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Parameter Analysis for Time Reduction in Extracting SIFT
Keypoints in the Aspect of Image Stitching
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Abstract

Recently, one of the most actively applied image media in the most fields such as virtual reality (VR) is omni-directional or
panorama image. This image is generated by stitching images obtained by various methods. In this process, it takes the most time
to extract keypoints necessary for stitching. In this paper, we analyze the parameters involved in the extraction of SIFT keypoints
with the aim of reducing the computation time for extracting the most widely used SIFT keypoints. The parameters considered in
this paper are the initial standard deviation of the Gaussian kernel used for Gaussian filtering, the number of gaussian difference
image sets for extracting local extrema, and the number of octaves. As the SIFT algorithm, the Lowe scheme, the originally
proposed one, and the Hess scheme which is a convolution cascade scheme, are considered. First, the effect of each parameter
value on the computation time is analyzed, and the effect of each parameter on the stitching performance is analyzed by
performing actual stitching experiments. Finally, based on the results of the two analyses, we extract parameter value set that
minimize computation time without degrading.

Keyword : omni-directional image, image stitching, SIFT keypoints, SIFT parameters, Gaussian pyramid
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Table 4. Probability to be selected as the homography keypoints according to s; (a) Lowe scheme, (b) Hess scheme

o s DoG group to extract local extrema o s DoG group to extract local extrema
1 2 3 4 5 1 2 3 4 5
1 1 X X X X 1 1 X X X X
2 | 053 | 047 X X X 2 | 063 | 037 X X X
1.0/ 3 | 032|038 | 03 X X 1.0 3 | 044 | 0.31 | 0.25 X X
4 | 022 | 029 | 0.26 | 0.23 X 4 |1 037 | 037 | 018 | 0.08 X
5 [ 011 ]0.18 | 036 | 0.27 | 0.08 5 [ 045|019 | 016 | 013 | 0.07
1 1 X X X X 1 1 X X X X
2 | 045 | 0.55 X X X 2 | 057 | 043 X X X
12| 3 | 024 | 051 | 0.25 X X 12| 3 | 045 | 031 | 0.24 X X
4 | 019 | 032 | 027 | 0.22 X 4 | 032|029 | 025 | 0.14 X
5 0.1 | 0.31 | 0.22 | 0.19 | 0.18 5 | 027 | 027 | 0.19 | 0.18 | 0.09
1 1 X X X X 1 1 X X X X
2 | 049 | 0.51 X X X 2 0.6 0.4 X X X
14| 3 | 029 | 0.39 | 0.32 X X 14| 3 04 | 041 | 0.19 X X
4 1024 | 034|022 | 02 X 4 | 031|021 ]| 025 | 023 X
5 | 018 | 0.26 | 0.23 | 0.16 | 0.17 5 1023|031 | 02 | 012 | 0.14
1 1 X X X X 1 1 X X X X
2 | 047 | 0.53 X X X 2 | 065 | 035 X X X
16| 3 | 031 | 043 | 0.26 X X 16| 3 | 043 | 0.29 | 0.28 X X
4 | 022 | 035 | 027 | 0.16 X 4 1029 | 03 | 027 | 0.14 X
5 | 008 | 025 | 0.23 | 0.28 | 0.16 5 015|033 | 02 | 016 | 0.16
1 1 X X X X 1 1 X X X X
2 0.5 0.5 X X X 2 0.6 0.4 X X X
18| 3 | 037 | 0.38 | 0.25 X X 18| 3 | 048 | 0.26 | 0.26 X X
4 02 | 034 | 03 | 0.16 X 4 1034 | 03 | 028 | 0.08 X
5 [ 016 | 023 | 0.33 | 0.17 | 0.11 5 | 016 | 0.31 | 023 | 0.17 | 0.13
1 1 X X X X 1 1 X X X X
2 | 053 | 047 X X X 2 | 069 | 0.31 X X X
20| 3 | 024 | 042 | 0.34 X X 20| 3 | 038 | 034 | 0.28 X X
4 1025|036 | 024 | 015 X 4 | 051|021 | 013 | 0.15 X
5 [ 015|029 | 025 | 019 | 0.12 5 | 022 | 028 | 024 | 0.17 | 0.09
1 1 X X X X 1 1 X X X X
2 0.5 | 0.51 X X X 2 | 062 | 0.38 X X X
Avg| 3 03 | 042 | 0.29 X X Avg| 3 | 043 | 0.32 | 0.25 X X
4 | 022 | 033 | 0.26 | 0.19 X 4 | 036|028 | 023 | 0.14 X
5 | 013 | 025 | 0.27 | 0.21 | 0.14 5 | 025|028 | 02 | 016 | 0.11

