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CAMERA WITH AUTO-FOCUS CAPABILITY

This application claims the benefit of U.S. Provisional Application No.

60/778,770, filed March 3, 2006, and U.S. Provisional Application No. 60/807,046,

filed July 11, 2006. This application is also a continuation-in-part of U.S. Patent

Application No. 11/382,373, filed May 9, 2006, and a continuation-in-part of U.S.

Patent Application No. 11/672,108, filed February 7, 2007. Each of these

applications is hereby incorporated by reference.

The government may have rights in the invention.

Related Applications

This Application is related to U.S. Patent Application No. 10/979,129, filed

November 3, 2004, U.S. Patent Application No. 10/655,124, filed September 5, 2003,

now U.S. Patent No. 7,183,895, U.S. Patent Application No. 11/275,703, filed

January 25, 2006, U.S. Provisional Application No. 60/647,270, filed January 26,

2005, U.S. Patent Application No. 11/043,366, filed January 26, 2005, U.S. Patent

Application No. 11/372,854, filed March 10, 2006, and U.S. Patent Application No.

11/675,424, filed February 15, 2007, all of which are hereby incorporated by

reference.

Technical Field

The invention pertains generally to cameras and more particularly to cameras

and camera systems in which the camera can be focused using light whose spectrum

is different from that used for image capture.

Background

In many instances, flash illumination of a subject is used to obtain a well-

exposed image. However, as flash illumination typically has a very short flash

duration, it may not be possible for a camera to auto focus properly during the flash

discharge event, and hence the camera is typically auto focused prior to image capture

using ambient light. If, however, the ambient light spectrum used for auto focus

differs from the flash light spectrum that is used for image capture, the camera focus

that is obtained during auto focus may not be entirely in focus for the captured image.

A need exists, therefore, for structure and methods that permit a camera to be auto



focused using ambient light or some spectral subset thereof, while also providing a

proper focus under a flash spectrum or some spectral subset thereof, particularly when

the ambient light spectrum that is used for auto focus differs from the flash spectrum

that is used for image capture.

Summary

The invention relates generally to structure and to methods that permit a

camera to be auto focused using ambient light or some spectral subset thereof, while

also providing a proper focus under a flash spectrum or some spectral subset thereof.

This may be accomplished even when the ambient light spectrum that is used for auto

focus differs from the flash spectrum that is used for image capture.

In some cases, ambient light may be used for auto focusing the camera, and

light from a flash discharge may be used for image capture. Ambient light may

include the light that is in or around a subject of interest on a persistent or

substantially persistent basis. Ambient light may be produced by man made light

sources in the vicinity of the camera, or natural light sources such as the sun. The

ambient light used for auto focus may be in the visible spectrum, or some other

spectrum as desired. In some instances, auto focusing may rely on a selected spectral

subset of the ambient light, but this is not required in all embodiments.

A correction factor may be generated that represents a change in the camera

auto focus to correct for the different wavelength(s) used for image capture. In some

instances, the wavelength(s) used for image capture may be in the infrared spectrum,

and the wavelength(s) used for auto focus may be in the visible spectrum, but this is

not required in all embodiments. The correction factor may be applied to the camera

focus, and the new corrected camera focus may be used during image capture.

Brief Description of the Figures

The above summary of the present invention is not intended to describe each

disclosed embodiment or every implementation of the present invention. The Figures,

Detailed Description and Examples which follow more particularly exemplify these

embodiments.

Figure 1 is a diagrammatic illustration of an exemplary camera system in

accordance with an example of the present invention;



Figure 2 is a flow diagram illustrating a method that may be carried out using

the camera system of Figure 1; and

Figure 3 is a flow diagram illustrating a method that may be carried out using

the camera system of Figure 1.

While the invention is amenable to various modifications and alternative

forms, specifics thereof have been shown by way of example in the drawings and will

be described in detail. It should be understood, however, that the intention is not to

limit the invention to the particular embodiments described. On the contrary, the

intention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention.

Detailed Description

The following description should be read with reference to the drawings, in

which like elements in different drawings are numbered in like fashion. The

drawings, which are not necessarily to scale, depict selected embodiments and are not

intended to limit the scope of the invention. Although examples of construction,

dimensions, and materials are illustrated for the various elements, those skilled in the

art will recognize that many of the examples provided have suitable alternatives that

may be utilized.

