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Characterization of dual-mode infrared images
fusion based on cosine similarity
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Abstract: To solve the problem of low stability of fusion validity measurement in existing fusion of infrared intensity
and polarization images, the stability of various fusion algorithms for the distribution of fusion validity of different
features was analyzed and compared by using three common fusion validity function measurement methods based
on measurement distance. By calculating the frequency of the optimal fusion algorithm in difference feature ampli-
tude interval of ten groups of images, the optimal fusion algorithms for each difference feature were obtained, and
cosine similarity was obtained as a measure of fusion efficiency with high stability and more consistent with subjec-
tive observation results of the humans. The experimental results show that the cosine similarity has high stability and
good matching with human vision analysis in the fusion effectiveness measurement of various fusion algorithms.
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Fig. 1

Source infrared intensity and infrared polarization images. (a) Infrared intensity image; (b) Infrared polarization image
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Fig. 2 Scatter distribution of fusion validity. (a) Based on Euclidean distance; (b) Based on cosine similarity;
(c) Baesd on Lance and Williams distance
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Fig. 3 Curve of fusion validity. (a) Based on Euclidean distance; (b) Based on cosine similarity;

(c) Baesd on Lance and Williams distance
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Fig. 4 The distribution of the maximum value of the fusion validity in the amplitude interval under multiple algorithms. (a),
(b) Based on Euclidean distance; (c), (d) Based on cosine similarity; (e), (f) Baesd on Lance and Williams distance
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(a), (b) Based on Euclidean distance; (c), (d) Based on cosine similarity; (e), (f) Baesd on Lance and Williams distance
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Fig. 6 Source dual-mode infrared images. (a) Infrared intensity image; (b) Infrared polarization image
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Table 1 The stability evaluation of the measurement method of fusion validity of difference gray mean

Characterization

1 2 3 4 5 6 7 8 9 10
methods(M)
ED(o) 0.2749 0.2434 0.2969 0.2470 0.2586 0.2203 0.2720 0.2733 0.2418 0.2776
CS(o) 0.0211 0.0236 0.0338 0.0311 0.0732 0.1115 0.0498 0.0043 0.1070 0.0220
LAWD(o) 0.3140 0.3218 0.3323 0.3180 0.2713 0.2757 0.2822 0.3352 0.2952 0.3371
A2 ERANGIREREH B E T NN
Table 2 The stability evaluation of the measurement method of fusion validity of difference edge intensity
Characterization
1 2 3 4 5 6 7 8 9 10
methods(El)
ED(o) 0.1734 0.1647 0.1812 0.1464 0.1593 0.1397 0.1475 0.1518 0.1552 0.1337
CS(o) 0.0205 0.0219 0.0659 0.0439 0.0421 0.0308 0.0406 0.0133 0.0444 0.0246
LAWD(o) 0.2741 0.2416 0.2599 0.1786 0.2146 0.1810 0.1791 0.2183 0.1917 0.1129
%3 ERWEEBRASARALEE S XA ELIFN
Table 3 The stability evaluation of the measurement method of fusion validity of difference standard deviation
Characterization
2 3 4 5 6 7 8 9 10
methods(SD)
ED(o) 0.1526 0.1875 0.1316 0.1479 0.0754 0.1546 0.1525 0.1866 0.1024 0.1332
CS(o) 0.0343 0.0194 0.0547 0.0737 0.0459 0.0873 0.0372 0.0180 0.0672 0.0534
LAWD(o) 0.1877 0.1817 0.1767 0.1365 0.1932 0.1821 0.1621 0.2520 0.1570 0.1405
R4 ERTFHHERROA BEEEH NG EIRN
Table 4 The stability evaluation of the measurement method of fusion validity of difference average gradient
Characterization
1 2 3 4 5 6 7 8 9 10
methods(AG)
ED(o) 0.1725 0.1477 0.1785 0.1584 0.1416 0.1552 0.1488 0.1952 0.1996 0.1642
CS(o) 0.0137 0.0222 0.0550 0.0395 0.0488 0.0311 0.0291 0.0258 0.0225 0.0237
LAWD(o) 0.2684 0.2450 0.2597 0.2023 0.2013 0.2013 0.1527 0.2984 0.2062 0.2433
k5 E ALK GREA LA E T NG LM
Table 5 The stability evaluation of the measurement method of fusion validity of difference coarseness
Characterization
1 2 3 4 5 6 7 8 9 10
methods(CA)
ED(o) 0.0911 0.0695 0.1154 0.0876 0.1249 0.0951 0.0679 0.1154 0.1176 0.0697
CS(o) 0.0478 0.0461 0.1041 0.0651 0.0678 0.0839 0.0625 0.0674 0.1205 0.0330
LAWD(o) 0.0774 0.0826 0.1443 0.0981 0.1286 0.1047 0.0753 0.1342 0.1710 0.0728
k6 Ea L ake A LA KeyAE IR
Table 6 The stability evaluation of the measurement method of fusion validity of difference contrast
Characterization
2 3 4 5 6 7 8 9 10
methods(CN)
ED(o) 0.1343 0.2063 0.1600 0.1438 0.0661 0.1476 0.1529 0.1783 0.0955 0.1709
CS(o) 0.0322 0.0185 0.0578 0.0739 0.0514 0.0985 0.0385 0.0185 0.0733 0.0294
LAWD(o) 0.1837 0.1884 0.1817 0.1271 0.1968 0.1785 0.1541 0.2684 0.1590 0.1478
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Table 7 The optimal fusion algorithm with the highest cumulative frequency appears in the amplitude interval

