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image sensor with high yll factor pixels. The object is a black dot,
25% of the size of one of the image sensoris pixels, against a white
background. All required optics, illumination, etc. have been omit-
ted for the sake of clarity.

The matrix below (labelled pixels) is a pat view representation of the
same 4 x 4 cells of the digital camera.

The 1Stimage is captured with the sensor in position 1.

The 2nd image is captured after moving the sensor to the left by
50% of a pixel, to position 2.

The 3'd image is captured after moving the sensor up by 50% of a
pixel, to position 3.

Finally, the 4th image is captured after moving the sensor to the
right by 50% of a pixel to position 4.

Because the black dot is only 25% of the size of the pixel detecting
it, the pixel will see it as a light grey colour, a mixture of 25% black
and 75% white.

Traditional method of combining multiple images

Combining the 4 images captured with traditional technology will
result in an over sampled image with 4 times the number of pixels.
However it will not contain more spatial detail. The yrstimage cap-
tured already contained as much resolution as the ynal combined
image, because the object is much smaller than the size of a pixel.
However, as previously mentioned, for colour cameras, this method
does have the ability to improve the colour quality.

DeltavVuE method of combining multiple images

The DeltaVuE method of interpreting and combining the informa-
tion from multiple images is illustrated below.

The image captured in position 2 is placed on top of the image
captured in position 1 and then shifted half a pixel to the left. Then,
imagining that the pixels have some transparency, the result is a
darker area (pixel), where the grey pixels overlap each other.

A similar process is repeated for the images captured in positions
3 and 4 where one image is placed on top of the other and shifted
half a pixel. This will also result in a combined image with one
darker pixel, where the 2 grey pixels overlap each other.

Next, the two combined images are placed on top of each other
and shifted down by half a pixel. The combination of all 4 images
will have one black pixel, where the 4 grey pixels in the 4 original
images captured overlap each other, 4 dark grey pixels, where only
2 grey pixels from the original images overlap each other and 4 light
grey pixels, where no pixels overlap from the original images.

Further processing by the DeltaVuE image processing method
results in the single black pixel being isolated.

In this case with 4 movements, the ynal image has a resolution 4
times higher than the number of active pixels in the sensor and
the digital camera can capture details down to 25% of the size of a
pixel.

The resolution can be signiycantly increased through additional
sub-pixel movements of the sensor until the limitation of the resolv-
ing power of the optics are reached.

In order to move the sensor quickly and very reliably, DeltaVuE
utilizes a newly developed electromechanical solution. Unlike the
common piezo technology for moving the sensor, the new electro-
mechanical solution is not sensitive to temperature, humidity, or
aging and is free from internal friction. Also the need for a special
voltage to drive the movement system is eliminated, which enables
the digital camera to be fully powered directly from the USB cable,
without the need for an external power supply.

The result is a compact digital camera with outstanding reliability
and calibration free operation.



