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Wavelet Bases Classification Research Based on Friedman Test for
Image with Difference Features Fusion
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Abstract: The classification of wavelet bases is in accordance with different fusion requirements in the
image fusion process, which can improve the intelligence level of image fusion. In the existing wavelet base
classification methods, based only on the wavelet’s inherent characteristics, there is no effective connection
between the wavelet bases and the image difference features from the statistical perspective. This paper

proposes a wavelet base classification method based on Friedman test for the image feature fusion
combining different features. Initially, typical difference features and wavelet bases for classification

research are selected, and then evaluation indices to evaluate difference features are selected. The evaluation
indices results are utilized as mark measures to conduct block design of the classification experiment.
Subsequently, the Friedman test to process different data blocks is utilized and the corresponding test
procedures are implemented. Furthermore, classification procedures are performed to construct a set of
wavelet bases that can fuse image difference features satisfactorily. Finally, a comparative experiment is
designed to verify and analyze the effectiveness of the classification method. The experimental results
demonstrate that the classification method can effectively classify the wavelet bases with similar fusion
performance on image difference features into subsets and can choose a better wavelet base according to
fusion requirements.
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Figd4 The fused images of 7 wavelet bases on the 14 pairs of infrared polarization and intensity images
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£1 ARANMEEMEEEGREWHELEE Table 1 The SSIM values of images which are fused by different wavelet bases

Datasets haar db2 sym3 coif2 bior2.2 1bio2.2 dmey
Iml 0.7575 0.7699 0.7718 0.772 0.777 0.7386 0.7696
Im2 0.5739 0.583 0.5812 0.5849 0.5929 0.5318 0.5753
Im3 0.5833 0.584 0.5843 0.5844 0.5889 0.5616 0.5795
Im4 0.4726 0.4754 0478 0475 0.4798 0.4362 0.4687
Im5 0.4898 0.4859 0.4842 0.4875 0.4929 0.4414 0.474
Imé 0.63 0.6247 0.6269 0.6278 0.632 0.5969 0.6091
Im7 0.3519 0.3592 0.3609 0.363 0.3636 0.3338 0.3622
Im8 0.5191 0.521 0.5228 0.5227 0.5298 0.4773 0.5165
Im9 04971 0.5015 0.5031 0.5048 0.5105 0.4667 0.5008
Im10 0.4543 0.4555 0.4577 0.4587 0.4616 0.4294 0.4572
Iml1 0.5237 0.5323 0.5365 0.539 0.5432 0.4896 0.5343
Im12 0.5125 0.5148 0.5118 0.5129 0.5137 0.4913 0.5053
Imi13 0.5652 0.5622 0.569 0.5604 0.5747 0.5253 0.5614

Im14 0.4499 0.4554 0.4684 0.4723 0.4763 0.4091 0.4553

AE/MEERAS S HIA%5R)E/E  Table2 The edge intensity values of images which are fused by different wavelet bases

Datasets haar db2 sym3 coif2 bior2.2 bio2.2 dmey
Iml 77.877 75.506 75.285 74.857 74.377 84.134 74.748
Im2 54.063 51.64 50.621 49.841 49.596 58.802 50.255
Im3 74.963 75.113 75.567 74.311 73.678 80.987 76.071
Im4 115.13 115.1 114.81 115.59 113.69 122.01 115.37
ImS5 87.738 90.076 85.557 84.453 82.396 98.975 85.811
Imé 22.682 20.242 20.311 20.06 19.878 25.052 20.21
Im7 76.256 71.938 71.163 70.514 68.868 84.93 70.802
Im8 73.012 72.371 71.759 71.789 70.69 76.619 71.455
Im9 73.126 72.261 72.103 71.951 69.96 82.968 72.749

Im10 110.4 108.62 108.41 108.15 105.25 120.98 109

Iml1 93.595 95.256 95.453 94.979 93.949 100.41 95.905

Im12 116.71 113.75 113.11 112.33 111.65 124.36 112.2

Im13 78.013 77.214 75.631 75.725 74.484 84.763 76.106

Im14 122.61 119.87 118.75 118.79 118.05 128.74 118.66

®3 ARMBERESEBITPIBEME Table3 The average gradient values of images which are fused by different wavelet bases

48

Datasets haar db2 sym3 coif2 bior2.2 rbio2.2 dmey

Iml 10.993 10.581 10.457 10.362 10.199 12.063 10.375
Im2 5.749 5.3572 5.1948 5.1188 5.0895 6.4751 5.1392
Im3 8.3658 8.2082 8.2661 8.0925 7.9694 9.1577 8.1966
Im4 15.06 14.82 14.72 14.807 14.592 16.131 14.716
Im5 10.71 10.502 9.8916 9.658 9.4645 12.226 9.6401
Im6 2.5295 2.2065 2.2014 2.1661 2.131 2919 2.1779
Im7 9.3625 8.6876 8.5311 8.4563 8.2637 10.72 8.4013
Im8 8.0469 7.8018 7.6863 7.6829 7.5608 8.5881 7.6316
Im9 9.3037 8.8101 8.6477 8.6056 8.4006 10.816 8.5868
Im10 13.791 13.434 13.23 13.132 12.668 15.722 13.11

Iml11 14.984 15.196 15.106 15.089 14.928 15.937 15.006
Imi12 18.347 17.799 17.669 17.596 17.544 19.199 17.554
Im13 9.1557 8.7833 8.5564 8.5905 8.3804 10.372 8.6064
Im14 16.32 15.789 15.657 15.63 15.581 17.06 15.62
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F4 HTEMHUERRNNMEREARREpE Table4 The unadjusted p values of the wavelet bases based on the SSIM

p-value haar db2 sym3

coif2  bior2.2

rbio2.2 dmey

haar None 026 0.05
db2 026 None 043
sym3 0.05 043
coif2 001 0.14 048
bior2.2 0.00 0.00 0.01
rbio2.2 001 000 0.00
dmey 073  0.14 0.02