Characterization
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(b) Multi-algorithm fusion validity maximum distribution based on cosine similarity

Overview: In the existing fusion of infrared intensity and polarization images, the optimal fusion efficiency measure-
ment method is not sought, and leads to the inability to accurately reflect the real fusion situation in different imaging
scenes. Therefore, to solve the above problems, this paper firstly constructs the class sets of difference features and the
class sets of fusion algorithms aiming at the image features and fusion features of the dual-mode images. Then, the dif-
ference features were defined and the meaning of fusion validity was defined. The fusion validity evaluation functions
were constructed by using the distance measurement formulas. Among them, the three common functional representa-
tions of distance measurement were Euclidean distance, cosine similarity and Lance and Williams distance. Based on
the difference features amplitudes of the maximum and the minimum in the source image, all the difference features
amplitudes will be interval equal (here are divided into 20 groups), and the interval of each amplitude will be measured,
and gets each amplitude range in the difference features of the approximate fusion validity, and finally gets the source
images in 20 amplitude ranges of approximate fusion validity distribution curves, it is concluded that the different va-
riety of fusion algorithms for different features of fusion validity distribution curves. According to the thought that dif-
ference features drive selecting the optimal fusion algorithm, the dual-mode images for difference features classes focus
on different features of amplitude, through the use of three kinds of measurement for fusion validity based on the con-
centration of 12 kinds of fusion algorithm, and get fusion validity of discrete points distribution, then the amplitude of
difference features intervals was classified. The amplitudes of difference features intervals discrete points are averaged
which contributes the curves distribution of fusion validity under different fusion algorithms for each differential fea-
ture amplitude. Again in each amplitude range, the algorithm with the maximum fusion validity value is selected. The
optimal fusion algorithm in each difference feature amplitude interval and the overall fusion efficiency of the interval
represented by the optimal fusion algorithm are also obtained. The frequency of the optimal fusion algorithm in the
difference feature amplitude interval of the ten groups of source images was counted, thus the optimal fusion algorithm
of each difference feature is obtained. The experimental results show that the cosine similarity has high stability and
good matching with human vision analysis in the fusion measurement validity of various fusion algorithms.

Citation: Zhang YL, Ji LN, Yang F B, et al. Characterization of dual-mode infrared images fusion based on cosine simi-
larity[J]. Opto-Electronic Engineering, 2019, 46(10): 190059
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