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Abstract: Multi-frame image super-resolution method fuses the information of multi-frame low-resolution images to
reconstruct high-resolution images. For multi-frame image super-resolution, the accurate estimation of blur kernel of
low-resolution image is prerequisite for efficiency information fusion. Traditional super-resolution method usually
assumes a known blur kernel and uses the Gaussian filter blur kernel for the enhancement. It also needs to tune the
parameters by time-consuming hand-tuning. The proposed method acquires the super-resolution method based on
the variational Bayesian method. The high-resolution image, the blur kernel and the model parameters are estimated
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simultaneously and automatically in the optimal stochastic sense. Experiments and simulations demonstrate that the
proposed blind super-resolution method based on blur kernel self-adaptive estimation outperforms the state-of-art
super-resolution method in variational Bayesian framework, especially, for the high signal to noise ratio scenarios.
Keywords: blind super-resolution; resolution enhancement; variational Bayesian; blur kernel; Kullback-Leibler di-
vergence
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A1 AL SAR Ao &I £ A RARR B 3 7 07 % PSNR(dB)A Hbdx
Table 1 Comparison of PSNR(dB) derived by SAR and TV prior blur kernel

Case1 Case2
15dB 35dB 55 dB 15dB 35dB 55 dB
SAR 30.76 34.86 36.96 30.92 35.50 40.12
30.77 35.82 40.20 30.93 37.99 45.74

&2 B SAR Fo & T £ AR ARA B4 5 7 ik SSIM R LR

Table 2 Comparison of SSIM derived by SAR and TV prior blur kernel

Case1 Case2
15dB 35dB 55dB 15dB 35dB 55 dB
SAR 0.9893 0.9959 0.9971 0.9899 0.9965 0.9971
0.9895 0.9967 0.9988 0.9899 0.9980 0.9997

3 6 Lena EIA
(35dB 55 dB)
PSNR SSIM BBC
SRCNN PSNR  SSIM PSNR
BBC SRCNN 1dB~5dB 2
SRCNN 55 dB 12
dB
2
SRCNN BBC SRCNN 35 dB 1
3 Lena 35dB
SAR TV NS 2
(15dB) TV NS (a) 2 BBC

A3 BEWAEE 18, SRR EIEEF % PSNR(ABYA L

Table 3 Comparison of PSNR(dB) derived by several image resolution enhancement methods for blur kernel case 1

Image SNR/dB BBC SRCNN SAR TV NS Proposed
15 25.50 24.08 29.85 30.76 30.76 30.77
Lena 35 26.84 27.03 33.60 34.45 33.96 35.82
55 28.86 27.07 34.04 34.94 34.29 40.20
15 17.12 17.23 23.18 24.04 23.77 24.16
EIA 35 17.54 18.29 25.29 26.96 25.40 30.50
55 17.55 18.31 25.36 27.01 25.47 34.73

A4 AL E 1N, &BEaHHEIE% % SSIM ik

Table 4 Comparison of SSIM derived by several image resolution enhancement methods for blur kernel case 1

Image SNR/dB BBC SRCNN SAR TV NS Proposed
15 0.9641 0.9515 0.9870 0.9895 0.9895 0.9895
Lena 35 0.9734 0.9748 0.9946 0.9951 0.9947 0.9967
55 0.9735 0.9750 0.9951 0.9960 0.9954 0.9988
15 0.8456 0.8680 0.9685 0.9746 0.9736 0.9752
EIA 35 0.8598 0.8955 0.9815 0.9873 0.9824 0.9943
55 0.8601 0.8959 0.9818 0.9874 0.9826 0.9978
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Table 5 Comparison of PSNR(dB) derived by several image resolution enhancement methods for blur kernel case 2

Image SNR/dB BBC SRCNN SAR % NS Proposed
15 25.78 23.63 29.95 30.91 30.80 30.93
Lena 35 27.22 26.25 33.12 33.99 33.58 37.99
55 27.24 26.29 33.54 34.17 34.11 45.74
15 17.43 16.23 22.98 24.02 22.64 24.04
EIA 35 17.88 16.97 25.00 25.81 25.57 32.72
55 17.89 16.98 25.06 25.92 25.76 38.04

A6 AWK E 20, &BEaPEEES % SSIM AL

Table 6 Comparison of SSIM derived by several image resolution enhancement methods for blur kernel case 2

