Published as a conference paper at ICLR 2023

KNOWLEDGE DISTILLATION BASED DEGRADATION
ESTIMATION FOR BLIND SUPER-RESOLUTION

Bin Xia', Yulun Zhang?, Yitong Wang>, Yapeng Tian*,
Wenming Yang'? Radu Timofte’, and Luc Van Gool®
!Tsinghua University 2ETH Ziirich *ByteDance Inc
#University of Texas at Dallas >University of Wiirzburg

ABSTRACT

Blind image super-resolution (Blind-SR) aims to recover a high-resolution (HR)
image from its corresponding low-resolution (LR) input image with unknown
degradations. Most of the existing works design an explicit degradation estimator
for each degradation to guide SR. However, it is infeasible to provide concrete
labels of multiple degradation combinations (e.g., blur, noise, jpeg compression)
to supervise the degradation estimator training. In addition, these special designs
for certain degradation, such as blur, impedes the models from being generalized
to handle different degradations. To this end, it is necessary to design an implicit
degradation estimator that can extract discriminative degradation representation
for all degradations without relying on the supervision of degradation ground-
truth. In this paper, we propose a Knowledge Distillation based Blind-SR network
(KDSR). It consists of a knowledge distillation based implicit degradation estima-
tor network (KD-IDE) and an efficient SR network. To learn the KDSR model, we
first train a teacher network: KD-IDEr. It takes paired HR and LR patches as in-
puts and is optimized with the SR network jointly. Then, we further train a student
network KD-IDEg, which only takes LR images as input and learns to extract the
same implicit degradation representation (IDR) as KD-IDE. In addition, to fully
use extracted IDR, we design a simple, strong, and efficient IDR based dynamic
convolution residual block (IDR-DCRB) to build an SR network. We conduct
extensive experiments under classic and real-world degradation settings. The re-
sults show that KDSR achieves SOTA performance and can generalize to various
degradation processes. The code is available at Github.

1 INTRODUCTION

Single image super-resolution (SISR) aims to recover details of a high-resolution (HR) image from
its low-resolution (LR) counterpart, which has a variety of downstream applications (Dong et al.,
2014; Zhang et al., 2019; Xia et al., 2022d; Fritsche et al., 2019; Xia et al., 2022¢;b). These state-
of-the-art methods (Kim et al., 2016; Lim et al., 2017; Lai et al., 2017; Xia et al., 2022a; Wang
et al., 2018b) usually assume that there is an ideal bicubic downsampling kernel to generate LR
images. However, this simple degradation is different from more complex degradations existing in
real-world LR images. This degradation mismatch will lead to severe performance drops.

To address the issue, blind super-resolution (Blind-SR) methods are developed. Some Blind-SR
works (Wang et al., 2021a; Luo et al., 2022) use the classical image degradation process, given by
Eq. 1. Recently, some works (Cai et al., 2019; Bulat et al., 2018) attempted to develop a new and
complex degradation process to better cover real-world degradation space, which forms a variant
of Blind-SR called real-world super-resolution (Real-SR). The representative works include BSR-
GAN (Zhang et al., 2021) and Real-ESRGAN (Wang et al., 2021b), which introduce comprehensive
degradation operations such as blur, noise, down-sampling, and JPEG compression, and control the
severity of each operation by randomly sampling the respective hyper-parameters. To better simulate
the complex degradations in real-world, they also apply random shuffle of degradation orders (Zhang
et al., 2021) and second-order degradation (Wang et al., 2021b) respectively.

Since Blind-SR faces almost infinite degradations, introducing prior degradation information to SR
networks can help to constrain the solution space and boost SR performance. As shown in Fig. 1,
the way to obtain degradation information can be divided into three categories: (1) Several Non-
Blind SR methods (Zhang et al., 2018a; Shocher et al., 2018; Zhang et al., 2020; Soh et al., 2020;
Xu et al., 2020) directly take the known degradation information as prior (Fig. 1 (a)). (2) Most of
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Figure 1: The illustration of different degradation estimators. (a) Non-blind SR methods directly
use known degradation information to guide SR networks, such as SRMD (Zhang et al., 2018a).
(b) Many Blind-SR methods estimate the explicit degradation with the supervision of ground-truth
degradation. (c) Several methods use metric learning to distinguish degradation roughly. (d) Our
knowledge distillation (KD) based implicit degradation estimator can estimate accurate implicit
degradation representation to guide SR without ground-truth degradation supervision.

