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This paper presents an improved adaptive-neighborhood-contrast-enhancemeril ANCECmethod for the
improvement of medical image quality. The ANCE method consists of computing the local contrast around
each pixel using a variable neighborhood whose size depends on the statistical properties around the given
pixel. The obtained contrast image is then transformed into a new contrast image using a contrast enhance-
ment function. Finally, a contrast-enhanced image is obtained by applying inverse contrast transform to the
previous step. This technique provides the advantages of enhancing or preserving image contrast while
suppressing noise. However, it does have a drawback. The performance of the ANCE method largely de-
pends on how to determine the parameters used in the processing steps. The present study proposes a novel
method for optimal and automatic determination of several parameters using entropy. To quantitatively compare
the performance of the proposed method with that of the ANCE method, computer-simulated images are
generated. The output-to-input SNR level and the mean squared error are used as comparison criteria. Results
demonstrated the superiority of the proposed method. Moreover, we have applied our new algorithm to
echocardiograms and mammograms. Our results showed that the proposed method has the potential to be-
come useful for improving the image quality of medical images.

Key words: Image processing, Contrast enhancement, Noise reduction, Entropy
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Fig. 1 Flowchart of the adaptive neigh-
borhood contrast enhancement
method.
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Fig. 2 Adaptive neighborhood selection with a threshold value of T=5.
0 al0Basic region of interest around bold-faced pixel value [l /,j [=15.
O bOBinary image G obtained by thresholding T=5.

0O cOReconsidered region of interest cxc.

0 dODefined centel pixels 1 with light grayCand background] pixels O with dark graylte-
gions. Other region&! pixels 0 with white[are not used in the next computation.
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Fig. 3 Computer-simulated images of
mass, microcalcifications, and fi-
bell 3000 contrast levelll Noise-
free image, noisy image with
SNR=18 dB, and their profiles. The
bold line is the profile of the noise-
free image.

O aldSimulated mass shadow.

O bOSimulated microcalcifications’
shadows.

O cOSimulated fiber shadow.
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Fig. 6 Examples of processed simulation images and their profiles. Original images are shown in Fig. 3.
O alProcessed images obtained by improved method.
O bOProcessed images obtained by conventional method.
O cOProcessed images obtained with 5x5 smoothing filter.
O dOProcessed images obtained with 5x5 median filter.
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Fig. 7 Processed echocardiograms.
0O aOOriginal image of end-diastole. a b c
0O bOProcessed image obtained by improved method. d ‘ e
O cOProcessed image obtained by conventional method.
0O dOProcessed image obtained with 5x5 smoothing filter.
0 eOProcessed image obtained with 5x5 median filter.

AR AR AR

e e B E‘ i

NSNS

Fig. 8 Processed mass, microcalcifications, and fiber shadows in mammogram.
0 aOOriginal images. a
O bOProcessed images obtained by improved method.
0O cOProcessed images obtained by conventional method.
O dOProcessed images obtained with 5x5 smoothing filter.
O eOProcessed images obtained with 5x5 median filter.
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