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Fig. 1. Flow diagram of proposed method.
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Fig. 2. Processing block diagram of illumination component algorithm.
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Fig. 3. Processing results of the reflection components by different techniques: (a) Original image; (b) noisy image with a

density of 0.03; (c) expansion operation result; (d) corrosion operation result; (e) open operation result; (f) closed operation

result; (g) denoising algorithm proposed in this paper; (h) detail enhancement algorithm proposed in this paper.
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Fig. 4. Resultant images of saturation components by different algorithms: (a) Original saturation component;

(b) processing results by the method in Ref. [19]; (c) processing results by our proposed method.
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Fig. 5. Comparison of low light image enhancement: (a) Low light image; (b) result in Ref. [20]; (c) result in Ref. [21];
(d) result in Ref. [22]; (e) result in Ref. [23]; (f) result in Ref. [24]; (g) result in Ref. [25]; (h) result obtained by our

proposed method.
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Fig. 6. Comparison of underwater image enhancement: (a) Underwater image; (b) result in Ref. [5]; (c) result in
Ref. [8]; (d) result in Ref. [9]; (e) result in Ref. [10]; (f) result in Ref. [11]; (g) result in Ref. [24]; (h) result obtained

by our proposed method.
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Fig. 7. Comparison of HDR image enhancement: (a) HDR image; (b) result in Ref. [5]; (c) result in Ref. [8];
(d) result in Ref. [14]; (e) result in Ref. [15]; (f) result in Ref. [26]; (g) result in Ref. [27]; (h) result obtained by our

proposed method.
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Fig. 8. Comparison of sand-storm image enhancement:

(a) Sand-storm image; (b) result in Ref. [6]; (c) result in

Ref. [8]; (d) result in Ref. [9]; (e) result in Ref. [10]; (f) result in Ref. [17]; (g) result in Ref. [28]; (h) result obtained

by our proposed method.
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Fig. 9. Comparison of foggy image enhancement: (a) Foggy image; (b) result in Ref. [6]; (c) result in Ref. [16]; (d) result in
Ref. [18]; (e) result in Ref. [21]; (f) result in Ref. [29]; (g) result in Ref. [30]; (h) result obtained by our proposed method.
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Fig. 10. Comparison of thermal infrared image enhancement: (a) Thermal IR image; (b) result in Ref. [5]; (c) result in
Ref. [6]; (d) result in Ref. [7]; (e) result in Ref. [8]; (f) result in Ref. [9]; (g) result in Ref. [10]; (h) result obtained by our
proposed method.
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Abstract

In this paper we propose a multispectral image enhancement algorithm based on illuminance-reflection imaging
model and morphology operation that enables us to solve the problem of improving the multispectral degraded images.
Firstly, we transform the image from RGB space to HSV color space, and the hue remains unchanged. As for the
saturation component, we use the adaptive nonlinear stretching to improve the image color saturation and brightness.
Secondly, according to the illuminance-reflection imaging model, we adopt the guided image filtering method to decom-
pose the brightness into illuminance component and reflection component. Usually, the illumination component mainly
determines the dynamic range of the pixels in the image, corresponding to the low frequency part of the image, reflecting
the global characteristics of the image and the edge detail information of the image; the reflected component represents
the intrinsic essential characteristics of the image, corresponding to the high frequency part of the image, and contains
most of the local detail information of the image as well as all noise. Thirdly, we present an improved adaptive gamma
function, which can dynamically adjust the illuminance component by the local distribution characteristics, and use
the contrast-limited adaptive histogram equalization to correct the illuminance component. Afterwards we propose a
detail-feature weighted fusion strategy. The original illumination and the two corrected illuminations are fused to obtain
the final illumination component. Fourthly, we propose an improved morphological operation to denoise and enhance
the details of the reflection component. Finally, the corrected illumination component and the enhanced reflection com-
ponent are combined to obtain the improved brightness component. In order to verify the efficiency of the algorithm
proposed in the paper, we use both subjective visual effectiveness method and quantitative parameter analysis method to
measure the enhancement performance in multispectral imaging scenarios, including low illumination image, underwater
image, high-dynamic range image, sandstorm image, haze image and thermal infrared image. Then standard deviation,
information entropy and average gradient are used as evaluation indices respectively, and qualitative and quantitative
comparison with a variety of image enhancement algorithms show that the proposed algorithm can not only well suppress
noise but also obviously improve local details and global contrast. Experimental results show that the proposed method
proves to be better in performance.

Keywords: multispectral image enhancement, detailed-features, guided image filter, morphological

operation
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