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We introduce COP-GEN-Beta, a diffusion model designed to translate between remote sensing modalities.

Motivation CONDITION

® [he alignment and integration of multiple sensor modalities is a prominent challenge
in the field of Earth Observation

® There is a need for generative models that can:
O capture the complex statistical relationships between multiple modalities
O be used as a source of prior (instead of considering a single modality at a time)

With COP-GEN-Beta:

® Flexibility: Generate any combination, eliminating the need for specialized models

® Unified multi-modal: captures cross-modal relationships through a shared backbone,
leveraging correlations between different data types

® Scalability: Adaptable framework ready to incorporate emerging remote sensing

data types and modalities Fig 1. COP-GEN-Beta exhibits emergent effects, such as seasonality, when

MEthOd conditioned on the same S1RTC sample. It is capable of reimagining
existing locations in conditions never observed.
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Fig 2a. Sample a global dataset of 4 modalities from Major Fig 2b. Train a sequence-based diffusion model, Fig 2c. Generate all mod distributions at inference time
TOM, encoding all images with SD autoencoder. where each modality has its own timestep. based on any subset.
Results
Model Condition F-Score 1 (%) Precision T (%) Recall 1 (%) FID |
e Outperforms DiffusionSAT in quantitative metrics DEM S1RTC S2L1C S2L2A DEM SIRTC S2L1C S2L2A DEM SIRTC S2L1C S2L2A DEM SIRTC S2L1C S2L2A
(FID, Precision, Recall, F-Score) DiffusionSat [23] text prompt - i 137 343 - i 073 197 - - 1004 1332 - - 25331 21637
’ Co ’ . COP-GT uncond. 4225 2422 3671 39.54 7325 49.81 73.65 7172 29.69 16.00 2445 2729 9036 5221 53.66 48.49
® Strong qualitative results across diverse COP-GT DEM  NA 30.14 4271 4664 NA 4535 6804 6777 NA 2258 31.12 3556 NA 2397 2733 2532
downstream tasks through flexible conditional CopP-GT SIRTC 49.17 NA 4267 4663 6553 NA 6896 6938 3935 NA 3089 35.12 4927 NA 2955 27.18
o . COP-GT S2LIC  51.89 3257 NA 8351 6425 4722 NA  85.68 4352 2486 NA 8145 4090 2094 NA  7.71
and unconditional sampling COP-GT S2L2A 5141 3313 8278 NA 6271 4675 8550 NA 4356 25.66 8024 NA 3670 2098 557 NA
e Generalisation to unseen datasets (BigEarthNet) Tab 1. Quantitative comparison. Conditioning on modalities improves performance, showing the advantages of guided gen.
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Fig 3a. Translate Top-of-Atmosphere input to Bottom-of Fig 3b. Approximate a possible L1C product from an observed L2A Fig 3c. Map any modality to an elevation model
Atmosphere, emulating the official processor for the L2A level. observation, equivalent to the synthesis of the atmospheric effect. estimate (highly useful for dynamically changing

terrains).
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