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Fig. 1 Diagram of satellite-aircraft—ground three—dimensional cooperative observation at Huailai station

AT B S AR IR G A TR Jr BRAE RN R 1Y
BRI, IR TR A S FEMATEE (908 4%,
2010) . BT ik SR HEA TR o A AR I, AN AT
A b A S ANBA A M g ORI R T,
A EE— T TS R G R (H B,
FEBRRZESE ), — 7 TR IR T I £ o v I
IR MR 2 UG R L AR R 25, 8 —
J5 T T % WL HH A7 AE 1Y [ A 5 =t FUAS R e
P A K b TR AN A IR ORI FE 370 5 | R 1 et 25 4 3 1
TR, LD b T UL A 3 A I (R R AR e I A
G AE LI B 220 T AR R s IR b L (R8T,

2013; SR/NFFAE, 2019). @RS BARAENSFH iR
— RN 2 A KIS FDWI R RE Ty, (HA
(i) 1 Bs) [ 0 A B, A5 3 R oT RE S (6
if 28 RUBE B 4 7 5 B R B A A7 78 AR K B N
FETES

32 ETHEILHMITENELIRE

BT LS R ) = Y A S A i T 3 i 2 B
K. ML T4 S, —4iBpeas % &
WONIRME S g5 B, —4ERBTHRRL
ARIEERLAR, R KRB IR A A7 7E— €
BOMERE . BeAh, —HERIRIG BLSE I R AE T AL



588 National Remote Sensing Bulletin i & 54k 2023, 27(3)

HARAYEE 5 52 D BCHE 2 R AT SR A TE — 5 114 22 57
(Schneider 5%, 2014), KL, KB —EREHICE
BAT . RSN AU O e B R R AL AR
X T TR A SR By 1) 1 B B i T ¥ S o A B

() =4 FEEmIR S &% . Hr, 1
LSS AR B = A SR O A R AR
S s B RS (Favorskaya fil Jain, 2017) .
RE ATy ] AR AU 25 M S 2 O PR, B JE
M AR P EYIES, BA R 6
B, WLARS (Allen%¥, 2005). Onyx Tree FA4:F1
Plant Studio £ 45 , EUZ X5 T 3L 52 A A8 AR R A7
2 U A RS B AR LR PR M, e DA 5
DL AL iy A 28000 8 AL TR o S E a0
AL 7 R B 2 SR E A A G
PRSP ELSE B F L AL PR DA B T R A
A = E LM RY, AR, —4EEOLTE
HORAG 3 UL RE, A ] T HOG ER 18 38 U R
1) = 2 A BHE T DL AT R A o G R
(Akerblom %, 2018; Bailey Fll Ochoa, 2018; Coté
4, 2009; Hackenberg %, 2014). HETAKH
AR A L, O R TR BB S SR IBCEE S v A 1Y
SHESSHE R, JF EH T AN R b DR E R A E
S HABGFE R, (B DR Y) A B A
TCHITH G R E e, PSSR E ARG .
TCWLIE 2 2R 2 RS2 PRIy s AR TR, AT 2 3
AN =Y R 5 B Y R A Z AR
RZES (Quanss, 2006) . FHIXTEL A RIHE —
o gy S O TE ST ARAE T AR L S
D 55 AR, RV FRDRG 40 37 55 i) M R F 92 3 A7 7
A5 WAL, XHEOTN A T S B, U HOR A
I3 GTE Y S B R AN, BRSSO R
H AT =2 5 2 o B A I ] S S R, R
REsh &1k,

(2) =HEfm LBl IR 5 &, BHEr
THIE MU SDUASE B N 3500 48 A A A S AR B 12 2 AT
XK. BB EEEADCLGE B . BT RXWRR R
R LB A DIANA (Goel %, 1991) ,
RGM (A Radiosity Graphics combined Model) (Qin
F Gerstl, 2000), RAPID (Huang%, 2013), Raytran
(Govaerts Al Verstraete, 1998) , PARCINOPY
(Espaﬁa &2 0 1999), librat (Lewis, 1999; Disney
4%, 2000) , FLIGHT (North, 1996) , DART
(Gastellu-Etchegorry 45 1996), WPS (Weighted

Photon Spread model) (Zhao & 2015) F1 LESS
(Qi %, 2019), PAKIETF GPU (Graphic Processing
Unit) HEZRFF & HI GRay (BianZ, 2022) %,

HHT, TRV A BT TR W e Tt
JF B BC A DR B, (R AL ey A% ik
BEH BRI, ST HP RS (K2),
RAPID B /bt 22 L P47 KT oA R 5 Z Al
W se, MEU/NEIC = 4E Y 5 L e R AR,
W E P TR O Oy R SR B R Y s 5
R LESS B THOBZGA ERAE I & T —55#
TP AY B2 B3 S a2 Fik
LLAMYBAIRE 115 GRay 3EF GPU LB T 4GB ER
B SR AR AR, AR T CPU SR
O KRB 7 5 B RS0R i 4 = . A
PUBL IR L 2 JF IR 25 5 b 3R e f P i B A, 52
TR S BB . Gastellu-Etchegorry (2008)
TE DART #5E8Y () B fily b 38 i1 2 B0 F Jog 28 455 10 1)
DARTEB fig f e e, ¥ ) 1 AR P2 Hh e Be
FE S [H] AL BE J) . Huang 5% (2011) K —4E
CUPID 5 RUASLALL A4 20 738 B2 i A 21 TRGM A2 2L v
GIAT T ZEATAE Y AR S T 1 P B RS A R
Bian %% (2017) & = HERCAYRERN b B HI M 148
SHERBEL, #2117 TROMEB &AL, S8l T kR
J&E 5 5 AR S O AR S

