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Description

TECHNICAL FIELD:

[0001] The present invention relates to methods and
optical devices that provide an increased depth of field.

BACKGROUND:

[0002] Traditional photography relies on exposing a
planar portion of the film through a fixed focusing lens
(or lenses) so that an object of interest would be precisely
focused on the film. The film is disposed perpendicular
to an optical axis and located at an image distance si
behind the lens that matches an object distance s0 at
which the object is located in front of the lens. Especially
in macro photography but to a lesser extent with all pho-
tography, other objects within the exposed scene but at
a distance other than the image distance s0 are out of
focus on the film. This basic concept prevalent through-
out film photography continued as digital photography
was introduced, using a pixilated array in place of the film.
[0003] Fig. 1 is a prior art schematic diagram showing
a lens 20 focused on an object located at an infinite object
distance, so that all light rays 22 incoming to the lens 20
are substantially parallel. The lens is assumed thin for
certain assumptions. The focal length ƒ of the lens 20 is
that distance behind the lens where parallel light rays
entering the lens are focused. The image distance si is

that distance behind the lens 20 wherein light through
the lens from a specific object distance S0 is focused.

Since the object distance s0 in Fig. 1 is far (the light rays

incoming to the lens 20 are substantially parallel), then

 the image distance is the lens focal length.. The
sensor 24, which may be film, a digital pixilated surface,
a sensing array, etc., is positioned at the image distance
si so that the particular object imaged is in focus. This

relation is described by the Gaussian (thin) lens formula:

 For an object located at an infinite dis-

tance, s0 is large and  becomes vanishingly small, so

ƒ≈si. Fig. 2A is similar to Fig. 1, but with the lens 20 moved

so that an object at a distance s0<<∞ (e.g., less than

about 20’) is instead focused on the sensor 24. The focal
length ƒ has not changed between Figs. 1 and 2A; it is
set by the shape and refractive index of the lens 20. Move-
ment of the lens 20 or sensor 24 enables focusing of non-
parallel incoming light rays 22 at the sensor 24, and the

relation is represented mathematically as 

[0004] Fig. 2B is a photograph (such as one taken with
the lens arrangement of Fig. 2A) of domino tiles disposed

at various distances from the lens, and illustrates depth
of field. The image shows three consecutive domino tiles
25, 26, 27, each having a horizontal line and three dots
visible above that line. The middle of those three domino
tiles 26 is located at the distance s0 of Fig. 2A, and is
therefore in sharp focus on the sensor that we view as
Fig. 2B. The remaining two 25, 27 of those three domino
tiles are in acceptable focus, and are located at respec-
tive distances s0-x and s0-x, assuming all domino tiles
are equally spaced from one another by a distance x. All
other domino tiles are blurred, as they are located more
than the distance x from so. Critical or precise focus may
be achieved at only one distance s0 from the lens 20. In
Figs. 1-2B, this distance is the object distance s0.
[0005] As is evident in Fig. 2B, there is a range of dis-
tances (s06x) for which focus is acceptably sharp. This
zone of acceptable focus is termed depth of field. More
technically, the depth of field is the region where the size
of the circle of confusion is less than the resolution of the
human eye. The circle of confusion is a term well known
in the optical and photographic arts, and relates to the
fuzziest a point can be and still be considered "in focus".
Increasing depth of field has been the subject of certain
improvements to the arrangements of Figs. 1 and 2A.
[0006] One such prior art arrangement to increase
depth of field is shown schematically at Fig. 3. In this
arrangement, the sensor 24 defines a surface that is tilted
and no longer perpendicular to the optical axis 26 defined
by the lens 20. An object located nearer the top of Fig. 3
is at a distance s01 from the lens 20. Light rays 22a in-
coming to the lens 20 are not parallel, is focused precisely
at a portion of the sensor 24 at a distance si1 behind the
lens 20. Within the same scene and within the same ex-
posure of the sensor is a second object, located nearer
the bottom of Fig. 3 and at a distance s0inf from the lens
20. Light rays 22b from this second object are substan-
tially parallel when they enter the lens 20, and are focused
precisely on a portion of the sensor 24 that is at a distance
siinf behind the lens 20. Because si1 is not equal to siinf,
depth of field is increased, i.e. the position of the best
focus shifts when moving from the top of Fig. 3 towards
the bottom of Fig. 3. The arrangement of Fig. 3 is imple-
mented commercially in the Canon® TS-E 24 mm lens
of Fig. 4 allowing to better image objects or scenes which
appear "tilted" respect to the camera device. This effect
is achieved by arranging a tilt angle between the imaging
lens(es) and the sensor plane either by tilting the lens(es)
alone or by tilting the sensor itself, as described below.
[0007] Another prior art arrangement is described in
US Pat. No. 6,783,068, entitled "Large Depth of Field
Line Scan Camera". In this adaptation, a scanning sys-
tem utilizes a randomly addressable image sensor, which
is selectively positioned at the Scheimpflug angle in the
image plane in order to detect focused light reflected from
an object. Light reflected from the object is focused onto
the sensor through an objective lens. Since the sensor
is mounted at the Scheimpflug angle, each strip within
the depth of field of the object plane has corresponding
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pixels on the sensor that are in focus.
[0008] US Pat. No. 6,567,126 is entitled "Planar Focus
Correction" and describes a camera that includes a de-
tector array and an objective lens arranged to direct op-
tical radiation from an object plane onto the detector. The
lens defines an optical axis of the camera, and the object
plane is at an oblique angle. An optical axis movement
device changes the relative orientation of the detector
with respect to the lens so that the detector and lens may
be moved relatively toward or away from each other along
the optical axis and also tilted with respect to each other
with at least one degree of freedom. This enables a focus
detection device, connected to the detector, to detect
when a portion of an image falling on the detector is in
focus, holding an in-focus portion of the image in focus
until a second portion also comes into focus.
[0009] US Pat. No. 6,445,415 is entitled "Increased
Depth of Field for Photography" and is described as pri-
marily for electronic cameras. An image is created elec-
tronically from a sensor in the camera and is based on a
multi photo technique. Several photos are shot with dif-
ferent focused parts of the scene subjects in the respec-
tive photo, and a basic image is integrated by contribu-
tions from the different images. Calculated image trans-
fers are based on lens- or sensor settings for the respec-
tive images.
[0010] US Pat. No. 5,282,045 is entitled "Depth of Field
Control Apparatus and Image Pickup Apparatus Having
the Same Therein". In this patent, image signals corre-
sponding to a plurality of picture images different in focal
point or length position are obtained by a mechanism for
changing a focal point or length position to produce a
new image signal by composing these image signals
through a composition circuit. Motion information of an
object is obtained by a circuit for detecting a moving por-
tion in the object to control the image composition by the
motion information. The focal point or length position is
moved in synchronism with an integer multiple of a ver-
tical scanning period of the television. The image signals
corresponding to the plurality of picture images, different
in focal point or length position, are obtained within one
vertical scanning period determined by the system of the
television. The amount of movement of the focal point or
length position is controlled in conjunction with a value
of a lens aperture of the camera lens. The image com-
position is controlled by a composition control circuit
made up of a circuit for detecting individual powers of
image signals corresponding to a plurality of different pic-
ture images, a circuit for comparing the detected powers
with each other, and a circuit for detecting the position
of an edge included in one of the image signals. A control
signal for the image composition produced by the power
comparison circuit is compensated by the edge position
information obtained by the edge detection circuit.
[0011] While interesting, each of the above prior art
descriptions appear to overlay different planar images of
objects within a scene to arrive at a composite having a
higher depth of field as compared to any of the individual

planar images. However, optical lenses are known to de-
fine a Petzval surface or Petzval field curvature as shown
in Fig. 5. Briefly, a Petzval surface is a paraboloidal sur-
face at which objects lying along a plane that is perpen-
dicular to the optical axis are precisely focused on the
opposed side of the lens 20. Assume a fixed distance of
s0 in Fig. 5. Objects at the distance s0 from the optical
center 32 in front of the lens 20 are along the curved
surface δ0, and absent aberrations are focused precisely
at the curved surface 28 behind the lens 20 as defined
by the image distance si. These curves δ0 and 28 are
typically spherical, but their shape depends upon the lens
curvature. Now, flatten the curve δ0 to a plane that is
perpendicular to the optical axis 26 at a distance s0, yield-
ing the object plane δ0’. For imaging the scene at the
object plane δ0’ at the planar sensor 24, this imposes an
additional aberration, because objects along the object
plane δ0’ are now precisely focused along the Petzval
surface 30, which further diverges from the (spherical)
surface 28. It is stipulated that divergence between the
planar and curved surfaces of FIG. 5 are exaggerated
for clarity of illustration. The planar sensor 24 now images
two orders of aberrations, the first due to its non-coinci-
dence with the (spherical) surface 28 defined by the dis-
tance si, and the second due to its non-coincidence with
the (paraboloidal) Petzval surface 30. The image is fo-
cused precisely only at the optical axis, where the sensor
24 is tangent to and co-incident with both curved surfaces
28, 30. Objects Imaged off the optical axis are increas-
ingly out of focus. These aberrations are due to field cur-
vature. Using the example of FIG. 2B, the best-focused
domino tile 26 may be precisely focused only at the hor-
izontal line of that tile because that line is located along
the optical axis, while the top and bottom of that same
tile 26 are out of focus due to field curvature, though not
particularly noticeable in FIG. 2B. None of the above prior
art solutions for Increasing depth-of-field are seen to off-
set field curvature, In either the first or second order.
Whereas a four-lens arrangement known in the art may
minimize or even eliminate the field curvature illustrated
by FIG. 5, such arrangements yield a shallow depth of
field, because the object distance at which precise focus
is obtained is merely shifted from a curved to a planar
surface without additional optical aberration, yet precise
focus still lies at only one distance from the lens 20.
[0012] US 5745175 relates to a method and a system
for automatically focusing an image within a still camera.
The method includes moving a lens through a plurality
of focus zones to obtain exposure and focus information
about the image.
[0013] US 2004/217257 relates to a method for deter-
mining focus for an Image, Including the steps of dividing
an image data into sub-images, calculating a sharpness
value for each sub-image, plotting a curve of sharpness
values versus focus positions and determining a focus
of the image from a point on the curve.
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SUMMARY

