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Background and motivation

l  Images collected by satellites grow rapidly
– E.g.  Sentinel-3 missions can collect maximum 20 TB raw data every day

l The data transmission capability between satellites and ground 
stations has clear upper bounds

l Downlink Bottleneck -> effectively compress satellite images 
before transmission

l A novel promising trend: deploying embedded GPUs on satellites
– E.g. VPU on Phi-Sat-1 and Jetson Xavier NX on Forest-1
– Limited computing capacity: 21TOPS (NX) v.s. 285TOPS (3090)

l Computational bottleneck -> hard to depoly existing learned 
compression solutions



Background and motivation

l We fill the above gaps from two aspects
l Computational: a lightweight encoder
l Image quality: a sophisticated decoder 

with a diffusion based compensation 
module

Satellites’ earth observation photos enjoy a multi-modal nature 
in which rich real-time sensor information is the description of 
the corresponding photo.

Key insight !!
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The proposed method



The proposed method

l  Lightweight compression encoder
– LCB block and CAM block
– CAM block

l Two one-dimensional convolutions in series
l Capture the global attention map

– LCB block
l Leverage redundancy between feature map



The proposed method

l Compensation-guided image compression
– image encoder    -> extract compensation information
– First stage training: train       and     together



The proposed method

l Conditional diffusion model for loss compensation
– Metadata projection

– Second stage training: finetune diffusion model
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Experiments

l Quantitive results



Experiments

l Visual results



Experiment

l Visual results -- tiling scenarios

Illustration for tile testset 



Experiment

l Compression influence on downstream tasks

l Encoder efficiency

Achieving SOTA 
performance with 

2.6~5x lower FLOPs
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Conclusion

l We propose a novel idea that uses a lightweight image 
compression encoder on satellites and leverages satellite images’ 
text-to-image pairing nature for compensation when 
decompressing.

l We propose a novel compensation model based on stable 
diffusion to compensate image details when decompressing with 
the unique sensor data of satellite images as descriptions.

l We consider two datasets under satellite image transmission 
scenarios, taking into account the typical satellite image 
transmission tasks like tile scenes, and show SOTA performace.



Thank you for listening!


