
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
12 February 2009 (12.02.2009) PCT WO 2009/020921 A4

(51) International Patent Classification: (74) Agent: BHARUCHA, Cyrus, F.; Campbell Stephenson
H04N 13/00 (2006.01) LLP, 11401 Century Oaks Terrace, Building H, Suite 250,

(21) International Application Number: Austin, TX 78758 (US).

PCT/US2008/072121 (81) Designated States (unless otherwise indicated, for every

(22) International Filing Date: 4 August 2008 (04.08.2008) kind of national protection available): AE, AG, AL, AM,
AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

(25) Filing Language: English
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(26) Publication Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(30) Priority Data: IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

11/834,005 5 August 2007 (05.08.2007) US LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

(71) Applicant (for all designated States except US): ZEBRA MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

IMAGING, INC. [US/US]; 9801 Metric Blvd., Suite 200, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TJ,

Austin, TX 78758 (US). TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW

(72) Inventors; and
(75) Inventors/Applicants (for US only): LUCENTE, Mark, (84) Designated States (unless otherwise indicated, for every

E. [US/US]; 321 1 Fairfax Walk, Austin, TX 78705 kind of regional protection available): ARIPO (BW, GH,

(US). HUANG, Tizhi [US/US]; 4321 Staten Island GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

Drive, Piano, TX 75024 (US). BURNETT, Thomas, L. ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[US/US]; 2810 Rock Terrace Drive, Austin, TX 78704 European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(US). KLUG, Michael, A. [US/US]; 4200 Farhills Drive, FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,

Austin, TX 78731 (US). HEATH, Anthony, W. [US/US]; NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

11900 Stonehollow Dr., #812a, Austin, TX 78758 (US). CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

HOLZBACH, Mark, E. [US/US]; 706-a West Avenue, Published:
Austin, TX 78701 (US). — with international search report

[Continued on next page]

(54) Title: DYNAMIC AUTOSTEREOSCOPIC DISPLAYS

(57) Abstract: It has been discovered that display devices can be used to provide display functionality in dynamic autostereoscopic
displays. One or more display devices are coupled to one or more appropriate computing devices. These computing devices control
delivery of autostereoscopic image data to the display devices. A lens array coupled to the display devices, e.g., directly or through
some light delivery device, provides appropriate conditioning of the autostereoscopic image data so that users can view dynamic
autostereoscopic images.



with amended claims Date of publication of the amended claims: 16 April 2009
with information concerning one or more priority claims
considered void



AMENDED CLAIMS
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1. An apparatus comprising:

at least one display device;

a computer coupled to the at least one display device and programmed to control

delivery of autosiereoscopic image data to the at least one display device; and

a lens array coupled to the at least one display device, the lens array comprising a

plurality of lenslets optically isolated by one or more grooves between the

lenslets.

2. The apparatus of claim 1, wherein:

the at least one display device comprises a first display region and a second display

region;

the computer coupled to the at least one display device is programmed to control

delivery of first autostereoscopic image data to the first display region and to

control delivery of second autostereoscopic image data to the second display

region;

the plurality of lenslets comprises a first lens corresponding to the first display region

and a second lens corresponding to the second display region; and

at least one of the plurality of lenslets comprises a bi-convex lens in optical

communication with a plano-convex lens.

3 The apparatus of claim I 5wherein at least one of the plurality of lenslets comprises a

first plano-convex lens in optical communication with a second plano-convex lens.

4. The apparatus of claim I wherein:

the at least one display device comprises one or more of: an electroluminescent

display, a field emission display, a plasma display, a vacuum fluorescent

display, a carbon-nanotube display, a polymeric display, an organic light

emitting diode display, an electro-optic transmissive device, a micro-electro¬

mechanical device, an electro-optic reflective device, a magneto-optic device,

an acousto-optic device, or an optically addressed device;
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the at least one display device comprises a plurality of display devices aligned with

the lens array;

The computer comprises a plurality of computers; and

a first one of the plurality of computers is programmed to control delivery of a first

autostereoscopic image data to a first display region of the at least one display

device and wherein a second one of the plurality of computers is programmed

to control delivery of a second autostereoscopic image data to a second display

region of the at least one display device.

5. The apparatus of claim, 1, comprising

an array of magnifying relay lenses between the at least one display device and the

lens array.

6. The apparatus of claim 1, wherein:

the lens array is coupled to the at least one display device using an index matching

material;

the computer coupled to the at least one display device is programmed to render the

autostereoscopic image data using one or more of: ray tracing, ray casting,

lightfield rendering, or scanlήie rendering;

the autostereoscopic image data comprises hogel data; and

the apparatus comprising a mask array coupled to the lens array.