[0014] The foregoing and other problems are over-
come, and other advantages are realized, in accordance
with the presently detailed embodiments of these teach-
ings.
[0015] Embodiments of the present invention provide
a method according to claim 1 and an apparatus accord-
ing to claim 17 and a computer program according to
claim 33.
[0016] According to one embodiment, not currently
claimed In independent form, the invention is a method
for imaging a scene. The method includes manipulating
an optical relationship between an optical lens and an
Image sensing surface, and exposing different portions
of the Image sensing surface synchronous with manip-
ulating the optical relationship. The optical relationship
is manipulated so that the Image sensing surface Is
spaced at different effective image distances from the
lens. The synchronous actions may be adaptive to ob-
jects In the scene being imaged, such as distance of ob-
jects from the lens, brightness of objects to vary exposure
time of the different portions, and/or speed of object
movement to vary exposure time of the different portions.
Exposing different portions of the sensing surface in-
cludes a traditional film and shutter arrangement, voltage
Integration of pixels on a digital sensing surface, as well
as other imaging techniques.
[0017] According to another embodiment, the inven-
tion is another method for imaging a scene. This other
method includes determining a first and a second object
distance between a lens and respective first and second
objects in a scene. Within a continuous exposure frame,
a first portion of an Image sensing surface is exposed
while the Image sensing surface Is at a first effective im-
age distance from the lens, and a second portion of the
image sensing surface Is exposed while the Image sens-
ing surface is at a second effective Image distance from
the lens. The first and second effective Image distances
correspond to the first and second object distances, gen-
erally In a known way according to optical characteristics
of the lens Itself. The exposed first and second portions
are then combined into a single image.
[0018] According to another embodiment, not currently
claimed in independent form, the invention is a camera
that includes a lens, an image sensor such as photo-
graphic film or an array of photo-sensitive pixels that form
a sensing surface. The camera also includes exposure
means for separately exposing different portions of the
sensing surface within a single exposure frame. The ex-
posure means may be a curtain-based rolling shutter or
it may be integrating/exposing pixels (or groups or rows
of pixels) over different time periods within the exposure
frame. The camera also includes means for manipulating
an optical relationship between the lens and the sensing
surface so that the sensing surface lies at an Image dis-
tance that changes. The means for manipulating may
comprise mechanical linkage to move the lens and sens-

ing surface relative to one another, or a voltage source
with leads to apply a voltage to a liquid lens, thereby
changing its shape and effective image distance. The
camera includes a processor for synchronizing the
means for manipulating with the exposure means.
[0019] According to another embodiment, not currently
claimed in independent form, the present invention Is a
device that includes a device housing, as well as a lens,
an image sensor, exposure means and a processor as
immediately above. The light passing through the lens
also enters the housing, and the device may be a mobile
station. This device has an optical manipulation means
for maintaining the image sensor at an effective Image
distance from the lens that varies over the single expo-
sure frame.
[0020] According to another embodiment, not currently
claimed in independent form, the invention is a program
of machine-readable instructions, tangibly embodied on
an information bearing medium and executable by a dig-
ital data processor, to perform actions directed toward
operating a camera. The actions include, during an ex-
posure frame period, maintaining an image sensing sur-
face at a variable effective image distance from a lens
synchronously with exposing different portions of the
sensing surface. In some embodiments, either or both of
maintaining the image sensing surface at the variable
effective image distance and exposing different portions
of the image sensing surface are adaptive to objects in
a scene to be Imaged at the sensing surface, such as
their distance from the lens, their brightness, their speed
of movement, or other parameters.
[0021] According to another embodiment, not currently
claimed in independent form, the invention Is an appa-
ratus for adaptively imaging a scene. The apparatus in-
cludes means for focusing light from a scene, means for
imaging the focused light such as film or a pixilated array,
means for determining a first and a second object dis-
tance, means for differentially exposing selectable por-
tions of the sensing surface to light passing through the
means for focusing, means for varying an effective Image
distance between the means for focusing light and the
means for imaging, and means for synchronizing the
means for varying with the means for differentially ex-
posing.
[0022] According to yet another embodiment, not cur-
rently claimed In Independent form, the present invention
is a method of imaging a scene. This method includes
imposing on a sensing surface an effective optical cur-
vature that depends from a scene, and imaging the scene
at the sensing surface having the effective optical curva-
ture. That the curvature is effective means that it need
not be embodied in a spatial sense.
[0023] Other various aspects, embodiments, and ad-
aptations of the invention are disclosed in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing and other aspects of these teach-
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ings are made more evident in the following Detailed De-
scription, when read in conjunction with the attached
Drawing Figures, wherein:

Fig. 1 is a prior art schematic diagram showing fo-
cusing of an object at a large object distance where
incoming light rays may be considered as being par-
allel to one another.

Fig. 2A is a prior art schematic diagram showing fo-
cusing of an object at a shorter distance where in-
coming light rays are not parallel.

Fig. 2B is an image of domino tiles at different object
distances, illustrating depth of field.

Fig. 3 is a prior art schematic diagram showing a
sensor surface inclined relative to the optical axis
defined by the lens.

Fig. 4 is a prior art image of a commercial product
incorporating the concept of Fig. 3.

Fig. 5 is a prior art schematic diagram illustrating off-
axis aberrations and a Petzval surface.

Fig. 6 is a schematic diagram showing a lens and
sensor that illustrate the optical effect of an embod-
iment of the present invention.

Fig. 7 is a schematic diagram showing a moveable
lens and sensor according to an embodiment, which
results in the optical effect of Fig. 6.

Fig. 8 is a schematic diagram showing the concept
of a rolling shutter for exposing different rows of a
sensor according to a first lens movement.

Fig. 9 is similar to Fig. 8 but for a second lens move-
ment.

Fig. 10A is a scene showing objects at four different
object distances.

Fig. 10B is a sensor surface with outlines of the ob-
jects of Fig. 10A, illustrating scene adaptive pixel ex-
posure as a focusing lens translates.

Fig. 11 is a schematic block diagram showing a cam-
era according to the present invention disposed with-
in a mobile station.

DETAILED DESCRIPTION:

[0025] The present invention incorporates in certain
embodiments a rolling shutter. A focal plane shutter of a
traditional 35 mm SLR camera creates a slit of variable
width by using two curtains that travel in front of the pho-

