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CrossVLT BERT Swin—-B 66.42 59.41 49.76 38.67 23.30 75.48 58.48
CARIS Swin-B 71.50 63.52 52.92 40.94 23.90 77.17 62.12
CroBIM Swin-B 75.00 66.32 54.31 41.09 21.78 76.37 64.24
FIANet Swin—-B 74.46 66.96 56.31 42.83 24.13 76.91 64.01
Enti-CroM CLIP Swin-B 78.24 68.99 57.69 44.16 24.25 78.33 66.24
Enti-CroM BERT Swin—-B 77.86 68.91 57.12 44.80 24.52 78.07 66.89
s MR TR B R AR TR F IR TR AR R
2 RefSegRSHiEE FMERLE
Table 2 Quantitative comparison on the RefSegRS dataset
ik ORRIEE WA prex oloU mloU
0.50 0.60 0.70 0.80 0.90
RRN ResNet-101 30.26 23.01 14.87 7.17 0.98 65.06 41.88
LSCM ResNet-101 31.54 20.41 9.51 5.29 0.84 61.27 35.54
BRINet LST™ ResNet—101 20.72 14.26 9.87 2.98 1.14 58.22 31.51
LSTM-CNN ResNet=101 15.69 10.57 5.17 1.10 0.28 58.83 24.76
BKINet ResNet=101 36.12 20.62 15.22 6.26 1.33 63.37 40.41
ETRIS CLIP ResNet-101 35.77 23.00 13.98 6.44 1.10 65.96 43.11
CRIS ResNet-101 35.77 24.11 14.36 6.38 1.21 65.87 43.26
ReMamber Mamba-B 73.96 61.25 38.78 19.44 4.41 73.26 59.00
LGCE Swin-B 73.75 61.14 39.46 16.02 5.45 76.81 59.96
LAVT Swin—-B 71.44 57.40 32.14 15.41 4.51 76.46 57.74
RMSIN BERT Swin—-B 71.60 55.97 31.87 11.72 1.93 71.73 57.78
CrossVLT Swin—-B 71.16 58.28 34.51 16.35 5.06 77.44 58.84
CroBIM Swin-B 64.83 44.41 17.28 9.69 2.20 72.30 52.69
Enti—-CroM CLIP Swin-B 77.10 69.26 44.35 27.06 7.82 78.98 63.32
Enti-CroM BERT Swin—-B 76.72 69.09 44.38 26.49 8.16 78.23 63.19
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Fig. 5 Qualitative comparison of various methods on the RRSIS-D dataset
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Fig. 6  Qualitative comparison of various methods on the RefSegRS dataset
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Table 3 Ablation study of core model components on the RRSIS-D dataset

SEG HMI Pr@0.5 Pr@0.7 Pr@0.9 oloU mloU Time/ms FLOPs/G
69.68 51.92 21.79 74.20 59.38 0.64 154
v 72.66 53.29 22.46 75.92 62.54 0.74 158
v 75.42 55.86 22.93 76.69 64.73 0.79 162
v v 77.86 57.12 24.52 78.07 66.89 0.97 165
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Fig. 7 Visualization of text-referred image features across the four stages
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Table 4 Ablation study of self-reasoning refinement in
the SEG module on the RRSIS-D dataset

Al s
w/oSR 7025 5240 2216 7489  60.73

Pr@0.5 Pr@0.7 Pr@0.9 oloU mloU

w/o HMI
w/ SR 72.66 5329 2246 7592 62.54

w/o SR 7631 56,56 2327 7729 @ 65.51
w/ HMI
w/ SR 771.86 57.12 2452 78.07  66.89
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Table 5 Analysis of the design methodology of the HMI
module on the RRSIS-D dataset

SP SA Pr@0.5 Pr@0.7 Pr@0.9 oloU mloU
v 69.85 4524 11.13.16 ~ 66.57  51.12
v 76.16  56.23 23.27 76.92  65.60

Parallel 7724 56.84 23.82 7791 66.44
SA—SP 7754  57.08 24.36 77.87  66.20
SP—SA 71.86  57.12 24.52 78.07  66.89
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Entity—guided cross—modal interaction for referring segmentation of
remote sensing images

JIA Yuyu,CHI Kaichen,ZHOU Qing,LI Qiang, WANG Qi

School of Artificial Intelligence, Optics and Electronics (iOPEN), Northwestern Polytechnical University,
Xi'an 710072, China

Abstract: Remote Sensing Image Referring Segmentation (RRSIS) aims to accurately locate and delineate specific regions within high-

resolution remote sensing imagery on the basis of natural language referring expressions and ultimately achieve pixel-level semantic
interpretation. This task critically bridges user demands and intelligent geospatial information analysis. However, compared with natural

scene referential segmentation, RRSIS presents two unique challenges.

