CLAIMS

1. A contactless biometric data collection device comprising:
an image capture device configured to capture whole handprint images of a subject hand in
any of a range of positions and at each of a plurality of different focal distances, wherein the image
capture device comprises:
an imaging camera configured to capture each of the whole handprint images as a
single-shot image, with each of the handprint images being captured at a first image
resolution level; and
an electro-optics arrangement positioned between the hand and the imaging camera,
the electro-optics arrangement including a plurality of light modulating elements and
polarization sensitive optical elements having an optical path length that changes with
different polarization states, so as to provide for capture of the handprint images at each of
the plurality of different focal distances; and
a control system coupled to the image capture device, the control system being configured to:
cause the image capture device to capture the single-shot handprint images at each
of the plurality of different focal distances, each single-shot handprint image having a depth-
of-focus that overlaps with a depth-of-focus of handprint images at adjacent focal distances
such that redundant handprint image data is captured;
register each single-shot handprint image with positional data regarding a position of
the hand relative to the imaging camera so as to create pixel correspondence between the
handprint images and between portions of the hand; and
create a composite handprint image from the registered handprint images captured at

each of the plurality of different focal distances.

2. The contactless biometric data collection device of claim 1 wherein the redundant handprint
image data includes depth data and lateral image shifts introduced by the polarization sensitive
optical elements, the lateral images shifts comprising sub-pixel shifts between respective handprint

images captured at the plurality of different focal distances.

3. The contactless biometric data collection device of claim 1 wherein the composite handprint

image has a second image resolution level higher than the first image resolution level.

4, The contactless biometric data collection device of claim 3 wherein the second image

resolution level is 1000 pixels-per-inch or more.

5. The contactless biometric data collection device of claim 3 wherein the control system is
configured to:

input the handprint images into a super-resolution algorithm, such that the depth data and
lateral image shifts of the redundant handprint image data is provided to the super-resolution

algorithm; and
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generate the composite image from the super-resolution algorithm, such that the spatial
resolution of the composite image is increased from the first image resolution level of the handprint

images to the second image resolution level.

6. The contactless biometric data collection device of claim 1 wherein the image capture device
further comprises a fixed reference target point projected onto the hand of the subject to correct the
handprint images for shifts of the hand relative to the camera, the fixed reference target point having a
known location within any acquired handprint image so as to provide the positional data for registering

each handprint image.

7. The contactless biometric data collection device of claim 1 wherein the control system is
configured to generate a depth map of the hand from the handprint images captured at each of the
plurality of different focal distances using one of a depth from focus algorithm and a depth from

defocus algorithm.

8. The contactless biometric data collection device of claim 7 wherein the control system is
configured to determine a 3D shape of the hand using one of the depth from focus algorithm and the

depth from defocus algorithm.

9. The contactless biometric data collection device of claim 1 wherein each handprint image is
separated in focal distance from other handprint images by a set focus step, and wherein the depth-

of-focus of each handprint image is approximately equal to a size of the focus step.

10. The contactless biometric data collection device of claim 1 wherein the image capture device
further comprises a strobed light source configured to emit pulses of light therefrom directed towards

the handprint to enable a fast imaging sequence from capturing the handprint images.

11. The contactless biometric data collection device of claim 1 wherein the light modulating
elements comprise at least one of Faraday rotators, optoelectric crystals, wave plates, and liquid
crystal panels (LCPs) and wherein the polarization sensitive optical elements comprise at least one of

birefringent windows and birefringent lenses.

12. The contactless biometric data collection device of claim 1 wherein the image capture device
further comprises a voltage source to apply voltage to the plurality of light modulating elements to
change orientation states thereof, so as to rotate the linear polarization of light reflected from the
handprint and vary an optical path length of the polarization sensitive optical elements to provide for
capture of the handprint images at each of the plurality of different focal distances; and

wherein the control system is configured to control the application of voltage to each of the
plurality of light modulating elements to provide for capture of the handprint images at each of the

plurality of different focal distances.
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13. The contactless biometric data collection device of claim 1 wherein the control system is
configured to apply an unwrapping algorithm to the composite image to generate a two-dimensional
rolled equivalent image of the handprint, the unwrapping algorithm accounting for convex and

concave surfaces of the handprint.

14, The contactless biometric data collection device of claim 1 further comprising:

a user interface configured to provide feedback to the subject regarding a proximity of the
hand to a desired imaging location; and

a proximity sensor configured to determine the proximity of the hand to the desired imaging
location and automatically trigger the image capture device when the hand is in the desired imaging

location to provide for handprint image capture.

15. The contactless biometric data collection device of claim 14 wherein the proximity sensor is
configured to track a location of the hand relative to the image capture devices so as to provide
feedback to the subject regarding the proximity of the hand to the desired imaging location.

