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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
coefficients of high or low frequencies modified by contrast limited adaptive histogram equalization and mathematical
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

(R E e N L N S oy L A E |
Iz 75, TR T R G AR . 43 F R HE
o 2 R UG 8 7 1R AN IR RUBE T 1% R 4
B BRI T2, X MG T Ee Pk R % 1)
SRSy S 2 LR N (OY (52 Y r i by
(L AR A — Fh 4> AR ey 4 A B,
TovEFIERG . SRR . 2R
FE EUG o i R B AT vk, BRIk, AR
TN R B0 R EOE T R R R R
K, T RUIRTERT R I s R . R IR ek
U A () o gk P 1 FioR.

Klrp 1, Z R EIE, GG =0,1,2,3, -,
N) ks ks, 7 REBRIEE, I, M
G, AT B (WMCIE SRR AL H) J5 74 0 2]
%1, Hit,

I (x,y)=1,(x,y) * Gy(x, ) (1)

I SWNEG L 0%, SEZREG SR E
D,:

Dy=1,(x,y)—1,(x,y) (2)
FARZ R, DR IRAS 2

Ly (x, ) =1,(x,») * G,(x, y) (3)

D,(x,y)=1,(x,y)—1;,,(x,y) (4)

-

R R, G, A G 3
PR, ke 3 R B — R D,
BT B MR (L P
B RV R ST LU 1 4 20
A RS LR, (AP — Y A
SR F R T LR AL, @
Fl PG T 5

%@JWziﬂx%w+DN&%w} (s)

ERILHE, i s Ak 38 ) ) 5 SR ] 3RO oA
Ié(an’):Z{Ii(an’)ai +D_,(x, ) B} (6)

X a, | B.,(=0,1,2,3, -, N) L5025
% UG M7 I S FE U P 2 BT
FEARTCA,  FRATTR R o 07 v 07 4 - 15 A

HlEh % RO Mo P p by o 307 4 7 S 5

Vi Burt il Aedlson - 1983 4E L[ 1,

e 1T i 0 4 VR A3 i A BB R

K 3 . fE2 REERIRMRE RS, i 2K

B N RFE AR AN 172, B 3 ot

RFFRAE, VAR FRAE . BERSL I AR

RUTE

(o) o
I,
+ +

—

K2 ZREEMRERN

Fig. 2. Flowchart of multiscale reconstruction
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Fig. 5. Comparison of the enhanced chest X-ray image contrast
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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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Table 2. Enhancement evaluation of contrast and contrast improved index for Fig. 6
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