A S A R R R
I RGP i E RO R, W E e A I
ZRIRARIRIA
412 AEREXEIRREEBTIE, DEWIRER

TCie I A R A ] DL sk, #RHE LAY
3 S A e A 2 S e A% IR 22 22 [E) A A% 3 O
Fo VIRPIRIE L i B 4 B 3 0 I8 AHe e 4 it
AR BE B, A Az ™ 2k R b S e 7 i BT A Y PR 2R AT
AL RIR, SHAH 2 PEAF S 3 (Velychko F1
Gordiyenko, 2023) . 45 &l & & /s 1 [ ) ¢ &
AR A0 A 0 o VP D7 VR T T A S e i J
i T B PR R B AN E B, TS I ABEURRBE R B BT



TR RS INIRAE IR B A A SR T T S 3671

A IR ZE WX SR G R AR R
EBRTmREAHNAHEEEERE

SE 18 S it — MBEE A i SOV I K Bl £ H Y
BhRAFAE SR, H R O 2 W At g A B 5 0K

4.1.3

SR RO R o X TRERE AL, wl L
8 o i e 28 2 B AN R JBE A2 4l R A B o 1Y
AN E BE IR A AR HEAN I E R IE AL TR
AR (R R R [ 5 i e A g A
LR R S AL B R 2%, 2018)

S () FR B G & RN L
SRR R, x, 25750 1A A
i, aa—f%%/%%&iwﬁ%ﬁa‘é%ﬁ/\ﬁm‘ﬂB‘Jrﬂ%ﬂﬂ‘

T A o IR AL, w(x,) Ros i A AR TEA
BB, r(x, x) RNEA T 5, A CR AL,
w(x, x)RRMAREY 5, IT 2.

MR BIRFICHT, FHRERECH 0, Bl
HAGTHE G AR EA T & BT Al

(7)

S, () BRI 4 R R T
ST R T, v, JR 0 A R
8, -2 e Bt 54T S A2 9 SR
bl A MRS, (o) FoR A AL R
Wi %%ﬁﬁlﬁ%m%@i@fﬁ%ﬁ, W T 4

— AR S R KN, BRI, X T
RO AR P TR L BRELRIRE SN, BdE i
A SRR G AT S AN E 1, HLA R Z [E] A1
R, AR DL A BT R AL R OR
J T BT A R e, T Oy R R n)
B SRR % T (Ramnath, 2022) t2TPEMA
W E PR A ST B AR — R BHE 15 2 4
RO, TR B R A IR 22 R
AN A BT Iz N T S T R
USRS HEUE, ARG ERS | A HE L E T Ak
fil (SheaZ¥, 2020; PaganoZ¥, 2020). X%/
iR 22 W IR L TN E R WU Y O v H
M E T AR BRI R
T SR il S (R A DR 22 AL S R . AR BAREAR BT
AR AR R L i R AR 2 A T 3 A I A
R B — TR 22 R MR I T HOR i E M, SRJE R
T 0 AN B S BT VR A B S AN

uly)= /z(;)()zz S LY (e uleu(s) (6)

PERN, R R I 00 S 57 % (NPL
QA4EO Team, 2025) . R ixX 2815 22 ok PN A
AR B DT i SO T X (R S ™ ol & A
AT LS 0 3 R AN E PRI TR . BRAR BRI
AT 4 AH S AFTE IR 45820, (FL 3k ot 66 AN A 32 1) D
() 53 AT LA Ay fiff 2 da a7 it 158 26 W 905 1) i) A 1
— P
42 RENBERERE

R A P R A, S AER T AR
2o [AIE, A AR EIRE . MEAEH,
ME DL P R — R 5 B 1R 25 RN, LI,
T2 R it 1 25 T VAR I O S o5 It 2 e i e
A7l R R S HR A B R, R T TR BE 2 2T p
M2 P5 B REARRE A3 Ay T SR
— [ S 1
421 MHEMZIREER

T2 B i A 7 2 R AN A P A AR X
BRI, X TRRE M, REEI A
W2 R AR R . DLBIRIR 2Z A, 7
dn A5 P LR R A BT R 2 S R, S REEAR Y
YIRAEAY, DT BT He (iR 22 A s MLl . BT,
T Ay 1 AR ML ) 3 2 A 58 2 3 B o HH AR
e (Li%, 2018; HIwBH, 2021; Zhang %5,
2024),
422 (HEENRZEEE

T ML BB AR Ao Sy B A B R
X EAL R G ATEL, B E RGBT S
W, AW RS TR B R
Bl BT AR A, IR
FEAT, BT HARZE RIS RN, AT S B A
R R ZE GBI . DIECE AR A DT o B,
IR N Tk R, EE A . SCBR{E L
R £ PR I 7 A A 25 Z ] B S 56 &2, AT S 3



3672 National Remote Sensing Bulletin

ERCEIR 2025,29(12)

A FFIREELIIE AT (TR 45, 2023; FhVZE
f, 2019).