Blind-SR methods (Gu et al., 2019; Luo et al., 2020; Wang et al., 2021a; Liang et al., 2022; Luo
et al., 2022) adopt explicit degradation estimators, which are trained with ground-truth degradation
(Fig- 1 (b)). However, these explicit degradation estimators are elaborately designed for specic
degradation processes. The specialization makes them hard to transfer to handle other degradation
processes. In addition, it is challenging to annotate precise ground-truth labels to represent the mul-
tiple degradation combination (Zhang et al., 2021; Wang et al., 2021b) for supervised degradation
learning. Therefore, developing implicit degradation representation (IDR) based methods is impor-
tant. (3) Recently, as shown in Fig. 1 (c), DASR (Wang et al., 2021a) and MM-RealSR (Mou et al.,
2022) use metric learning to estimate IDR and quantize degradation severity respectively. However,
metric learning methods roughly distinguish degradations by pushing away or pulling close features,
which is unstable and cannot fully capture discriminative degradation characteristics for Blind-SR.

In this paper, we aim to design an ef cient implicit degradation representation (IDR) learning SR
framework that can easily adapt to any degradation process. To this end, we develop a novel knowl-
edge distillation based Blind-SR Network (KDSR). Speci cally, as shown in Fig. 1 (d), KDSR uses a
knowledge distillation based implicit degradation estimator (KD-IDE) to predict accurate IDR. Fur-
thermore, we propose a strong yet ef cient SR network based on our newly developed IDR based
Dynamic Convolution Residual Blocks (IDR-DCRB) to reconstruct the HR image with the guidance
of IDR. For the training process, we rstinput HR and LR images to the teacher KG-|Bigich is
optimized with the SR network together. Given the paired HR and LR images, teacher KDeHIE
easily extract the latent degradation information in LR images. Then, we use a student KDelDE
learn to extract the same IDR as that of KD-IPEom LR images directly. Extensive experiments
can demonstrate the effectiveness of the proposed KDSR. Our main contributions are threefold:

* We propose KDSR, a strong, simple, and ef cient baseline for Blind-SR, can generalize to

any degradation process, which addresses the weakness of explicit degradation estimation.

» We propose a novel KD based implicit degradation representation (IDR) estimator. To the

best of our knowledge, the design of IDR estimation has received little attention so far.
Besides, we propose an ef cient IDR-based SR network to fully utilize IDR to guide SR.

» Extensive experiments show that the proposed KDSR can achieve excellent Blind-SR per-
formance in different degradation settings from simple to complex.
2 RELATED WORK
2.1 BLIND SUPER-RESOLUTION

In the past few years, numerous Non-Blind SISR methods (Dong et al., 2014; Lim et al., 2017;
Zhang et al., 2018a; Ledig et al., 2017; Johnson et al., 2016; Ma et al., 2020; Xia et al., 2023) have
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achieved promising performance and have been widely studied. However, the performance of these
methods will dramatically decline as there is a degradation gap between training and test data. As a
remedy, SRMD (Zhang et al., 2018a), USRNet (Zhang et al., 2020) and some other methods (Zhang
et al., 2019; Xu et al., 2020; Shocher et al., 2018; Soh et al., 2020) utilize the blur kernel and noise
level as additional input. Although these methods can deal with multiple degradations with a single
model, they require accurate degradation estimation, which is also a challenging task.

To handle unknown degradation, a few Blind-SR methods have been proposed. Some methods, such
as IKC (Gu et al., 2019) and DAN (Luo et al., 2020), use the classical Blind-SR degradation process
and combine a blur kernel estimator with SR networks, which can be adaptive to images degraded
from various blur kernels (Kim et al., 2021; Cornillere et al., 2019). Besides, KMSR (Zhou &
Susstrunk, 2019) constructs a kernel pool by utilizing a generative adversarial network (Goodfellow
et al., 2014). Recently, some works like BSRGAN (Zhang et al., 2021) and Real-ESRGAN (Wang
et al., 2021b) design more complex and comprehensive degradation processes to better cover the
real-world degradation space, which becomes a variant of Blind-SR called Real-SR.