(@) (b)
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Table 5. Probability to be selected as the homography keypoints for each octave; (a) Lowe scheme, (b) Hess scheme

o s Octave o s Octave
0 1 2 3 4 5 0 1 2 3 4 5
1 0.11 0 0 0 0 0 1 0.38 | 0.07 0 0 0 0
2 0.13 | 0.05 0 0 0 0 2 0.15 | 0.04 0 0 0 0
10 3 0.25 | 0.08 | 0.02 | 0.01 0 0 10 3 0.09 | 0.07 0 0 0 0
' 4 0.18 | 0.07 | 0.01 | 0.01 0 0 ' 4 0.09 | 0.04 0 0 0 0
5 0.07 | 0.01 0 0 0 0 5 | 0.05 | 0.02 0 0 0 0
Sum| 0.74 | 0.21 | 0.03 | 0.02 0 0 Sum | 0.76 | 0.24 0 0 0 0
1 0.1 0 0 0 0 0 1 0.2 | 0.06 | 0.01 0 0 0
2 0.24 | 0.07 0 0 0 0 2 0.23 | 0.04 0 0 0 0
12 3 0.17 | 0.04 0 0.01 0 0 19 3 0.14 | 0.05 0 0 0 0
4 0.1 0.08 0 0.01 0 0 4 0.16 | 0.02 0 0 0 0
5 0.14 | 0.03 | 0.01 0 0 0 5 | 0.06 | 0.03 0 0 0 0
Sum| 0.75 | 0.22 | 0.01 | 0.02 0 0 Sum| 0.79 | 0.2 | 0.01 0 0 0
1 0.18 0 0 0 0 0 1 0.18 | 0.05 0 0 0 0
2 0.18 | 0.08 0 0 0 0 2 0.18 | 0.12 | 0.01 0 0 0
14 3 0.18 | 0.04 | 0.01 0 0 0 14 3 0.1 0.08 | 0.02 0 0 0
4 0.12 | 0.04 0 0 0 0 4 0.11 | 0.01 0 0 0 0
5 0.14 | 0.01 | 0.01 | 0.01 0 0 5 | 0.07 | 0.07 0 0 0 0
Sum| 0.8 | 0.17 | 0.02 | 0.01 0 0 Sum | 0.64 | 0.33 | 0.03 0 0 0
1 0.08 0 0 0 0 0 1 0.07 | 0.08 0 0 0 0
2 0.18 | 0.05 | 0.01 | 0.01 0 0 2 0.23 | 0.09 | 0.01 0 0 0
16 3 0.19 | 0.03 | 0.01 0 0 0 16 3 0.11 | 0.07 | 0.02 0 0 0
4 0.24 | 0.03 | 0.01 0 0 0 4 0.13 | 0.03 0 0 0 0
5 0.11 | 0.03 | 0.01 | 0.01 0 0 5 | 0.09 | 0.07 0 0 0 0
Sum| 0.8 | 0.14 | 0.04 | 0.02 0 0 Sum | 0.63 | 0.34 | 0.03 0 0 0
1 0.16 0 0 0 0 0 1 0.12 | 0.04 0 0 0 0
2 0.21 0 0.02 0 0 0 2 0.25 | 0.06 0 0 0 0
18 3 0.19 | 0.11 | 0.02 | 0.01 0 0 18 3 0.14 | 0.08 | 0.01 0 0 0
4 0.15 | 0.02 0 0 0 0 4 0.11 | 0.06 0 0 0 0
5 0.06 | 0.04 0 0.01 0 0 5 | 012 | 0.01 0 0 0 0
Sum| 0.77 | 0.17 | 0.04 | 0.02 0 0 Sum | 0.74 | 0.25 | 0.01 0 0 0
1 0.15 0 0 0 0 0 1 0.18 | 0.04 0 0 0 0
2 0.21 | 0.07 | 0.01 0 0 0 2 0.17 | 0.1 0.01 0 0 0
20 3 0.15 | 0.08 | 0.01 | 0.01 0 0 20 3 0.16 | 0.07 | 0.01 0 0 0
4 0.15 | 0.04 0 0 0 0 4 0.14 | 0.03 0 0 0 0
5 0.08 | 0.04 0 0 0 0 5 | 0.05 | 0.03 | 0.01 0 0 0
Sum| 0.74 | 0.23 | 0.02 | 0.01 0 0 Sum| 0.7 | 0.27 | 0.03 0 0 0
1 0.13 0 0 0 0 0 1 10.188 | 0.057 | 0.002 0 0 0
2 |0.192 | 0.053 | 0.007 | 0.002 0 0 2 10.202 | 0.075 | 0.005 0 0 0
Avg 3 |0.188 | 0.063 | 0.012 | 0.007 0 0 Avg 3 |0.123| 0.07 | 0.01 0 0 0
4 10.157 | 0.047 | 0.003 | 0.003 0 0 4 10.123 | 0.032 0 0 0 0
5 0.1 | 0.027 | 0.005 | 0.005 0 0 5 |0.073 | 0.038 | 0.002 0 0 0
Sum | 0.767 | 0.19 | 0.027 | 0.017 0 0 Sum | 0.709 | 0.272 | 0.019 0 0 0
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Fig. 11. Example of stitching results according to octave. Lowe scheme; (a) octave 0, (b) octave 3, Hess scheme; (c) octave 0, (d) octave 3
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Table 6. Images used in the stitching experiments

