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Table 2 Remote sensing image—text cross—modal understanding datasets
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UCM~-Captions (Qu%§,2016)
Sydney—Captions (Qu%¥,2016)
NWPU—-Captions (Cheng %,2022)
RSICD (Lu%%,2018)
&1 A3 RSITMD (Yuan%,2022b)
SkySecript (Wang 45 ,2024b)
MMM-RS (Luo %,2024)
RS5M (Zhang %5 ,2024)
VRSBench (Li%,2024b)

hitps : //pan.baidu.com/s/ImjPToHq
https : //pan.baidu.com/s/ThujEmcG
https://github.com/HaiyanHuang98/NWPU—-Captions/tree/main
https : //github.com/XiangtaoZheng/RSICD
hitps : //github.com/xiaoyuan1996/AMFMN
https : //github.com/wangzhecheng/SkyScript
https : //anonymous.4open.science/r/MMM-RS—-C73A
https : //huggingface.co/datasets/Zilun/RS5M
https : //huggingface.co/datasets/xiang709/VRSBench

RSICD (Lu%,2018)
A SkySeript (Wang%5,2024b)
MMM-RS (Luo%§,2024)

https : //github.com/XiangtaoZheng/RSICD
https : //github.com/wangzhecheng/SkyScript
https : //anonymous.4open.science/r/MMM—-RS-C73A

UCM—Captions (Qu%§,2016)
Sydney—Captions (Qu4§,2016)
NWPU-Captions (Cheng%§,2022)

https : //pan.baidu.com/s/1mjPToHq#list/path=%2F
https : //pan.baidu.com/s/1hujEmcG#list/path=%2F

https : //github.com/HaiyanHuang98/NWPU~-Captions/tree/main

(& SCX 57 RSICD (Lu%,2018) https : /github.com/XiangtaoZheng/RSICD
SkySeript (Wang 4§ ,2024b) https : //github.com/wangzhecheng/SkyScript
RSITMD (Yuan % ,2022h) https : //github.com/xiaoyuan1996/AMFMN
SeeTRUE (Yarom %4§,2023) https : //huggingface.co/datasets/yonatanbitton/See TRUE
RSVQA (Lobry %,2020) https ://zenodo.org/records/6344334
RSIVQA (Zheng %§,2022) https : //github.com/XiangtaoZheng/RSIVQA
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&I SOHR

RescueNet-VQA (Sarkar 1 Rahnemoonfar,2023)

TextRS-VQA (Al Rahhal %¢,2022)
VRSBench (Li%,2024b)
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Az B AR B AL 73 A1 5 S R A AR 70 A1 B 4
U, BRA UG B M 2 R . T FID fE
8 A 30 P2 AR R RN B i A AR, TR SN
ZoxF MG o i 1 LR B A B AH OGPk
Yz T IPAL A R A B . BARTHR A S
LU

nDﬂW;Mg
Tr(Er+ Xg-2(ZrXg)”)

A, w R BB BEHE AR EE: S rkm
LS AR RRAE S0 AT A BN 5 2206 0 5 e, 3R A JRC TR
BARHE DA IE ;s S g 27m Az USRS AE 234 B
DT ZZHE 5 M, — e IP R P B {E WL B BE
BIRETT, T AR R R S S R A A
W B 2E R Te Rz, T &b
T3 ZERE R Z 6] 1Y) 2 5

3.3 EREXXFHIEER TN ISR

2
+

(12)

331 EREIFEIESE

18 JER ] SO SR AT 55 T BCR SE N 3R 2 T
A AT X RSITMD  (Yuan %5, 2022b) #1 SeeTRUE
(Yarom %, 2023) WMEUREHITNA.

(1) RSITMD %45 4 . RSITMD %045 4 & M
RSICD %4 % fn s s W A5 21, 5l 5
RSICD EHla 4R AH R . IZ B A1 5 4743 16 256X256
KN EMG, Horp 4201 I8 EGH T4, HT5%
UEFNI G ) B AR R, W42 ImEE. 5
RSICD %4l SEAH b, RSITMD %40 4 B dls & />,
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ESCASE AR 2, 5 F T Az SCORE SO 5
1% .