tographic film. While the rate of the travel is fixed, expo-
sure time is varied by changing the time that elapses
between the release of the first shutter curtain and the
release of the second shutter curtain. When the camera
takes a photograph, the shutter is opened as follows: the
first curtain is released, and at some later time (the ex-
posure time), the second curtain is released. The width
of the slit determines the total time any part of the film is
exposed.
[0026] Digital photography uses an array of pixels
(e.g., photodiodes) along the sensor surface, which are
pre-charged to a known voltage prior to "exposure" of
the sensor, which is technically the integration period of
the individual pixels. The pixels are removed from the
source of the pre-charge at the start of the integration
period, when the actuator for the digital camera is de-
pressed. Once the source of the pre-charge is discon-
nected from the pixels, each pixel leaks charge as a func-
tion of light (photons) striking that particular pixel. The
remaining charge at the end of the integration period (typ-
ically at readout of the pixels) is inversely proportional to
the light to which the pixel was exposed. The remaining
charge on each pixel is electronically read out and spa-
tially combined with other pixels of the array to construct
the digital image.
[0027] The concept of rolling shutters in digital photog-
raphy is then removing the pre-charge from a particular
group of pixels, but not from all pixels in the array. Sim-
ilarly to the rolling shutter of film photography, the pre-
charge may be disconnected from different horizontal
lines of pixels ion a sequential manner. Each line of pixels
then has an integration period that is less than the scan
period for the entire array; exposure of the pixels ’rolls’
among the lines. Disconnecting the pre-charge from a
line is analogous to releasing the first curtain of a 35 mm
SLR camera, and readout (which ends the integration
period) is analogous to releasing the second curtain. The
term rolling shutter is used herein to refer to both film and
digital embodiments. Clearly then, exposing different
portions of an image sensing surface (to light through a
lens), as used herein and in the claims, can be arranged
by using a separate shutter external to the image sensor
(e.g., traditional film photography), or without any exter-
nal shutter using a sensor having internal (e.g, a readout
integrated circuit) electronic rolling shutter capability, i.e.,
a sensor where the exposure of the pixels is defined elec-
tronically by how they are read out, for example line by
line. Because in digital photography there is no physical
curtain but rather a circuit-based switch between each
pixel and the pre-charge source (and also between the
pixel and readout circuitry), digital cameras are not re-
stricted to rolling shutters that are line-based as in the
above example, but can vary exposure/integration time
among individual or distinct groups of pixels even where
the pixels or groups are not contiguous for sequential
exposure times.
[0028] To appreciate the statement immediately
above, consider a scene with a first and second object
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in a foreground, each at a fixed object distance s01 and
s02 from the lens, and a background at an object distance
s03=∞ from the same lens. Assume the first object is in
motion, so a shorter exposure time is desirable to main-
tain focus. Neither the second object nor the background
is in motion, so a longer exposure time enhances photo
quality due to more photons striking the pixels over the
increased integration time. Longer exposure times are
particularly valuable in low light conditions, or when an
object is dark as compared to a bright background or vice
versa. Light from the first object and passing through the
lens falls primarily on a first set of pixels, and from the
second object and the background fall primarily on a sec-
ond and third set of pixels, respectively. To ’roll’ exposure
for the best combination of focus and resolution, pre-
charge may be disconnected from the second and third
sets of pixels, then at a later time disconnected from the
first set, so that exposure/integration is begun at a differ-
ent time for the first set as compared to the second and
third sets. Reading out all pixel sets at the same time
varies the integration period as between the first versus
the second and third sets. Similarly, exposure time may
be initiated at the same time for all three sets of pixels
and terminated (by readout) at different times.
[0029] The integration period may be adaptive to the
objects themselves (their speed of movement, their dis-
tance from the lens, etc.). The first object is imaged with
a short exposure time/integration period and the second
object and background are imaged with a longer integra-
tion time (movement adaptive). Where movement is not
electronically sensed at the camera, the first and second
sets of pixels may be integrated over a shorter time as
compared to the third set, and the integration time for
each set may be dependent upon distance from the lens
(most digital cameras use auto focus). In the latter in-
stance (distance adaptive), the first and second sets of
pixels need not be contiguous along the sensor surface
in order to ’roll’ exposure, and the integrating periods for
the first and second sets of pixels may be the same or
different from one another (if s01=s02).
[0030] However, rolling exposure alone neither en-
hances depth of field nor corrects field curvature. To cor-
rect for field curvature (see Fig. 5), prior art solutions
generally either use field flattening lens arrangements
(typically four lenses, three positive and one negative),
or curve the exposed film or sensor surface to more close-
ly match the surfaces 28, 30 of Fig. 5. The present in-
vention considers a different way to enhance depth of
field and correct field curvature that incorporates the roll-
ing shutter as above, in either film or digital manifesta-
tions.
[0031] Consider Fig. 6, a schematic view of a lens and
sensor arrangement that shows the optical effect pro-
duced by an embodiment of the present invention. The
scene 36 is shown at the right of Fig. 6 as viewed through
the lens 38. In profile view, it is clear that the scene 36
is a flat plate angled with respect to the optical axis so
that a first horizontal swath a0 of the scene 36 is at a first

object distance s0a from the lens 38, a second horizontal
swath b0 of the scene 36 is at a second object distance
s0b, and all other swaths are at intermediate object dis-
tances between those two. Statically, precise focus
through the lens 38 for each swath of the scene 36 occurs
along the curved sensor surface 40a, which varies be-
tween a first image distance sia and a second image dis-
tance sib. The total distance between shortest and long-
est image distances is illustrated as the span d, and in
Fig. 6 is that distance between nearest and furthest lines
of the curved sensor surface 40a. However, the exact
curvature of the sensor surface 40a and the exact span
d may be made scene dependent by the present inven-
tion.
[0032] Fig. 7 illustrates the apparatus according to an
embodiment of the present invention used to achieve the
optical effect of Fig. 6. Rather than curve the sensor sur-
face 40a (as in Fig. 6) in a manner that will produce the
optimal result only for one relative arrangement of ob-
jects/swaths in the scene 36, the sensor surface 40b re-
mains planar (and oriented perpendicular to the optical
axis), and the lens 38 is moved the span d in order to
provide precise focus for a variety of image distances
between sia and sia+d. Though the sensor surface 40b
is flat, movement of the lens 38 creates the effect of a
curved sensor surface 40a. It is noted that while the ap-
paratus is described as the lens 38 moving relative to the
sensor surface 40b, the lens may remain stationary (rel-
ative to a common housing in which both the sensor and
lens are mounted) while the sensor is be moved, or both
may move in synchronism. All such embodiments are
encompassed where the lens is said to move relative to
the sensor. Also, the sensor surface is preferably but not
necessarily flat; the present invention may be used to
impose an effective curvature to the sensor surface re-
gardless of its underlying actual shape.
[0033] In the embodiment of Fig. 7, exposing all of the
sensor surface 40b while the lens 38 moves relative to
that surface 40b would result in out-of-focus images at
those portions of the surface 40b for the time periods
where the relative distance between lens 38 and surface
40b are aligned to focus a different swath of the scene
36 (e.g., a different image distance). The present inven-
tion solves this dilemma with a rolling shutter, as illus-
trated schematically at Figs. 8 and 9. Figs. 8 and 9 illus-
trate the image 42 at the sensor surface 40b, which is a
vertically flipped version of the scene 36 of Figs. 6 and
7. At the right of each of those Figures is a plot of the
effective (curved) sensor surface 40a that results from
movement of the lens 38 over the exposure time. The
lens 38 is capable of movement across a distance d+x
where the exposure time occurs only during movement
over the distance d. For the vast majority of scenes, d
will be less than d+x. To alleviate large accelerations and
decelerations of the lens when it moves, movement of
the lens 38 may be initiated prior to the start of the ex-
posure time, and stopped following the end of the expo-
sure time. The discrepancy between start (and stop) of
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lens movement and start (and stop) of exposure time is
preferably less than a tenth or a hundredth of a second;
the purpose is to avoid exposure during the instantane-
ously large accelerations of the lens as it begins and ends
movement. These large accelerations are expected to
induce distortions that are much more difficult to control
than distortions due to constant-velocity movement of
the lens 38 (such as where a line of the sensing surface
is exposed for a longer period of time). Large changes
in relative acceleration of the lens 38 appear unavoidable
in situations where the lens 38 moves in one direction
and reverses during a single exposure of the same pixel
array or film. Such a reversal of lens direction may be
avoided as detailed below.
[0034] In each of Figs. 8 and 9, the image 42 exhibits
different swaths, the different swaths corresponding to
objects in the scene 36 at a nearer object distance, a
further object distance, or somewhere in between. The
further object (corresponding to the swath a¡ of the Fig.
8 image 42) is focused at a shorter image distance sia,
and the nearer object (corresponding to the swath bi of
the Fig. 8 image 42) is focused at a longer image distance
sib.
[0035] A simple embodiment where different horizontal
lines of the actual sensor surface 40b are exposed will
first be detailed, and applies for exposure of both tradi-
tional film and digital pixels. Exposure of the different
horizontal rows of the actual sensor surface 40b occur
within a fixed exposure time Texp that is identical for each
row, in this embodiment. Exposure among the rows ’rolls’
synchronously with the lens 38. When the lens is at the
image distance sib, incoming rays from the object bi lo-
cated at the object distance corresponding to that image
distance sib is in focus at a row of pixels that are exposed
at that particular time (while the lens 38 is at the image
distance sib). When the lens moves to an image distance
sia, incoming rays from the object ai located at the object
distance corresponding to that image distance sia is in
focus at a row of pixels that are exposed at that particular
time. As the lens 38 moves through position sib, the as-
sociated line(s) is/are exposed, but exposure does not
continue as the lens 38 moves far from that position sib.
As the lens is in the position sib, the lines associated with
the farther object ai are not exposed until the lens 38 is
closer to position sia, where that object ai would be in
focus. Fig. 8 illustrates the condition where the lens 38
moves continuously in one direction during a single frame
period, such as when imaging the inclined plane of Figs.
6 and 7. A single frame period is the continuous exposure
time over which any of the entire array of pixels or plate
of film is exposed.
[0036] Fig. 9 illustrates a more typical scene, in which
objects are not disposed continuously along a distance
spectrum that varies linearly with the horizontal (as in
Fig. 8) or vertical. In keeping with the convention estab-
lished with Figs. 6-8, the scene 36 has a horizontal swath
b; within which a near object is at a distance sob that
corresponds to an image distance sib for which that object

