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Real-World Blur Dataset for Learning and Benchmarking Deblurring Algorithms
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Abstract

In this work, we present a large—scale dataset of
real-world blurred images and their corresponding
sharp images captured in low-light environments for
learning and benchmarking single image deblurring
methods. To collect our dataset, we build an image
acquisition system to simultaneously capture a
geometrically aligned pair of blurred and sharp images,
and develop a post-processing method to further
geometric and photometric alignment. Our experiment
shows that our dataset significantly improves
deblurring quality for real-world low-light images.

1. Introduction

Images captured in low-light environments such as at
night or in a dark room often suffer from motion blur
caused by camera shakes or object motions as the
camera requires a longer exposure time. With the
advent of deep learning, several deep learning-based
deblurring approaches [1, 2, 3, 4] have been proposed
and shown a significant improvement. To learn image
deblurring of real-world low-light photographs, they
require a large-scale dataset that consists of real-
world blurred images and their corresponding ground
truth sharp images. However, there exist no such
datasets so far due to difficulties involved with
acquisition of real-world blurred images and their
corresponding sharp images, which forces the existing
approaches to resort to synthetic datasets such as the
GoPro dataset [3].

In this paper, we present the first large—scale dataset

* 5 T

w B =fLo g okwBl (Extended Abstract) &&A, H =59
A& =52 A 5 gEdgd A= 5

« B AFE ARG RTAE)Y Ader dadAt
o] A Y& ol =gH AFA (NRF-2020R1C1C1014863)

of real-world blurred images for learning and
benchmarking single image deblurring methods.

=

. Cameras
Beam splitter

pi

Multi-camera
trigger

Optical enclosure
Figure 1: A diagram of our image acquisition system.
& demosaicing lens distortion

Sharp Blurred |f’> |:> |i> Downsampling |f’>
D 1mages ‘j 1nages (for RealBlur-R) | correction | )

Reference Reference ) ( . 1 |
Denoising Geometric
alignment

\mage {mage (for RealBlur-R)
Figure 2: Overall procedure of our post-processing.

White balance Cropping &
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Using our dataset, we benchmark existing deblurring
methods and their limitations. Our experiment shows
that the dataset greatly improves the performance of
deep learning-based deblurring methods on real-
world blurred images.

2. Image Acquisition System and Process

To capture both blurred and sharp images
simultaneously, we built a dual camera system shown
in Figure 1. Our system consists of a beam splitter and
two mirrorless cameras (Sony A7RM3 with Samyang
14mm F2.8 MF) so that the cameras can capture the
same scene. One camera captures a blurry image with
1/2 shutter speed, while the other captures a sharp
image with 1/80 shutter speed.

For each scene, we first captured a pair of two sharp
images, which we refer to as a reference pair. We then
captured 20 pairs of blurred and sharp images of the
same scene to increase the amount of images and the
diversity of camera shakes. We captured 4,738 pairs
of images of 232 different scenes including reference
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pairs. We captured all images both in the camera raw
and JPEG formats, and generated two sets of datasets:
RealBlur—K from the raw images, and FealBlur-J from
the JPEG images processed by the camera ISP.

3. Post—-Processing

Figure 2 shows an overview of our post—-processing.
For each pair of sharp and blurred images, we apply

white balance and demosaicing to them in the first step.

Images have invalid areas along the boundaries that
capture outside the beam splitter or inside the system.
Thus, we crop out such invalid regions. We correct
lens distortions from the cropped images. Then, we
downsample the corrected images, and perform
denoising to the downsampled sharp image.

Although our image acquisition system has physically
well—-aligned cameras, there still exists some amount
of geometric misalignment. To address this issue, for
each scene, we first estimate the blur kernel k by
minimizing the following energy function:

E(k) = ||k * Vs — Vb]||? + A||VKk||? €))
where s and b are sharp and blurred images, and V
1s the image gradient operator. A is the weight for the
second term, which we set 1 = 103. Then we align the
sharp and blurred images using the center of mass of
the blur kernel. We found that our approach using the
center of mass of a blur kernel significantly improves
the learning of image deblurring. Finally, we
photometrically align blurred and sharp images using
a linear model defined as s =ab+ f where a and B
are estimated from the reference pair.

4. Benchmarking

For the benchmark, we randomly select 182 scenes
as our training sets and the remaining 50 scenes as
our test sets. We found that using multiple training
sets tends to achieve higher performance. Thus, we
use dynamic scene blur dataset named GoPro [3] and
synthetic uniform blur dataset as additional training
sets. We trained SRN-DeblurNet [1] and DeblurGan-
V2 [2] with pre—trained weight for stable training.

We then benchmark state—of-the—art deblurring
methods including recent deep learning—based
approaches using our test sets. Table 1 shows a
summary of the benchmark. The deep learning—based
approaches trained with our training sets show the
best performance proving the benefits of training with
real low-light blurred images. Figure 3 shows a
qualitative comparison of the methods in Table 1. All

Table 1: Benchmark of state—of-the—art deblurring
methods on real-world blurred images. Blue* : models
trained with our dataset.

