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(57) Abstract: The present invention relates to a method, a computer- readable medium, a computer program and an apparatus for
exposure control. A histogram of the number of image sensor area elements of an image sensor that receive light at specific light
reception rates from an image target is determined. At least one exposure time is determined for capture of said image target based
on said histogram and on a cost function that expresses a performance of said image sensor as a function of light reception rate per

image sensor area element and exposure time .



WO 2008/075136 PCT/IB2006/054978

Exposure Control Based on Image Sensor Cost Function

FIELD OF THE INVENTION

This invention relates to a method, a computer-readable
medium, a computer program and an apparatus for exposure

control.

BACKGROUND OF THE INVENTION

Exposure control is, inter alia, required in the context
of digital photography, where a target image is captured
through a lens by using an image sensor, such as for
instance a Charge Coupled Device (CCD) or Complementary
Metal-Oxide Semiconductor (CMOS) image sensor. Such image
sensors are for instance installed in digital cameras
such as Digital Still Cameras (DSC) or in electronic
devices that offer a camera function, such as for
instance a mobile phone. Therein, exposure control
determines the exposure time during which the target

image is captured by the image sensor.

Exposure control is particularly demanding if the dynamic
range of an image sensor is limited. Therein, the dynamic
range of an image sensor may be understood as the ratio
between high and low extremes in a set of intensity
values that can be captured by the image sensor. In case
of limited dynamic range, the problem arises that details
in the bright area have to be traded against details in
the dark area. With a large exposure time, the pixels of
the image sensor associated with bright parts of the
captured image will be driven into saturation, so that
there are no details in the bright part, whereas with a

small exposure time, the pixels of the image sensor
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associated with the dark parts of the captured image will
only receive small or none activation at all, so that

there are no details in the dark part.

To avoid image degradation due to limited dynamic range,
High Dynamic Range (HDR) cameras have been proposed,
providing dynamic ranges of 12-20 bits per color
component compared to the 6-12 bits per color component

offered by normal cameras.

A first type of HDR cameras achieves increased dynamic
range by providing an image sensor with high and low

sensitivity pixels in the sensor.

A second type of HDR cameras extends the dynamic range by
merging image data of two or more images that have been
captured with different exposure times (e.g. one short
exposure time for capturing details in the bright part of
the image and one long exposure time for capturing
details in the dark part of the image). In this way, a
single high-dynamic range image can be created. It is
readily understood that the two or more images have to be
captured within a short time period to avoid generation
of motion artifacts. In this second type of HDR cameras,
properly controlling the exposure time used for the
capture of the single images that are to be merged into a
high-dynamic range image is of crucial importance for the
quality of the merged high-dynamic range image.

SUMMARY

It is, inter alia, an object of the present invention to
provide a method, computer program, computer program

product and apparatus for exposure control.
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According to a first aspect of the present invention, a
method is disclosed, comprising determining a histogram
of the number of image sensor area elements of an image
sensor that receive light at specific light reception
rates from an image target; and determining at least one
exposure time for capture of the image target based on
the histogram and on a cost function that expresses a
performance of the image sensor as a function of light
reception rate per image sensor area element and exposure

time.

According to a second aspect of the present invention, a
computer program is disclosed, comprising instructions
operable to cause a processor to determine a histogram of
the number of image sensor area elements of an image
sensor that receive light at specific light reception
rates from an image target; and instructions operable to
cause a processor to determine at least one exposure time
for capture of the image target based on the histogram
and on a cost function that expresses a performance of
the image sensor as a function of light reception rate
per image sensor area element and exposure time. The
computer program may for instance be stored in the memory
of a processor of a digital camera or an electronic
device that is equipped with a digital camera and may be

executed by the processor.

According to a third aspect of the present invention, a
computer-readable medium having a computer program stored
thereon is disclosed, the computer program comprising
instructions operable to cause a processor to determine a
histogram of the number of image sensor area elements of
an image sensor that receive light at specific light

reception rates from an image target; and instructions
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operable to cause a processor to determine at least one
exposure time for capture of the image target based on
the histogram and on a cost function that expresses a
performance of the image sensor as a function of light
reception rate per image sensor area element and exposure
time. The computer-readable medium may for instance be an
optic, electric, magnetic or electro-magnetic storage
medium, which may be fixedly attached to or removable
from an apparatus that contains the processor that
executes the computer program stored on the computer-

readable medium.