would be focused on that actual sensor surface 40b, a
horizontal swath ai within which a far object is at a dis-
tance soa that corresponds to an image distance sia for
which that object would be focused on that actual sensor
surface 40b, and in Fig. 9, there is an additional swath ci
having an object at a distance similar to the swath ai,.
However, the swath bi lies spatially between the swaths
ai and ci in the image 42, so the lens must reverse direc-
tion of relative movement in order to properly focus each,
assuming exposure of the lines is identical to that de-
scribed with Fig. 8. As will be detailed below, the con-
straints of such an assumption may be avoided in digital
photography. The effective sensor surface 40a is shown
to the right of Fig. 9. The lens 38 begins at the shorter
image distance sia=sic where a first line of pixels or film
is exposed to image the swath ci over a time period Texp,
moves toward the longer image distance sib where ex-
posure of the first line has ceased and a second line of
pixels or film is exposed to image the swath bi over a
similar exposure time, and returns back to the shorter
image distance sia=sic where a third line of pixels or film
is exposed to image the swath ai over an exposure time.
As will be appreciated, the results of Figs. 8 and 9 may
be achieved in either film or digital photography, with the
shutter rolling in any direction, vertical, horizontal, or di-
agonal. Many pixel arrays used in digital photography
are read out by rows, facilitating a linearly rolling shutter.
[0037] When the lens is moved synchronously with a
linear rolling shutter, the effective curved sensor surface
40a is preferably along the Petzval curve 30. This curve
is measured beforehand or is available from the lens de-
sign itself. In this instance, the curvature of the effective
sensing surface 40a cannot perfectly match the Petzval
surface 30 except in the plane shown in Figs. 6-7. This
is because the actual Petzval surface is circularly parab-
oloidal, whereas the lens moves only linearly with respect
to the actual sensing surface 40b and cannot correct for
curvature in front of and behind the plane illustrated in
Figs. 6-7. As detailed below, this may be overcome in a
digital camera embodiment of the present invention.
[0038] Depth of field may be extended as compared
to the prior art by determining object distances in a scene,
calculating the best fit lens position curve to fit the object
distances, and taking the picture. In the embodiments of
the above descriptions, the best lens curve depends on
the orientation of the camera itself, and the camera op-
erator can rotate the camera to achieve a preferred image
(as viewed on a digital viewfinder of a camera). For cer-
tain images such as a macro of a scene having an insect
or business card in a very near field, it may be preferable
to use a shallower depth of field where only the object of
interest (the insect or business card) is in focus and other
objects (background) are purposefully out of focus. In
such instances, the selected lens curve exhibits focus
only for the object of interest.
[0039] The above illustrations assume the shutter rolls
continuously along sequential lines (horizontal, vertical,
diagonal). Just as Fig. 9 distinguished the lens reversing
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its travel during a single frame period, the shutter may
roll back and forth during that same frame period. This
may cause double exposure in film, but as described
above, digital photography need not re-expose the same
pixels because it can end integration (exposure) on a
pixel-by-pixel basis merely by reading out at a certain
time for any particular pixel (or otherwise storing a final
voltage reading or other figure of merit related to voltage
decay). Further exposure of that pixel, after readout, may
further decay retained voltage, but the controlling elec-
tronics (e.g., readout circuitry, separate digital signal
processor, etc.) can merely ignore any further decay.
Thus, digital photography may expand the rolling shutter
to roll along different discontinuous sections of pixels to
mirror the scene being imaged. This may entail reading
out different lines of a pixel array at different times, or
reading out individual pixels of the array (where the rea-
dout integrated circuit enables individual pixel readout
rather than the more common readout by rows).
[0040] Consider Figs 10A-B. Fig. 10A is a scene and
Fig. 10B is a sensing surface 40b with pixels (not indi-
vidually shown) matched to certain objects within that
scene. The image of Fig. 10B is inverted as compared
to the scene of Fig. 10A, as it would be when the scene
is imaged through an optical lens 38. For simplicity, as-
sume the various objects in the scene may be parsed
into four distinct object distances, the objects represent-
ed in Fig. 10B as ai, bi, ci (two occurrences) and di. These
objects are at object distances soa, sob, soc and sod, with
matching image distances sia, sib, sic, sid. As is evident
in Fig. 10A, object d; is the near foreground and exhibits
the shortest object distance; object bi is the stuffed animal
and exhibits a near-medium object distance; objects ci
are the hills and exhibit a far-medium object distance;
and object ai is the sky and exhibits the farthest object
distance. So as to maintain the four objects as optically
distinct, assume that the only light rays that may be con-
sidered as parallel when incoming to the lens 38 are those
from the sky, object ai.
[0041] Clearly, rolling the shutter along sequential hor-
izontal swaths such as those shown in dashed lines 44,
46 will result in some portion of the swath being out of
focus. For example, if the lens 38 lies at the image dis-
tance sib while exposing the pixels for swath 44, regions
of that swath 44 that image portions of the sky ai and hills
ci may be out of focus. Instead, distance measuring
equipment (such as auto focus apparatus) may be used
to determine the distance to the different objects, and the
outline of those objects as in Fig. 10B. Pixels along the
sensor surface 40b that correspond to the various objects
are then exposed only when the lens 38 is at the proper
image distance for that particular object. This enables
the lens to avoid reversing its direction of movement dur-
ing a single exposure of the pixilated-array sensing sur-
face in all instances. This is advantageous because the
lens movement apparatus is necessarily a mechanical
system because it translated the lens 38, whereas adap-
tive pixel exposure is electronic and therefore precisely

controlled at a lower manufacturing cost, and less subject
to failure.
[0042] Consider how a rolling shutter would operate
for Fig. 10B if it were adaptable to object distances in the
scene of Fig. 10B. The lens 38 translates in only one
direction, assume away from the sensing surface 40b.
At some minimal time period following initiation of lens
movement, the lens 38 is at image distance sia, at which
time only those pixels within the outline of object ai are
exposed. For now, assume a constant integration
time/exposure time Texp. As the lens moves further from
the sensing surface 40b and through the image distance
sic, those pixels within the outline of the hills ci are ex-
posed, and so forth through the image distances sib and
sia, at which time all exposure ceases and the lens 38
halts movement shortly thereafter. Field curvature is cor-
rected in the resulting image to the precision of the dis-
tance measuring equipment, depth of field is greatly in-
creased because the resulting image is made from four
image distances rather than one, and the same advan-
tage may be extended to any scene, regardless of relative
positions of the objects therein.
[0043] Now consider varying exposure time of the in-
dividual pixels. In Fig. 10A, the sky ai, hills ci, and fore-
ground di are relatively bright while the central object, the
stuffed animal bi that is the (aesthetic) focus of the scene,
is dark. Film or digital, the known prior art would expose
all four object for the same exposure time/integration
time, finding a acceptable middle ground where the dark-
er central object bi is exposed sufficiently so as to exhibit
some detail in the resulting image, but where the periph-
eral but bright objects ai, ci, and di are not overexposed
and ’bleached’. In the digital embodiment, the present
invention suffers no such limitation of constant exposure
for all pixels of the sensing surface 40b. As the lens 38
moves, the pixels corresponding to the darker objects
such as the stuffed animal bi may be exposed/integrated
over a longer period of time as compared to the lighter
objects such as the sky ai, hills ci, and foreground di.
More particularly, the stuffed animal bi has a dark body
but white tusks; pixels corresponding to the darker body
may be exposed for a longer period of time as compared
to those corresponding to the white tusks to achieve bet-
ter detail in the body without overexposing the tusks. Light
sensing equipment is well known in the camera arts, and
can be used in conjunction with distance measuring
equipment to determine, prior to the start of any frame
period, the object distances and relative brightness of
each object. Brightness of the overall image may be set
by normalizing the brightness of each pixel or separate
sections of pixels based on their relative integration
times. This is seen as a superior approach to digital en-
hancement of exiting digital images as currently practic-
es, because it is understood that current practice is to
enhance using generic algorithms whereas normalizing
brightness after brightness-adaptive exposure takes its
universe of information from the actual scene as captured
by the pixels.
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[0044] As briefly noted above, exposure time may also
be adaptive to object motion. Shorter exposure times are
necessary to accurately focus moving objects, at the cost
of brightness. Non-moving or slowly moving objects may
enable a longer exposure time without appreciable loss
of sharpness or focus in the resulting image. Using known
movement detection equipment that operates on the
same principle as distance measuring equipment, move-
ment of different objects within a scene may be catego-
rized, and pixels corresponding to the individual objects
may be exposed for a short or longer period depending
upon relative movement of the objects themselves. De-
termining the exact pixels for which a fast-moving object
is to be captured is merely a matter of extrapolating which
pixels would image the moving object at the time the lens
is at that object’s image distance based on (past) detect-
ed movement.
[0045] Fig. 11 is a sectional schematic block diagram
of a mobile station MS 50, such as a cellular telephone,
a personal digital assistant with two-way communica-
tions capability, or any other handheld portable device
of similar functionality. The MS 50 includes a digital signal
processor DSP 52, powered by a galvanic power source
such as a battery 54 and coupled to transducers 55
(speaker) and 56 (microphone). Receiving circuitry 58
and transmitting circuitry 60 are coupled through a switch
or dipole filter 62 to one or more antennas 64. A graphical
display interface 66 by which a user views text and im-
ages is controlled by a display driver 68. Similarly, a user
input pad 70, such as may include buttons, joysticks,
and/or touch sensitive areas, is controlled by an input
driver 72.
[0046] Computer programs for operating the various
sub-systems of the MS 50 are stored in a memory 76,
which may be a combination of volatile and non-volatile
storage media, possibly dispersed among various spatial
locations within the housing 74, which is a computer read-
able storage media for data and programs. Various other
buffers, filters, encoders and the like are also within the
housing 74, but peripheral to the invention. One or more
detectors 78 penetrate the housing 74 and are used to
measure object distances, object brightness, or relative
object movement/speed in a scene when the DSP 52 is
in condition to take a picture (image).
[0047] There are several possibilities to measure ob-
ject distances, for example, using the camera and an
illuminator creating a typically diverging light spot/pat-
tern, wherein the size, position or intensity of the spot/pat-
tern is determined from the image. It is possible also to
use different type of time-of-flight measurement princi-
ples, that might be implemented either optically or using
even acoustic principles. In order to measure object
brightness, one method is to use the camera itself for
capturing a test image where the brightness of the object
is then determined. This can be done before the actual
final image is captured during the framing phase when
the user is aiming the camera in order to frame the image
properly for the shot. By capturing several images with

