Defective pixels in medical LCD displays:
problem analysis and fundamental solution

Hypothesis

Defective LCD pixels can mask subtle features in
medical images and therefore may reduce the
quality of diagnosis for specific high-demanding
areas such as mammography.

A new innovative image processing algorithm can
make these defects invisible and recovers the
information of the defect so that the radiologist
perceives the medical image correctly.

Introduction

Traditional CRT displays have gradually been
replaced by active matrix LCD displays over the last
few years. With LCD displays, each pixel has its
own individual transistor that controls the backlight
shining through that pixel.

Fig 1: general working principle of transmissive active matrix LCDs

Occasionally, these individual transistors will short,
or alternatively malfunction, resulting in a defective
pixel that always shows the same brightness.

Method

Pairs of images are created where the only
difference between the images is the presence or
absence of defective pixels. JndMetrix is used to
generate a JND-map that describes the visibility of
defective pixels.

Results
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To solve the problem of defective pixels we make
use of the fact that the human eye is a non-perfect
optical system.

Ciliary body

Fig 3: anatomy of the human eye

The point spread function (PSF) describes the
image of a point source formed by the human
eye. Due to finite dimensions of the eye
diffraction of light always takes place and the
PSF is not a single point.

Fig 7: theoretical response of the human eye based on PSF calculations

Calculations based on the PSF and the IND map
prove that our correction algorithms significantly
reduce the impact of defective pixels.

Fig 4: example point spread functions of the human eye

Therefore it is possible to use LCD pixels in the
neighborhood of the defective pixel to mask the
defect. These pixels are driven in such a way as
to minimize the overall response of the eye to the
defective pixel.

Fig 8: IND map for original defect (Ieft) and compensation in a 3x3 area (right)

Visual tests using a 5 mega pixel display have
shown that in most situations defective pixels can be
made completely invisible and the pixel information
can be recovered for working distance > 50 cm.

Fig 5: example of correction values for a 5x5 neighborhood

Conclusion

Defective LCD pixels can mask subtle features in
medical images in a broad area around the defect.

The IJND analysis on mammogram images shows
that a defective pixel significantly changes the
image perception in a wide region containing
several hundreds of LCD pixels around the defect.

Fig 6: IND difference map asresult of single pixel defect

Fig 2: example pair of mammogramsinput to JND analysis

By using a new image processing algorithm based
on the human visual system it is possible to correct
for these defective pixels so that the radiologist
perceives the medical image correctly.
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