423 RELEEE

WG 2T I3 ik, BRZEARMEFT I N R G IR 2E
BEPLIR2E o PG, T DURE SR 15 22 ] 5 00 ik g 3
PR R 43 T AR HI 15 22 15 R BRAE 43 Bl o 2R 25 1
K/, BRI R 7 a1 AN B 7€ M Ak 2 AT 0 A
(Salminen 5%, 2018) ., Ff R 401w 2= R HL 1 25—
AU, T8 R 53 BT O G S ) e 2 5 R o
() F B 2R UR T R Tk B LI 2 AT 1R 2%
L3RR (Mutilba %%, 2017; TangZ, 2019), H
e, RSN AT DUE G RE 5 22 500 A T v
SCH (De Vis %, 2022; Zhang%‘;, 2022),

Zi b, R 2 S RO Tk S AR 25 W)
R e AR 22 03 i R LA BRI 22, AT .
AR B FoR IR 22 00 R R/ o X PP 7 R 5L TG 50
55 SR 1) R A R 2 b g A ) Y 1R 2 IR A, DALt
ot B B S i 1R 22 R IR S H RN o BZ T B A X
C Y E R 22 R AEAT o0, AN BEAx T S kA=
PR R A IR 22
43 BEEWTRESMREGAHE

A A~ FL B 2 B 152 2 AT A 71
T, RESAE B SENEE (BEEEA

B IR NG DL SRR R P BRI, L
T 1 S i B T A A A i A B . SRR
BRI AL T IR T A A R B S AR E M, (H
TR RN B 45 B 51 R iR 22 RN AR T
FEE SPGB LA b, 5T E T R A X —
[ AR 28 O . BRI IR R T —EmB N
FEAEE X L MR REHEATVRAS PR B X Bk
FI B B0 B AN 0 B 1 220, B iR 2515 DL
o A BRI T2 B R R iR S 8 10
F—% S, i J S5 RT AR A R B A
BARA B S iR 25 o 256 50 00 A B S
o 6 T 18 SR R S AR A, B0 2 TR
PR 2E . AR 2E 5 BT R 25 22 R E D
FITB YL, HEBWMBSE —-WSE 0, &
T oy B WL A I 5 BRI T R g
%, EESEE (2023b) W15 ARG Pl
L S 0 S R SR 1R 2 L A AR, XS
SRR 22 R 7T B SR RN

Tt i A & IR ik . REN RS
J T 35 A R TR I RN B S A B 2R A T
VR A AZ O B A HB 2 v AR BRI 32 R 22 K R K
Ao 3FNTT IR MASTR] A B N i i — (] 4 AL T 1
B, RGN T4 A RS RIBR

&1 REWMEEARTE

Table 1 Basic methods of error traceability

Jrik: FE AL SRR
BETAWEEWEIE BT R AR 22 A B JF RIS IR RO BEISEA S8 L EAT U 22, 220 17 il AR LA UL
e B A B

. ; BER TR 2R DO IALRE , R ORI 25 40 i R LA S - .

B3 S\ s o W S5k NHE SR A IR

DAL S T ik R0 AT B R 52 4 e ERGRIERIRT A, AR AT WA 7= i T v A 45 T 22
PRI RSV T BRI 2E AR ZE S IBEOT MR ST TR A B T ROCRRIRIL T, SRR i AR R 2 5 8

LRI MIZ AR ISR AR, DT S R 52 22 1 ) G R ZEAT AR — E W 22 5]

5 BRI
51 ESHKRRSEZHERENE

b TET R0 2 A 2 SR i TR R 1) LA
PR, TOI S b T S A UL I 3 2 R e 4 5
12 2% FLAH 5 3 B R OTE HEAT LB, R HE
B T 225 BAEA 5 AR KA EM (R
FF A, 2024) . b T ARUEDN BB B R . ATEE,