According to a fourth aspect of the present invention, an
apparatus is disclosed, comprising a processing unit
configured to determine a histogram of the number of
image sensor area elements of an image sensor that
receive light at specific light reception rates from an
image target; and to determine at least one exposure time
for capture of the image target based on the histogram
and on a cost function that expresses a performance of
the image sensor as a function of light reception rate

per image sensor area element and exposure time.

The present invention further relates to an apparatus,
comprising means for determining a histogram of the
number of image sensor area elements of an image sensor
that receive light at specific light reception rates from
an image target; and means for determining at least one
exposure time for capture of the image target based on
the histogram and on a cost function that expresses a
performance of the image sensor as a function of light
reception rate per image sensor area element and exposure

time.
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The apparatuses according to the present invention may
for instance be a digital camera, or an electronic device
that is equipped with a digital camera. Equally well,
said apparatus may be a camera module, an external
accelerator, an imaging engine, an application processor,

or a baseband processor, to name but a few possibilities.

According to the present invention, a histogram is
determined. Each ordinate value of this histogram, which
is associated with a specific light reception rate as
abscissa value, indicates the number of image sensor area
elements of an image sensor that receive light at this
specific light reception rate from an image target.
Therein, the image sensor may for instance be a CCD or
CMOS image sensor, and the image sensor area elements may
for instance be pixels or groups of pixels of the image
sensor. The image sensor may for instance be contained in
a digital camera or in an electronic device that is
equipped with a digital camera, such as for instance a
mobile phone. The light reception rate expresses at which
rate light is received by the image sensor area elements.
Therein, the light reception rate may relate to single
color component of the received light, or to all color
components. The light reception rate may for instance be
measured in photons per time unit, or in electrons per
time unit, reflecting that the image sensor area elements
output electrons in response to the reception of photons
as defined by the quantum efficiency of the image sensor

area elements.

The histogram thus may provide an impression which light
reception rates are experienced by a large number of

pixels of the image sensor and which are not.
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The determining of the histogram may for instance be
based on image data gathered prior to actual image
capture of the image target, for instance from a
viewfinder image, or on image data gathered at least

partially during actual image capture.

During or after the determining of the histogram, at
least one exposure time for image capture of the image
target is determined based on the histogram and on a cost
function. Therein, the cost function expresses the
performance of the image sensor as a function of light
reception rate and exposure time. For a specific exposure
time, the cost function then degenerates to a function of
the light reception rate only. Therein, the cost function
may of course depend on further parameters, as for
instance an analog gain of the image sensor. As with the
histogram, also the light reception rate, which, for a
specific exposure time, serves as an abscissa for the
cost function, may for instance relate to a single color
component or to all color components, and may for
instance be expressed in terms of photons per time unit
or electrons per time unit. Representations of the cost
function, for instance for different exposure times, may
be fixedly stored in a memory, but may equally well also
be determined anew in certain intervals, for instance if
image sensor parameters have changed. The cost function
may, inter alia, consider noise characteristics and/or

nonlinearities of the image sensor.

Determination of the at least one exposure time thus may
exploit that the histogram reveals how many image sensor
area elements receive light at small, medium or large
light reception rates, and that the cost function

indicates for which light reception rate or rates and for
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which exposure time the image sensor has optimum
performance. By combining information on both the
histogram and the cost function, thus a suited exposure

time can be determined.

According to a first aspect of the present invention, the
determining of the at least one exposure time is based on
the histogram and on a plurality of cost function
representations, wherein each of the cost function
representations expresses a performance of the image
sensor as a function of light reception rate per image
sensor area element for a specific exposure time. Equally
well, the determining of the at least one exposure time
may be based on the histogram and only one cost function
representation. The one or more cost function
representations may be available prior to the determining
of the at least one exposure time, or may be determined
or generated during said determining of the at least one
exposure time, for instance based on a mathematical model
of the cost function and/or on already available cost

function representations.

