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ABSTRACT

An Effective Image Stitching Method to

Make Panoramic Images

Kim, Hyu Chan
Department of Computer Engineering
Graduate School

Jeju National University

The consumers are becoming more interested in the recent development of
Vision technology and, at the same time, virtual reality and VR 360 content,
like high-resolution images and videos. Moreover, as the virtual reality
market 1s becoming more active, a lot of contents require high-resolution
images, such as 4k or 8k, however, stitching videos filmed on a camera
requires a lot of time and money.

The main goal of this thesis is a comparative analysis of operating speed,
feature point extraction time and a total time of stitching of V-SURF
algorithm, that uses variable adaptive filters in order to make panoramic
videos, and already existing SIFT and SURF algorithms.

As it is shown in the results of experiments, the general time of image
stitching 1s improved compared to the SIFT and SURF algorithms, and since
it i1s better than the already existing methods, this recommended method

results also in image enhancement and faster operating speed.



In order to make 360-degree panoramic images, a system of synchronizing
multiple cameras was suggested. Multiple cameras, however, cannot have the
same center of projection, and because of that there can appear some time
differences between the cameras. This problem cannot be solved by video
stitching, thus in order to lessen this difference when obtaining the video rigs
have to be prepared, cameras have to be installed on those rigs and
synchronized. The synchronization of the cameras has to be checked.

Moreover, basing on the data obtained while filming 360-degree panoramic
videos on multiple cameras, stitching distance and feature points of existing
software and suggested method have been compared and analysed.

Looking at the results of the experiments, it can be said that the RMSE
of the recommended method is lower than the RMSE of the existing methods.
This means that the distance between the feature point and the reference
point is short, and because it is an effective method of stitching, it can
improve the operating speed and ensure that the images will be in
high—-resolution.

Through this study, it is expected that it will be possible to provide
panoramic images of high resolution at the same time to various users at the
exhibition hall and the large advertisement market because it can shoot a
wide angle of view while maintaining the high quality of the image by using

a plurality of high quality cameras.

Key word : Panorama, 360VR, Stitching, panorama image, VR Contents
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Fig. 5. Stitching result of acquired image

Fig. 6. Stitching result of acquired image
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Fig. 8. Stitching result of acquired image
(After-image (ghost phenomenon))

Fig. 9. Two acquired images (time difference occurs with a single camera)
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Photo: Russell J. Hewett

Fig. 10. a) Stitching result of acquired image(overlapping image)

Fig. 10. b) Stitching result of acquired image

(overlapping image)
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Fig. 38. Image stitching result
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Table 1. 360 Panoramic system configuration
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= ZYHY Al=®) A&
- g 23 A 2
= PC Pentium i5/8GB PC
= G AA Original software for Windows10
=  Panorama Editor Video Stitcher
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o EA A AR RS
O]E]X] OE]’E_F'J%‘ ) (—3\_ “1;(OX13 “‘l;(Oxt!T
FZTIA () (1)
SIFT &<ag & 3.18 1,566
o &+ 7
) SURF &g+ 3.07 1,274
(imagel)
Aok L 2.62 190
SIFT &ads& 2.66 1,430
AEFA A7
] SURF &ag& 2.56 1,325
(image?2)
At duEl & 2.04 198
SIFT &ag & 1.66 783
oA A NS H ZH]
] SURF ¢ag & 1.57 679
(image3)
Aot dudF 1.26 143

Table 404 ®Zzo] 71E9] dauelEy vluwste] ke Wo] 4w %
S HolFa gtk b 259 " 54 FEAH SIFT, SURF 9 A3t
W o A= 7k 3.18%, 3.07% 2 262%% U
SIFT$} SURFXE© 187%, 14.7% A=At & 5AA 7|4+ SIFT, SURF
2ozl Wl 2z 156670, 1,27470 2 19070 2 e}

AHEA AAY Hit EAH FEFAWLLS SIFT, SURF 9 Aot oAM= 7t
7+ 266%, 256% % 204%2 uyeidt wEs EAH FEAHS SIFTS
SURFXRT} 233%, 20.3% #Aa¥Act. 5 53 /N4 SIFT, SURF 9 Al¢t
ol A Zbzb 143070, 1,32570 2 19871 = yehdo
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Table 6. Stitching error (average)

Index Distance Index Distance Index Distance
1 391 15 2.96 29 2.93
2 3.43 16 0.96 30 1.83
3 0.3 17 1.51 31 3.04
4 1.33 18 19 32 1.34
5 2.16 19 2.94 33 0.36
6 2.88 20 0.95 34 1.46
7 15 21 2.62 35 1.89
8 2.31 22 1.26 36 2.69
9 3.53 23 1.39 37 0.46

10 3.6 24 0.71 38 2

11 0.59 25 2.22 39 0.34

12 0.73 26 1.1 40 2.02

13 0.56 27 1.87 41 1.8

14 0.26 28 2.26 42 1.38
Average 1.783
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Table 7. Stitching error rate and control points measurement results

existing software and proposed algorithm
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Fig. 57. Comparison of existing method and proposed method RMSE
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Fig. 58. Existing method and proposed method Control point

comparison result
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Fig. 64. Initial screen for stitching existing method and

proposed method
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a) Previous method

b) Proposed method

Fig. 70. Kumho World Education Center lobby
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