For each degradation type and process, previous Blind-SR methods (Gu et al., 2019; Liang et al.,
2022) tend to specially design an explicit degradation estimator. That is quite complex and hard to
provide ground-truth labels for multiple degradation combinations. Recently, DASR (Wang et al.,
2021a) and MM-RealSR (Mou et al., 2022) use metric learning to roughly distinguish various degra-
dations, which is not accurate enough to provide degradation representation to guide SR. In this
paper, we propose to estimate IDR accurately and fully use it for SR in an ef cient way.

2.2 KNOWLEDGEDISTILLATION

The purpose of knowledge distillation (KD) (Hinton et al., 2015) is to transfer the representation
ability of a teacher network to a student network. KD has been widely used to compress models, typ-
ically for classi cation tasks. Speci cally, they (Ahn et al., 2019) compress the classi cation models
by enforcing the output distribution between the teacher and student networks to be close. Recently,
some works extend KD to feature distillation, such as intermediate feature learning (Romero et al.,
2014) and pairwise relations in intermediate feature learning (Liu et al., 2019). For the SISR task,
SRKD (Gao et al., 2018) and FAKD (He et al., 2020) apply the KD between intermediate feature
maps to compress models. To obtain more ef cient SR networks, PISR (Lee et al., 2020) further in-
troduces variational information distillation (Ahn et al., 2019) to maximize the mutual information
between intermediate feature maps of teacher and student SR networks. Different from previous
works adopting KD for model compression, we develop KDSR to obtain accurate IDR.

3 METHODOLOGY

3.1 OVERVIEW
Blind SR methods can be summarized two categories: classic blind-SR and real-world blind-SR.

For classic blind-SRsome Blind-SR works (Wang et al., 2021a; Luo et al., 2022) use the classical
image degradation process, given by

y=(x Kk)# +n; 1)
where denotes convolution operation.andy are HR and corresponding LR images respectively.
k is blur kernel anch is additional white Gaussian noiséts refers to downsampling operation

with scale factos. The severity of blur and noise are unknown, which are randomly sampling the
respective hyper-parameters to adjust severity and form almost in nite degradation space.

Given an input LR imagg and applied blur kernéd, the classic blind-SR methods (Gu et al., 2019;
Luo et al., 2020; 2022) pretrain an explicit degradation estimator to estimate the blur kernel applied
ony with the supervision of groundtruth Then, their SR network can use the estimated blur kernel

to perform SR on LR imagg. The SR network is trained with loss functitne. .

Lrec = Klnr |SRk1; 2
wherel yr andlsg are real and SR images separately.

Real-world blind-SRs a variant of classic blind-SR, in which more complicated degradation is
adopted. The real-world blind-SR approaches (Wang et al., 2021b; Zhang et al., 2021) introduce
comprehensive degradation operations such as blur, noise, down-sampling, and JPEG compression,
and control the severity of each operation by randomly sampling the respective hyper-parameters.
Moreover, they apply random shuf e of degradation orders and second-order degradation to increase
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Figure 2: The overview of our proposed knowledge distillation based Blind-SR network (KDSR),
which consists of a KD based implicit degradation estimator network (KD-IDE) and a SR network
mainly formed by the IDR based Depthwise Dynamic convolution (IDR-DDC).

degradation complexity. Since degradation is complex and cannot provide speci ¢ degradation la-
bels, they directly use SR networks without degradation estimators. Their SR networks emphasize
visual quality trained with. s .

Lvis = recLrec + perLper + advlaav: (3
whereL per andL gy are perceptual (Johnson et al., 2016) and adversarial loss (Wang et al., 2021b).

As shown in Fig. 2, we propose a KDSR, consisting of KD-IDE and an ef cient SR network. Dif-
ferent previous explicit degradation estimation based blind-SR methods Gu et al. (2019); Luo et al.
(2020; 2022); Liang et al. (2022), our KD-IDE does not requires degradation labels for training,
which can generalize to any degradation process. Moreover, our the design of our SR network is
neat and ef cient, which is practical and can fully use degradation information for SR. There are
two stage training processes for KDSR, including Teacher KP8Rd Student KDSR training.