(2) SeeTRUE #(#i4E : SeeTRUE % ¥ £ & —
MERA M E SO FFERE, BT 20 a5disk,
£ FE SNLI-VE (Saharia &%, 2022) . Winoground
(Thrush%¢, 2022). DrawBench (Wang%, 2023) .
EditBench (Xie %%, 2019) . MS COCO (Lin %,
2014) F1 Pick—a—Pick (Kirstain ¢, 2023). fEiX
SRR A B LA B HEAT N AR, BRI NS
B SO B AR LB FE o iz 8 4R A AL RN
H5EWEUR U S B AR S G A Z R A G 1Y
31,855 X SCSLa], a5 ] T B SO 5 SCAE RS
155 .

332 EEEXHFIFNER

iR B SO SR bR £ 24 Recall@K,
RUSM Fil[n) 2 IE B %6

(1) i@ JE& & S0 5548 ] Recall@K (R@K) fE
R RS, Recall A [RIZ, J&—AH T IE
B RG22 31 () 850 5 25 a2 A 1R (R T A A SR B 2 L
mFEdR, THEARWT .

R@K TP@K

~ TP@K + FN@K
RSUM = (R@1 + R@5 + R@10). , + (14)
(R@1 + R@5 + R@10), _,
Krf, TPIIRFEIHFEALGE, FNFRRRIIREAZL
i, KAJTHUL, SH110. 78K 55 3CH AR 55 v
(R@K),_, /R B 2 SC A3 55 s SO 57 T 45
Wi (R@K), _, 27 SCEI R G % 5 fil 2 4%,
R T WA FEYERE, 7E R E) SCAR R AR F
EE 7 a] K ir 5 R@K SR A RSUM,  HAR T
sl (14) FiR.

(2) Yarom 5§ (2023) Al Miyamoto 55 (2024)
Ok B SORE FAT 55 B PF e Fa b, 4 A T 1) 25 E
BRfg . e, 0 GPT S5 A RUMR 4 SCA il ik
Az ) B %, BRG A TR) R R AR [ R [
PIERSE, =l (16). SR, X Rk A s
G A BRI g [a) 28056, FLPEM el R g 2B

i “— T3, BRI 74 A Hoh
Re) Ik St — IR T LLE T 5 5 1 3 EOW
T T AR A AR B, T — RS R SO R e
i VR AN R R & Lo B AR AR L, SRR
A5 E . BT, I E SO ST S A PE

(13)

FEARE T ERSCK R PR R 2 o 2R A 5
530 Z AR S5 S R SR, AT AR
2 S S P NN OR = T N W S 7 7 ) 1 4 N )
R PFO DT

3.4 EREKEEBREERTNIER

341 EREGEOEHESE

32 % PG AR AT 55 00 P 1) 50 A fn o 2
N, AR RSVQA (Lobry 55, 2020), RSIVQA
(Zheng %, 2022) FIRSVQAXBEN (Lobry %, 2021)
3BT

(1) RSVQA a4 : RSVQA %l £ 0 5 (4>
HESR B B AN o BRI RS A . AR B
E G Sy I P L A By | I (51 e S
10 m, AL E 772 W8 K /N Ry 256%256 1Y B8 il
77232 % 1% o FHA I ZRAR | Bk A A A 43 )
£35 57208 . 100 W8 . 100 HF K% . 15 45 P R 5
Bk [ 35 [ b BT £ JRy v 23 8] 43 BE SR 15 em A IE
B2 A% . H 10659 M7 K /N Ry 512x512 /) EAZ F
1066316 Xf [H) &2 A, Horr, Y54 N 61.5% . %
WESE & 11.2% . MRS S, 4005 20.5% F1
6.8%.