(1) Relatively low contrast between targets and their surroundings often leads to a semantic dispersion phenomenon, where the

segmentation mask covers irrelevant areas.

(2) Substantial cross-modal semantic gaps exist between visual and textual representations. Conventional cross-modal attention

mechanisms tend to rely on coarse feature alignments, which are insufficient for fine-grained geographical boundary delineation.

The objective of this study is to design a robust and generalizable framework that can effectively mitigate semantic dispersion, narrow

the modality gap, and achieve precise alignment between entity-level textual descriptions and complex geospatial visual features in RRSIS

tasks.

The proposed Enti-CroM, an entity-guided cross-modal interaction framework tailored for RRSIS, is adopted in this study.
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Entity-Guided Self-Reasoning (SEG) module: Motivated by the Segment Anything Model (SAM), the SEG module injects fine-grained
entity priors into the model by leveraging spatial-structural constraints. A self-reasoning process generates robust and coherent entity
prompts, which are integrated with visual and textual embeddings to form a trimodal entity—vision—text feature cube. Hierarchical Modality
Interaction (HMI) mechanism: Parameter-Free Mutual Activation (PFMA): PFMA is a neuroscience-inspired and spatially aware mutual
modulation approach that computes positionwise semantic similarity between modalities without introducing additional learnable
parameters. PFMA enables efficient and precise semantic information propagation, suppresses irrelevant background interference, and
reduces modality misalignment. Entity-Guided Cross-Attention (EGCA): EGCA incorporates the entity prior as an attention guide to refine
the interaction between textual and visual streams and ultimately enhance the ability of the model to represent irregular and fine-grained
geographical boundaries. The overall architecture decouples cross-modal semantic propagation from fine-grained spatial dependency
modeling to ensure high-level semantic consistency and spatial precision.

Extensive experiments were conducted on two benchmark datasets, namely, RefSegRS and RRSIS-D, which are widely used for RRSIS
evaluation. Performance was assessed via the mean intersection-over-union (mloU) metric. Compared with the strongest existing state-of-
the-art method, Enti-CroM achieved absolute mloU improvements of +3.23% on RefSegRS and +2.62% on RRSIS-D. Ablation studies
further confirmed the effectiveness of each component. The SEG module alone significantly improved target localization and robustness to
background clutter. The HMI mechanism, particularly PFMA, improved modality alignment and suppression of semantic noise, whereas
EGCA improved boundary representation in complex spatial contexts. Qualitative visual comparisons demonstrated that Enti-CroM delivers
sharper object boundaries, more accurate correspondence to the referring expressions, and fewer false positive regions, especially in
heterogeneous landscapes such as urban areas and agricultural mosaics.

This work addresses two longstanding challenges in RRSIS, namely, semantic dispersion and cross-modal gaps, by integrating entity-
guided priors and a hierarchical modality interaction strategy. Incorporating spatially grounded entity cues and explicit, fine-grained
semantic alignment allows Enti-CroM to substantially enhance segmentation accuracy and robustness in complex remote sensing scenes.
The proposed framework not only sets new benchmarks on two challenging datasets but also offers a general paradigm for entity-aware
multimodal analysis in remote sensing. Despite the advantages of the Enti-CroM, it still faces certain limitations, such as reliance on the
quality of entity priors and increased computational demand for ultrahigh-resolution imagery. Future work will focus on three aspects: (1)
developing adaptive or self-supervised entity prior generation mechanisms to reduce dependency on external annotations; (2) incorporating
model compression and acceleration for large-scale deployment; and (3) extending the framework to integrate additional modalities, such as
hyperspectral and SAR data, and broaden earth observation applications.

Key words: remote sensing imagery, referring segmentation, cross-modal interaction, SAM, entity awareness, attention mechanisms,
spatial-structural constraints
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