different exposure times, optimal exposure times for dif-
ferent areas of the image can be determined. However,
the invention is not limited to the above mentioned ex-
amples of determining the object properties or suitable
exposure levels.
[0048] The DSP is in condition to take a picture when
it provides a pre-charge to pixels on a pixilated array that
form a sensing surface 40b at which an image is elec-
tronically captured. The surface 40b may preferably be
directly mounted to a readout integrated circuit ROIC 80
or merely coupled electronically. The ROIC 80 may con-
trol each pixel individually, it may control them according
to rows/lines, or it may control them according to contig-
uous groupings (e.g., groups of four pixels forming a
square, five pixels forming a diamond with one pixel in
the center, etc.). Integration times for each pixel or row
or group of pixels may be started and stopped at times
independent of that for other pixels or rows or groups of
pixels, based on the design of the readout circuitry.
[0049] A lens 38 is mounted to upper and lower rails
82 and translates along the optical axis of the lens by
use of mechanical linkage such as an extendable scis-
sors arrangement or less optimally a rotating shaft with
a continuous groove about it similar to a screw. Such
mechanical linkage is well known in the art for manually
or automatically changing an image distance of a con-
ventional camera lens. The distinction over a convention-
al auto focus camera lens is that the linkage operates to
move the lens during the exposure frame period, rather
than moving it prior to the start of that exposure frame
period. A window 84 is aligned with the lens and allows
light from a scene to pass through the housing 74 and
the lens 38 to expose various pixels of the surface 40b.
A computer program to operate the mechanical linkage
in synchronous relation to the integration/exposure of the
various different pixels along the surface 40b is stored in
the memory 76 and executed by the DSP 52. This pro-
gram may also use inputs from the detectors 78 to adjust
the synchronous lens movement/pixel exposure actions
according to the scene. Particularly, exposure of certain
pixels may occur when the lens is at an image distance
corresponding to an object distance measured at the de-
tectors 78; exposure time for certain pixels may be pred-
icated on an object’s speed or brightness as determined
by the detectors 78. Various adaptations of this MS-
based embodiment are also possible, as detailed above.
Fig. 11 illustrates only one embodiment, the rest of which
will be obvious given the above detailed description of
various adaptations such as translating the sensor sur-
face 40b rather than or in conjunction with the lens 38;
reading out the pixels by row only; and using film rather
than a pixilated array, among others.
[0050] Further, the effect similar to moving the lens(es)
and/or sensing surface, may also be accomplished using
a liquid lens or other techniques, where the focal length
of the lens itself is changed by changing the shape or
refraction index of the optical material of the lens(es).
U.S. Pat. No. 6,369,954 describes an optical lens having
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two liquids with different optical indices, one being con-
ductive and one being non-conductive. The image dis-
tance is changed by applying a voltage to the conductive
liquid, which then changes shape so that the focal length
of the lens itself is changed. In the liquid lens arrangement
of the 6,369,954 patent, a first image distance arises from
a first lens shape. A second image distance arises from
a second lens shape, even though the first and second
image distances behind the changed lens at which light
from different object distances is focused may be identi-
cal. This is true because it is the shape of the lens itself
that changes, effectively changing the image distance.
The same result holds, where the refractive index of the
lens or some medium between the lens and the sensor
is changed, or other embodiments that avoid or reduce
the necessity of moving the lens and sensor components
relative to one another. In all cases, the effective image
distance is changed. Moving a traditional lens relative to
the sensing surface, or changing the lens shape or re-
fractive index, or changing the refractive index of some
medium between the lens and sensing surface, are all
ways to change the optical relationship between the lens
and the sensing surface so as to maintain the sensing
surface at different effective image distances during the
imaging of a single scene in a single, continuous expo-
sure of the sensing surface.
[0051] Although described in the context of particular
embodiments, it will be apparent to those skilled in the
art that a number of modifications and various changes
to these teachings may occur. Thus, while the invention
has been particularly shown and described with respect
to one or more embodiments thereof, it will be understood
by those skilled in the art that certain modifications or
changes may be made therein without departing from
the scope of the invention as set forth above, or from the
scope of the ensuing claims.

Claims

1. A method, comprising:

manipulating an optical relationship between an
optical lens (38) and an image sensing surface
so that the image sensing surface is spaced at
different effective image distances from the lens
(38); and
exposing different portions of the Image sensing
surface synchronous with manipulating the op-
tical relationship to image a scene,
wherein the image sensing surface comprises
an array of photosensitive pixels.

2. The method of claim 1, wherein at least one of ma-
nipulating the optical relationship and exposing dif-
ferent portions of the image sensing surface are
adaptive to objects in a scene to be imaged at the
sensing surface.

3. The method of claim 1, wherein exposing different
portions of the image sensing surface comprises
adaptively exposing said portions based on at least
a detected first and second object distance (Soa,
Sob).

4. The method of claim 3, wherein manipulating the op-
tical relationship comprises manipulating between a
first effective image distance (Sia) and a second ef-
fective image distance (Sib), wherein the first and
second effective image distances (Sia, Sib) corre-
spond respectively to the first and second object dis-
tances (Soa, Sob).

5. The method of claim 1, wherein exposing different
portions of the image sensing surface comprises
adaptively exposing said portions for different expo-
sure periods based on detected movement of at least
two objects.

6. The method of claim 1, wherein exposing different
portions of the image sensing surface comprises
adaptively exposing said portions for different expo-
sure periods based on detected brightness of at least
two objects.

7. The method of claim 1, wherein the image sensing
surface comprises an array of pixels In adjacent
rows, wherein a first portion of the array is exposed
while the image sensing surface is at a first effective
image distance (Sia), and a second portion of the
array is exposed while the sensing surface is at a
second effective image distance (Sib), and wherein
at least one pixel of the first portion is in the same
row of the array as at least one pixel of the second
portion.

8. The method of claim 1, wherein manipulating the op-
tical relationship synchronously with exposing oper-
ates to impose an effective curvature to the sensing
surface, at least a cross section of said effective cur-
vature approximating at least a cross section of a
Petzval surface.

9. The method of claim 1, wherein manipulating the op-
tical relationship comprises moving at least one of
the lens (38) and the sensing surface relative to one
another.

10. The method of claim 1, wherein manipulating the op-
tical relationship comprises altering a shape of the
lens (38).

11. A method of claim 1, comprising:

determining a first object distance (Soa) be-
tween a first object in the scene and the lens
(38);
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determining a second object distance (Sob) be-
tween a second object in the scene and the lens
(38);
wherein said exposing different portions of the
image sensing surface comprises, within a con-
tinuous exposure frame,
exposing a first portion of an image sensing sur-
face while the image sensing surface is at a first
effective image distance (Sia) from the lens (38),
where the first effective image distance (Sia)
corresponds to the first object distance (Soa),
and exposing a second portion of the Image
sensing surface while the image sensing sur-
face is at a second effective image distance (Sib)
from the lens (38), where the second effective
image distance (Sib) corresponds to the second
object distance (Sob); and
combining the exposed first and second portions
into a single image.

12. The method of claim 11, wherein the single image
is displayed on a digital graphical user interface.

13. The method of claim 11, wherein exposing the first
and second portion of the image sensing surface
comprises adaptively exposing said portions for a
first and second exposure time based on a detected
brightness of the first and second objects.

14. The method of claim 11, wherein exposing the first
and second portion of the image sensing surface
comprises adaptively exposing said portions for a
first and second exposure time based on a detected
speed of movement of the first and second objects.

15. The method of claim 1, wherein said step of exposing
different portions comprises varying exposure time
of individual pixels.

16. The method of claim 1,
wherein said manipulating the optical relationship
synchronously with exposing operates to impose on
a sensing surface an effective optical curvature that
depends from a scene, and
wherein the method further comprises collecting an
electronic image of the scene at the sensing surface
with the effective optical curvature.

17. An apparatus, comprising:

means for manipulating an optical relationship
between an optical lens (38) and an image sens-
ing surface so that the image sensing surface is
spaced at different effective image distances
from the lens (38); and
means for exposing different portions of the im-
age sensing surface synchronous with manipu-
lating the optical relationship to image a scene

wherein the image sensing surface comprises
an array of photosensitive pixels.

