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(57) ABSTRACT

A motion sensor 1s used to sense the movement of the
camera during an exposure period. The camera has an image
sensor to form one or more exposures. When the movement
1s within a certain range, the exposures are used to provide
one or more frames so that an 1mage can be constructed
based on the frames. In one embodiment, the exposure
pertod 1s divided into several short intervals 1n order to
capture several image frames and only the image frames
captured when the position of the camera 1s within a
predetermined range are used to form the final 1image. The
exposure time for each frame 1s small in order to reduce the
motion blur degradation of the individual frames. If the
camera 1s stable and substantially stationary relative to the
scene, then all or many of the shorter frames are used to form
the final 1mage.

9 Claims, 6 Drawing Sheets
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METHOD AND SYSTEM FOR IMAGE
CONSTRUCTION USING MULTIPLE
EXPOSURES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is an application for reissue of U.S. Pat.
No. 7,952,612, entitled “Method and System for Image
Construction Using Multiple Exposures,” filed as U.S. pat-
ent application Ser. No. 11/474,047 on Jun. 22, 2006 and a
continuation of U.S. patent application Sev. No. 13/904,351,
entitled “Method and System for Image Construction Using
Multiple Exposures,” which was filed as a reissue of U.S.
Pat. No. 7,952,612 on May 29, 2013 and issued as U.S. Pat.
No. RE46,239 on Dec. 13, 2016. More than one application

has been filed for the reissue of U.S. Pat. No. 7,952,612,
entitled “Method and System for Image Construction Using

Multiple Exposures,” filed as U.S. patent application Ser.
No. 11/474,047 on Jun. 22, 2006. The above-identified

applications arve herein incorporated by reference in their
entirety.

FIELD OF THE INVENTION

The present invention relates generally to 1mage stabili-
zation and, more particularly, to 1mage stabilization by
1mage processing.

BACKGROUND OF THE INVENTION

The problem of image stabilization dates back to the
beginning of photography, and the problem 1s related to the
fact that an 1mage sensor needs a sutlicient exposure time to
form a reasonably good image. Any motion of the camera
during the exposure time causes a shift of the image pro-
jected on the 1mage sensor, resulting 1n a degradation of the
formed i1mage. The motion related degradation i1s called
motion blur. Using one or both hands to hold a camera while
taking a picture, 1t 1s almost i1mpossible to avoid an
unwanted camera motion during a reasonably long exposure
or integration time. Motion blur 1s particularly easy to occur
when the camera 1s set at a high zoom ratio when even a
small motion could significantly degrade the quality of the
acquired 1mage. One of the main difliculties 1n restoring
motion blurred images 1s due to the fact that the motion blur
1s different from one image to another, depending on the
actual camera motion that took place during the exposure
time.

The ongoing development and miniaturization of con-
sumer devices that have image acquisition capabilities
increases the need for robust and eflicient 1mage stabiliza-
tion solutions. The need 1s driven by two main factors:

1. Difliculty to avoid unwanted motion during the inte-
gration time when using a small hand-held device (like a
camera phone).

2. The need for longer integration times due to the small
pixel area resulting from the miniaturization of the image
sensors 1 conjunction with the increase 1 1mage resolution.
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The smaller the pixel area the fewer photons per unit time
could be captured by the pixel such that a longer integration
time 1s needed for good results.

Image stabilization 1s usually carried out in a technique
called a single-frame solution. The single-frame solution 1s
based on capturing a single image frame during a long
exposure time. This 1s actually the classical case of image
capturing, where the acquired 1image 1s typically corrupted
by motion blur, caused by the motion that has taken place
during the exposure time. In order to restore the image 1t 1s
necessary to have very accurate knowledge about the motion
that took place during the exposure time. Consequently this
approach might need quite expensive motion sensors (gyro-
scopes), which, apart of their costs, are also large 1n size and
hence difhicult to include 1n small devices. In addition, if the
exposure time 1s long then the position imnformation derived
from the motion sensor output exhibits a bias driit error with
respect to the true value. This error accumulates 1n time such
that at some point may aflect significantly the outcome of the
system.

