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Overview

u We develop a novel spatial-frequency mutual network (SFMNet) equipped with Fourier transform, 

which can not only achieve image-size receptive field but also maintain facial structure. 

u This is the first method that explores the potential of both spatial and frequency information for 

face super-resolution.

Overview of the proposed SFMNet.
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Experimental results demonstrate that our method achieves the state-of-the-art 

performance in terms of visual results and quantitative metrics.



Face Super-resolution (FSR)

u Face super-resolution(FSR)：

           recovers high-resolution face image from the given low-resolution one.

u FSR can：

Ø improve face image quality and provide pleasing visual experience

Ø boost downstream tasks, e.g., face recognition, face analysis, etc.

FSR

LR SR



Motivation

u Challenges of FSR

Ø Limited receptive field.

Ø Failure to maintain facial structure.

u Observation

Ø Fourier transform can achieve image-size receptive field.

Ø The phase component can well characterize facial structure.

Face images and the reconstructed results by phase component.
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Overview of the proposed SFMNet.

SFMNet

u We develop a spatial-frequency mutual network (SFMNet) equipped with Fourier transform.

To the best of our knowledge, this is the first method that explores the potential of both 

spatial and frequency information for face super-resolution.

Spatial branch: local dependency capture and global dependency incorporation.



Overview of the proposed SFMNet.

SFMNet

u Component: feature extraction layer, L spatial-frequency mutual learning modules (SFMLM), 

reconstruction layer.



Overview of the proposed SFMNet.

SFMNet

u Objective functions:

Ø Pixel-level loss:

Ø Frequency-level loss:

Ø Adversarial loss:

Ø Perceptual loss:



Overview of the proposed SFMNet.

SFMLM

Frequency block (FRB): 

captures global dependency 

and frequency information  

by Fourier  Transform.

frequency-spatial interaction block 

(FSIB): mutually and adaptively fuse 

the global frequency information and 

local spatial information..

Global and local dependencies 

are complementary and can 

both facilitate FSR.

Spatial block(SPB): extracts 

local dependency and spatial 

information.



FSIB

Frequency-spatial interaction block (FSIB) (left) and spatial-frequency cross-attention (SFCA) (right).
u FSIB first applies two convolutional layers on spatial and frequency features.



FSIB

Frequency-spatial interaction block (FSIB) (left) and spatial-frequency cross-attention (SFCA) (right).
u Coarse fusion: spatial-frequency cross-attention (SFCA)

u SFCA has two inputs: source information       and guidance information

u SFCA uses       to generate query Q and use        to generate key K and value V

u Frequency feature and the spatial feature serve as source and guidance for each other.



FSIB

Frequency-spatial interaction block (FSIB) (left) and spatial-frequency cross-attention (SFCA) (right).

SFCA can improve 
face super-
resolution 

performance.

u Effectiveness of SFCA: replace SFCA with  Concatenation-Convolution (CC) 

CelebA Helen

PSNR SSIM PSNR SSIM

CC 27.40 0.8022 27.10 0.8072

SFCA 27.56 0.8082 27.22 0.8141



FSIB

Frequency-spatial interaction block (FSIB) (left) and spatial-frequency cross-attention (SFCA) (right).
u Fine fusion: use coarsely fused feature to generate attention map for refinement.



u Effectiveness of FSIB: replace FSIB with concatenation-convolution (CC) 

FSIB

Frequency-spatial interaction block (FSIB) (left) and spatial-frequency cross-attention (SFCA) (right).

CelebA Helen

PSNR SSIM PSNR SSIM

CC 27.39 0.8033 27.01 0.8079

FSIB 27.56 0.8082 27.22 0.8141

FSIB can improve 
face super-
resolution 

performance.



Experiments

SFMNet achieves a good balance between performance and model complexity.



Experiments

SFMNet can recover more accurate and realistic details than other methods.

LR            SRCNN         EDSR        FSRNet           DIC         SPARNet        SISN          SFMNet     SFMGAN         GT



Experiments

SFMNet outperforms other FSR 
methods in face recognition task.

LR                Restoreformer             VQFR                 SFMNet 

Although the results of SFMNet are not as high 
quality as those of VQFR, they are realistic and 

natural, and contain key facial details.



Conclusion

u We develop a spatial-frequency mutual network (SFMNet) for face super-resolution, 

which is the first work to explore the interaction between spatial domain and 

frequency domain in this field.

u We carefully design a frequency-spatial interaction block that can fuse these 

dependencies mutually and boost face super-resolution performance.

u Experimental results demonstrate that our proposed method can achieve state-of-the-

art performance.
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