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Fig. 6  Front door adjustment and back door adjustment
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(a) Typical causal structures
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(e) Causal structure with different confounders
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Fig. 7 The typical causal graph in causal

representation learning
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Fig. 8 Methods for constructing causal intelligent interpretation models
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Fig. 9 Technology process and typical application of causal intelligent interpretation of spatio—temporal

data for aerospace information
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SO S BRI ) O AR . PR, R R AR
AR BLESR AR R, A JLAR A9 A58 00 B O
BRI TE M | SR A SR AT, b K
F . BB BORE A Bk = 375 50T 1% JC O 4 2 e
71 (Tang 5%, 2020) . JohriF%dais 50 F i nl SEit
Bae T (Qiu, 2023). 1LY s kAR OR
S R A B ) iz ARIE N RE T (Lin %,
2021) DI KSR 2R3t A RIHE R 0 AT e PE (W
&, 2023), AJi oA AR £ PR HE R RE ) Y
TR, PRIER AL 7E B SE Ny o — el i 5 T
Al EE R E T

6.2.1 TimHEIERE

TEREAAS 259 5 7 5 T 19 TG e 41 B -5 06 B 4
i, Geit IR 2 25 5 22 BN e 22 52 W0 7 A Al
B, SRR E E B R AT
P, LAPH SR 56 2 O LA B0 ok D B {1t 1 6 1 5 H
PRXt AR AR R 2R, s B 2
JEBE A 32 B0l A2 A s O I T4 (Zhang 55,
2023), Zhou%§F (2022) XyF SARZAZMITEE Hin
U [R]85 Ao 4 8 A ol R SR A TR AR A SRR A A
SRR I A R FSE MG, LA Rl DL 51 A
0 28 TR 0 N Pl [R]85, Wang 58 (2019)
B A AT M 4% (GAN) SR REFM S, 1

2 1 BUHE AT I 2 FEOUL N AR 1 2 [ v e PR AR G
Z UL GAN A= il HE i B i IR E S, THBR S
Tl AT 55 VI ZRFE AR B = (1) )T
6.22 IEHZHEEA

TE AT 53 A7 A8 Ak 5 5 IR A2 Ak 1 5 R 40
WOE R T, T RR B 0 O 1m0 TR
AN [v) 51 38 8, 22 05 S ) A P SR R SO B
R ER, Wk RS 48 S 04T T R 4%
TH BRABE ARG E 2% R 28 A AR5 LA 2 ) DR ANARRRAIE
SRR A A AR AS Y AR E 24 2] (Zhang
45 2024b) . ZhuZE (2024) 5% 18 B A% B 185 I
R ) T, Ay g DR SRR A MBS B AR R 2R T A e
PLGR A A5 B Go i h S 2 2 B R 25 ) 2 TR VG W 75
B 53 A BS 5 114 [ R, DT 2 i A 7R A 1R
BRI RSB0 UG R AR B S 2 R R A
I 037 BEE N RE ST . XuZE (2024) 5 PSR
FIABIEGEAR ) 2 BUSE Reff R 55, SR Y
B R ARAE B HOHE 2L, 3 2o i 2 2 1S S A B i
2 [E] 1y R SR 5 2R R 5 B N 245 2 > o HLyz Ak b 28
SRR, DN ARG 3R 0 SR AR 1 M 5
55 P [RA% TR A A O 22 5 B0 28 SRR AIE TR ¥ ) R
YusE (2024) A T iHBREEEZ G TR T SME
PRA AR A6 SO R N AR R 22, DL S i B P 455
ZRFHEGZR M2, BB T —/ET
PR T i 1 S 10 oy e, i — LA G
PG N 5 MG TR 256 27 3T £ 35 55 B0 R AiF 25 ]
(R B0 55, DT it e A TR A S AR SR 43 A A2 A
AR R 22 52 T B