18. The apparatus of claim 17, further comprising:

measuring equipment for determining an optical
parameter for each of a first and a second object
in a scene; and
means for controling one of the means for ma-
nipulating and the means for exposing based on
the determined optical parameters,

19. The apparatus of claim 18, wherein the optical pa-
rameter is object distance from the lens (38), and
the means for controling Is configured to control the
means for manipulating to match the changeable ef-
fective image distances to the object distances (Soa,
Sob) of the first and second objects.

20. The apparatus of claim 18, wherein the optical pa-
rameter is object movement and the means for con-
trolling is configured to control the means for expos-
ing to expose a first portion of the sensing surface
for a first time span and a second portion of the sens-
ing surface for a second time span.

21. The apparatus of claim 18, wherein the optical pa-
rameter is object brightness and the means for con-
trolling is configured to control the means for expos-
ing to expose a first portion of the sensing surface
for a first time span and a second portion of the sens-
ing surface for a second time span.

22. The apparatus of claim 17, comprising readout cir-
cuitry for reading out pixels according to rows.

23. The apparatus of claim 17, comprising readout cir-
cuitry for reading out individual pixels.

24. The apparatus of claim 17 disposed in a mobile sta-
tion, the mobile station comprising a graphical dis-
play interface for displaying a scene imaged by the
image sensing surface.

25. An apparatus of claim 17, further comprising:

means for focusing light from a scene;
means for imaging the focused light;
means for determining a first and second object
distance (Soa, Sob),
wherein said means for exposing comprises
means for exposing a first portion of an image
sensing surface while the image sensing sur-
face is at a first effective image distance (Sia)
from the lens (38), where the first effective image
distance (Sia) corresponds to the first object dis-
tance (Sob), and
wherein said means for exposing comprises
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means for exposing a second portion of the im-
age sensing surface while the image sensing
surface is at a second effective image distance
(Sib) from the lens (38), where the second ef-
fective Image distance (Sib) corresponds to the
second object distance (Sob); and
means for combining the exposed first and sec-
ond portions into a single image.

26. The apparatus of claim 17, wherein the means for
exposing comprises a readout integrated circuit for
reading out individual one of or select groups of pix-
els that form the Image sensing surface, and
wherein the apparatus further comprises
means for varying an image distance, which com-
prises mechanical linkage for translating at least one
of the lens (38) and the image sensing surface rel-
ative to one another along an optical axis, and
means for synchronizing, which comprises a proc-
essor configured to execute a computer program.

27. A camera comprising:

a lens (38);
an Image sensor having a sensing surface;
the apparatus of any one of claims 17-27, oper-
ably coupled to the lens (38) and the image sen-
sor, and
a processor for synchronizing the means for ma-
nipulating with the means for exposing.

28. A device comprising:

a device housing;
the apparatus of any one of claims 17-28; and
a digital signal processor, DSP, (52) for synchro-
nizing the means for manipulating with means
for the exposing.

29. The device of claim 28 that comprises a portable
handheld device with an internal source of electrical
power (54).

30. The device of claim 29 that comprises a two-way
wireless communication device.

31. The device of claim 30 wherein the means for ma-
nipulating comprises mechanical linkage to move
the lens (38) relative to the image sensing surface.

32. The device of claim 31 wherein the means for ma-
nipulating comprises voltage leads coupled to a pow-
er source and to the lens (38) for changing a shape
of the lens shape responsive to voltage applied to
the lens,

33. A computer program that, when run on a computer,
performs the method of any one of claims 1 to 16.

Patentansprüche

1. Verfahren, das Folgendes umfasst:

Manipulieren einer optischen Beziehung zwi-
schen einer optischen Linse (38) und einer Bil-
derfassungsoberfläche, so dass die Bilderfas-
sungsoberfläche in verschiedenen effektiven
Bildabständen von der Linse (38) beabstandet
ist; und
Exponieren verschiedener Abschnitte der Bil-
derfassungsoberfläche synchron mit dem Ma-
nipulieren der optischen Beziehung, um eine
Szene abzubilden,
wobei die Bilderfassungsoberfläche ein Array
aus lichtempfindlichen Pixeln umfasst.

2. Verfahren nach Anspruch 1, wobei das Manipulieren
der optischen Beziehung und/oder das Exponieren
verschiedener Abschnitte der Bilderfassungsober-
fläche an Objekte in einer auf der Erfassungsober-
fläche abzubildenden Szene angepasst werden kön-
nen.

3. Verfahren nach Anspruch 1, wobei das Exponieren
verschiedener Abschnitte der Bilderfassungsober-
fläche das adaptive Exponieren der Abschnitte min-
destens auf der Basis eines detektierten ersten und
zweiten Objektabstands (Soa, Sob) umfasst.

4. Verfahren nach Anspruch 3, wobei das Manipulieren
der optischen Beziehung das Manipulieren zwi-
schen einem ersten effektiven Bildabstand (Sia) und
einem zweiten effektiven Bildabstand (Sib) umfasst,
wobei der erste und zweite effektive Bildabstand
(Sia, Sib) jeweils dem ersten und zweiten Objektab-
stand (Soa, Sob) entsprechen.

5. Verfahren nach Anspruch 1, wobei das Exponieren
verschiedener Abschnitte der Bilderfassungsober-
fläche das adaptive Exponieren der Abschnitte für
verschiedene Expositionsperioden auf der Basis ei-
ner detektierten Bewegung von mindestens zwei
Objekten umfasst.

6. Verfahren nach Anspruch 1, wobei das Exponieren
verschiedener Abschnitte der Bilderfassungsober-
fläche das adaptive Exponieren der Abschnitte für
verschiedene Expositionsperioden auf der Basis ei-
ner detektierten Helligkeit von mindestens zwei Ob-
jekten umfasst.

7. Verfahren nach Anspruch 1, wobei die Bilderfas-
sungsoberfläche ein Array von Pixeln in benachbar-
ten Zeilen umfasst, wobei ein erster Abschnitt des
Arrays exponiert wird, während sich die Bilderfas-
sungsoberfläche in einem ersten effektiven Bildab-
stand (Sia) befindet, und ein zweiter Abschnitt des
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Arrays exponiert wird, während sich die Erfassungs-
oberfläche in einem zweiten effektiven Bildabstand
(Sib) befindet und wobei mindestens ein Pixel des
ersten Abschnitts sich in der gleichen Zeile des Ar-
rays wie mindestens ein Pixel des zweiten Ab-
schnitts befindet.

8. Verfahren nach Anspruch 1, wobei das Manipulieren
der optischen Beziehung synchron mit dem Expo-
nieren dahingehend arbeitet, der Erfassungsober-
fläche eine effektive Krümmung aufzuerlegen, wobei
sich mindestens ein Querschnitt der effektiven
Krümmung mindestens einem Querschnitt einer
Petzval-Oberfläche annähert.

9. Verfahren nach Anspruch 1, wobei das Manipulieren
der optischen Beziehung das Bewegen der Linse
(38) und/oder der Erfassungsoberfläche relativ zu-
einander umfasst.

10. Verfahren nach Anspruch 1, wobei das Manipulieren
der optischen Beziehung das Abändern einer Ge-
stalt der Linse (38) umfasst.

11. Verfahren nach Anspruch 1, das Folgendes umfasst:

Bestimmen eines ersten Objektabstands (Soa)
zwischen einem ersten Objekt in der Szene und
der Linse (38);
Bestimmen eines zweiten Objektabstands
(Sob) zwischen einem zweiten Objekt in der
Szene und der Linse (38);
wobei das Exponieren verschiedener Abschnit-
te der Bilderfassungsoberfläche innerhalb eines
kontinuierlichen Expositionsrahmens Folgen-
des umfasst:

Exponieren eines ersten Abschnitts einer
Bilderfassungsoberfläche, während sich
die Bilderfassungsoberfläche in einem ers-
ten effektiven Bildabstand (Sia) von der Lin-
se (38) befindet, wobei der erste effektive
Bildabstand (Sia) dem ersten Objektab-
stand (Soa) entspricht, und Exponieren ei-
nes zweiten Abschnitts der Bilderfassungs-
oberfläche, während sich die Bilderfas-
sungsoberfläche in einem zweiten effekti-
ven Bildabstand (Sib) von der Linse (38) be-
findet, wobei der zweite effektive Bildab-
stand (Sib) dem zweiten Objektabstand
(Sob) entspricht; und Kombinieren des ex-
ponierten ersten und zweiten Abschnitts zu
einem einzelnen Bild.

12. Verfahren nach Anspruch 11, wobei das einzelne
Bild auf einer digitalen grafischen Benutzerschnitt-
stelle angezeigt wird.

13. Verfahren nach Anspruch 11, wobei das Exponieren
des ersten und zweiten Abschnitts der Bilderfas-
sungsoberfläche das adaptive Exponieren der Ab-
schnitte für eine erste und zweite Expositionszeit auf
der Basis einer detektierten Helligkeit des ersten und
zweiten Objekts umfasst.