Image SNR/dB BBC SRCNN SAR TV NS Proposed

15 0.9668 0.9476 0.9874 0.9899 0.9897 0.9899

Lena 35 0.9759 0.9707 0.9940 0.9950 0.9946 0.9980

55 0.9760 0.9710 0.9945 0.9952 0.9952 0.9997

15 0.8656 0.8513 0.9675 0.9733 0.9663 0.9734

EIA 35 0.8790 0.8738 0.9799 0.9836 0.9828 0.9966

55 0.8793 0.8741 0.9802 0.9840 0.9836 0.9990

SRCNN 3

SAR TV NS SAR BBC SAR  SRCNN

TV NS SAR TV
SAR NS

Riiif ]

B2 EIAB{%35dB SHR7F, Bk E 1, 3% R, (a) H—ralkn#EE%; (b) BBC;
(c) SRCNN; (d) SAR; (e) TV; (f)NS; (g) AXF ik

Fig. 2 The enhancement result on EIA for 35 dB and blur kernel case 1. (a) First LR image; (b) BBC; (c)
SRCNN; (d) SAR; (e) TV; (f) NS; (g) Proposed
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A3 LenaB1%35dB HHr&F , ML E 2,314 £, (a) H—taika#%B14; (b) BBC;
(c) SRCNN; (d) SAR; (e)TV; ()NS; (g) AXF ik
Fig. 3 The enhancement result on Lena for 35 dB and blur kernel case 2. (a) First LR image; (b) BBC; (c)
SRCNN; (d) SAR; (e) TV, (f) NS; (g) Proposed
3x3
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Fig. 4 The enhancement result on resolution chart image. (a) First LR image; (b) BBC; (c) SRCNN; (d) SAR;

(e) TV; (f) NS; (g) Proposed
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Imaging degradation
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Super resolution reconstruction

Imaging degradation and multi-frame image super-resolution

Overview: Images with high spatial resolution are usually desirable in real applications. The most direct approaches to
increase the spatial resolution are: 1) increasing the bandwidth of the optics; 2) increasing the sampling frequency of the
image sensor. However, these hardware-based approaches usually increase the volume or cost of the imaging system.
Different from the hardware-based approaches, we use digital signal processing algorithm to increase the spatial resolu-
tion by a set of low-resolution (LR) images of the same scene. This approach is termed as multi-frame image su-
per-resolution (SR). Variational Bayesian framework has been used to derive the SR algorithms for its model flexibility
and parameter adaptivity. For multi-frame image SR, the accurate estimation of blur kernel of LR image is prerequisite
for high-efficiency SR reconstruction. However, in variational Bayesian SR framework, all the methods assume a known
and fixed blur kernel for LR images. We propose a blind SR method containing blur kernel self-adaptive estimation.
First, the desired high-resolution (HR) image and the blur kernel are modeled in the imaging degradation model. Next,
the total variation model is used to model the HR image and the blur kernel, and the Gamma distribution is used to
model the corresponding parameters. Finally, the variational Bayesian inference based on Kullback-Leibler divergence
and majorization-minimization approach is utilized to derive the SR algorithm. For the proposed method, the HR im-
age, the blur kernel and the model parameters are estimated simultaneously and automatically. Experiments demon-
strate that the proposed method outperforms the state-of-art methods. For the experiments on simulated data, the per-
formance of the resolution enhancement method is quantitatively measured by the peak signal-to-noise ratio (PSNR)
and structural similarity measure (SSIM). For typical ground truth HR image and blur kernel setup, the proposed me-
thod has the highest PSNR and SSIM and improves the PSNR by at least 1 dB~5 dB. For the visual effect, the proposed
method has better blur removing performance. For the real data experiments using resolution chart LR images, the
proposed method has better performance in preserving image details, suppressing noise and removing artifacts. The
comparison experiments demonstrate the advantage of the proposed method. Especially, for the high signal-to-noise
ratio (SNR) scenarios, the accuracy of blur kernel estimation dominates the performance and the proposed method can
improve the performance dramatically. By the visual effect, the proposed method has better trade-off in preserving im-
age details and removing noise and artifacts.

Citation: Min L, Yang P, Xu B, et al. Multi-image blind super-resolution in variational Bayesian framework[J]. Op-
to-Electronic Engineering, 2019, 46(6): 180149
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