Therein, at least one of the cost function
representations may for instance be based on
measurements, or on an analytical model of the cost
function. Equally well, at least one of the cost function
representations may be obtained from interpolation or

extrapolation of other cost function representations.

According to a second exemplary embodiment of the present
invention, which is based on the first exemplary
embodiment of the present invention, only one exposure
time is determined, and the one exposure time is

determined by selecting, based on the histogram, a cost
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function representation out of the plurality of cost
function representations and by determining the specific
exposure time of the selected cost function

representation as the one exposure time.

In this selection of the cost function representation
(and the associated exposure time), the determined
histogram is considered, so that an exposure time may be
selected that is associated with a cost function
representation which has a good performance in one or
more specific ranges of light reception rates that are
experienced by a large number of pixels in the image
sensor when the image is captured. For instance, if the
histogram reveals that a large number of pixels receive
light at large light reception rates, a cost function
representation may be selected that indicates high
performance of the image sensor for large light reception
rates, wherein this cost function representation may for
instance be a cost function representation for a small

exposure time.

In the second exemplary embodiment of the present
invention, the selecting of the cost function
representation may comprise: for each cost function
representation in the set of cost function
representations, multiplying, for a range of light
reception rates, the respectively associated histogram
value and the respectively associated value of the cost
function representation and summing up the resulting
multiplication products to obtain a sum value; comparing
the sum values of all cost function representations in
the set of cost function representations to identify the
largest sum value, and selecting the cost function

representation that produced the largest sum value. In
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this way, the exposure time is determined in a way that
an optimal match of the performance of the image sensor
to the exposure requirements of the image target is

achieved.

According to a third exemplary embodiment of the present
invention, first and second exposure times for regpective
first and second captures of the image target are
determined. Determining two Or even more exposure times
is for instance advantageous if multiple captures of the
same image target shall be performed to increase the

dynamic range.

In this third exemplary embodiment, one of the first and
second exposure times may be determined, based on the
histogram and on the cost function, as the largest
possible exposure time that still does not cause pixel
saturation. This may for instance be the smaller exposure

time of the first and second exposure time.

According to a fourth exemplary embodiment of the present
invention, the third exemplary embodiment of the present
invention further comprises: capturing the image target
with the first exposure time to obtain a first image;
capturing the image target with the second exposure time
to obtain a second image, and merging image data of the
first and second images into a third image. By capturing
the first and second image with different exposure times
and merging the image data of the resulting first and
second images into image data of the third image, the
dynamic range - compared to the single image capture case
- can be extended. For instance, if the first image is
captured with a small exposure time, and the second image

is captured with a large exposure time, the first image
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may be likely to show few details in dark image portions
and more details in bright image portions, whereas the
second image may be likely to show more details in the
dark portions and few details in the bright image
portions (due to saturation), so that combining image
data relating to the bright image portions of the first
image and image data relating to the dark portions of the
second image yields a third image with extended dynamic
range. Thus an increase in dynamic range is achieved
without requiring an increase in the bit depth of an
analog-to-digital converter that converts the output
signals of the image sensor into digital values for

further processing.

In the fourth exemplary embodiment of the present
invention, the capturing with the first exposure time and
the capturing with the second exposure time may be
temporally non-overlapping or temporally overlapping. The
temporally non-overlapping capture may for instance be
achieved by subsequent image captures. The temporally
overlapping capture may for instance be achieved by using
two images sensors, or by using only one image sensor for
the capture of both images. The image with the larger
exposure time may then for instance be derived from the
image with the smaller exposure time, for instance by
means of multiplication with one or more factors. It is
also possible that two exposures are captured partially
at the same time. The values over some threshold (thr, if
this value is digitized) are clipped after a first
(longer) exposure time (tl), and then the exposure with a
second (shorter) exposure time (t2) is immediately
continued. The pixels after these two exposures are AD
converted, and so the digitized pixel values (x) are

produced using the known nonlinear sensor resgponse that
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can be linearized (y) afterwards. The nonlinear pixel
response may then for instance be linearized by using the

following equations:

If (x < thr*(tl+t2)/tl) then vy = x
(x—thr)* (t1+t2) /t2

else Yy

In the fourth exemplary embodiment of the present
invention, the merging of the image data of the first and
second image may comprise: in case of image data of the
second image falling below a pre-defined threshold, using
the image data of the second image as image data for the
third image; and in case of image data of the second
image equaling or exceeding the pre-defined threshold,
using a scaled representation of image data of the first
image as image data for the third image, wherein the
ratio between the second exposure time and the first

exposure time is used as scaling factor.

In the fourth exemplary embodiment of the present
invention, the merging of the image data of the first and
second image may alternatively comprise: in case of a
difference between image data of the second image and a
scaled representation of image data of the first image
falling below a pre-defined threshold, using the image
data of the second image as image data for the third
image, wherein the ratio between the second exposure time
and the first exposure time is used as scaling factor;
and in case of the difference between the image data of
the second image and the scaled representation of the
image data of the first image equaling or exceeding the
pre-defined threshold, using the maximum value of the

image data of the second image and the scaled
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representation of the image data of the first image as

image data for the third image.

According to a fifth exemplary embodiment of the present
invention, first and second exposure times for regpective
first and second captures of the image target are
determined by selecting, based on the histogram, first
and second cost function representations out of the
plurality of cost function representations and by
determining the specific exposure times of the selected
first and second cost function representations as the

first and second exposure times.

In this fifth exemplary embodiment of the present
invention, the selecting of the first and second cost
function representations may comprise: forming a
plurality of different combinations of two cost function
representations out of the plurality of cost function
representations; determining, for each combination of
cost function representations, a sum value by applying a
maximum-value function to the two cost function
representations to obtain a maximum-value cost function
representation, by multiplying, for a range of light
reception rates, the respectively associated histogram
value and the respectively associated maximum-value cost
function representation value and by summing the
resulting products; and selecting the two cost function
representations of that combination of cost function
representations that yields the largest sum value.
Therein, the maximum-value function selects, for each
abscissa value of the two cost function representations,
the larger of the two respectively associated cost

function representation values.
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A sixth exemplary embodiment of the present invention
further comprises detecting motion of at least one of the
image target and the image sensor; and weighting the cost
function representations in dependence on the detected
motion prior to or during the determining of the at least
one exposure time. In this way, the cost function
representations also reflect the impact of motion during
image capture. It may also be possible that the cost
function representations are weighted with motion without
actual motion detection (e.g. if a sport mode is

selected) .

In this sixth exemplary embodiment of the present
invention, the weighting of the cost function
representations may depend on the specific exposure times
of the cost function representations. For instance, cost
function representations associated with larger exposure
times may be weighted by multiplication with smaller
factors than cost function representations associated

with shorter exposure times.

According to a seventh exemplary embodiment of the
present invention, the performance of the image sensor is

related to a signal-to-noise ratio of the image sensor.

According to an eighth exemplary embodiment of the
present invention, the cost function expresses a
performance of the image sensor as a function of light
reception rate per image sensor area element, exposure
time and analog gain of the image sensor, and wherein at
least one exposure time and at least one analog gain for
capture of the image target are determined based on the

histogram and on the cost function.
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These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments

described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

In the figures show:

Fig. 1: a schematic block diagram of an exemplary
embodiment of an apparatus according to the

present invention;

Fig. 2: a flowchart of an exemplary embodiment of a

method according to the present invention;

Fig. 3: a flowchart of a further exemplary embodiment of

a method according to the present invention;

Fig. 4a: an example of a histogram for an image target
and of three cost function representations

according to the present invention; and

Fig. 4b: a further example of a histogram for an image
target and of three cost function
representations according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 depicts a schematic block diagram of an exemplary
embodiment of an apparatus 1 according to the present
invention. Apparatus 1 comprises a camera unit 16 for
capturing images, wherein the exposure time for the image

capture is controlled according to the present invention.