None

0.01 0.00 0.01 0.73
0.14 0.00
048 0.01 0.00 0.02
None 0.04 0.00 0.00
0.04 None 0.00 0.00
0.00 0.00
000 0.00 0.02

0.00 0.14

None 0.02

None

xS ETFHBERRS/MEERKIEp{ Table5 The unadjusted p values of the wavelet bases based on the average gradient

p-value  haar db2 sym3

coif2 bior2.2

rbio2.2  dmey

haar None 0.38 0.03
db2 0.38 None  0.19
sym3 0.03 0.19
coif2 0.00 0.01 0.19
bior2.2  0.00 0.00 0.00
thio2.2  0.12 0.01 0.00
dmey 0.00 0.00 0.08

None

0.00 0.00 0.12 0.00
0.01 0.00 0.01 0.00
0.19 0.00 0.00 0.08
None  0.02 0.00 0.66
0.02 None 0.00 0.07
0.00 0.00
0.66 0.07 0.00

None 0.00

None

50



R4 E1H Vol4l No.l
2019418 FRAR%E: BRNERAKERNTRANETHERSRRI/NEESKHR Jan. 2019

®6 BTHSBEARMPMEERRREpIE Table6 The unadjusted p values of the wavelet bases based on the edge intensity
p-value haar db2 sym3  coif2  bior22 r1bio22 dmey
haar None 043 0.04 0.00 0.00 0.03 0.07
db2 0.43 None  0.22 0.04 0.00 0.00 0.29
sym3 0.04 0.22 None  0.38 0.00 0.00 0.86
coif2 0.00 0.04 0.38 None  0.03 0.00 0.29
bior22 0.00 ; 0.00 0.00 0.03 None 0.00 0.00
bio2.2 0.03 0.00 0.00 0.00 0.00 None 0.00
dmey 0.07 0.29 0.86 0.29 0.00 0.00 None

R71 BTEWALERRY MNEENKRER pE  Table7 The adjusted p values of the wavelet bases based on the SSIM

p-value  haar db2 sym3  coif2 bior2.2 rbio2.2 dmey

haar None 0.55 0.18 0.06 0.00 0.06 0.97

db2 0.55 None 0.86 0.55 0.00 0.00 0.55

sym3 0.18 0.86 None 0.97 0.04 0.00 0.16

coif2 0.06 0.55 0.97 None 0.18 0.00 0.03

bior2.2  0.00 0.00 0.04 0.18 None 0.00 0.00

rbio2.2  0.06 0.00 0.00 0.00 0.00 None 0.11

dmey 0.97 0.55 0.16 0.03 0.00 0.11 None

®8 ETFUBENBIN/MNEENKIES pE
Table 8 The adjusted p values of the wavelet bases based on the average gradient
p-value  haar db2 sym3  coif2  bior2.2 r1bio2.2 dmey
haar None  0.76 0.14 0.00 0.00 0.35 0.00
db2 0.76  None  0.38 0.04 0.00 0.09 0.02
sym3 0.14 038 None 0.38 0.00 0.00 0.32
coif2 0.00 0.04 0.38  None 0.14 0.00 0.76
bior22  0.00 0.00 0.00 0.14 None 0.00 0.20
io22 035 0.09 0.00 0.00 0.00 None 0.00
dmey 0.00 0.02 0.32 0.76 0.20 0.00 None

R9 ETUHBERRMN MEEMKIES pE
Table 9 The adjusted p values of the wavelet bases based on the edge intensity
p-value  haar db2 sym3  coif2  bior2.2 rbio2.2  dmey
haar None 1.18 0.27 0.04 0.00 0.20 0.27

db2 1.18 None 0.66 0.21 0.00 0.02 0.66
sym3 0.27 0.66 None 1.18 0.02 0.00 1.18
coif2 0.04 0.21 1.18 None 0.20 0.00 1.18

bior2.2  0.00 0.00 0.02 0.20 None 0.00 0.01
hio22  0.20 0.02 0.00 0.00 0.00 None 0.00
dmey 0.27 0.66 1.18 1.18 0.01 0.00 None

ANBELIRRRIEFREDEESEFTERNE HIARBBERRBERETREN/IEESHMHH
Ftk. EARALIMRRSEREE (nE 8) , & NEEHTHR, W RE\EFMRETEBHNS RS
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(@) #14E  (a) The images of the pair 1
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(b) 3 24FEE  (b) The images of the pair 2

B8 FITUWIES KL RA MR PALIMuTR 56 ER

Fig.8 The 2 pairs of infrared polarization and intensity images used to verify the effectiveness of the classification result

(b)%F 2 IR RE A 45 2R
Ko MAMBKMESERE

(b)The fused images of the pair 2

Fig.9 The fused images of the 2 pairs of infrared polarization and intensity images

& 10 MARBHXHELESR

Table 10 The comparison results evaluated by the evaluation indices of the 2 pairs of infrared polarization and intensity images

Evaluation

Images  haar db2 sym3 coif2 bior2.2 rbio2.2  dmey

Indices
Imgl 041626 041400 041744 041752 0.41526 0.36578 0.41401

et Img2 0.50046 0.51207 0.51176 0.51057 0.51979 0.46082  0.50456
Edge Imgl 64.47 70.73 65.97 65.54 67.77 80.95 65.39
Intensity Img2 64.01 60.19 58.50 59.02 56.68 75.18 58.54
Average Imgl 8.29 8.60 8.03 7.93 8.16 10.30 7.80
Gradient Img2  7.65 6.95 6.64 6.63 6.40 9.28 6.56
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