In the single-frame solution, a number of methods have
been used to reduce or eliminate the motion blur. Optical
image stabilization generally involves laterally shifting the
image projected on the image sensor 1n compensation for the
camera motion. Shifting of the image can be achieved by
one of the following four general techniques:

Lens shift—this optical 1mage stabilization method
involves moving one or more lens elements of the optical
system 1n a direction substantially perpendicular to the
optical axis of the system;

Image sensor shift—this optical i1mage stabilization
method involves moving the image sensor in a direction
substantially perpendicular to the optical axis of the optical
system;

Liquid prism—this method involves changing a layer of
liquid sealed between two parallel plates into a wedge 1n
order to change the optical axis of the system by refraction;
and

Camera module tilt—this method keeps all the compo-
nents in the optical system unchanged while tilting the entire
module so as to shift the optical axis 1n relation to a scene.

In any one of the above-mentioned 1mage stabilization
techniques, an actuator mechanism 1s required to effect the
change 1n the optical axis or the shift of the image sensor.
Actuator mechamisms are generally complex, which means
that they are expensive and large 1n size.

Another approach to image stabilization 1s the multi-
frame method. This method is based on dividing a long
exposure time into several shorter intervals and cap-
turing several image frames of the same scene 1n those
shorter itervals. The exposure time for each frame 1s
small 1n order to reduce the motion blur degradation of
the individual frames. After capturing all these frames,
the final 1image 1s calculated 1n two steps:

Registration step: register all image frames with respect to
one of the images chosen as reference, and

Pixel fusion: calculate the value of each pixel 1n the final
image based on the corresponding values 1n all 1ndi-
vidual frames. One simple method of pixel fusion could
be to calculate the final value of each pixel as the
average of 1ts values 1in the individual frames.

The main problems 1n a typical multi-frame 1mage stabi-

lization solution include:

1. Complex computation in image registration, and

2. Moving objects 1n the scene: If there are objects 1n the
scene that are moving during the time the image frames
are acquired, these objects are distorted in the final




US RE48,552 E

3

image. The distortion consists in pasting together mul-
tiple instances of the objects.
It 1s desirable to provide a simpler method and system for
image stabilization.

SUMMARY OF THE

INVENTION

The present invention relates to the multi-frame method
based on capturing a single image {frame or several image
frames of the same scene in shorter intervals. The number of
captured frames 1s determined by the motion blur caused by
the camera motion and the implementation of embodiments.

According to one embodiment of the present invention, a
long exposure time 1s divided into several short intervals 1n
order to capture a plurality of image frames and only the
image Iframes that are captured when the position of the
camera 1s within a predetermined range are used to form a
final 1mage. The exposure time for each frame 1s small 1n
order to reduce the motion blur degradation of the individual
frames. If the camera 1s stable and substantially stationary
relative to the scene, then all or many of the shorter frames
are used to form the final image. If the camera 1s not
suiliciently stable, then one or a few shorter frames are used.

According to other embodiments, the duration of expo-
sures to the 1mage sensor i1s determined by the camera
motion during the exposures. Multiple captured frames from
multiple exposures may be used to form a final 1mage.
Alternatively, only a single frame 1s captured from the
multiple exposures and that single frame 1s used to form the
final 1mage.

If multiple frames are used to form the final 1mage, the
pixel intensity values of the corresponding pixels in the
frames are summed 1n order to obtain the final 1mage. The
summing process can be done in the 1mage sensor or 1n a
Processor.

The present invention uses a motion sensor to sense the
camera movement during the exposure time. If the camera
movement exceeds a predetermined range relative to a
reference point, then the shorter frames captured during this
large movement period are discarded. Alternatively, the
image sensor 1s ellectively not exposed during a large
movement period. The exposing light can be shut off by a
mechanical shutter, by an optical valve or by an electronic
circuit in the 1mage sensor. With the frame selection or with
the selective exposure method of the present invention, there
1s no need to optically or electronically shift the images
captured in the shorter frames 1n the pixel fusion process.

Thus, 1t 15 a first aspect of the present invention to provide
a method to stabilize an i1mage acquired mm an 1maging
system during an exposure period. The method comprises:

exposing a projected 1image on an image sensor of the
imaging system at least part of the exposure period for
attaining one or more exXposures;

sensing movement of the imaging system during the
exposure period for obtaining a movement amount relative
to an 1nitial position of the 1imaging system 1n the exposure
period; and

constructing the acquired image based on one or more
exposures attained when the movement amount 1s within a
predetermined movement range in the exposure period.

