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Study on Optimization for Super Resolution of On-Vehicle Fisheye Camera
based on the Number and Blur Size of Input Images
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A fisheye camera or a super wide-angle camera is widely used for on-vehicle camera of general cars, since it can
capture wide area by itself. We assume to set such a camera on a vehicle, and to use the captured images as inputs
to perform super resolution of a region within the images. The captured images have distortion and lower
resolution especially in peripheral area of the sight. Therefore, under a practical condition, i.e., the number of
captured images relative to displacement of the camera is finite, there is a trade-off between the number of input
images for the super resolution and their image quality. In this report, we discuss the differences of input image
quality and result of the super resolution, and consider the optimal choice of input images based on the amount

of blur in the input images.
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Figure 1 Outline of the super resolution process.
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Figure 2 Fisheye images taken at each distance from
the object.
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Figure 3 Undistorted images.
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Figure 4 Image sequences after initial alignment.
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Figure 5 Corresponding points and deformable image alignment by homography conversion between adjacent images.
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Table 1 Estimated size of lens blur for each image sequence
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Table 2 Images selected as inputs of super resolution (col. 4) and their average magnification rate (col. 2, 3).

() Eifg31 Al
[ S PR ATBR
FyI A BH REH7 18] g - K
0 2.85105 2.00839 16
1 2.32330 1.96568 14
2 2.01253 1.94184 12
3 1.70533 1.93013 10
4 1.47402 1.93628 8
5 1.32665 1.95268 4
6 1.26724 1.96507 4
7 1.27120 1.95909 4
8 1.30974 1.95696 4
9 1.37789 1.9452 6
10 1.44527 1.94395 6
11 1.58637 1.94621 8
12 1.77449 1.95681 10
13 2.08372 1.97942 12
14 2.35329 2.01123 14
15 2.58075 2.035 16
16 3.02138 2.08485 17
(b) {551 A2
[ S PR AT ER
TyI A BH REH7 18] & - B
2 3.6333 1.72127 14
5 2.38958 1.45494 12
8 1.92132 1.36341 10
11 1.48512 1.27475 6
14 1.22718 1.21394 4
17 1.09564 1.18394 4
20 1.05858 1.17844 4
23 1.12682 1.20145 4
26 1.28383 1.24526 6
29 1.49842 1.30371 8
32 1.80243 1.37942 8
35 2.18127 1.46287 10
38 2.67048 1.56287 12
41 3.23841 1.66983 14
44 3.77065 1.75991 16
47 4.53422 1.88207 16
(©) mifgs1 A4
ERA v TR ATERE
TYIR BH RS 18] & - B
14 2.64377 1.38115 20
16 2.13198 1.28059 18
18 1.79901 1.21161 16
20 1.58994 1.16516 14
22 1.40673 1.12131 12
24 1.2514 1.08211 10
26 1.12736 1.04871 8
28 1.06006 1.03122 6
30 1.01838 1.02212 4
32 1.00864 1.0212 4
34 1.01443 1.02542 4
36 1.03869 1.03602 4
38 1.07136 1.04839 6
40 1.14487 1.0749 8
42 1.2466 1.10839 10
44 1.38823 1.15139 12
46 1.55485 1.19977 14
48 1.69641 1.23828 16
50 1.91601 1.29415 18
52 2.27581 1.38304 20