Figure 1 provides an illustrative but non-limiting example of a camera system

10 that includes a camera generally shown at 12. It is understood that, in the

illustrative embodiment, the term "camera" denotes both a camera head that houses an

optical sensor with its support electronics as well as the camera optics. In some cases,

camera 12 may be capable of capturing images in more than one spectra. For

example, camera 12 may be capable of capturing images in the visible light spectrum

and/or other light spectra such as the infrared and/or ultraviolet spectra. A variety of

cameras are known that are capable of capturing images of differing wavelengths,

including cameras that are capable of capturing images in the visible spectrum and the

infrared spectrum. While infrared light is used here as an example, it is contemplated

that the camera 12 may be capable of capturing images in other wavelength bands, if

desired.

While camera 12 is diagrammatically illustrated as a single camera, it will be

recognized that in some cases, camera 12 may instead be a compilation of two (or

even more) cameras that share a common optical path, i.e., one or more mirrors, beam



splitters or the like could be employed to provide each of two or more cameras (or

sensors/sensor arrays) with the same or essentially the same incoming image

structure. For example, camera 12 could include a first camera that is sensitive only

to visible light and a second camera that is sensitive only to infrared (or other) light.

In some cases, and in one example, each camera could include a filter or the like that

blocks out or otherwise reduces or prevents visible light from reaching the infrared

camera and/or reduces or prevents infrared light from reaching the visible camera.

In some instances, camera 12 may include an auto focus mode 14, shown

generically as block 14. The auto focus mode 14 may be configured to automatically

focus camera 12 using at least a portion of the ambient light spectrum. In some cases,

ambient light may be considered as being background, or persistent, light from at least

one of natural and man-made sources. In many cases, and not meant to be limiting in

anyway, ambient light may include all or essentially all of the visible light spectrum,

or only a small portion thereof. The auto focus mode 14 may, in some

circumstances, be considered as an internal focus mode, as the elements which act

together to form the auto focus mode 14 are often located internal to the camera 12.

These elements may include one or more of a motor, a controller and a position

sensor, and are often disposed internal to camera 12.

Camera 12 may also include an external focus mode in which an individual or

an actuator can manipulate the focus of camera 12, often from an exterior of the

camera, although this is not expressly shown in camera 12. In some cases, camera

system 10 may include an external focus/internal focus control switch 16 that permits

switching camera 12 from an internal auto focus mode (auto focus mode 14) to an

external focus mode and/or from an external focus mode to an internal auto focus

mode, as desired. Control switch 16 may be a mechanical switch, an electrical switch

or may even represent a function provided by an electronic controller that may, if

desired, be provided to control various functions and features of camera 12. The use

of the terms "internal" and "external" as used herein merely describe an illustrative

embodiment of the camera 12. It must be recognized that the various recited features

do not have to be "internal" or "external" to the camera 12, and thus these terms

should not be interpreted as limiting in any way. More generally, the camera 12 may

be considered to include an auto focus mode and a non-auto focus mode.

As alluded to above, auto focusing performed using ambient light or a spectral

subset thereof may not provide a clearly focused image if the image capture is



performed using a different light spectrum, such as an infrared light spectrum

produced by, for example, a flash discharge. In some instances, auto focus mode 14

may rely at least in part on visible light (e.g. a green band of light) within the ambient

light spectrum, while the image capture may primarily rely on infrared light. It will

be recognized that two spectra of light, such as infrared light and visible light, focus

differently due in part to the different refraction of the light caused by the optical

elements (e.g. lenses).

To help correct for this, and in some cases, camera system 10 may include a

range sensor 18 that may be configured to determine a distance between camera 12

and a desired subject (not illustrated). Any of a variety of different sensors may be

used as range sensor 18. In some instances, range sensor 18 may be an optical sensor

such as a laser range finder or a scanning laser. In some cases, range sensor 18 may

be an acoustical sensor such as an acoustic ranger. If desired, range sensor 18 may

instead represent a photographic or image processing technique such as stereo

imagery or even a motion-based method. In some cases, the range of the subject may

be determined from the setting of the optical system (which may be set in the auto

focus mode) when the subject is "in focus" using ambient light. In some cases, such

techniques may be carried out by the aforementioned controller.

In any case, a signal related to the range of the subject from the camera may

be sent to an offset computation module 20, which may be configured to calculate or

otherwise determine an offset value that can be used to correct the auto focus position

of camera 12. Offset computation module 20 may rely upon a range/focus tables or

calculation module 22 to calculate or look up an offset value that is based at least in

part on a subject range (e.g. distance between camera 12 and a desired subject) that is

provided by range sensor 18 or otherwise determined. In some instances, range/focus

tables or calculation module 22 may be incorporated into offset computation module

20, if desired.