We rst train the KDSR:-: we input the paired HR and LR images to the KD-{PEnd obtain the
implicit degradation representation (IDR)r andD$, whereD 1 is used to guide the SR. After

that, we move on to KDSRtraining. We initialize the KDSR with the KDSR:'s parameters and

make the KDSR learn to directly extradd 2 same a®$ from LR images.

3.2 KNOWLEDGE DISTILLATION BASED IMPLICIT DEGRADATION ESTIMATOR

Most Blind-SR methods elaborately design an explicit degradation estimator for each degradation
type and process. There are several limitations for explicit degradation estin{é)dreese special
designs for speci ¢ degradation processes make the explicit estimator hard to be transferred to other
degradation setting$2) It is complex to provide various degradation labels for explicit degradation
estimator training, especially the random combination of multiple degradations (Wang et al., 2021b).
Therefore, we develop a KD based implicit degradation estimator (KD-IDE), which can distinguish
various degradations accurately without the supervision of degradation ground-truth.

As shown in Fig. 2 (c), we can divide KD-IDE into several pafts:We take the LR images and the
concatenation of LR and HR images as input for KD-iD&hd KD-IDEr, respectively. Specially,

for the KD-IDEr (Fig. 2 (d)), it can easily extract the degradation which makes HR degrade to LR
images by providing paired HR and LR images and jointly being optimized with the SR network.
Since there is a spatial size difference between HR and LR images, we perform the Pixel-Unshuf e
operation on HR imagds;r 2 R® 41 4W to belyro 2 R* H W and then concatenate it with

LR images to obtain an input 2 R H W (2) The input passes through the rst convolution

to become feature maps. It is noticeable that the input channels in the rst convolution are 3 and
51 for KD-IDEs and KD-IDEr, respectively.(3) After that, we use numerous residual blocks to
further extract features and obtain a rough degradation vector by Average Pooling opeflion.
We use the two linear layers to re ne the degradation vector and obtainDBR R*C, which

is used for KD.(5) Although D © has4C channels to accurately present degradation and can give
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more degradation information for the student network to learn, it will consume a large number of
computational resources used in IDR-DDC. Hence, we need to further compress it with a linear layer
and obtain another IDR 2 R® to guide SR. More details of KD training are given in Sec. 3.4.

3.3 IMAGE SUPER-RESOLUTION NETWORK

As for the design of SR network, we should consider three po{tijsAfter we obtain the IDR, it

is important to design a SR network that can fully use the estimated degradation prior f(#)SR.

An ideal Blind-SR network is likely to be used in practice, the structure of which should be simple.
Thus, we also try to make the network formed by one type of simple and strong enough module.
(3) The huge computation consumption usually limits the application of models, especially on edge
devices. Thus, it is necessary to design an ef cient model.

As shown in Fig. 2 (a), (b), and (d), our SR network can be divided into three hierar¢h)edle

rst propose a convolution unit called IDR based Depthwise Dynamic Convolution (IDR-DDC).
Motivated by UDVD (Xu et al., 2020), we adopt the dynamic convolution to use IDR to guide SR.
Speci cally, to fully use the estimated IDR, as displayed in Fig. 2 (a), we generate speci c convo-
lution weights according to the IDR. However, if we generate ordinary convolution weights, the
computational cost will be quite large and affect the ef ciency of the network. Thus, we further in-
troduce depthwise convolution (Howard et al., 2017), which merely consumesébxmnputation

and parameters of ordinary convolution. The IDR-DDC can be mathematically expressed as:

W = Reshape( (D)); (4)

Fouli; 5:1= Fin [i; 521 Wi 52151 2 [0, C); (5)
where (:) and are two linear layers and convolution operation separa®ly2 R® indicates
IDR, (D) 2 RCKnKw jsthe output of (), W 2 R® 1 Kn Kw jsweights of dynamic convo-
lution ; Fi, andFo 2 RS M W are input and output feature maps respectivéd).As shown
in Fig. 2 (b), motivated by EDSR (Lim et al., 2017), we develop IDR based Dynamic Convolu-
tion Residual Blocks (IDR-DCRB) to realize deep model. For the rst convolution of IDR-DCRB,
we use the IDR-DDC to utilize degradation information. However, IDR-DDC lacks interaction be-
tween different channels. Thus, we adopt ordinary convolution as the second convo(8jiGor
simplicity, as shown in Fig. 2 (d) or (e), we mainly stack the IDR-DCRB to form the SR network.

