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Fig. 1 Image sampling regions with temporal and spatial diversity
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You are a world-class cxpert in remote...
Task: Generate a fine-grained text ...
Important Rules:

1 Base your analysis strictly on ...

2 Semantic segmentation map as a reference...
3 Choose the most natural spatial sequence®6...
4 Use precise terms such as buildings ...

6 Avoid using inferential words like possibly...
7 Output must be a single paragraph with ...

T

RISl | =

PEANSCA A
This image shows a structured urban
area, with multiple rows of flat-roofed
buildings on the left arranged in a grid
pattern. Adjacent to the buildings are
parking lots filled with vehicles. A wide
road on the right runs vertically through
the scene and intersects with another
horizontal road in the upper right corner.

"7

. . . )
5 Avoid mentioning any process ofanalysis... ﬂﬁ
FEl
[
4

8 Keep the answer under 200 tokens... %
Answer Format Example: H
The left side consists of . The right side shows ...
Geographical background information
location: Desert area in worthwest China
Climate: temperate continental arid climate
time: 2023-11-02

longitude: 81.285369

latitude: 40.570973

/

}'j‘uﬁlﬂ‘?*ﬁ’iﬂ Lush vegetation is lined up on both sides
ren-VL of the road,dividing the building
(Qwen- ) complex. The upper left corner is

covered with thick trees, while the lower
right corner features more buildings and
parked cars. The overall layout is
orderly, and the boundary between the
built-up area and the green space is clear.

(b) Z U A RUEAERE SR 515 T A TRAN SCAER A 1L
3 T LGE TR 5 AL AN SO AR R

Fig. 3 Fine-grained text generation with visual language model
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Fig.4 Temporal and spatial controllable remote sensing image generation framework
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Spatio-temporal-text joint guidance module based on decoupled attention
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Tab.2 Quantitative results of the ablation experiment for the

independent projection module
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Fig. 9 Visual comparison of the impact of independent projection modules on the generated results
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Tab. 3  Quantitative results of the ablation experiment for

heterogeneous frequency coding strategy

9 T 5 FID MS-SSIM  CLIP Score
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Fig. 10  Visualization comparison of the impact of heterogeneous frequency encoding strategy

on the generated results
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Tab.4 Quantitative results of the ablation experiment for the

decoupled attention mechanism
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Fig. 13 Visualization comparison of the impact of adaptation rank on the generated results
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Controllable generation of high-resolution optical remote sensing image
explicitly guided by spatio-temporal information
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Abstract; The visual appearance of land cover objects in high-resolution optical remote sensing images is significantly influenced
by seasonal evolution and regional differences. Enhancing the spatio-temporal controllability of generation models to reproduce
object features under specific spatio-temporal contexts accurately remains a critical challenge. Existing research has limitations
in the encoding method of multi-source spatio-temporal information,as well as the interaction guidance method between encoded
spatio-temporal features and visual features, making it difficult to accurately model the precise mapping between spatio-
temporal conditions and the visual appearance of land cover objects. To address this problem, this paper proposes a framework
for spatio-temporal controllable high-resolution optical remote sensing image generation. First,a multi-source spatio-temporal
information encoding strategy considering attribute differences is designed, which utilizes heterogeneous frequency encoding and
independent projections to transform diverse spatio-temporal information into accurate and decoupled feature representations,
thereby modeling the unique properties of diverse spatio-temporal information. Second, an interaction guidance mechanism
between spatio-temporal features and visual features based on decoupled attention is designed. This mechanism employs an
independent parallel attention branch to facilitate deep interaction between spatio-temporal features and visual features,
effectively leveraging the constraining role of spatio-temporal information without interfering with text-guided generation. We
adopt low-rank adaptation to efficiently transfer domain knowledge by optimizing only low-rank decomposition matrices,
thereby preserving the pre-trained generative priors of the base model. Experiments on a large-scale dataset covering seven
typical regions in China demonstrate that the proposed method outperforms state-of-the-art methods by 46.69% and 14. 67 %
in terms of spatio-temporal distribution consistency and structural-textural consistency, respectively. These results confirm the

controllability and generalization potential of the proposed framework across diverse spatio-temporal scenarios.

Key words: spatio-temporal intelligence; remote sensing image; generation model; diffusion model; deep learning; spatio-

temporal information
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