Resolution Origin # of sets
4,000%3,000 self 10
816x612 [14~17] 10
568%758 [18] 2
750%500 [14] 2
517x374 [3] 1
457x316 [19] 1

E 7. SEHE0| oiet AEF Al 21t 4

error
Table 7. Resulting d,,,,, from stitching experiments for octave

Octave Lowe scheme Hess scheme
0 0.840 0.834
0,1 0.862 0.834
0,1,2 0.884 0.875
0,1,2,3 0.879 0.860

Oa o(27] 2302 sofl tigh 2813 2321,
3 8 3£ 73 ol &4 At HAAYLA 4, HES
H 8. o9 sOf TSt AEIF M8 ATt d, 5 (a) Lowe LA, (b) Hess
upAl

Table 8. Resulting d,

error

from stitching experiments for o and s; (a)
Lowe scheme, (b) Hess scheme

1 2 3 4 5 Avg
10 | 0711 | 0.808 | 0.902 | 0.862 | 0.866 | 0.830
12 | 0752 | 0.848 | 0816 | 0.796 | 0.805 | 0.803
14 | 0792 | 0.855 | 0778 | 0.817 | 0.819 | 0.812
16 | 0.800 | 0.849 | 0878 | 0.737 | 0.776 | 0.808
1.8 | 0.827 | 0.892 | 0828 | 0.817 | 0.809 |0.834
20 | 0820 | 0896 | 0.862 | 0.833 | 0.795 | 0.841
Avg | 0784 | 0.858 | 0844 | 0810 | 0.812

(a)

1.0 0.799 0.904 0.941 0.911 0.902 | 0.891
1.2 0.840 0.956 0.843 0.863 0.839 | 0.868
14 0.795 0.841 0.862 0.908 0.888 | 0.859
1.6 0.885 0.811 0.860 0.817 0.859 | 0.846
1.8 0.980 1.022 0.910 0.869 0.854 | 0.927
2.0 1.005 0.865 0.930 0.887 0.867 | 0.910
Avg 0.884 0.900 0.891 0.876 0.868

(b)
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Table 9. Comparison of the amount of calculation for the three cases

Lowe scheme
# of MACs Ratio # of MACs Ratio

Hess scheme

o | s | Octave

10| 5 0 970,818,048 | 0.066 | 315,615,744 | 0.028

16| 3 3 3,065,328,888 | 0.207 | 1,309,164,696 | 0.115

20 1 6 14,808,386,900 | 1.000 | 11,415,852,300 | 1.000
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()
T2 12, 09F sOf| CHet AE[E ME Zo| of. Lowe H4); (a) 0=1.0, s=1, (b) 0 =1.0, s=5, (c) 6 =2.0, s=1, (d) 0=2.0, s =5, Hess &4},
(e) 0=1.0, s=1, (f) =10, s=5,(g) 0=2.0, s=1, (h) 0=2.0, s=5

Fig. 12. Examples of stitching results for o and s. Lowe scheme; (a) o =1.0, s=1, (b) c=1.0, s=5, (c) 0=2.0, s=1, (d) c=2.0, s=5,

Hess scheme; () 0 =1.0, s=1, (f) 6=1.0, s=5, (g) 0=2.0, s=1, (h) 6=2.0, s=5
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