(2) RSIVQA a4 : RSIVQA BIEHEM 34
TSR EMG 3 88 4 UCM (Yang Fll Newsam, 2010)
Sydney (Zhang %, 2015) FIAID (Xia%§, 2017)
LKA F KBS HRRSD  (Zhang %5, 2019)
FIDOTA (Xia%%, 2018). iZHHE 4R 2R B2
it b S MR GON R H S AR, A — D
SR AN TR, SIS B — R AR =
JCH 111134, B H3FIEAL: fFER ., it
KR A Al . Hod, 80% B9 % T4k, 10%
FHFRAE, HA010% /it

(3) RSVQAxBEN %4 45 . Z ¥ s w8 &
590326 5K 23 [A] 70 R 4 10 m (9 E1%, FIH CLC Hx
SR BENLE AL B T 14758150 /> &l 45— In) fi— ]
= Ind . BUR AR LTS PR S ALY () R, 43 e
T A SR AAEE S E N RAA N, MERN
— A A L 5 T AR A () A

3.4.2 EREKREEIENIER

R T VA 3 Rk AR TR) 22 R e AR e,
SEHTUER R AA (Average Accuracy) FIEEAR SRR
OA (Overall Accuracy) 1 by 18 & EZ 7] 2 09 T
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Abstract: With the deep integration of remote sensing technology and artificial intelligence, the human demand for the application of
remote sensing data has become increasingly refined. However, single-modal data has limitations in the interpretation of complex scenes.
Optical imagery, while rich in spatial information, suffers from weather dependencies; Synthetic Aperture Radar (SAR) data provides all-
weather capability but lacks intuitive interpretability; and hyperspectral data, despite its detailed spectral signatures, presents challenges in
data redundancy and computational complexity. Therefore, single-modal data is difficult to fully exploit the deeper information in remote
sensing images. These limitations underscore the critical need for more advanced analytical approaches that can overcome the constraints of
single-modal data interpretation.

For this reason, the collaborative analysis of multi-modal data has become a key way to enhance the interpretation capability of remote
sensing and is driving the further development of the remote sensing field. By integrating complementary data sources and leveraging their
synergistic relationships, multi-modal approaches enable more robust and comprehensive scene interpretation. Among various multi-modal
strategies, remote sensing image-text cross-modal understanding has gained particular prominence as it establishes a vital connection
between remote sensing image features and human semantic cognition. This framework enhances visual feature representations with the help
of text semantic information and achieves cross-modal information complementarity, which significantly improves the performance of
remote sensing interpretation. This paper provides a comprehensive examination of remote sensing image-text cross-modal understanding,
which is categorized into four main types of tasks: remote sensing image captioning (referred to as image-to-text), text-to-image generation
(referred to as text-to-image), remote sensing image-text alignment (referred to as image-text alignment), and remote sensing visual question
answering (referred to as image-text dialogue). From the perspective of cross-modal transformation of images and text, remote sensing
image-text cross-modal understanding includes image-to-text and text-to-image. In terms of local content interaction, remote sensing image-
text cross-modal understanding includes image-text alignment and image-text dialogue.

This paper begins with a thorough review of the historical development and current state of image-text cross-modal research. The
research progress at home and abroad of four tasks, namely image-to-text, text-to-image, image-text alignment, and image-text dialogue, is
reviewed. The key technological breakthroughs in the fields of image-text cross-modal are mainly introduced. On this basis, the in-depth
analysis is conducted on the technical difficulties faced by the four tasks. Then, it presents a detailed analysis of commonly used public
datasets and evaluation metrics for remote sensing image-text cross-modal understanding. Finally, it summarizes the technical challenges in
this field, which mainly include three aspects: modal alignment of remote sensing images and text, cross-modal interpretability, and cross-
modal reasoning. Based on the proposed problem of remote sensing image-text cross-modal, it looks forward to the future research
directions. (1) In-depth mining of cross-modal information (2) Construction of earth science knowledge graph. (3) Human-computer
interaction. (4) Large-scale remote sensing image-text model. (5) Language diversity. (6) Remote sensing multi-source data.

This comprehensive investigation not only synthesizes current research but also provides a clear roadmap for future research in remote
sensing image-text cross-modal understanding, with potential implications for numerous practical applications in environmental monitoring,
urban planning, and disaster management.

Key words: remote sensing image-text cross-modal, image captioning, text-to-image generation, image-text alignment, visual question
answering, remote sensing cross-modal datasets
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