BEFASHE B 0 R 7 33 2k 1 T v S
IR ZEWIE T . Biatek 25 (2020) 3 % €7
JE A 4 Bt 5 2 o AR ST A E A R, b
T A AR R AR A SR IR R AR A
SR MR 2, PRIE T I ™ § 50 E w52 25 1)
ALE P o X O I 2 % 2 ST A AR o
M 4% (RadCalNet) VIWHUE M HK), XET —EH
W E S KRBTGS H 5 R . A



TR RS INIRAE IR B A A SR T T S 3673

WEHRAE i ASE, 55X 0 KRS EEA A
SO, JFE A 43R (Wenny Fl Thome,
2022) JrEAEREBIRAZ WS (TOA), AR5
1 3 5 RE R I A UL T 545 B TOA B9 A 1 € 1
IRk Tk, s B AT W & SLIY U R 5%
HARE (Bouvet 5, 2019) . HEFAHHE B IR 7
%, RIS Z I FRM (Fiducial Reference
Measurement ) 188 V7. 7 — 2 A W 5 A4 TAF 160730 85 A At
P B DU K 4, O R E S g —
A N AR B 2R, Ay b R B 7 i B AR b 1T =
% HAH FRM4STS (Fiducial Reference Measurements
for Satellite Derived Surface Temperature Products) .
TS ST B 3 3 Ak A 7 b T D o 2 LR
FEIPREL] (S A ERE, ORI T H il & 2
HEAHRZERE I, X TR B ™ A S e B AT
UL,

2 16 2 R) S 1 A SR, T UL I 3 A
e HIEAE NBOTRES % B S DA M7 I
B, FEREEERE 2E AR, TR R A
Z A0l R R 22 RUBE 50 UE R A L 8T LR T
HARRAE . T IRESHITE, Wuis
(2019) X JLAH LY Y FLSEPEAS 50 07 A THR R 50T
REZ7% BAE AW E VESEA T IR, JF 5 T8UE
B AR 2 (Wi e 22 . 2| itk . R
R R 2% | JLTIEEC IR 2255 ) (R HL SRR S it
FErh o1 A E VESEA T BT, TERF IR 2515 3%
LR REA A T 2 m R oo RE S % HAH A
(AN E PR Y AR (Wu s, 2023) X —
JE ORI T AR 22 IR TE 255 B R U A
I AR, A AR A R Y 15R 2 A R AL R S
H M
52 BEHERTRIREHRIR

[e 80 3 J ™ it R 2 SRR, R T A B
HE AR B B B S AR R R R
JE R ST R B TR R B LRI, kg
JE B4 SR B s R BRI SR B T4 . MK
LN 5 e DR UEHE 28 8 AR B A OGSO, SR Tk
T B 88 5 AR AN A S R W IR AE SR, 3X
SRy Sl N7 T B B A ST A S A o R I T R
(Grobner 55, 2024; Werfeli 55, 2024), & T A
JE JE B I8 07V ATEBILE b 38 58 0% 22 45 188 5

Bt BEF 0] W R ) A S 3 v A3 B iR 22 AL i
2, Jfx Hofthag i PR SR TR, T S T AE
BUEPRIRGE (SR¥ %, 2023), HEsE, B
ESA . NASASG/RiR iy SInl B TAE (WHRER
B AR R R O R DAk HoAth T R A v R
IR ES % (Fox %%, 2016; SheaZy, 2020)., 4%
ARG R, T AR E RN rEA
PRBE T e e prad FE i iR 2538 0 . [, 2%
R 7 1 A S o v 1 I P A X S 8
G B 3 IR i 5 25 B R 9E ELOA I G A
HY.
53 ERFRIREWIR