(© 2017 Information Processing Society of Japan

2017/8/4
(d) {551 B1
EgA SRR ATIB’IR
TvI R vl #EH 1) g - B
4 3.84842 1.93331 19
5 3.14572 1.83802 18
6 2.5938 1.76086 16
7 2.1769 1.70263 14
8 1.93135 1.66946 12
9 1.7097 1.64139 10
10 1.57717 1.62611 8
11 1.40696 1.60931 6
12 1.28308 1.60692 6
13 1.19219 1.60451 4
14 1.17637 1.60674 4
15 1.19135 1.61035 4
16 1.27122 1.61506 4
17 1.46213 1.64244 6
18 1.76584 1.69074 8
19 2.05011 1.73834 10
20 2.41349 1.79068 12
21 2.86783 1.86252 14
22 3.48906 1.95859 16
23 4.12326 2.05543 18
(e) Tity¥) B2
E&A IR AT E
TvI R vl #EH 1) EER ¢S
0 4.47758 2.77610 18
2 3.85037 2.38723 16
5 3.14989 1.95293 14
8 2.42463 1.50327 12
11 1.90064 1.17840 10
14 1.53952 0.95450 8
17 1.26256 0.78279 6
20 1.09813 0.68084 4
23 1.04401 0.64729 4
26 1.07083 0.66391 4
29 1.17091 0.72596 4
32 1.34506 0.83394 6
35 1.61927 1.00395 8
38 1.97853 1.22669 10
41 2.35736 1.46156 12
44 2.95477 1.83196 14
47 3.61560 2.24167 16
49 4.15952 2.57890 18
® Wity%) B4
Ef&A > SRR AT RRE
T IR vl #EH 1) ® - B
9 3.21627 1.47294 22
11 2.76332 1.39463 20
13 2.34007 1.31693 20
15 2.06362 1.26263 18
17 1.80767 1.2083 16
19 1.57755 1.15619 14
21 1.37345 1.1062 12
23 1.24206 1.07289 10
25 1.13354 1.04517 8
27 1.08254 1.0315 6
29 1.0357 1.01915 4
31 1.01191 1.01415 4
33 1.00565 1.01409 4
35 1.01933 1.02235 4
37 1.06096 1.03904 6
39 1.13722 1.06597 8
41 1.23965 1.10047 10
43 1.33474 1.13062 12
45 1.49027 1.17622 14
47 1.76472 1.25422 16
49 2.20677 1.36239 18
51 2.84753 1.49519 22
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Figure 6 The number of input images for super resolution and the distribution of the blur size for each case.
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Figure 6 Result images of super resolution, when varying the number of input images used for super resolution (calculation iteration is 1000)
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Figure 8 Brightness patterns around edges in image sequence A.
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Figure 8 Brightness patterns around edges in image
sequence B.

(© 2017 Information Processing Society of Japan

Vol.2017-ITS-70 No.2
2017/8/4

25

175

1.25

9 FEREBGRNEE LS ERNT T —H A XOHFH
Figure 9 Ranges of blur size that do not degrade quality of
the result image.

X Ak

(6V)

(3

@

()

(G

(7

®

T. Takano, S. Ono, Y. Matsushita, H. Kawasaki, K.
Tkeuchi: "Super Resolution with Fisheye Camera Images
for Visibility Support of Vehicle", IEEE International
Conference on Vehicular Electronics and Safety (2015)
H. Kawasaki, K. Ikeuchi, and M. Sakauchi, "Super-
resolution omnidirectional camera images using spatio-
temporal analysis," Electronics and Communications in
Japan, vol. 89, no. 6, 2006.
H. Nagahara, Y. Yagi, and M. Yachida, "Super-resolution
from an omnidirectional image sequence," in Proc. 26th
Annual Conf. of the IEEE Industrial Electronics Society
(IECON 2000), vol. 4, pp. 2559-2564.
Z. Fan and Z. Qi-dan, "Super-resolution image
reconstruction for omni-vision based on POCs," in Proc.
21st annual Int'l Conf. on Chinese Control and Decision
(CCDOQ), pp. 5045-5049, Jun. 2009.
Zafer Arican, Pascal Frossard, "Joint Registration and
Super-Resolution With Omnidirectional Images", IEEE
Trans. on Image Processing, vol. 20, no. 11, Nov. 2011
Farsiu, S., Robinson, D., Elad, M., Milanfar, P.: Fast and
robust multiframe super resolution: IEEE Trans. Image
Processing 13 (2004) 1327-1344.
M. Tanaka, M. Okutomi: Theoretical Analysis about
Limitations on Reconstruction-based Super-resolution:
IPSJ Transactions on Computer Vision and Image Media,
Vol.47, No.SIG5 (CVIM13), pp.80-89, March, 2006
T. Takano, S. Ono, Y. Matsushita, H. Kawasaki, K. Ikeuchi:
“Study on Optimal Image Set for Inputs for Super
Resolution of On-Vehicle Fisheye Camera”: ITS symposium
(2016)