According to one embodiment, the one or more exposures
attained when the movement amount 1s within the predeter-
mined movement range form a single image frame during
the exposure period, and the method further comprises
capturing the single 1image frame after the exposure period
for constructing the acquired image.
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According to another embodiment, one or more exposures
attained when the movement amount 1s within the predeter-
mined movement range separately form one or more 1mage
frames during the exposure period, and the method further
comprises capturing the image frames at least during the
exposure period for constructing the acquired image.

According to a diflerent embodiment, the exposure period
1s divided into a plurality of shorter time periods and said
one or more exposures attained during at least part of the
exposure period form one or more 1mage frames, each image
frame for one shorter time period, said method further
comprising capturing said one or more 1image frames at least
during the exposure period; and selecting the captured image
frames formed from the one or more exposures when the
movement amount 1s within the predetermined movement
range for constructing the acquired image.

It 1s a second aspect of the present invention to provide an
imaging system which comprises:

an 1mage sensor for attaining one or more exposures
during an exposure period;

a movement sensor for sensing movement of the imaging
system during the exposure period for obtaining a movement
amount relative to an 1nitial position of the 1maging system
in the exposure period; and

a processor, operatively connected to the image sensor,
for constructing an image based on one or more exposures
attained when the movement amount 1s within a predeter-
mined movement range.

The 1imaging system further comprises an optical system
for providing a projected 1mage on the 1image sensor so as to
allow the 1mage sensor to attain the one or more exposures
during the exposure period, and a shutter, positioned 1n
relationship to the optical system, for preventing the pro-
jected 1mage from reaching the image sensor when the
movement amount 1s outside the predetermined movement
range

Alternatively, the 1maging system further comprises an
clectronic circuit operatively connected to the 1image sensor
for preventing the image sensor from attaining an exposure
when the movement amount 1s outside the predetermined
movement range. The electronic circuit can provide a signal
to indicate whether the movement amount 1s within the
predetermined movement range so as to allow the image
sensor to attain said one or more exposures only when the
movement amount 1s within the predetermined range.

It 1s a third aspect of the present invention to provide an
image stabilization module for use 1n an 1maging system,
wherein the 1imaging system comprises an image sensor, an
optical module for projecting an 1image on the 1image sensor
so as to allow the image sensor to attain one or more
exposures during an exposure period, and a processor,
operatively connected to the 1image sensor, for constructing
an 1mage based on one or more exposures. The image
stabilization module comprises:

a movement sensor for sensing movement of the imaging
system during the exposure period; and

means, operatively connected to the movement sensor, for
determining a movement amount of the imaging system
relative to an 1mitial position of the imaging system in the
exposure period, and for providing a signal indicative of

wherein the movement amount 1s within a predetermined
movement range to the processor so that the processor
attains the one or more exposures only when the movement
amount 1s within the predetermined range.
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It 1s possible that a light shutter 1s used for preventing the
projected 1mage from reaching the image sensor when the
movement amount 1s out of the predetermined movement
range.

The present invention will become apparent upon reading,
the description taken in conjunction with FIGS. 1 to 9.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a shiit in the 1mage on the image sensor due
to a linear movement of the camera.

FI1G. 2 shows a shift 1n the 1mage on the 1mage sensor due
to a rotational movement of the camera.

FIG. 3 shows the relationship of the distance of an 1image
shift to the angular change of the image shiit.

FI1G. 4a 1llustrates a track of a projected image spot on the
image plane due to the camera movement.

FI1G. 4b 1llustrates the track of a projected 1mage spot on
the 1mage plane and a different wanted exposure area.

FI1G. 4c¢ illustrates the track of a projected image spot on
the 1image plane and another wanted exposure area.

FIG. 4d illustrates the track of a projected image spot on
the 1mage plane and yet another wanted exposure area.

FIG. 5§ 1s a time-chart illustrating how the exposures are
read out, according to one embodiment of the present
invention.

FIG. 6 1s a time-chart 1llustrating how the exposures are
read out, according to another embodiment of the present
invention.

FIG. 7 1s a time-chart 1llustrating how the exposures are
read out, according to yet another embodiment of the present
invention.