3.4 TRAINING PROCESS

KDSR has a two-stage training proceg4) As shown in the Fig. 2 (d), we rst train the teacher
KDSRy. we input the paired LR and HR images to the KD-{pBbtain the IDRD 1 andD-?.
Then,D 1 is used to generate speci ¢ degradation weights for dynamic convolution. After that, the
speci ¢ degradation SR network will restore the LR images. By jointly optimizing the teacher SR
network and KD-IDE with thelL; Loss (Eg. 2), the KD-IDE can effectively extract accurate IDR
to guide SR network(2) After nishing KDSRy training, we move on to train KDSR As shown

in the Fig. 2 (e), different from KD-IDE, we only input the LR images to the KD-IRE obtaining

IDR Ds andD2. The other steps are the same as KPSRiining except for the adopted loss
functions. Speci cally, we introduce a knowledge distillation (KD) function (Eq. 6) to enforce the
KD-IDEg directly extracting the same accurate IDR as KD-{Dffom LR images. In addition, for

the classic degradation model (Eqg. 1), following previous Blind-SR works (Gu et al., 2019; Wang
et al., 2021a), we adojtec (EQ. 2) and can set the total loss function agssic (EQ. 7). For more
complex degradation processes (Real-SR), following (Eq. 3) of Real-ESRGAN (Wang et al.,
2021b), we proposkea (EQ. 8)).( More details are given in appendix.

- D %nom ()
L kIl = D gnorm (J ) |Og Dng(j) ) (6)
j=[0;4C) Snorm
Leassic = recLrec ¥ kil (7)
L real = rec L rec ¥ K L K+ per L per +  adv I—adv ; (8)

whereD %, .., andD2 .~ are normalized with softmax operation@f andD ¢ separatelyL pe
andL 5y are perceptual and adversarial losg., per and agy denote the balancing parameters.

4 EXPERIMENTS

4.1 SETTINGS
We train and test our method on classic and real-world degradation settings. For the
classic degradation, following previous works (Gu et al., 2019; Luo et al., 2022), we combine
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Table 1: 4 SR quantitative comparison on datasets with Gaussian8 kernels. The bottom three
methods marked in rouse use IDR to guide blind SR. The FLOPs and runtime are computed based on
an LR size ofLt80 320 Best and second best performance are in red and blue colors, respectively.

. Set5 Setl4 BSD100 Urban100 Mangal09
Methods Param (M) FLOPs(G) Time (MS)pSNR SSIM  PSNR  SSIM  PSNR  SSIM  PSNR SSIM  PSNR  SSIM
Bicubic - - 2457 07108 22.79 0.6032 2329 05786 20.35 0.5532 21.50 0.6933
RCAN 15.59 1082.41 556.21  26.60 0.7598 24.85 0.6513 25.01 0.6170 22.19 0.6078 23.52 0.7428
Bicubic+ZSSR 0.23 - 30946.60 26.45 0.7279 24.78 0.6268 24.97 05989 21.11 0.5805 23.53 0.724
IKC 5.32 2528.03 1053.79 31.67 0.8829 28.31 0.7643 27.37 0.7192 2533 0.7504 28.91 0.8782
DANv1 433 1098.33 201.04 31.89 0.8864 28.42 0.7687 27.51 0.7248 25.86 0.7721 30.50 0.9037
DANvV2 471 1088.14 201.51 32.00 0.8885 2850 0.7715 27.56 0.7277 25.94 0.7748 30.45 0.9037
AdaTarget 16.70 1032.59 109.77 3158 0.8814 2814 0.7626 27.43 0.7216 2572 0.7683 29.97 0.8955
DCLS 13.63 - 175.84 3212 0.8890 2854 0.7728 27.60 0.7285 26.15 0.7809 30.86 0.9086
DASR 5.84 185.66 4414 3146 08789 28.11 0.7603 27.44 0.7214 25.36 0.7506 29.39 0.8861
KDSRs-M (Ours) 5.80 191.42 38.74 3202 0.8892 28.46 0.7761 27.52 0.7281 25.96 0.7760 30.58 0.9026
KDSRs-L (Ours) 14.19 623.61 149.14 3211 0.8933 28.68 0.7867 27.64 0.7300 26.15 0.7830 30.99 0.9069
HR RCAN DCLS KDSRs-M HR RCAN DCLS KDSRs-M
Bicubic DANv2 DASR KDSRs-L Bicubic DANv2 DASR KDSRs-L
HR RCAN DCLS KDSRs-M HR RCAN DCLS KDSRs-M
Bicubic DANv2 DASR KDSRs-L Bicubic DANv2 DASR KDSRs-L

