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Introduction

Image Blurring model as follow
𝐵 = 𝐼 ∗ 𝐾 + 𝑁

𝐵: Blurry image, 𝐼: Sharp image, 𝐾: Blur kernel, 𝑁: Noise, and ∗: Convolution.

Problem type:
• 𝐾(known): Non-Blind Deblurring
• 𝐾(unknown): Blind Deblurring
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Conventional (Blind motion deblurring)

• Workflow:
1. Blur kernel estimation

2. Apply non-blind deblurring
• Inverse filter
• Wiener filter
• Deconvolution methods

• Problems:
1. Motion blur kernel (non-uniform)

2. Blur kernel estimation is inaccurate
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DeepDeblur

• Deep learning

• End-to-end

• Coarse-to-fine strategy
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DeepDeblur

• Dataset (GoPro)
A blurry image is generated when the camera sensor accumulates light during the exposure 
time. The blurry image can be approximated by accumulating signals from high-speed video 
frames [2].
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𝑇: Exposure time.

𝑆(𝑡) : Sharp image at time t.

𝑀: Sampled frames.

𝑆[𝑖]: i-th sharp frame.

𝑔(. ) : Camera Response Function(CRF).
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Blurry image by averaging sharp frames
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Proposed network (MIMO-UNet)

• Apply coarse-to-fine strategy in Unet.

• The architecture of MIMO-UNet is divided into three parts:
• Multi-input Single Encoder (MISE)
• Asymmetric Feature Fusion (AFF)
• Multi-output Single Decoder (MOSD)

• Main components:
• Shallow convolutional module (SCM)
• Feature attention module (FAM)
• Asymmetric feature fusion (AFF)
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Multi-input Single Encoder

• Shallow convolutional module (SCM)

• Using SCM to extract downsampled image features.
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Multi-input Single Encoder

• Feature attention module (FAM)

• Using FAM to emphasize or suppress the features from the previous scale.

• Learning the spatial/channel importance of the features from SCM.
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Asymmetric feature fusion (AFF)

• Asymmetric feature fusion (AFF)

• AFF enables effective information flow across different scales.
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Multi-output Single Decoder

• Similar to UNet decoder, but with an additional convolution layer at each level to map 
feature maps to deblurred sharp images.
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Loss function
• Overall loss:

𝐿𝑡𝑜𝑡𝑎𝑙 = 𝐿𝑐𝑜𝑛𝑡 + 𝜆𝐿𝑀𝑆𝐹𝑅

• Content loss:

𝐿𝑐𝑜𝑛𝑡 = 

𝑘=1

𝐾
1

𝑡𝑘
መ𝑆𝑘 − 𝑆𝑘 1

• Multi-scale frequency reconstruction (MSFR) loss:

𝐿𝑀𝑆𝐹𝑅 = 

𝑘=1

𝐾
1

𝑡𝑘
𝐹( መ𝑆𝑘) − 𝐹(𝑆𝑘) 1

𝜆: Hyperparameter.
𝐾: The number of levels.
𝑡𝑘: Number of total elements for normalization.
መ𝑆𝑘: Deblurring images.
𝑆𝑘: Ground truth.
𝐹(. ): FFT.
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Result (GoPro/RealBlur)
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• MIMO-UNet: 8 residual blocks.
• MIMO-UNet+: 20 residual blocks.
• MIMO-UNet++: MIMO-UNet+ with geometric self-ensemble.

Synthesis dataset Real dataset
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Result (GoPro)
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Result (RealBlur)
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