14. Verfahren nach Anspruch 11, wobei das Exponieren
des ersten und zweiten Abschnitts der Bilderfas-
sungsoberfläche das adaptive Exponieren der Ab-
schnitte für eine erste und zweite Expositionszeit auf
der Basis einer detektierten Bewegungsgeschwin-
digkeit des ersten und zweiten Objekts umfasst.

15. Verfahren nach Anspruch 1, wobei der Schritt des
Exponierens verschiedener Abschnitte das Variie-
ren der Expositionszeit individueller Pixel umfasst.

16. Verfahren nach Anspruch 1,
wobei das Manipulieren der optischen Beziehung
synchron mit dem Exponieren dahingehend arbeitet,
einer Erfassungsoberfläche eine effektive optische
Krümmung aufzuerlegen, die von einer Szene ab-
hängt, und
wobei das Verfahren weiterhin das Sammeln eines
elektronischen Bilds der Szene an der Erfassungs-
oberfläche mit der effektiven optischen Krümmung
umfasst.

17. Vorrichtung, die Folgendes umfasst:

Mittel zum Manipulieren einer optischen Bezie-
hung zwischen einer optischen Linse (38) und
einer Bilderfassungsoberfläche, so dass die Bil-
derfassungsoberfläche in verschiedenen effek-
tiven Bildabständen von der Linse (38) beab-
standet ist; und
Mittel zum Exponieren verschiedener Abschnit-
te der Bilderfassungsoberfläche synchron mit
dem Manipulieren der optischen Beziehung, um
eine Szene abzubilden,
wobei die Bilderfassungsoberfläche ein Array
aus lichtempfindlichen Pixeln umfasst.

18. Vorrichtung nach Anspruch 17, die weiterhin Folgen-
des umfasst:

ein Messgerät zum Bestimmen eines optischen
Parameters für jedes eines ersten und eines
zweiten Objekts in einer Szene; und
Mittel zum Steuern eines der Mittel zum Mani-
pulieren und der Mittel zum Exponieren auf der
Basis der bestimmten optischen Parameter.

19. Vorrichtung nach Anspruch 18, wobei der optische
Parameter ein Objektabstand von der Linse (38) ist
und das Mittel zum Steuern konfiguriert ist zum Steu-
ern des Mittels zum Manipulieren zum Anpassen der

23 24 

IPR2025-00339 Exhibit 2009 Page 13 of 26



EP 1 896 891 B1

14

5

10

15

20

25

30

35

40

45

50

55

veränderlichen effektiven Bildabstände an die Ob-
jektabstände (Soa, Sob) des ersten und zweiten Ob-
jekts.

20. Vorrichtung nach Anspruch 18, wobei der optische
Parameter eine Objektbewegung ist und das Mittel
zum Steuern konfiguriert ist zum Steuern des Mittels
zum Exponieren zum Exponieren eines ersten Ab-
schnitts der Erfassungsoberfläche während einer
ersten Zeitspanne und eines zweiten Abschnitts der
Erfassungsoberfläche während einer zweiten Zeit-
spanne.

21. Vorrichtung nach Anspruch 18, wobei der optische
Parameter eine Objekthelligkeit ist und das Mittel
zum Steuern konfiguriert ist zum Steuern des Mittels
zum Exponieren zum Exponieren eines ersten Ab-
schnitts der Erfassungsoberfläche während einer
ersten Zeitspanne und eines zweiten Abschnitts der
Erfassungsoberfläche während einer zweiten Zeit-
spanne.

22. Vorrichtung nach Anspruch 17, umfassend eine
Ausleseschaltungsanordnung zum Auslesen von Pi-
xeln gemäß Zeilen.

23. Vorrichtung nach Anspruch 17, umfassend eine
Ausleseschaltungsanordnung zum Auslesen indivi-
dueller Pixel.

24. Vorrichtung nach Anspruch 17, in einer mobilen Sta-
tion angeordnet, wobei die mobile Station eine gra-
fische Displayschnittstelle zum Anzeigen einer
durch die Bilderfassungsoberfläche abgebildeten
Szene umfasst.

25. Vorrichtung nach Anspruch 17, die weiterhin Folgen-
des umfasst:

Mittel zum Fokussieren von Licht von einer Sze-
ne;
Mittel zum Abbilden des fokussierten Lichts;
Mittel zum Bestimmen eines ersten und zweiten
Objektabstands (Soa, Sob),
wobei das Mittel zum Exponieren Mittel zum Ex-
ponieren eines ersten Abschnitts einer Bilder-
fassungsoberfläche umfasst, während sich die
Bilderfassungsoberfläche in einem ersten effek-
tiven Bildabstand (Sia) von der Linse (38) befin-
det, wobei der erste effektive Bildabstand (Sia)
dem ersten Objektabstand (Sob) entspricht, und
wobei das Mittel zum Exponieren Mittel zum Ex-
ponieren eines zweiten Abschnitts der Bilder-
fassungsoberfläche umfasst, während sich die
Bilderfassungsoberfläche in einem zweiten ef-
fektiven Bildabstand (Sib) von der Linse (38) be-
findet, wobei der zweite effektive Bildabstand
(Sib) dem zweiten Objektabstand (Sob) ent-

spricht; und
Mittel zum Kombinieren des exponierten ersten
und zweiten Abschnitts zu einem einzelnen Bild.

26. Vorrichtung nach Anspruch 17, wobei das Mittel zum
Exponieren eine integrierte Ausleseschaltung zum
Auslesen individueller einzelner oder ausgewählter
Gruppen von Pixeln, die die Bilderfassungsoberflä-
che bilden, umfasst, und
wobei die Vorrichtung weiterhin Folgendes umfasst:

Mittel zum Variieren eines Bildabstands, das ein
mechanisches Gestänge zum Parallelverschie-
ben der Linse (38) und/oder der Bilderfassungs-
oberfläche relativ zueinander entlang einer op-
tischen Achse umfasst, und
Mittel zum Synchronisieren, das einen Prozes-
sor umfasst, der konfiguriert ist zum Ausführen
eines Computerprogramms.

27. Kamera, die Folgendes umfasst:

eine Linse (38);
einen Bildsensor mit einer Erfassungsoberflä-
che;
die Vorrichtung nach einem der Ansprüche
17-27,
operativ an die Linse (38) und den Bildsensor
gekoppelt, und
einen Prozessor zum Synchronisieren des Mit-
tels zum Manipulieren mit dem Mittel zum Ex-
ponieren.

28. Einrichtung, die Folgendes umfasst:

ein Einrichtungsgehäuse;
die Vorrichtung nach einem der Ansprüche
17-28; und
einen digitalen Signalprozessor, DSP, (52) zum
Synchronisieren des Mittels zum Manipulieren
mit dem Mittel für das Exponieren.

29. Einrichtung nach Anspruch 28, die eine tragbare
handgehaltene Einrichtung mit einer internen Quelle
elektrischer Leistung (54) umfasst.

30. Einrichtung nach Anspruch 29, die eine drahtlose
Zweiwege-Kommunikationseinrichtung umfasst.

31. Einrichtung nach Anspruch 30, wobei das Mittel zum
Manipulieren ein mechanisches Gestänge zum Be-
wegen der Linse (38) relativ zur Bilderfassungsober-
fläche umfasst.

32. Einrichtung nach Anspruch 31, wobei das Mittel zum
Manipulieren an eine Leistungsquelle und die Linse
(38) gekoppelte Spannungsleitungen zum Ändern
einer Gestalt der Linse als Reaktion auf eine an die

25 26 

IPR2025-00339 Exhibit 2009 Page 14 of 26



EP 1 896 891 B1

15

5

10

15

20

25

30

35

40

45

50

55

Linse angelegte Spannung umfasst.

33. Computerprogramm, das bei Ausführung auf einem
Computer das Verfahren nach einem der Ansprüche
1 bis 16 durchführt.

Revendications

1. Procédé, comprenant :

la manipulation d’une relation optique entre une
lentille optique (38) et une surface de détection
d’image de telle sorte que la surface de détec-
tion d’image soit espacée à différentes distan-
ces d’image effectives de la lentille (38) ; et
l’exposition de différentes parties de la surface
de détection d’image de façon synchrone avec
la manipulation de la relation optique pour ima-
ger une scène,
la surface de détection d’image comprenant une
matrice de pixels photosensibles.

2. Procédé selon la revendication 1, dans lequel la ma-
nipulation de la relation optique et/ou l’exposition de
différentes parties de la surface de détection d’image
sont adaptatives à des objets dans une scène à ima-
ger au niveau de la surface de détection.

3. Procédé selon la revendication 1, dans lequel l’ex-
position de différentes parties de la surface de dé-
tection d’image comprend une exposition adaptative
desdites parties basée sur au moins une première
et une deuxième distance d’objet détectées (Soa,
Sob).

4. Procédé selon la revendication 3, dans lequel la ma-
nipulation de la relation optique comprend une ma-
nipulation entre une première distance d’image ef-
fective (Sia) et une deuxième distance d’image ef-
fective (Sib), les première et deuxième distances
d’image effectives (Sia, Sib) correspondant respec-
tivement aux première et deuxième distances d’objet
(Soa, Sob).