WO 2008/075136 PCT/IB2006/054978
15

Camera unit 16 comprises an image sensor 160, such as for
instance a Charge Coupled Device (CCD) or a Complementary
Metal-Oxide Semiconductor (CMOS) image sensor, which is
configured to capture images projected onto its surface
via according camera optics. Image sensor 160 may be
equipped with an analog to digital converter for
transforming signals representing a captured image into

digital data.

Camera unit 16 can further comprises a motion detector
161 for detecting motion of the image target and/or
apparatus 1. Motion detector 161 may for instance be
embodied as motion sensor. Equally well, motion detection
may be performed by central processor 10 based on the
analysis of differences between subsequently captured

images.

Camera unit 16 is furthermore equipped with a shutter
unit 162, which controls the opening of a shutter
according to a prescribed exposure time. During this
exposure time, images are projected onto the surface of
image sensor 160. Therein, the shutter can be implemented
either mechanically or electronically. Furthermore, the
shutter may be implemented either using rolling shutter

or global shutter.

It is understood by those skilled in the art that camera
unit 16 may comprise further functional units such as a
flash unit for controlling a flash operation, and an auto
focus unit for controlling an auto focus operation of

camera unit 16, to name but a few possibilities.

Apparatus 1 further comprises a central processor 10 for

controlling the overall operation of apparatus 1. In
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particular, central processor 1 is configured to
determine one or more exposure times according to the
present invention, as will be discussed with reference to
the flowcharts of Figs. 2 and 3 below, and to control
image sensor 160, motion detector 161 and shutter unit
162 to allow capturing of one or more images with these
one or more determined exposure times. In case that more
than one images for a specific image target are captured
with different exposure times, central processor 10 is
further configured to merge the image data of these
images into a resulting image with extended dynamic
range. It should be noted that merging may also be
performed in image sensor 160. This may require that
there is a memory in image sensor 160. Alternatively, the
long and short exposures for one pixel may be applied so
that only a small buffer is needed or that no buffer is
needed at all. It may also be possible to compress the
captured dynamic of the pixel by using some compression

method or by using some nonlinear function.

Apparatus 1 further comprises a display 11, a user
interface 15 and an image memory 13 for storing captured
images. Image memory 13 may for instance be a removable
memory, such as for instance a memory stick or card.
Display 11, user interface 15 and image memory 13 are all

controlled by central processor 10.

Central processor 10 may run program code stored in
processor memory 12, which may for instance be embodied
as Random Access Memory (RAM), Read-Only-Memory (ROM), to
name but a few possibilities. Processor memory 12 may
equally well be embodied as a memory that is removable
from apparatus 1. The program code stored in processor

memory 12 may for instance define the way how central
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processor 10 controls the units of apparatus 1, and may
particularly define how exposure control is performed by
exposure control unit 110 of central processor 10

according to the present invention.

Apparatus 1 may for instance represent a digital camera,
where display 11 then may function as a viewfinder and as
a means for displaying captured images, and user
interface 15 may comprise interaction elements such as a
camera trigger, control elements for zooming and control
elements for operating a menu structure. Therein, display
11 may also at least partially function as user
interface, for instance by displaying a menu structure.
Display 11 may also be embodied as a touch keypad and

thus also function as a user interface.

Equally well, apparatus 1 may represent an electronic
device that is additionally furnished with functionality
to capture images. For instance, apparatus 1 may
represent a mobile appliance such as a mobile phone, a
personal digital assistant or a laptop computer. Therein,
central processor 10 may then for instance be the
standard processor for controlling the functioning of the
mobile appliance, display 11 may be its standard display,
and user interface 15 its standard user interface, such
as for instance a keyboard or keypad. Similarly, memories
12 and 13 may be standard components already contained in
the mobile appliance. In order to furnish the mobile
appliance with the functionality to capture images,
camera unit 16 may be added to the mobile appliance, and
the program code in processor memory 12 may be
accordingly altered to enable processor 10 to control
camera unit 16 to capture images under usage of the