FIG. 8 1s a schematic representation showing the motion
stabilization system, according to the present invention.

FIG. 9 1s a flowchart illustrating the method of 1mage
stabilization, according to the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Using a small hand-held device, such as camera phone to
take a picture, the movement of the device relative to a scene
1s most of the time unavoidable. If the exposure time 1s long,
image blur occurs. Image blur 1s the result of the image shift
in the image plane. As shown in FIG. 1, an image point P on
the 1mage sensor 1s shifted to point P' due to a linear
movement of the camera relative to a point S 1n the scene.
FIG. 2 shows the image shiit due to a rotational movement
of the camera relative to point S. I the image shiit distance,
D, between point P and point P' 1s larger than three or four
pixels, then the image quality may be poor. Thus, 1t 1s
desirable to limit the camera movement such that the image
shift 1s within a predetermined range, say one or two pixels.
The 1mage shift distance not only varies with the camera
movement, but also with the focal distance, {, between the
image plane and the lens. In a camera with a zoom lens, the
image shiit distance 1s greater when the lens 1s zoomed out.

The 1image shiit distance, D, can be related to a shift angle,
a., as shown 1n FIG. 3. The shift angle, o, 1s approximately
equal to D/T. With the same amount of camera movement,
the shift angle, o, does not significantly change with the
focal distance, {.

If the camera 1s not stable during the long exposure time,
an 1mage point P in the image plane may move around
responding to the camera movement relative to the scene. In
general, the user of the camera tries to aim the camera at the
scene. Thus, although the camera moves during the long
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exposure time, the same 1mage does not wander very far
from the image point P. FIGS. 4a to 4d illustrate a track of
an 1mage point during the long exposure time. When the
track crosses 1tsell, this indicates that the camera moves
back to the same aiming direction or position after moving
away from it. However, the track may or may not cross the
initial 1mage point P.

The 1mage stabilization method, according to the present
invention, relates to the multi-frame method based on cap-
turing a single image irame or several image frames of the
same scene 1n shorter intervals. The number of captured
frames 1s determined by the motion blur caused by the
camera motion and the implementation of embodiments.

According to one embodiment of the present invention, a
long exposure time 1s divided into a plurality of several short
intervals 1n order to capture a plurality of 1mage frames and
only the 1mage frames captured when the position of the
camera 1s within a predetermined range are used to form a
final 1mage. The exposure time for each frame 1s small 1n
order to reduce the motion blur degradation of the individual
frames. IT the camera 1s stable and substantially stationary
relative to the scene, then all or many of the shorter frames
are used to form the final image. If the camera 1s not
sufliciently stable, then one or a few shorter frames are used.

According to other embodiments, the duration of expo-
sures to the image sensor i1s determined by the camera
motion during the exposures. Multiple captured frames from
multiple exposures may be used to form a final 1mage.
Alternatively, only a single frame 1s captured from the
multiple exposures and that single frame 1s used to form the
final 1mage.

As shown 1n FIG. 4a, although the track does not pass the
image point P during a certain exposure time, 1t may pass
through the pixel where the image point P 1s 1nitially located.
The pixel 1s indicated by the area defined by a dotted
rectangle and the track passes through the pixel at t,. In this
case, at least the initial shorter frame and the shorter frame
at t, can be used to form the final 1mage. Let us call the area
defined by the dotted rectangle a “wanted exposure area”.

According to the present mvention, some or all of the
shorter frames 1n which the track of an 1mage point passes
through the wanted exposure area are used to form the final
image. The sharpness of the final image depends upon how
large the wanted exposure area 1s. In a digital camera, the
smaller wanted exposure areca 1s a pixel. However, the
wanted exposure area can be larger than a pixel. When the
wanted exposure area 1s icreased, 1t 1s more likely that the
track passes through the wanted exposure area. As shown in
FIG. 4b, the track passes the wanted exposure area again at
t,. Thus, at least three shorter frames can be used to form the
final 1mage.

Alternatively, a wanted exposure angular range, instead of
the wanted exposure area, can be used for selecting shorter
frames 1n forming the final image. The wanted exposure
angular range can be defined by the wanted exposure area
divided by the focal distance, 1, of the camera. In FIG. 4c,
the wanted exposure angular range 1s bound by a dotted
circle. In FIG. 4d, the wanted exposure angular range 1s
bound by a dotted ellipse.