In some cases, an offset value may be calculated via a formula or by

referencing a look up table. The offset value may represent a difference in focal

length, or in some cases a focus lens servo set point value correction, between the

light spectrum relied upon for auto focusing and the light spectrum that will be used

for image capture. For example, the offset value may provide a correction to account

for using visible light (or a spectral subset thereof) to auto focus and using infrared

light for image capture.



Once an offset value has been calculated or otherwise determined, camera 12

may be adjusted from the auto focus position to compensate for the aforementioned

difference in focal length hi some cases, a focus actuator 24 may be used to adjust

the focus of camera 12 relative to the auto focus position by, for example, rotating a

focus ring of camera 12. Prior to adjusting the focus of camera 12, it may be

desirable to switch camera 12 from auto focus mode 14 (Figure 1) to the non-auto

focus mode by actuating control switch 16. Once the focus of camera 12 has been

adjusted to provide for a focused infrared image, camera 12 may be actuated to

capture an infrared image as desired.

hi some cases, external or non-auto focusing or adjustment of camera 12 may

be carried out mechanically hi some instances, it is contemplated that the adjustment

made to compensate for focal length differences may be made by providing

appropriate commands to the focus lens adjustment servo, motor or motors that are

involved in auto focusing camera 12. When so provided, the controller referenced

above (not illustrated) may accept an offset value from offset computation module 20

and may provide appropriate commands to the focusing motor or motors within

camera 12. It will be recognized that such a controller may also encompass the

function of one or more of control switch 16, offset computation module 20 and/or

range/focus tables or calculation module 22. As can be seen, and in this embodiment,

the external or non-auto focus mode may be actually located or implemented

primarily "internally" to the camera 12.

Figure 2 is a flow diagram showing an illustrative but non-limiting method

that may be carried out using camera system 10 (Figure 1). At block 26, a camera

such as camera 12 (Figure 1) may be aimed at a subject. The subject may be any

desired subj ect hi some cases, the subject may be a stationary or moving human

subject that may or may not be aware that they are being photographed. The camera

12 may be manually aimed at the subject, i.e., camera 12 may be manually aimed at

the subject by a person holding camera 12. In other instances, camera 12 (and the

additional components making up camera system 10) may be mounted to a

mechanical positioner. A mechanical positioner may accept aiming commands from

another camera or system, and may be used to aim camera system 10 as desired.

Control then passes to block 28, at which camera system 10 (Figure 1) focuses

camera 12. hi some cases, camera 12 may be focused using ambient light hi some

cases, camera 12 may engage its auto focus mode 14 (Figure 1) in order to



automatically focus camera 12 on a desired subject. At block 30, the range of the

subject is determined. This may be accomplished using range sensor 18 (Figure 1).

Alternatively, or in addition, it is contemplated that the range of the subject may be

determined from the setting of the optical system (which may be set in the auto focus

mode) when the subject is "in focus" using the desired ambient light spectra. The

focus is adjusted relative to the auto focus position at block 32 in response to the

subject range. As noted above, this may involve using switch 16 to switch camera 12

from auto focus mode 14 to a non-auto focus mode, and then rotating a focus ring as

instructed by focus actuator 24 or commanding the focus lens servo to the same

effect. Then, at block 34, camera 12 captures an image of the subject. An image may

be captured using ambient light, flash illumination, or any combination thereof, as

desired. In some cases, an image is captured using infrared light.

As illustrated, in Figure 2, the step of determining the range to the subject

(block 30) is shown as occurring after camera 12 is focused using ambient light (block

28). It will be recognized that the step of determining the subject range may occur at

any time. In some cases, the subject range may be determined before focusing camera

12. If desired, the subject range may be determined at the same time or at

substantially the same time as focusing camera 12. In some instances, the step of

determining the subject range may occur after focusing camera 12.

Figure 3 shows a flow diagram of an illustrative but non-limiting method that

may be carried out using camera system 10 (Figure 1). At block 26, a camera such as

camera 12 (Figure 1) may be aimed at any desired subject as described above.

