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Abstract: The planar compound eye imaging system uses multiple sub-apertures to image the scene. Due to the
constraint of the imaging sub-aperture size and spatial sampling rate of the image sensor, the image quality of each
sub-aperture is low. How to fuse multiple sub-aperture images for a high-resolution image is an urgent problem.
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Multi-image super-resolution theory uses multiple images with complementary information to reconstruct high spatial
resolution image. However, existing theories usually adopt the oversimplified motion model which is not suitable for
planar compound eye imaging. If the existing multi-image super-resolution theory is directly applied to the resolution
enhancement of the planar compound eye, the inaccurate motion estimation will reduce the performance of image
resolution enhancement. In order to solve these problems, the motion model of the multi-image super-resolution is
improved in the variational Bayesian framework, and the derived joint estimation algorithm is used to enhance the
resolution of the planar compound eye. The correctness and effectiveness of the proposed method is verified by the
simulation data experiments and the real compound eye data experiments.

Keywords: planar compound eye; resolution enhancement; motion model; variational Bayesian; multi-image su-
per-resolution
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Table 1 Motion vector setup in simulations

Sk S by Ck di U Vi
S1 1 0 0 1 0 0
Sz 1.01  -0.01 -0.01 1.01 0.5 0.5
S3 1.01 001 0.01 0.99 1 1

A 0.99 0.01 0.01 0.99 1.5 1.5

B2 WAHEEEFALSZSHEEMR. (a) Kod04; (b) Kod23 s 080 -001 -001 101 ) )

Fig. 2 The ground truth high-resolution image for simulations.
(a) Kod04; (b) Kod23

k2 BB PENES F PSNR(IB)E LR

Table 2 Comparisons of PSNR (dB) derived by several image resolution enhancement methods

Image BBC SRCNN TV NS Proposed

Kod04 (0.001) 33.51 33.02 33.64 35.12 44.61

Kod04 (0.01) 32.92 31.80 33.81 35.00 38.09

Kod04 (0.1) 21.59 17.28 28.06 29.74 30.51

Kod23 (0.001) 27.31 26.75 30.21 30.02 4277

Kod23 (0.01) 27.16 26.43 30.06 29.86 35.52

Kod23 (0.1) 20.90 1717 25.66 26.28 26.76

PSNR
SRCNN
TV NS 3 4 Kod04 Kod23 0.01
( 0.1) TV (a)
NS
( 3 BBC SRCNN
0.01 0.001) SRCNN

(a)

(d)

B 3 Kod04 B4z 24 0.01 69 ZH k5 0, EiRLE R,
(@) 2F 1k #E B 1%; (b)BBC; (c) SRCNN; (d)TV; (e)NS; (f) %57 %
Fig. 3 The enhancement results on Kod04 in presence of Gaussian noise ( with a standard deviation of 0.01).
(a) Reference low resolution image; (b) BBC; (c) SRCNN; (d) TV; (e) NS; (f) The proposed method
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A4 Kod23 BEAFHE LA 0.01 495 HR 50, WiRLER,
(a) A% ka7 £ B (b) BBC; (c) SRCNN; (d) TV; (e)NS; () #H#H7i%
Fig. 4 The enhancement results on Kod23 in presence of Gaussian noise (with a standard deviation of 0.01).
(a) Reference low resolution image; (b) BBC; (c) SRCNN; (d) TV; (e) NS; (f) The proposed method.

TV NS USAF 1951 9
NS ISO 12233
56x56 USAF 1951
40%x40 0 1
4 BBC SRCNN 5 9
TV NS 6(a)
7(a) 3 TV NS
3x3 1
6(b)~6(f) 7(b)~7(f) 5(a) 5(b)
e ISO 12233 168x168
4.3 EIHBLRERS W
USAF 1951 120120 3

BISQEI

ISO 12233

A5 ASiELRAG, BIRE5HEMK. (a)ISO 12233; (b) USAF 1951
Fig. 5 Real data compound eye images cropped from the resolution chart. (a) ISO 12233; (b) USAF 1951
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B 6 1SO12233 495 b B (03525 2 |

(@) 2# &% B1%; (b)BBC; (c) SRCNN; (d)TV; (e)NS; (f) #E#H 7%

Fig. 6 The enhancement results on the ISO12233 resolution chart image.

(a) Reference low resolution image; (b) BBC; (c) SRCNN; (d) TV; (e) NS; (f) The proposed method.

(a)

s
"
e
=
v
—
e
=
-

1

B 7 USAF1951 9 R 45 B 530 iR 4 £,
AHAES P E B (b) BBC; (c) SRCNN; (d) TV; (e) NS;

Fig. 7 The enhancement results on the USAF 1951 resolution chart image.

(f) He#rk

(a) Reference low resolution image; (b) BBC; (c) SRCNN; (d) TV; (e) NS; (f) The proposed method.

A3 HPEMBEGIE R R BISQEI i
Table 3 Comparisons of BISQEI of the enhancement results on resolution chart images
Method BBC SRCNN TV NS Proposed
ISO 12233 109.81 101.59 93.36 96.54 90.71
USAF 1951 104.56 98.58 99.70 99.80 97.79
ISO 12233 6(a)
6(d)~6(f) TV
6(b) NS
BBC  6(c) 6(d) TV
SRCNN
BBC SRCNN 6(e) NS
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Spatial resolution enhancement of planar compound eye based on multi-image super-resolution

Overview: The planar compound eye imaging system uses multiple sub-apertures to image the scene. With a proper
optical design, the planar compound eye has the characteristics of thin, light, and large field of view. However, because
of the constraint of imaging sub-aperture size and spatial sampling rate of the image sensor, the image quality of each
sub-aperture is low. How to fuse multiple sub-aperture images to obtain a high-resolution image is an urgent problem.
Multi-image super-resolution theory uses multiple images with complementary information to reconstruct high spatial
resolution images. However, existing theories usually use oversimplified motion models, and this motion model is not
suitable for planar compound eye imaging. If the existing multi-image super-resolution theory is directly applied to the
resolution enhancement of planar compound eye, the inaccurate relative motion estimation will reduce the performance
of image resolution enhancement. In order to solve these problems, the motion model of the multi-image
super-resolution is improved in the variational Bayesian framework, and the derived joint estimation algorithm is used
to enhance the resolution of the planar compound eye. In the first stage of hierarchical Bayesian model, we use total
variation (TV) model and non-informative prior model to model the latent high-resolution image and the motion
vector, respectively. In the second stage, we use Gamma distribution to model the model parameters in the first stage.
Instead of the oversimplified Euclidean motion model, we use the affine motion model, which is more suitable for
planar compound eye imaging scenario. The correctness and effectiveness of the proposed method is verified by the
simulation data experiments and the real compound eye data experiments. We report the experiments and analyses on
simulated and real data. For the experiments on simulated data, the performance of the resolution enhancement method
is quantitatively measured by the peak signal-to-noise ratio (PSNR). The proposed method is superior to the
comparison methods in all simulated scenarios, especially in the middle and high signal to noise ratio scenarios. Better
visual effects of the results also demonstrate the advantage of the proposed method. For the real data experiments, we
first e USAF 1951 and ISO 12233 resolution charts as the target at a certain distance, and use the planar compound eye
prototype to collect the compound eye images. Then, the resolution chart compound eye images are used to compare
different resolution enhancement methods. The proposed method has better performance in preserving image details,
suppressing noise and removing artifacts.

Citation: Min L, Yang P, Xu B, et al. Spatial resolution enhancement of planar compound eye based on variational Baye-
sian multi-image super-resolution[J]. Opto-Electronic Engineering, 2020, 47(2): 180661
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