Figure 3: Visual comparison (4) of Blind-SR methods on isotropic Gaussian kernels.

800 images in DIV2K (Agustsson & Timofte, 2017) and 2,650 images in Flickr2K (Timofte et al.,
2017) as the DF2K training set. The batch sizes are set to 64, and the LR patch sizesGte\&é

use Adam optimizer with; = 0:9, » = 0:99. We train both teacher and student networks with

600 epochs and set their initial learning ratel 4 and decrease to half after every 150 epochs.
The loss coef cient (¢ and q are setto 1 and 0.15 separately. The SR results are evaluated with
PSNR and SSIM on the Y channel in the YCbCr spdggln Sec. 4.2, we train and test on isotropic
Gaussian kernels following the setting in Gu et al. (2019). Speci cally, the kernel sizes are xed to
21 21. Intraining, the kernel width ranges are set to [0.2, 4.0] for scale factors 4. We uniformly
sample the kernel width in the above ranges. For testing, we adopt the Gaussian8 (Gu et al., 2019)
kernel setting to generate evaluation datasets. Gaussian8 uniformly chooses 8 kernels from range
[1.80, 3.20] for scale 4. The LR images are obtained by blurring and downsampling the HR images
with selected kernelg2) In Sec. 4.3, we also validate our methods on anisotropic Gaussian kernels
and noises following the setting in (Wang et al., 2021a). Speci cally, We set the kernel size2d 21

for scale factor 4. In training, we use the additive Gaussian noise with covarian@5 and adopt
anisotropic Gaussian kernels characterized by Gaussian probability density fud¢@on with

zero mean and varying covariance matrixThe covariance matrix is determined by two random
eigenvalues ;; » U(0:2;4) and arandom rotation angle U(0O; ).

For thereal-world degradation, in Sec. 4.4, similar to Real-ESRGAN (Wang et al., 2021b), we
adopt DF2K and OutdoorSceneTraining (Wang et al., 2018a) datasets for training. We set the learn-
ing rate of the KDSR to2 10 # and pre-train it with only Eq. 2 by 1000K iterations. Then, we
optimize KDSR; with Eq. 7 by 1000K iterations and continue to train it with Eqg. 8 by 400K itera-
tions. The learning rate is xed @0 “. For optimization, we use Adam withy = 0:9, , =0:99.

In both two stages of training, we set the batch size to 48, with the input patch size being 64.

4.2 BEVALUATION WITH ISOTROPICGAUSSIAN KERNELS

We rst evaluate our KDSR on degradation with isotropic Gaussian kernels. We compare the KDSR
with several SR methods, including RCAN (Zhang et al., 2018c), ZSSR (Shocher et al., 2018),



Published as a conference paper at ICLR 2023

Table 2: PSNR results achieved on Set14 (Zeyde et al., 2010) under anisotropic Gaussian blur and
noises. The bottom two methods marked in rouse use IDR to guide blind SR. The best results are
marked in bold. The runtime is measured on an LR sizE86f 320,

Blur Kernel

Method Params Time Noise

0 2428 2447 246 2464 2458 2447 2431 2397 2301
DNCNN + RCAN  650K+15.59M 556.21ms 10  23.88 2403 24.16 2421 2413 2403 2388 2362 2276
20 2345 2358 2370 2373 2369 2357 2342 2323 22.46