It should be noted that, with the same camera movement,
there are more than one way to form a final 1image, as shown
in FIGS. 5 to 7. The camera movement 1s shown 1n FIGS.
5(d), 6(d) and 7(d). As shown, some part of the camera
movement 1s within a predetermined range depicted as the
“wanted exposure area” (or angle). Only the exposures to the
image sensor when the camera movement 1s within the
predetermined range are used. The exposures start when the
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shutter button on the camera 1s activated, as shown 1n FIGS.
5(a), 6(a) and 7(a). In FIGS. 5(b) and 6(b), the image sensor
1s ellectively exposed only when the camera movement 1s
within the predetermined range. If the camera movement 1s
outside the predetermined range, the exposing light 1s shut
ofl by a mechanical or optical shutter, or by an electronic
circuit or a plurality of electronic elements within the image
sensor. In an 1mage sensor such as a charge-couple device
(CCD), electric charges will accumulate 1n the pixels over an
exposure period to form an image. In general, the accumu-
lated charges 1n each pixel are read out as pixel intensity.
After each exposure period, a frame 1s captured, as shown 1n
FIG. 6(c). As shown i FIG. 6(d), the track of the camera
movement moves out of the wanted exposure areca three
times and, therefore, there are three exposures after the
shutter button 1s activated. Accordingly, three frames are
separately and individually captured to be used in the final
image. In this embodiment, the pixel intensities are summed
in a processor operatively connected to the image sensor.

Alternatively, only a single frame 1s read out after the
picture 1s taken, as shown in FIG. 5(c). This single frame
cllectively sums the pixel intensities 1n three diflerent expo-
sure periods.

In a different embodiment, the long exposure period for
taking a picture 1s divided into a plurality of short periods
and a frame 1s captured for the exposure 1n each short period.
The 1image for each captured frame 1s read out while the
picture 1s taken. As shown in FIG. 7(c), only the frames
captured for the exposures when the camera movement 1s
within the predetermined range are used for summing. In
FIG. 7(c), the used frames are labeled “OK” and the dis-
carded frames are labeled “NG”. In this embodiment, the
pixel intensities of the used frames are summed 1n a pro-
cessor operatively connected to the image sensor. Although
FIG. 7(b) shows an eflective light shutter period, no shutter
1s needed for this embodiment.

In order to select the shorter frames for forming a final
image, the present invention uses a motion sensor, such as
a gyroscope or an accelerometer, to selectively shut off the
image sensor when the camera motion 1s out of the wanted
exposure angular range or out of the wanted exposure area
in regard to the initial position. As shown in FIG. 8, the
imaging system 10 of the present invention comprises one or
more lenses 20 to project an image on the 1mage sensor 30.
An 1mage/signal processor 40 1s configured to read out the

images formed on the 1mage sensor. When the 1llumination
1s adequate, one short frame may be suflicient to capture the
image ol a scene. In a low light situation, many short frames
are used to capture a plurality of short exposure images so
that the pixel intensities 1n the short frames can be summed
by the image/signal processor 40 to form a final 1image. A
motion sensor 50, operatively connected to the image/signal
processor 40, sends a signal to the processor 40 to effectively
shut off the 1image sensor 30 when the camera movement 1s
out of the wanted exposure angular range or the wanted
exposure area. The exposing light can be shut off by a
mechanical shutter or an optical valve 55, for example.

In many 1imaging systems, the exposure time varies with
the 1llumination. A longer exposure time 1s used when the
illumination 1s lower. For that purpose, a light sensor 60 1s
used. In the i1maging system, according to the present
invention, the exposure time can also be dependent upon the
illumination. Thus, in a low light situation, the exposure
time can be increased so as to increase the chance for the
track of an 1image point to pass through the wanted exposure
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area or angular range. However, 1t 1s also possible to increase
the wanted exposure angular range or the wanted exposure
area 1n a low light situation.