16. The contactless biometric data collection device of claim 1 wherein each handprint image

includes a plurality of fingerprints and a palm print.

17. The contactless biometric data collection device of claim 1 wherein the image capture device

is configured to capture handprint images at 8 different focal distances or 16 different focal distances.

18. A method for collecting biometric data of a subject hand in a contactless manner, the method
comprising:
capturing a handprint image of the hand at each of a plurality of fixed focus positions by way
of an image capture system, wherein each handprint image is captured as a single-shot image and
wherein each handprint image includes a palm print and a plurality of fingerprints, with each handprint
image being captured at a first image resolution level;
registering the handprint images captured at the plurality of fixed focus positions to create
pixel correspondence between the handprint images;
combining the handprint images captured at the plurality of fixed focus positions to form a
composite handprint image, wherein forming the composite handprint image comprises:
inputting the handprint images into an image processing algorithm, the handprint
images including redundant depth data and lateral image shifts between respective handprint
images; and
generating the composite handprint image from the image processing algorithm, the
composite handprint image having a second spatial resolution level that is increased from the

first image resolution level.

19. The method of claim 18 further comprising:
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registering the images captured at the plurality of fixed focus positions to create pixel
correspondence between the images; and

determining a 3D shape of at least a portion of the hand using one of a depth from focus and
a depth from defocus algorithm.

20. The method of claim 19 wherein registering the images captured at the plurality of fixed focus
positions comprises:

projecting a fixed reference target point projected onto the hand of the subject; and

registering each image with positional data based on a location of the fixed reference target
within each image, the fixed reference target point having a known location within each acquired
image so as to provide pixel correspondence between the images.

21. The method of claim 19 wherein forming the composite image comprises:
inputting the registered images and the 3D shape into a super-resolution algorithm; and
generating the composite image from the super-resolution algorithm, with the composite

image having the second spatial resolution level that is increased from the first image resolution level.

22. The method of claim 18 wherein each image is separated in depth from other images by a set
focus step, and wherein the depth-of-focus of each image is approximately equal to a size of the

focus step so as to provide for capture of the redundant depth data.

23. The method of claim 18 wherein capturing a handprint image at each of a plurality of fixed
focus positions comprises capturing handprint images at 8 different fixed focus positions or 16

different fixed focus positions.

24, The method of claim 18 wherein capturing the images at each of the plurality of fixed focus
positions comprises applying voltage to a plurality of liquid crystal panels (LCPs) in the electro-optics
arrangement to change orientation states thereof, so as to rotate a linear polarization of light reflected
from the hand and vary an optical path length of polarization sensitive optical elements in the electro-
optics arrangement to provide for capture of the images at each of the plurality of fixed focus positions.

25. The method of claim 18 further comprising generating a two-dimensional equivalent image of
at least one of the palm print and the plurality of fingerprints from the composite image by applying an
unwrapping algorithm.

26. A contactless handprint collection device for imaging a handprint, the device comprising:

a positioning assistance device configured to provide feedback to a subject to aid in
positioning a hand of the subject to a desired imaging location;

an image capture device configured to capture handprint images of the hand at each of a

plurality of focus depths from the handprint, the image capture device comprising:
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an imaging camera configured to capture the handprint images at a first spatial
resolution level; and
an electro-optics arrangement positioned between the hand and the imaging camera,
the electro-optics arrangement including a plurality of light modulating elements and
polarization sensitive optical elements to provide for capture of the handprint images at each
of the plurality of different focus depths; and
a processor operably connected to the image capture device, the processor being
programmed to:
control the imaging device to capture handprint images at each of the
plurality of focus depths, the handprint images including redundant depth data and
lateral image shifts between respective handprint images;
register the handprint images captured at the plurality of focus depths to
correlate the handprint images;
determine a 3D shape of the hand using one of a depth from focus and a
depth from defocus algorithm;
process the registered handprint images and the 3D shape of the hand to
form a composite handprint image, the composite handprint image having a second
spatial resolution level that is increased from the first spatial resolution level of the
handprint images; and
generate a two-dimensional rolled equivalent image of the handprint from the

composite image.

27. The contactless handprint collection device of claim 26 wherein each handprint image is
separated in focus depth from other handprint images by a set focus step, and wherein the depth-of-
focus of each handprint image is approximately equal to a size of the focus step so as to provide for

acquisition of the redundant depth data.

28. The contactless handprint collection device of claim 26 wherein the processor is further
programmed to:

input the registered handprint images and the 3D shape of the hand into a super-resolution
algorithm; and

generate the composite image from the super-resolution algorithm.

29. The contactless handprint collection device of claim 26 wherein the processor is further
programmed to apply an unwrapping algorithm to the composite image to generate the two-
dimensional rolled equivalent image of the handprint, the unwrapping algorithm accounting for convex
and concave surfaces of the handprint.

28