RealBlur-J RealBlur-R

Methods PSNR/SSIM | Methods PSNR/SSIM
SRN-DeblurNet [1] 3152009217 SRN-DeblrNet [1] 38H09674
DeblurGAN-v2+ [2] 301908957 Debl.rGAN-v2+ [2] 371209520
DeblurGAN-v2 [2] 2896508831 Zhangetal. [4] 36.16009539

Zhengetal. [4] 287808305 SRN-DebluNet [1] 360409526
SRN-DeblurNet [1] 287308329 DebluGAN-v2 [2] 358409505

Nahetal [3] 2843/08551 Nehetal [3] 343108886

o .
ol b
ny,
W) )

(c) Zhang et al. [4]
25.13/0.8762

(d) DeblurGAN~2 [2]
25.00/0.8634

(a) Blurred image
PSNR/SSIM

(b) Nah et al. [3]
24.93/0.8418

(€) DebhrGAN-v2* 2]
28.55/0.8932

(i) Blurred image
PSNR/SSIM

\:‘ 3
258 L

(m) DebhrGAN-v2* 2] (n) SRN-DebhurNet [1]
27.58/0.9193 24.05/0.8673

(f) SRN-DeblurNet [1]
25.11/0.8783

(2) SRN-DeblurNet* [1]
32.13/0.9324

(h) Ground truth

(j) Nah et al. [3]
23.86/0.8456

(k) Zhang et al. [4]
23.95/0.8563

() DeblrGAN-v2 [2]
23.97/0.8676

(0) SRN-DeblurNet* [1]
29.34/0.9315

(p) Ground truth

Figure 3: Qualitative comparison of different deblurring
methods on the RealBlur test sets. Methods marked with
“x'in blue are trained with our datasets.

the methods trained without real-world blurred
images fail to restore light streaks as well as other
image details. On the other hand, the methods trained
with our datasets show better restored results.
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A0 F 1. Merging method (Bres: onia EAA) Bright_chita [z a.])
1t Merging method(Bi.f: cnita [er @i, Bright_chaal*z, a2]) 5

2 B =cos™{x; ‘Xa)

3: a=(f+a +a)/2

4: weighty .z, = a —a,

o weight,gne = @ — a;

6. if weightyee =0

7: X=1x

a: a=

9. else if weight ;gn: =0

10: i=1x

11: a= ay

12: else

13: X = sin(weight,.gn:) * o+ sin(weightiez, ) * e
14: % = normalize(x)

13: end if

16: return Bpgrent [%,a]
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Procedure find_focal_point(ray, volume) =

Current_focal_point = null

Start = ray.intersect(volume.bounding_box)

Sample_point = start

While sample_point is in volume do
intensity = volume.sample(sample_point)
opacity = transfer_function(intensity)
if opacity is local maximum and rand() < y then

current_focal_point = sample_point

end if
sample_point += sample_interval

end while

return current_focal_point
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Adversarial loss

o] =& tF omAE &g Fd F4 EAE O
gers] EZold & AFS Atslnh. Al o] &gl
Aoz shte] oA 25Y Fds FANF of= 7]
= dyede 2E te oA FEe Fds 4
a7 91 o B2 AEES 45 & 7] wEoltt v
= 71 Hde g5 BdoA F2 Apgsid
ConvLSTM &5 WMgsto] ALES o] A& F2 H
2E Ads A XPARE ofHd Fd F4 ZA
s A& oA s v & 28T F Qe vE
135 E=9fstar, WHEE3D HolE A AlEehs
TR AR, AliE g AR mE A ool ggtty
o £2 A3s d F 9lg Flelth

k]
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framework for inverse rendering. In Proceedings of the 28"
annual conference on Computer graphics and interactive
techniques, pages 117-128. ACM, 2001.

[2] Marc-André Gardner, Kalyan Sunkavalli, Ersin Yumer,
Xiaohui Shen, Emiliano Gambaretto, Christian Gagné, and
Jean-Frangois Lalonde. 2017. Learning to predict indoor
illumination from a single image. ACM Trans. Graph. 36,
6, Article 176 (November 2017), 14 pages.

[3] S. Song and T. Funkhouser. Neural illumination:
Lighting prediction for indoor environments. In Proceedings
of the IEEE Conference on Computer Vision and Pattern
Recognition, pages 6918-6926, 2019

[4] WANG, Rui; PIZER, Stephen M.; FRAHM,
Jan-Michael. Recurrent neural network for (un-) supervised
learning of monocular video visual odometry and depth. In:
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. 2019. p. 5555-5564.
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¥ (cosine annealing)[7]1& AF&3sle] ZHAAHT vl
A5F3k(batch normalization)?] EWE (momentum)<
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32, ZHlEe 0.92 AAs
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Network Arch loU Mean
Elapsed time
JSIS3D[5] 0.863 2.89s
Proposed 0.941 3.01s
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