In sum, the present invention uses a single captured frame
or a plurality of captured frames to form a final image. If
multiple frames are used to form the final 1mage, the pixel
intensity values of the corresponding pixels 1n the frames are
summed 1n order to obtain the final image. The summing
process can be done 1n the 1mage sensor or 1 a processor.
The overall stabilization process 1s summarized 1n a flow-
chart as shown 1n FIG. 9. As shown 1n the flowchart 100 1n
FIG. 9, the exposures of a projected 1image to 1image sensor
start at step 110 when the shutter button on the camera 1s
activated. The sensing of the camera movement starts imme-
diately at step 120 1n order to determine whether the camera
movement 1s within a wanted exposure area or angle. The
image frames are captured at step 130 either during the
exposure period or during the exposure period. At step 140,
the 1mage frames formed from the exposures when the
movement 1s within the wanted exposure area or angle are
used to construct the final image. In one embodiment of the
present invention, the projected image 1s prevented from
reaching the 1mage sensor when the movement exceeds the
wanted exposure area or angle. It 1s advantages that the
movement of the camera 1s determined using only a subset
ol pixels on the 1mage sensor.

The present invention uses a motion sensor to sense the
camera movement during the exposure time. If the camera
movement exceeds a predetermined range relative to a
reference point, then the shorter frames captured during this
large movement period are discarded. Alternatively, the
image sensor 1s ellectively not exposed during a large
movement period. The exposing light can be shut off by a
mechanical shutter, by an optical valve or by an electronic
circuit in the 1mage sensor. With the frame selection or with
the selective exposure method of the present invention, there
1s no need to optically or electronically shift the images
captured in the shorter frames 1n the pixel fusion process.

Thus, although the present invention has been described
with respect to one or more embodiments thereof, 1t will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form
and detail thereof may be made without departing from the
scope of this invention.

What 1s claimed 1s:

[1. A method comprising:

exposing a projected image on an 1mage sensor of an

imaging system during at least part of an exposure
period for attaining at least two exposures;

sensing movement of the imaging system, during the

exposure period, 1 order to determine an amount of
movement of the imaging system relative to an nitial
position of the imaging system in the exposure period;
and

constructing an 1mage based on at least a first exposure

and a second exposure, wherein the first exposure 1s
attained during a first time period, within the exposure
period, 1n which the determined amount of movement
of the imaging system 1s within a predetermined move-
ment range relative to the imtial position of the imaging
system, the second exposure 1s attained during a second
time period, within the exposure period, in which the
determined amount of movement of the 1maging sys-
tem 1s within the predetermined movement range rela-
tive to the initial position of the imaging system, and
between the first time period and the second time
period there 1s a third time period in which the deter-
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mined amount of movement of the 1maging system 1s
outside the predetermined movement range relative to
the initial position of the imaging system.}

[2. A method according to claim 1, wherein the first
exposure and the second exposure, attained when the deter-
mined amount of movement of the imaging system 1s within
the predetermined movement range relative to the initial
position of the imaging system, form a single 1image frame
during the exposure period, said method further comprising:

capturing the single image frame after the exposure period

for constructing the acquired image.]

[3. A method according to claim 1, wherein the first
exposure and the second exposure, attained when the deter-
mined amount of movement of the imaging system 1s within
the predetermined movement range relative to the initial
position of the 1imaging system, separately form at least two
image Irames during the exposure period, said method
turther comprising;:

capturing the at least two 1mage frames at least during the

exposure period for constructing the acquired image.]

[4. A method according to claim 1, wherein the exposure
period 1s divided 1nto a plurality of shorter time periods and
wherein the first exposure, attained during the first time
period, forms a first image frame; and the second exposure,
attained during the second time period, forms a second
image frame, said method further comprising:

capturing said first and second 1mage frames during the

exposure period; and

selecting at least the first 1image frame and the second

image frame for use in constructing the image.}

[S. A method according to claim 1, further comprising

preventing the projected image from reaching the image

sensor, during the third time period, when the deter-
mined amount of movement of the imaging system 1s
outside the predetermined movement range relative to
the initial position of the imaging system.}

[6. A method according to claim 1, wherein the image
sensor comprises an array ol pixels, each pixel having a
pixel area, and the predetermined movement range 1s deter-
mined based on one or more pixel areas.]

[7. A method according to claim 1, wherein the imaging
system comprises an optical system for providing the pro-
jected 1mage on the image sensor, and the predetermined

movement range 1s determined based on a focal distance of

the optical system.]
[8. A method according to claim 1, wherein the predeter-

mined movement range 1s determined based on brightness of

at least part of light forming the projected image.]