5. Procédé selon la revendication 1, dans lequel l’ex-
position de différentes parties de la surface de dé-
tection d’image comprend l’exposition adaptative
desdites parties pendant différentes durées d’expo-
sition basées sur un mouvement détecté d’au moins
deux objets.

6. Procédé selon la revendication 1, dans lequel l’ex-
position de différentes parties de la surface de dé-
tection d’image comprend l’exposition adaptative
desdites parties pendant différentes durées d’expo-
sition basées sur une luminosité détectée d’au moins
deux objets.

7. Procédé selon la revendication 1, dans lequel la sur-
face de détection d’image comprend une matrice de
pixels en rangées adjacentes, une première partie
de la matrice étant exposée alors que la surface de
détection d’image est à une première distance d’ima-
ge effective (Sia), et une deuxième partie de la ma-
trice étant exposée alors que la surface de détection
est à une deuxième distance d’image effective (Sib),
et au moins un pixel de la première partie se trouvant
dans la même rangée de la matrice qu’au moins un
pixel de la deuxième partie.

8. Procédé selon la revendication 1, dans lequel la ma-
nipulation de la relation optique de façon synchrone
avec l’exposition fonctionne pour imposer une cour-
bure effective à la surface de détection, au moins
une section transversale de ladite courbure effective
se rapprochant d’au moins une section transversale
d’une surface de Petzval.

9. Procédé selon la revendication 1, dans lequel la ma-
nipulation de la relation optique comprend le dépla-
cement de la lentille (38) et/ou de la surface de dé-
tection l’une par rapport à l’autre.

10. Procédé selon la revendication 1, dans lequel la ma-
nipulation de la relation optique comprend la modi-
fication de la forme de la lentille (38).

11. Procédé selon la revendication 1, comprenant :

la détermination d’une première distance d’objet
(Soa) entre un premier objet dans la scène et la
lentille (38) ;
la détermination d’une deuxième distance d’ob-
jet (Sob) entre un deuxième objet dans la scène
et la lentille (38) ;
ladite exposition de différentes parties de la sur-
face de détection d’image comprenant, à l’inté-
rieur d’un cadre d’exposition continue,
l’exposition d’une première partie de la surface
de détection d’image alors que la surface de dé-
tection d’image est à une première distance
d’image effective (Sia) de la lentille (38), la pre-
mière distance d’image effective (Sia) corres-
pondant à la première distance d’objet (Soa), et
l’exposition d’une deuxième partie de la surface
de détection d’image alors que la surface de dé-
tection d’image est à une deuxième distance
d’image effective (Sib) de la lentille (38), la
deuxième distance d’image effective (Sib) cor-
respondant à la deuxième distance d’objet
(Sob) ; et
la combinaison des première et deuxième par-
ties exposées en une image unique.

12. Procédé selon la revendication 11, dans lequel l’ima-
ge unique est affichée sur une interface utilisateur
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graphique numérique.

13. Procédé selon la revendication 11, dans lequel l’ex-
position de la première et de la deuxième partie de
la surface de détection d’image comprend l’exposi-
tion adaptative desdites parties pendant un premier
et un deuxième temps d’exposition basés sur une
luminosité détectée des premier et deuxième objets.

14. Procédé selon la revendication 11, dans lequel l’ex-
position de la première et de la deuxième partie de
la surface de détection d’image comprend l’exposi-
tion adaptative desdites parties pendant un premier
et un deuxième temps d’exposition basés sur une
vitesse de mouvement détectée des premier et
deuxième objets.

15. Procédé selon la revendication 1, dans lequel ladite
étape d’exposition de différentes parties comprend
la variation du temps d’exposition de pixels indivi-
duels.

16. Procédé selon la revendication 1,
dans lequel ladite manipulation de la relation optique
de façon synchrone avec l’exposition fonctionne
pour imposer sur une surface de détection une cour-
bure optique effective qui dépend d’une scène, et
le procédé comprenant en outre la collecte d’une
image électronique de la scène au niveau de la sur-
face de détection avec la courbure optique effective.

17. Appareil, comprenant :

un moyen pour manipuler une relation optique
entre une lentille optique (38) et une surface de
détection d’image de telle sorte que la surface
de détection d’image est espacée à différentes
distances d’image effectives de la lentille (38) ;
et
un moyen pour exposer différentes parties de la
surface de détection d’image de façon synchro-
ne avec la manipulation de la relation optique
pour imager une scène,
la surface de détection d’image comprenant une
matrice de pixels photosensibles.

18. Appareil selon la revendication 17, comprenant en
outre :

un équipement de mesure pour déterminer un
paramètre optique pour chacun d’un premier et
d’un deuxième objet dans une scène ; et
un moyen pour commander le moyen de mani-
pulation ou le moyen d’exposition en fonction
des paramètres optiques déterminés.

19. Appareil selon la revendication 18, dans lequel le
paramètre optique est une distance d’objet depuis

la lentille (38), et le moyen de commande est confi-
guré pour commander le moyen de manipulation afin
qu’il fasse correspondre les distances d’image ef-
fectives modifiables avec les distances d’objet (Soa,
Sob) des premier et deuxième objets.

20. Appareil selon la revendication 18, dans lequel le
paramètre optique est un mouvement d’objet et le
moyen de commande est configuré pour comman-
der le moyen d’exposition afin qu’il expose une pre-
mière partie de la surface de détection pendant un
premier laps de temps et une deuxième partie de la
surface de détection pendant un deuxième laps de
temps.

21. Appareil selon la revendication 18, dans lequel le
paramètre optique est une luminosité d’objet et le
moyen de commande est configuré pour comman-
der le moyen d’exposition afin qu’il expose une pre-
mière partie de la surface de détection pendant un
premier laps de temps et une deuxième partie de la
surface de détection pendant un deuxième laps de
temps.

22. Appareil selon la revendication 17, comprenant un
circuit de lecture pour lire des pixels en fonction de
rangées.

23. Appareil selon la revendication 17, comprenant un
circuit de lecture pour lire des pixels individuels.

24. Appareil selon la revendication 17 disposé dans une
station mobile, la station mobile comprenant une in-
terface d’affichage graphique pour afficher une scè-
ne imagée par la surface de détection d’image.

25. Appareil selon la revendication 17, comprenant en
outre :

un moyen pour focaliser la lumière provenant
d’une scène ;
un moyen pour imager la lumière focalisée ;
un moyen pour déterminer une première et une
deuxième distance d’objet (Soa, Sob),
ledit moyen d’exposition comprenant un moyen
pour exposer une première partie de la surface
de détection d’image alors que la surface de dé-
tection d’image est à une première distance
d’image effective (Sia) de la lentille (38), la pre-
mière distance d’image effective (Sia) corres-
pondant à la première distance d’objet (Sob), et
ledit moyen d’exposition comprenant un moyen
pour exposer une deuxième partie de la surface
de détection d’image alors que la surface de dé-
tection d’image est à une deuxième distance
d’image effective (Sib) de la lentille (38), la
deuxième distance d’image effective (Sib) cor-
respondant à la deuxième distance d’objet
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(Sob) ; et
un moyen pour combiner les première et deuxiè-
me parties exposées en une image unique.

26. Appareil selon la revendication 17, dans lequel le
moyen d’exposition comprend un circuit intégré de
lecture pour lire des pixels individuels ou des grou-
pes sélectionnés de pixels qui forment la surface de
détection d’image, et
l’appareil comprenant en outre
un moyen pour faire varier une distance d’image, qui
comprend une liaison mécanique pour translater la
lentille (38) et/ou la surface de détection d’image
l’une par rapport à l’autre le long d’un axe optique, et
un moyen de synchronisation, qui comprend un pro-
cesseur configuré pour exécuter un programme in-
formatique.

27. Appareil photographique comprenant :

une lentille (38) ;
un capteur d’image ayant une surface de
détection ;
l’appareil de l’une quelconque des revendica-
tions 17 à 27, fonctionnellement couplé à la len-
tille (38) et au capteur d’image ; et
un processeur pour synchroniser le moyen de
manipulation avec le moyen d’exposition.

28. Dispositif comprenant :

un boîtier de dispositif ;
l’appareil de l’une quelconque des revendica-
tions 17 à 28 ; et
un processeur de signal numérique, DSP (52)
pour synchroniser le moyen de manipulation
avec le moyen d’exposition.

29. Dispositif selon la revendication 28 qui comprend un
dispositif portable de poche avec une source interne
d’énergie électrique (54).

30. Dispositif selon la revendication 29 qui comprend un
dispositif de communication sans fil bidirectionnelle.

31. Dispositif selon la revendication 30 dans lequel le
moyen de manipulation comprend une liaison mé-
canique pour déplacer la lentille (38) par rapport à
la surface de détection d’image.

32. Dispositif selon la revendication 31 dans lequel le
moyen de manipulation comprend des conducteurs
de tension couplés à une source d’alimentation et à
la lentille (38) pour changer la forme de la lentille en
réponse à la tension appliquée à la lentille.

33. Programme informatique qui, lorsqu’il est exécuté
sur un ordinateur, effectue le procédé de l’une quel-

conque des revendications 1 à 16.
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