
ReF-LDM: A Latent Diffusion Model for
Reference-based Face Image Restoration

Chi-Wei Hsiao,  Yu-Lun Liu,  Cheng-Kun Yang,

Sheng-Po Kuo,  Yucheun Kevin Jou,  Chia-Ping Chen

Challenge: Reference images are spatially unaligned

Motivation
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CacheKV:  Make LDM Condition on Reference Images

Results

1. CacheKV:  cache and reuse KV of reference images

2. Timestep-scaled Identity Loss

3. FFHQ-Ref dataset

ReF-LDM

Model Pipeline FFHQ-Ref Dataset

Number of available reference images per image.

train split test split

Gender and Age (0~70+).

• High-quality face images with corresponding reference images.

• Identity loss (𝓛ID) worsens the image quality of a diffusion model. 

• Possible reason:

𝓛ID is feature distance of a pre-trained ArcFace model.

Diffusion training uses one-step prediction.

One-step prediction at larger timestep is OOD for ArcFace.

• Solution:                                        (downscale 𝓛ID for a larger t) One-step prediction
at t=T.

👎 quality 👍 quality

Ablation.

Scaling factor design choices.

Timestep-scaled Identity Loss

Input LQ              GT       DMDNet       CodeFormer           LDM            ReF-LDM

• Adapt LDM to condition on LQ image and reference images.

👎  0.23 IDS  /   4.2 sec  /   1.8 GB 👎  0.23 IDS  /  14.5 sec  /   2.8 GB

👍  0.65 IDS  /  12.2 sec /   2.9 GB👎  0.69 IDS  /  58.4 sec  /   7.4 GB

Ablation ( *Low IDS = failure to use references. *Tested with five reference images on a single GTX 1080. )
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