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Contrast Enhancement of Medical X-ray Images Based on Multiscale 
Limited Adaptive Histogram Equalization and Mathematical Morphology

WU Shibin WANG Yue XIE Yaoqin

( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

Abstract The medical X-ray image is one of the images most widely applied in clinical applications. Because the low-
dose X-ray image needed for imaging is of a low contrast, the X-ray image contrast enhancement is processed before  the 
clinical application. A new algorithm for contrast enhancement of mammographic images was proposed in this paper. The 
approach was based on the multiscale transform and mathematical morphology. First of all, the Laplacian Gaussian pyramid 
operator was applied to transform the image into different scale sub-band images. In addition, the high-frequency sub-
images were equalized by contrast limited adaptive histogram equalization and low-pass sub-images were processed by the 
mathematical morphology. Finally, the image of enhanced contrast was reconstructed from the Laplacian Gaussian pyramid 

morphology respectively. The enhanced image was processed by a global non-linear operator. The experimental results 
show that the proposed algorithm is effective for the contrast enhancement of the medical X-ray image. The performances 
of the proposed algorithm were measured by contrast evaluation criterion for image and contrast improvement index.
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Fig. 1. Flowchart of multiscale decomposition
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Fig. 2. Flowchart of multiscale reconstruction
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Fig. 3. Flowchart of the LapLacian Gaussian pyramid transform



(10) (11)

(10)

(11)
I SE

(Top-hat, HT)
(Bottom-hat, BH) (12)
(13)

(12)
(13)

TH
BH

X
TH  BH (14)

(14)
2.4

X
4



 X 

3

5 X (

) 5 X (

)

MatLab2012a
[9]

3.1

Sundaram[14]

(15)

M N

(15)

3.2

[15-19]

(16)

C
CII 1

(Xmax Xmin) (Xmax

Xmin)

(17)

mf mb

5×5
CII

5 X

X

X

1

X
6 X

X

X

4

Fig. 4. Flowchart of the proposed method
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Table 1. Enhancement evaluation of contrast and contrast improved index for Fig. 5
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Fig. 6. Comparison of the enhanced mammogram contrast
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Fig. 5. Comparison of the enhanced chest X-ray image contrast
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Table 2. Enhancement evaluation of contrast and contrast improved index for Fig. 6
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