[9. An imaging system comprising:

an 1mage sensor configured to attamn at least a first
exposure and a second exposure during an exposure
period;

a movement sensor configured to sense movement of the
imaging system, during the exposure period, 1n order to
enable an amount of movement of the imaging system
to be determined, relative to an 1nitial position of the
imaging system 1n the exposure period; and

a processor configured to construct an 1mage based on at
least the first exposure and the second exposure,
wherein the first exposure 1s attained during a first time
period, within the exposure period, in which the deter-
mined amount of movement of the imaging system 1s
within a predetermined movement range relative to the
initial position of the imaging system, the second
exposure 1s attained during a second time period,
within the exposure period, in which the determined
amount of movement of the 1imaging system 1s within
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the predetermined movement range relative to the
initial position of the imaging system, and between the
first time period and the second time period there 1s a
third time period 1n which the determined amount of
movement of the imaging system 1s outside the prede-
termined movement range relative to the 1nitial position
of the imaging system.]

[10. An imaging system according to claim 9, wherein the
first exposure and the second exposure, attained when the
determined amount of movement of the 1imaging system 1s
within the predetermined movement range relative to the
initial position of the imaging system, form a single image
frame during the exposure period, and wherein the 1image 1s
constructed based on the single image frame captured after
the exposure period.}

[11. An imaging system according to claim 9, wherein the
first exposure and the second exposure, attained when the
determined amount of movement of the imaging system 1s
within the predetermined movement range relative to the
initial position of the imaging system, separately form at
least two 1mage frames during the exposure period, and
wherein the 1image 1s constructed based on the at least two
image frames captured at least during the exposure period.]

[12. An imaging system according to claim 9, wherein the
image sensor 1s configured to divide the exposure period into
a plurality of shorter time periods and the first exposure,
attained during the first time period, forms a first 1mage
frame; and the second exposure, attained during the second
time period, forms a second 1mage frame, and wherein the
processor 1s configured to capture the first and second and
third 1image frames during the exposure period, configured to
select the first image frame and the second image frame for
use in constructing the image.}

[13. An imaging system according to claim 9, further
comprising

an optical system for providing a projected image on the

image sensor so as to allow the 1image sensor to attain
the first exposure and the second exposure during the
exposure period.]

[14. An imaging system according to claim 13, further
comprising

a shutter, positioned 1n relationship to the optical system,

configured to prevent the projected image from reach-
ing the image sensor during the third time period, when
the determined amount of movement of the 1maging
system 1s outside the predetermined movement range
relative to the initial position of the imaging system.}

[15. An imaging system according to claim 9, further
comprising

an electronic circuit configured to prevent the image

sensor irom attaining the third exposure during the
third time period, when the determined amount of
movement of the imaging system 1s outside the prede-
termined movement range relative to the 1nitial position
of the imaging system.]

[16. An imaging system according to claim 9, wherein the
movement sensor provides a signal to indicate that the
determined amount of movement of the imaging system 1s
within the predetermined movement range so as to cause the
image sensor to attain said first exposure during the first time

period and so as to cause the 1image sensor to attain said
second exposure during the second time period.]

[17. An imaging system, comprising:

means for sensing an image;
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means for exposing a projected image on the image
sensing means during an exposure period so as to allow
the 1mage sensing means to attain at least two expo-
sures;

means for sensing movement of the imaging system, 3

during the exposure period, 1n order to determine an
amount of movement of the imaging system relative to
an 1mtial position of the imaging system in the expo-
sure period; and

means for constructing an 1image based on at least a first 10

exposure and a second exposure, wherein the {first
exposure 1s attained during a first time period, within
the exposure period, in which the determined amount

of movement of the 1maging system 1s within a prede-
termined movement range relative to the 1nitial position 15
of the 1maging system, the second exposure 1s attained
during a second time period, within the exposure
period, 1 which the determined amount of movement

of the imaging system 1s within the predetermined
movement range relative to the initial position of the 20
imaging system, and between the first time period and
the second time period there 1s a third time period in
which the determined amount of movement of the
imaging system 1s outside the predetermined move-
ment range relative to the initial position of the imaging 25
system.}

[18. An imaging system according to claim 17, further
comprising means for capturing at least two 1image frames
for constructing the acquired image.]