0 2476 2555 2654 27.33 2655 2555 24.64 2599 25.49
DNCNN +IKC  650K+5.32M  1053.79ms 10 2420 2454 2486 2496 2478 2452 2423 2419 23.14
20 2362 2387 2407 2415 2406 23.86 2365 2359 2271

0 2580 26.20 26.45 26.46 26.30 26.20 26.39 25,57 23.96
DnCNN +DCLS  650K+19.05M 192.83ms 10 2405 24.28 24.44 2450 2440 2427 24.09 2385 2290
20 2358 2375 23.88 2393 2388 2372 2356 2340 2258

0 2720 27.62 27.74 27.85 27.82 27.62 27.38 27.44 26.27
DASR 5.84M 4414ms 10 2526 2557 2564 2569 2562 2554 2542 2520 24.37
20 23.68 23.87 2420 2432 2409 2391 2376 23.81 22.87

0 2767 27.99 28.14 2820 2812 27.99 27.80 27.87 26.52
KDSRs (Ours) 5.80M 38.74ms 10 2574 2591 2597 2600 2596 2588 2575 2550 24.67
20 2472 2489 2492 2489 2492 2482 2470 2459 23.84

HR DCLS DASR HR DCLS DASR

Bicubic RCAN KDSRs Bicubic RCAN KDSRs
Figure 4: 4 visual comparison. Noise levels are set to 10 and 20 for these two images separately.
IKC (Gu et al., 2019), DAN (Luo et al., 2020), AdaTarget (Jo et al., 2021), and DASR (Wang
et al., 2021a). Note that RCAN is a state-of-the-art SR method for bicubic degradation. For a fair
comparison on different model sizes, we develop K@9®Rand KDSR;-L by adjusting the depth
and channels of the network. We apply Gaussian8 (Gu et al., 2019) kernel setting on ve datasets,
including Set5 (Bevilacqua et al., 2012), Set14 (Zeyde et al., 2010), B100 (Martin et al., 2001),
Urban100 (Huang et al., 2015), and Mangal09 (Matsui et al., 2017), to generate evaluation datasets.

The quantitative results are shown in Tab. 1. We can see that our KIMSRurpasses DASR by

0.6dB, 0.39dB, 0.67dB and 1.24dB on Set5, Set14, Urban100 and Mangal09 datasets separately. In
addition, compared with the Blind-SR method DANv2, our KSR achieves better performance
consuming onh\21% FLOPs of DANV2. It is because that DANvV2 uses an iterative strategy to esti-
mate accurate explicit blur kernels, which requires many computations. Besides, compared with the
SOTA Blind-SR method DCLS, our KDSRL achieves better performance on almost all datasets
consuming less time. It is notable that DCLS specially designed an explicit degradation estimator
for blur kernel, while the KD-IDE in our KDSR is simple and can adapt to any degradation process.
The qualitative results are shown in Fig. 3. We can see that our KBEISRas more clear textures
compared with other methods. Our KDS® also achieves better visual results than DANv2.

4.3 EVALUATION WITH ANISOTROPICGAUSSIAN KERNELS AND NOISES

We evaluate our KDSR on degradation with anisotropic Gaussian kernels and noises by adopting
9 typical blur kernels and different noise levels. We compare our KDSR with SOTA blind-SR
methods, including RCAN (Zhang et al., 2018c), IKC (Gu et al., 2019), DCLS (Luo et al., 2022)
and DASR (Wang et al., 2021a). Since RCAN, IKC, and DCLS cannot deal with noise degradation,
we use DnCNN (Zhang et al., 2017), a SOTA denoising method, to denoise images for them.

The quantitative results are shown in Tab. 2. Compared with the SOTA explicit degradation esti-
mation based on Blind-SR methods DCLS, our KRS&urpasses it by over 1 dB under almost all
degradation settings consumig:4% parameters anft1% runtime. Furthermore, as = 20, our

KDSRs surpasses DASR about 1dB with less parameters and runtime. This shows the superiority
of knowledge distillation based IDR estimation and ef cient SR network structure. In addition, we
provide visual comparison in Fig. 4. We can see that KB3Rs sharper edges, more realistic
details, and fewer artifacts compared with other methods. More visual results are given in appendix.