Control passes to block 28, at which camera system 10 (Figure 1) focuses camera 12

using ambient light. In some cases, camera 12 may engage its auto focus mode 16

(Figure 1) in order to focus camera 12 on a desired subject. At block 30, the range of

the desired subject is determined. This may be accomplished by, for example, using a

range sensor 18 (Figure 1). Alternatively, or in addition, it is contemplated that the

range of the subject may be determined from the setting of the optical system (which

may be set in the auto focus mode) when the subject is "in focus" using ambient light.

As noted above, the subject range may be determined at any time, i.e., before, during

or after focusing camera 12 at block 28.

Control then passes to block 36, where a correction factor is determined based

at least in part by the determined subject range. As discussed above, the correction

factor may represent a difference in focal length between ambient light that may be



used for auto focusing, and another wavelength(s) such as infrared light that may be

used for imaging. At block 38, the focus is adjusted in accordance with the correction

factor determined at block 36. This may involve using switch 16 to switch camera 12

from auto focus mode 14 (Figure 1) to a non-auto focus mode and then rotating a

focus ring 34 as, for example, may be done by focus actuator 24. Then, at block 34,

camera 12 captures an image of the subject using flash illumination, if desired.

As illustrated, in Figure 3, the step of determining the range to the subject

(block 30) is shown as occurring after camera 12 is auto focused (block 28). It will be

recognized that the step of determining the subject range may occur at any time, i.e.,

before, during or after focusing camera 12. Moreover, the step of determining a

correction factor based on the subject range (block 38) may occur at any time

subsequent to range sensor 18 (Figure 1) determining the sensor range.

The invention should not be considered limited to the particular examples

described above, but rather should be understood to cover all aspects of the invention

as set out in the attached claims. Various modifications, equivalent processes, as well

as numerous structures to which the invention can be applicable will be readily

apparent to those of skill in the art upon review of the instant specification.



WE CLAIM :

1. A camera system comprising:

a camera having a lens, the camera having an auto focus mode and an non-

auto focus mode for the lens;

a range sensor that is adapted to determine a range between a subject and the

camera; and

a focus actuator adapted to effect a focus setting of the lens when the camera

is in the non-auto focus mode.

2. The camera system of claim 1, further comprising a control switch that

is adapted to switch the camera between the auto focus mode and the non-auto focus

mode.

3. The camera system of claim 2, further comprising an offset

computation module that determines an offset value based at least in part on the range

between the subject and the camera.

4. The camera system of claim 3, wherein the focus actuator is adapted to

effect the focus setting of the lens in accordance with the offset value after the auto

focus mode of the camera has focused the camera and the camera has been placed in

the non-auto focus mode by the control switch.

5. The camera system of claim 1, wherein the auto focus mode relies

upon ambient light to automatically focus the camera.

6. The camera system of claim 1, wherein the camera is adapted to take

pictures using infrared light.



7. A method of capturing an image of a subject, the method comprising

steps of:

aiming a camera at the subject;

focusing the camera on the subject using ambient light;

determining a range to the subject;

adjusting the focus of the camera based at least in part on the range to the

subject; and

capturing an image of the subject.

8. The method of claim 7, wherein focusing the camera using ambient

light comprises engaging an auto focus mode of the camera.

9 . The method of claim 7, wherein adjusting the focus of the camera

comprises actuating an actuator.

10. The method of claim 7, wherein adjusting the focus of the camera

comprises determining a correction factor based on the range to the subject, and then

actuating an actuator to adjust the focus of the camera based on the correction factor.

11. The method of claim 7, wherein determining a range to the subject is

done before focusing the camera.

12. The method of claim 7, wherein determining a range to the subject is

done while focusing the camera.

13. The method of claim 7, wherein determining a range to the subject is

done after focusing the camera.

14. The method of claim 10, wherein calculating a correction factor is

done any time after determining the range to the subject.



15. A method of focusing a camera having ambient and flash illumination

capability, the method comprising the steps of:

aiming the camera at a subject;

focusing the camera on the subject using ambient light;

determining a subject range between the camera and the subject;

determining a correction factor based at least in part on the subject range; and

adjusting the camera focus based on the correction factor.

16. The method of claim 15, further comprising a subsequent step of

capturing an image of the subject using flash illumination.

17. The method of claim 16, wherein capturing an image of the subject

using flash illumination comprises capturing an infrared image of the subject.

18. The method of claim 15, wherein adjusting the camera focus comprises

activating a non-auto focus mode and then adjusting the focus.

19. The method of claim 15, wherein determining a subject range

comprises using a range sensor.

20. The method of claim 15, wherein determining a subject range

comprises using a photographic analysis technique.
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