6.2.3 EEEIER ARG

FEA 22 N 28 (1) R fige Rt I FH 1T, A R AR
AR A IK BB Y Y e SR G R, e IR T ORI OC R
(BRI B0 7 VR 25 5 32 O R IR B A1 5 | R ()
P& i A5 A ) T A BEME RN 2 2 ] SE M (Chen %5,
2018) . Xiong %45 (2022) 4 XF K I FE WM 2 4t
PRI 27 i B AR B b o KA1 55, BRG RIE
5 Transformer B9 22 3 7 & 1ML SR 2
P A2 4 1 3 0 R AIE DX 5 0 IS 235 R 1) A i PR 2
KRFZ, ME B o 20K BE AT i R 1 b 22
RIZEHESE . Dong 4 (2024a) %1% SAR 4543 2K4T
55 4 BRUR G R IK N 1 RR A s AELL , FE VI 2 AN
Nt 3 P ) A 8 DR SRR, ) T R SR T A S
I IIRE Jy  H RUh 2  4% (R R E B U . i
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4 (2023a) 0 HT SAR AL BHARZN . R4
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B A 2 5 B i 22 X6 R SR E R W52, R AR
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P, AESEBR N H H RE A% P AR B AR AR AR f
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7 45 B

AT SR e Wy 676 A O LR S R IR A i 5 6
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T BT Bh BB AL 2 2 T v it R b
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o NSRRI . A ] 25 A SR AR 5
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B DR SR B T ik . TR DR oG R E AT RE
B, AT TR ERBR | R R
FRAE 00 3 2 26 15 DR IR 56 R 0 8 RE A R R A
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Y55 R B BE A PR R AR 45 6 R SR N H
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Causality—inspired intelligent interpretation of aerospace information
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Abstract: Aerospace information intelligent interpretation refers to the utilization of artificial intelligence technology to intelligently
process multi-source remote sensing data acquired from space-based platforms such as satellites and space stations, or from unmanned aerial
vehicles and floatation vehicles, in order to extract key information from them and to realize highly efficient and automated analysis as well
as application. With the rapid advancement of deep learning, data-driven intelligent interpretation models have become the mainstream
approach. These models leverage large-scale, high-quality annotated datasets and sophisticated neural network architectures to enhance
interpretation performance. However, despite their success, such methods still face several challenges in practical applications. For instance,
they heavily rely on extensive annotated datasets, leading to high data acquisition and manual labeling costs. Additionally, these models
often exhibit limited generalization capabilities, making them less adaptable to diverse remote sensing environments and varying data
distributions. Furthermore, traditional deep learning models typically lack interpretability, as their feature-fitting processes based on statistical
correlations are susceptible to confounding factors, reducing reliability and trustworthiness in real-world decision-making. To address these
challenges, causality-inspired intelligent interpretation methods integrate causal reasoning with deep learning, incorporating causal
relationship modeling into data analysis. Unlike conventional data-driven methods, causality-inspired intelligent interpretation emphasizes
not only statistical correlations among variables but also the modeling of causal relationships. This enables more rational inference and
decision-making in complex aerospace data environments, thereby improving both interpretability and reliability. Consequently, causality-
inspired intelligent interpretation is considered to be an essential development direction for aerospace information intelligent interpretation
in the future, and it is promising to become a new interpretation paradigm. This review focuses on integrating causal theory into aerospace
information interpretation models. First, it explores current trends and research directions in aerospace information interpretation from three
perspectives: correlation analysis, statistical modeling, and causal cognition. Based on the principles of causality—association, intervention,
and counterfactual reasoning—this review constructs a “ladder of causation” framework to illustrate the role of causal reasoning in aerospace
information analysis. Next, the study examines causal discovery and causal effect estimation methods tailored to the spatiotemporal
characteristics of aerospace data. It also investigates causal representation learning in deep neural networks to assess how causal reasoning
can enhance the accuracy and robustness of intelligent interpretation. Subsequently, three primary approaches to constructing causality-
inspired intelligent interpretation models are discussed: (1) interpretation based on causal graphical models, (2) interpretation using
counterfactual reasoning, and (3) interpretation centered on feature-level causal interventions. By embedding causal relationships into
intelligent interpretation models, these methods improve model generalization and explainability, offering scientifically grounded solutions
for aerospace data analysis. Finally, this review introduces typical applications of causality-inspired intelligent interpretation in aerospace
observation environments, and summarizes the ideas of combining causal reasoning with spatiotemporal data from earth observation, causal
model with intelligent interpretation model, aiming to provide valuable insights and references for future research in this field.

Key words: causal inference, intelligent interpretation, deep learning, causality-inspired, aerospace information, counterfactual inference,
causal intervention
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