Al — 2 50 R 1 % 22 15 108 B 6t S IR SR
fn R 2E W R Y DGR . 1B R AR R P e — b
S BRI, T T A 2 8T 2 (]
1) 1% 2 1% 88 O 2R 38 W 328 R 7™ i 1R 22 SR R RN R/
(R A51F o BT A0 0 B 900 U5 12 o 38 J 7 i
IR T — Do I TRAE SR (K 4) . %
HE 2 [ G 388 J8 ™ i OB 3R G840 BT R DG AN
FEPEAIR I 38 2 AN A [ AT AT ARG
BTN AR A NS SR RIS, &
A5 15 2 K TR AN o B R/ IS B LA IO 2
T BRAG A o PR PR 25 R . BE XTI —HERE, R
g E TR T WIEMF ST TAE. Ma%% (2020) M T
AL ST TR AR B b 2 S SR A A I VR
MG, LT AW EERRIEE (GUM) & a8
T OB v PR AR TR A S B A 2 MY AR IE S AR
SRR E MR R . ORI AL A
AR KRS BN R e AR e Ak, XN
— 0SB AR R R B T SRl . De Vis
G (2022) FET 2R RIS BT 1 €A S T ot
T R AR IE BT A A M 2 3R S RN
PERLIESC R, B T RIAL S 505 Y 1l 3¢ i 5
FRAA AR EE KN, Popp il Mittaz  (2022) 38 3 £
SEARHRE LB R, BT IR BROLEIEE R
T 3 A v A RS B O A B E M o Cui
5 (2019) 385 EALE ST T BRI R
(GPP) [WIIEHERS , 2 HT T eI A== 01 . Hh
A i e i T AR S B A A o AR v g | AR AN
SEVERUA XA . 25 1, ST B I R vk
T S IR T 1R 2 38 I O TR DL Ak, Rl B iR



3674 National Remote Sensing Bulletin  # & 54k 2025, 29(12)

25 A% 160 B I Q) SR — A0 [ 0 2 J 7 i % 22 R R
RN R AR AT T A T B R

N %'(fﬁjé ;}ﬁ M Monte Carlof#i4l

I |

By
4 TR A

Fig. 4 Uncertainty—based traceability framework for remote

sensing products
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Abstract: Remote sensing products are crucial for Earth resource monitoring, environmental governance, and climate change research.
With the continuous enhancement of the product production and service system, high-quality remote sensing products need to be developed.
The quality of remote sensing products is inherently influenced by multisource errors originating from sensor performance limitations,
radiometric calibration, atmospheric correction, geometric distortions, and retrieval uncertainties. The errors introduced at each stage are
cumulatively propagated, leading to substantial uncertainty in the quality of the derived remote sensing products. Although the validation
method offers quantitative assessment, it cannot reflect the specific sources and magnitudes of errors in detail. The guidance documents
provided by the Quality Assurance Framework for Earth Observation particularly emphasize that data and derived products must be
associated with an indicator of quality that is traceable to reference standards (preferably the International System of Units [SI]) to ensure
the reliability and consistency of these products. This traceability framework enables quantitative interproduct comparisons and objectively
characterizes accuracy disparities.

This study focuses on error traceability in remote sensing product production and validation. Errors originate from two distinct sources:
intrinsic product errors and measurement uncertainties associated with ground reference data. The study commences with a detailed
description of the origins of these errors in both components. Subsequently, it elucidates the fundamental concepts of validation and error
traceability, highlighting the importance of establishing Sl-traceable propagation chains. Three main methods of error traceability in remote
sensing product production and validation, namely, uncertainty estimation, error decomposition, and combining algorithm test and
validation, are also summarized. The core objective is to accurately determine the sources and magnitudes of errors at each stage of product
production and validation. Typical applications of these methods are illustrated through case studies, which provide a foundation for analyzing
error propagation mechanisms and developing error propagation models. The conclusions and prospects for the future development of error
traceability are also summarized.

Understanding the law of error propagation and establishing a comprehensive error transmission chain are crucial issues to be addressed
in error traceability research. They are vital for algorithm improvement and product quality enhancement. Currently, the study on error
traceability in remote sensing products remains at its infancy, with few existing investigations in this area. Moreover, developing traceable
quality indicator systems that fully reflect uncertainties arising from input data, processing, and validation procedures is an essential
component of error traceability. These indicators serve as a vital means of presenting traceability results. Producers and users are concerned
about the quality of remote sensing products. The findings of this study provide theoretical and technological support for the further
advancement of remote sensing product production and validation. However, how to further address the key issues of error traceability in the
future, particularly in terms of constructing a whole-process error propagation model and developing a traceability method that considers
accuracy and uncertainty, remains a critical area that requires in-depth investigation.
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Supported by National Key Research and Development Program of China (No. 2023YFB3905804)