7. The apparatus of claim I 5 comprising:

at least one sensor positioned with respect to the lens array to detect light emitted from

the at least one display device, wherein the at least one sensor is coupled to

one or more of the computer or a calibration computer system; and wherein the

one or more of the computer or the calibration computer system executing

calibration software using data from the at least one sensor.
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S The apparatus of claim 7, wherein:

the calibration software is configured t o generate a correction table based on the data

from the at least one sensor;

the computer coupled to the. at least one display device is programmed to render the

autostereoscopic image data using data stored in the correction table;

the at least one sensor comprises a plurality of sensors; and

the one or more of the computer or the calibration computer system executes

calibration software using data from the plurality of sensors.

9. The apparatus of claim 1, wherein the calibration software is configured to perform

one or or of:

guess which test data pattern of a plurality of test patterns will generate the data from

the at least one sensor when the test data pattern is displayed on the at least

one display device;

normalize the data from the at least one sensor;

record the data from the at least one sensor; and

determine which test data pattern generates an optimal signal when the test data

pattern i s displayed on the at least one display device.

10. The apparatus of claim 1, wherein the grooves comprise gaps in a optical material.

11. The apparatus of claim 1, wherein the grooves comprise a substantially opaque filling.

12. The apparatus of claim 1 wherein the grooves extend into a plane of the plurality of

lenslets.

13. The apparatus of claim 1, comprising:

a graphics module configured to receive geometry and command data and to generate

hogel-based data in response;

at least one processing unit configured to receive the liogel-based data and to buffer a

frame of display data; and

at least one spatial light modulator coupled to the at least one processing unit and

configured display hogel-based imagery.
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14. The apparatus of claim I , wherein the at least one display comprises:

a first display region configured to radiate light in a plurality of directions through the

lens array., wherein the first display region is configured to radiate only one

intensity of light at a time into a corresponding one of the plurality of

directions; and

a second display region configured to radiate light in a plurality of directions through

the lens array, wherein the second display region is configured to radiate only

one intensity of light at a time into a corresponding one of the plurality of

directions;

wherein the apparatus comprises:

a first relay lens disposed between the lens array and the first display region, and

configured to image a magnified image of the first display region onto the lens

array; and

a second relay lens disposed between the lens array and the second display region, and

configured to image a magnified image of the second display region onto the

lens array.

15. The apparatus of claim 14, wherein the first relay lens is configured to relay a source

plane of the display device, through cover optics disposed on the display device, onto the lens

array.

16. A method comprising;

delivering autostereoscopic image data to a plurality of display elements in a display

device; wherein

the display device is coupled to a lens array;

the lens array comprises a plurality of lenslets optically isolated by one or more

grooves between the lenslets;

each display element is configured to radiate light in a plurality of directions through

the lens array; and

the autostereoscopic image data controls intensities of light radiated in each of the

plurality of directions.



17. The method of claim 16, wherein:

the display device comprises a first display region and a second display region;

the computer coupled to the at least one display device is programmed to control

delivery of first autostereoscopic image data to the first display region and to

control delivery of second autostereoscopic image data to the second display

region; and

the plurality of lenslets comprises a first lens corresponding to the first display region

and a second lens corresponding to the second display region.

18. The method of claim 16, comprising:

transmitting the light through an array of magnifying relay lenses coupled between the

display device and the lens array.

19. The method of claim 16. comprising:

calibrating the display device using data from at least one sensor that detects light

emitted from the display device.

20. The method of claim 19, comprising:

generating a correction table based on data received through the sensor; and

rendering the autostereoscopic image data using data stored in the correction table.

21. The method of claim 19 comprising:

guessing which test data pattern of a plurality of test patterns would generate the data

received through the sensor when a test data pattern is displayed on the display

device;

normalizing the data received through the sensor;

recording data received through the sensor; and

determining which test data pattern generates an optimal signal when the test data

pattern is displayed on the display device.

22. The method of claim 16, wherein the grooves comprise gaps in an optical material.

23. The method of claim 16, wherein the grooves comprise a substantially opaque filling.
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24. The method of claim 16, wherein the grooves extend into a plan of the plurality of

lenslets.

25. The method of claim 16, comprising:

generating hogel-based data in response to geometry and command data;

buffering a frame of display data in response to the hogel-based data; and

displaying hogel-based imagery through a spatial light modulator in response to the

frame of display data.

26. The method of claim 16- wherein the plurality of display elements comprises:

a first display element, configured to radiate only one intensity of light at a time into a

corresponding one of the plurality of directions; and

a second display element, configured to radiate only one intensity of light at a time

into a corresponding one of the plurality of directions;

wherein the method comprises:

transmitting light from the first display region through a first relay lens to the lens

array; and

transmitting light from the second display region through a second relay lens to the

lens array.

27. The method of claim 26, wherein the first relay lens is configured to relay a source

plane of the display device, through cover optics disposed on the display device, onto the lens

array.
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