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Abstract: Considering the problem that traditional image enhancement methods based on a normalized
incomplete beta function (NIBF) have difficultly obtaining optimal parameters automatically and that
enhancement effects are limited by the dynamic range of the image, a method of NIBF remote sensing
image automatic enhancement based on an adaptive quantum genetic algorithm was proposed. First,
from the image color depth, the maximum and minimum spectral measurement levels were introduced
into the image to be enhanced to expand its dynamic range. Secondly, the parameters of NIBF were
encoded into quantum chromosomes using quantum bits, and several quantum chromosomes were set

as the initial parameter population. The parameter population was measured and decoded, the decoded
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value was input as a parameter of NIBF, and the image was transformed by spectral measure to obtain
the corresponding enhanced image population. Then, edge images of each individual in the enhanced
image population were extracted using the eight-direction edge detection template. The fitness
function of individual quality in the parameter population was defined by edge intensity, edge number,
and entropy measure, and each parameter in the parameter population was evaluated and retained, the
best parameters of individuals were recorded. In the proposed evolutionary strategy, the quantum
rotation gate was used to evolve the quantum chromosomes toward to the direction of maximum
fitness level, and the size of the quantum rotation angle was adaptively adjusted according to the
difference of each generation’s fitness and evolutionary algebra. The best parameters of NIBF were the
individuals with the most fitness in the finally evolved parameter population, and the corresponding
spectral measure transformation curve was generated to determine the mapping relationship between
the input and output spectral measure, so optimal automatic enhancement of the image was achieved.
The blind/referenceless image spatial quality assessment indicators increase by 122. 2%, the natural
image quality assessment indicators increased by 71. 8%, and the running time is 10. 758 s. The
proposed algorithm satisfies the requirements of automation, robustness, and high efficiency in remote
sensing image enhancement.

Key words: image enhancement; Normalized Incomplete Beta Function (NIBF); adaptive quantum

genetic algorithm; parameter selection
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Tab.1 Adjustment strategies of quantum gate rotation angle
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Fig.5 Flowchart of our algorithm
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Fig. 10 Histogram comparison of enhanced images
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Tab. 3 Index for quantitative evaluation
KL & w I FE bR J B 5 ET LT HE {4 NIBF A SCHE %
B A BRISQUE;ndex 29.946 8 25. 676 2 23.450 1 10.790 4 18.083 3 8.492 1
NIQEiex 7.240 1 7.2375 6.869 8 4.098 3 5.842 2 3.281 6
& B BRISQUE . 30. 426 7 30. 181 0 38.656 7 24.856 1 21.3817 19. 690 8
NIQE e 9.007 8 9.016 3 11.834 1 5.350 7 4.357 7 4,342 9
K C BRISQUE;ndex 31.908 9 30. 750 0 41.979 0 21.077 6 23.343 8 16. 847 6
NIQE niex 6.886 2 6.531 8 9.472 4 6.059 1 6.535 2 4,846 1
&l D BRISQUE 32.278 5 28.943 1 29.321 6 12.906 4 12.232 2 11.419 0
NIQEiudex 4.144 2 3.579 3 3.944 7 3.782 9 3.274 9 3.058 2
& E BRISQUE gex 42.224 7 42,2139 40. 425 3 38.897 1 37.441 7 31. 979 2
NIQE niex 8.686 3 8.106 2 8.726 8 8.718 2 7.7233 5.423 2
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Tab.4 Quantitative evaluation index increase rate
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K E 7.2 —0.4 —0.3 12.5 60. 1
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