[19. An imaging system according to claim 18, further 30
comprising;

means for selecting the captured image frames for con-

structing the acquired image.]
[20. An imaging system according to claim 17, further
comprising; 35
means for preventing the projected image from forming
an exposure, during the third time period, when the
determined amount of movement of the 1maging sys-
tem 1s outside the predetermined movement range
relative to the initial position of the imaging system.] 40

21. A method comprising:

exposing a projected image on an image sensor of an
imaging system during multiple exposures to capture
multiple frames;

tracking, by a movement sensov, a movement of the 45

imaging system durving the multiple exposures to gen-

erate a track of the imaging system, at least a portion

of the track of the imaging system being within a

predetermined movement range velative to an initial

position of the imaging system; 50
defining an exposure arvea around said initial position of

the imaging system;

identifving a plurality of instances when the track passes

through the exposure area and at least one instance
when the track does not pass through the exposure 55
area,

wherein the captured multiple frames comprise a first

image captured during a first time period, a second
image captured during a second time period, and a
third image captured durving a thivd time period, the 60
second time period occurring between the first time
period and the third time period, the movement of the
imaging system being within the predetermined move-
ment vange during the first time period and the thivd
time period, and the movement of the imaging system 65
being outside the predetermined movement range dur-
ing the second time period; and

12

forming a final image of the projected image based on
frames captured during at least the first time period and
the third time period, and excluding frames captured
during the second time period.

22. The method of claim 21 wherein said tracking is

performed using at least one of a gyroscope and an accel-

eromeler.
23. The method of claim 21 wherein said exposure arvea is
one pixel.
24. An imaging system comprising.
an image sensor configured to capture multiple frames
during multiple exposures;
a movement sensor configured to track a movement of the
imaging system to generate a track of the imaging
system, at least a portion of the track of the imaging
system being within the predetermined movement range
relative to an initial position of the imaging system; and
an image and signal processor configured to:
define an exposure arvea arvound said initial position of
the imaging system;

identify a plurality of instances when the track passes
through the exposure area and at least one instance
when the track does not pass through the exposure
area,

wherein the captured multiple frames comprise a first
image captured during a first time period, a second
image captured during a second time period, and a
third image captured during a third time period, the
second time period occurring between the first time
period and the third time period, the movement of the
imaging system being within the predetermined
movement range during the first time period and the
third time period, and the movement of the imaging
system being outside the predetermined movement
range during the second time period; and

form a final image of a projected image based omn
frames captured during at least the first time period
and the thivd time period, and exclude frames cap-
tured during the second time period.

25. The imaging system of claim 24, wherein the move-
ment sensov comprises at least one of a gyroscope and an
accelerometer.

26. The imaging system of claim 24, wherein said expo-
sure area is one pixel.

27. A non-transitory computer-readable memory compris-
ing executable instructions adapted to divect an imaging
system to perform:

exposing a projected image on an image sensor of the
imaging system during multiple exposures to capture
multiple frames;

tracking a movement of the imaging system during the
multiple exposures to genervate a track of the imaging
system, at least a portion of the track of the imaging
system being within a predetermined movement range
relative to an initial position of the imaging system;

defining an exposure area avound said initial position of
the imaging system;

identifving a plurality of instances when the track passes
through the exposure arvea and at least one instance
when the track does not pass through the exposure
area,

wherein the captured multiple frames comprise a first
image captured during a first time period, a second
image captured during a second time period, and a
thivd image captured during a third time period, the
second time period occurring between the first time
period and the third time period, the movement of the
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imaging system being within the predetermined move-
ment range during the first time period and the third
time period, and the movement of the imaging system
being outside the predetermined movement vange dur-
ing the second time period; and 5

forming a final image of the projected image based on
frames captured during at least the first time period and
the third time period, and excluding frames captured
during the second time period.

28. The non-tramsitory computer-readable memory of 10
claim 27, wherein said executable instructions for tracking
the movement of the imaging system control at least one of
a gyroscope and an accelevometer.

29. The non-transitory computer-readable memory of
claim 27, wherein said exposure area is one pixel. 15
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