AEXT T —4EFN Z4ERC RN, SRR AL
H5E UL ASE AU 220 1m) B S 25 [A) i 7 3% (Melendo—Vega
%, 2018; Schneider %, 2014) . {H7E iz f1id &
o, MR T H X S sk E A R DL SR A%
R BRIA i, 7Eis5R0G% . DhRE S A
i R LA AR R, AN (R4S ) 7E AR ] 47 5
FOHS B AR AR AR A — By [ (Widlowski 45
2008) . FEAE, SBEEEERE A T RO KAt
IS B, WA T B TEM . MR AR
ORGSR By 25 o) S Bk, X Se i fb AR <3 51 i
BRI R 5 L S S 26 26 57 . T3 b, ARk
THENLEIE = S TR & e, JoH R
RORBOR B, HJE BRI B M R, B iy
THE L EE 2 A RUAT) AN e B 42 0 T 2 SR At 5%
(Pharr 55, 2016) . 732 W T4 S A% 4 A5 50 3E
) RAMI (RAdiative transfer Model Intercomparison )
T VAR R SR R A AT SR, T AU A
M4 — ) =S5 5, IR — 1 OB RADILI 4%
F, DAORIERBEILA 25 R 09 ] et (Widlowski 55



M A KT RIS R 2 A R i 1% 589

2013) . RAMIFEAE Y R — A5k ) 5 1) B
e, ME3FUR, BERRIATHRGHE
R PEREXT e, W AESC B T B SO B S0 1 1
Boeraed, I A e R mE 4R, H
A, Bl 5 2% b 36 8 LA TR R A L THEAL

PR S e 0 22 U5 SRR, R i) v I S 0
BRI, = GRS DU R 7 i S HE B S
B &% T HE MR, HR =R R e g B |
T2 LA K e R JEE 41 308 R B A RO 3 3 i 25
TR AFAE—E A o

BRFHH)
28

—— LESS-FPT
024 ——LESS-BPT

“0.20
=50 0 50
View Zenith Angle/(°)

ALLSMBLRL

RSNV
ER

3D S DY RN

b LN

Fl2 RAPID,LESS 5 GRay #81fitf A Fr s 2 &
Fig. 2 Diagram of input and output of RAPID, LESS and GRay model

I3 RAMI 454k 50 38 6 A0 807 = 45 (Widlowski 47,2013)
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Fig. 5 Schematic diagram of digital twins of the earth system (Bauer et al., 2021)
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Abstract: In the context of remote sensing research and application, complete and reliable “ground a priori knowledge” datasets play an
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essential role in physical-based model construction, land surface parameter inversion, and remote sensing product production and validation.
I1l-posed inversion problems, such as the case in which the observation information is less than the inversion target parameters that results in
underdetermined inversion parameters, lead to uncertainty in the solution. A priori knowledge is an important support to solving the ill-posed
problem of parameter inversion based on physical and empirical models. However, its completeness, accuracy, and timeliness are limited.
The traditional methods of obtaining ground a priori knowledge include experimental measurements using various surface/near-surface
sensors and numerical simulations using many physical models, such as one- or three-dimensional radiative transfer models. These current
methods have their own advantages and disadvantages but cannot meet the need of comprehensive dataset production in spectral, temporal,
angular, and spatial aspects for supporting the research and development of remote sensing science and technology when used alone. On the
basis of the studies on experimental measurement, modeling of radiative transfer and ecological processes, and land surface parameter
inversion and validation, we propose an innovative strategy to support remote sensing research by building a digital twin of the remote
sensing experimental field. Several steps are designed for generating remote sensing a priori knowledge on the basis of the digital twin of the
remote sensing experimental field. The three-dimensional structure of a scene is digitally reproduced from the surface by multiple
experimental measurements of structural descriptors or the near-surface by remotely obtained data, such as the high-resolution visible and
near-infrared images and light detection and ranging (lidar) point-clouds from the observation on Unmanned Aerial Vehicle (UAV) or other
platforms based on a cooperative observation technology, recorded in a format accessible by simulation models. The systemic evolution of
the surface simulations of physical processes can be realized by coupling radiative transfer, energy balance, evapotranspiration, and plant
growth modeling theories as a synthesized model and applying the model to an experimental site in virtual space to illuminate and realize the
dynamic progression of the remote sensing experiment field. Driven and constrained by the surface/near-surface collaborative observation
data processed by data science and statistical methods, such as data fusion and data augmentation, the synthesized model is optimized by the
feedback from the data assimilation of observation measurements and corresponding simulation data, increasing the consistency of the
simulation results with the actual dynamic evolution of the remote sensing experimental field in the real world. Through the optimized
model and the field measurements, a complete and coherent a priori knowledge of the remote sensing experimental field is achieved with
high numerical precision and temporal continuity, supporting the development of remote sensing mechanism model construction and remote
sensing inversion method and validation and improving the level of basic remote sensing research. The conditions for the development and
application of digital twins in remote sensing experimental sites are gradually maturing. The construction of the remote sensing experimental
field digital twin is expected to become the rudiment of digital twin construction theory of a small-scale ecosystem, which may in turn
promote the comprehensive and collaborative development of various disciplines in geoscience.

Key words: remote sensing experiment field, radiative transfer, computer simulation, data assimilation, digital twin, comprehensive dataset
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