
TL;DR:

➢ Ultra-low bitrate image compression (<0.05bpp) is increasingly critical for 

bandwidth-constrained and computation-limited encoding scenarios 

such as edge devices, whereas mainstream methods relies on multiple 

complex encoders for generative latent-space compression and generation.

➢ We demonstrate that ultra-low bitrate perceptual image compression allows 

for shallow encoders to reach SOTA performance, and propose   

Asymmetric Extreme Image Compression (AEIC) framework that pursues 

simultaneously encoding simplicity and decoding quality at extreme bitrates.
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➢Latent variance diminishes sharply as bitrate 

decreases, allowing shallow encoders to express 

this data range at ultra-low bitrates.

➢A small latent variance in the continuous domain 

restricts the range of probably sampled values, 

which is analogous to a discrete codebook with 

fewer elements (allows low-complexity encoding).

➢Due to the limited capacity of the shallow encoder, training AEIC-

SE from scratch results in a significant performance drop.

➢We propose to transfer knowledge from AEIC-ME to AEIC-SE, 

enhancing the shallow encoder’s representational ability.

➢We design two separate objectives, supervising the encoder in 

the 1st stage and the decoder finetuning in the 2nd stage. 

1. We provide a theoretical and empirical analysis revealing the potential of 

applying shallow and low-complexity encoders for ultra-low bitrate compression.

2. We propose asymmetric extreme image compression (AEIC) composed of 

lightweight encoders and a one-step diffusion decoder. A dual-side 

feature distillation strategy is introduced to enhance our shallow encoder 

variant (AEIC-SE) with efficient knowledge transfer.

3. Specifically, AEIC-SE obtains:

✓ State-of-the-art perceptual performance at ultra-low bitrates in terms of 

LPIPS, DISTS, FID, and KID, while preserving strong fidelity. 

✓ Exceptional encoding efficiency for 35.8 FPS@1080P on 1x RTX 4090D.

✓ Competitive decoding speed compared to existing advanced methods.
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