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1. Background: Ultra-High-Ressolution Remote Sensing

Accuracy–efficiency frontier for Ultra-High-Resolution Remote Sensing MLLMs on 

XLRS-Bench benchmark. 

3. Overview of our method

5. Visualization of Our Model
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2. Overview of our method

code available

DF resides within a space spanned by an 

infinite outer product basis of score and data.

Priority-based Serialization and Budgeting

➢ Region-aware token pruning partitions 

visual tokens into semantically 

coherent regions, enabling local 

compression instead of global top-K 

selection and preventing dominant 

background regions from consuming 

the budget.

Figure 2. Overview of our method. We encode a high-resolution remote sensing image at multiple scales using a frozen ViT, applying Scale-
Specific Positional Embeddings to distinguish visual tokens across scales, and then obtain an anchor-scale query-to-vision attention map from the 

MLLM interface. A region partition (e.g., induced by SAM or feature+coordinate clustering) enables region-wise preserve-and-merge, while remaining 

tokens are merged via average pooling to retain coarse context. Finally, the processed sequence is fed into the LLM to generate the final answer.

4. Main Experiment Results

Contribution：

➢ We propose UHR-BAT, a token compression framework designed for ultra high resolution 

remote-sensing MLLMs under strict context budgets.

➢ We propose a query-guided, multi-scale input mechanism to integrate text-derived global 

priors and capture both holistic context and fine-grained details.

➢ We propose region-wise preserve and merge strategies to preserve salient local evidence 

and aggregate redundant background into compact representatives.

➢ Empirical results across standard benchmarks confirm that UHR-BAT establishes a new 

state-of-the-art for efficient UHR understanding, outperforming existing methods under 

strict token budgets.

MLLM Architecture：

Query-aware Token Importance：

Token Budget. 

Region Partition

Table 3. Results on the MMERealworld-RS 

dataset, with methods ranked by Avg

Table 4. Performance on XLRS-Bench across 

multiple resolutions under varying scale-

specific token budgets K.

Table 2. RSHR-Bench results across Perception and Reasoning tasks. 

Table 1. Results on XLRS-Bench across perception and reasoning sub-

tasks. ‘w.Avg.’ indicates the sample-count-weighted average. 

Figure 3. Ablation on clustering centers and retained tokens. 

Left: accuracy versus the number of cluster centers k. 

Right: accuracy versus the number of retained visual tokens.

Figure 4. Multi-scale token selection accuracy on 

XLRS-Bench. We evaluate vary the number of 

retained visual tokens at each scale (x-axis).

Figure 6. Qualitative examples of coarse segmentation on 

remote-sensing images produced by our segmentation 

module, used to form semantically coherent regions for 

region-aware processing.

Figure 7. t-SNE visualization of visual token 

clustering, showing the redundancy of visual tokens 

and supporting the feasibility of token merging.

Table 7. Performance analysis on XLRS-Bench 

under varying resolutions and token budgets.

Table10. Ablation study: Accuracy (%) across 

Perception and Reasoning tasks under different 

cluster counts (k).

Table 9. Evaluation of various region partitioning 

methods.

Table 5. Ablation study of each compoment.

Table 8. Performance and efficiency analysis on 

XLRS-Bench under varying token budgets.

Table 6. Efficiency analysis: Latency and FLOPs 

per sample under different token budgets 

(Total input tokens = 131,328).

➢ Query-aware attention then 

estimates token importance: high-

importance tokens are preserved, 

while redundant low-importance 

tokens are merged into compact 

representatives.

➢ Finally, regions are ordered by 

average importance and truncated to 

the scale-specific budget B_{s}, 

yielding a fixed-length sequence that 

preserves fine details and reduces 

redundancy.

Region-wise Preserve-and-Merge

Cross-scale Importance Alignment. 

DF resides within a space spanned by an 

infinite outer product basis of score and data.

DF resides within a space spanned by an 

infinite outer product basis of score and data.
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