exposure control according to the present invention.
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Moreover, Fig. 1 illustrates that apparatus 1 may further
comprise a dedicated exposure control unit 14, which may
partially or entirely implement exposure control
according to the present invention and thus may reduce
the computational burden imposed on central processor 10.
Dedicated exposure control unit 14 is however optional
and thus depicted in dashed lines. Dedicated exposure
control unit 14 may for instance implement the
determination of one or more exposure times based on
histograms and cost functions. To this end, dedicated
exposure control unit 14 may for instance receive image
data from image sensor 160 via central processor 10 to be
able to determine a histogram of the light reception
rates with respect to a specific image target, and may
retrieve a plurality of cost functions from processor
memory 12 via central processor 10. Equally well, unit 14
may receive the image data directly from image sensor
160, and/or may information on the cost function from its
own memory. The determined one or more exposure times may
be forwarded to central processor 10 for controlling
shutter unit 162. Alternatively, dedicated exposure
control unit 14 may control shutter unit 162 by itself.
Dedicated exposure control unit 14 may furthermore
implement the merging of multiple images of the same
image target captured with different exposure times.
Dedicated exposure control image 14 may for instance be
embodied as a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC) or a Field
Programmable Gate Array (FPGA).

Fig. 2 is a flowchart 200 of a first exemplary embodiment
of a method according to the present invention. In this

first exemplary embodiment, it is assumed that only one
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image of an image target is captured, so that only one

exposure time has to be determined.

In a first step 201, a histogram with respect to an image
target is determined. This step may for instance be
performed by central processor 10 (see Fig. 1). Each
ordinate value of the histogram represents the number of
image sensor pixels that receive light from the image
target at a light reception rate given as a corresponding
abscissa value. This ordinate value then may be given as
an absolute unit (pixels) or as a relative unit related

to the overall number of pixels in the image sensor.

Examples of such a histogram are depicted in dashed lines
in Figs. 4a and 4b for a first image target and a second
image target, respectively. From the two largest peaks of
the histogram of the first image target in Fig. 4a, it
can for instance be seen that a lot of pixels of the
image sensor receive light at comparably low light
reception rates, and that there exists a further large
amount of pixels of the image sensor that receive light

at comparably high light reception rates.

Therein, the histograms in Figs. 4a and 4b exemplarily
represent the reception of light by the green pixels of
the image sensor, since the green pixels are activated
most frequently and represent most of the luminance.
Equally well, light received by red or blue pixels, or
the sum or other weighted combinations of the light
received by red, green and blue pixels could be
considered when determining the histograms. The abscissa
of the histogram plots of Figs. 4a and 4b is exemplarily
given in electrons per second. Equally well, it may be

possible to use photons per second, although this measure
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may be more difficult to determine and may be demanding
in real-time processing. The photons that are impinging
on the image sensor may be filtered by optics, color
filters, IR filters, so that it is less complex to
consider the electrons collected from the impinging
photons by the image sensor pixels. Therein, the quantum
efficiency of the image sensor defines how many electrons
can be retrieved from the impinging photons. The
collected electrons may for instance be converted into
digital wvalues by floating diffusion and analog-to-
digital conversion, and by considering the exposure time
that was used for the determination of the histogram, the
full well capacity of the image sensor and the dynamic
range of the analog-to-digital converter, a corresponding
light reception rate in electrons per second may be
calculated. Therein, dark current may already be removed

in the image sensor.

The histograms in Figs. 4a and 4b may thus for instance
be determined by capturing an image target during a fixed
exposure time, and then determining, e.g. for a grid of
equidistant numbers of electrons, from how many pixels of
the image sensor the respective number of electrons was
retrieved during the exposure time. This number of pixels
then represents the ordinate value, and the number of
electrons divided by the exposure time yields the
corresponding abscissa value. Therein, it has to be noted
that, if the overall exposure time for the determining of
the histogram is chosen too large, saturation of the

histogram may occur.

Returning to the flowchart 200 of Fig. 2, after the
determination of the histogram in step 201, an exposure

time for the image target is determined by selecting a
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cost function representation out of a plurality of cost
function representations based on the determined
histogram. Therein, each cost function representation out
of the plurality of cost function representations
expresses a performance of the image sensor as a function

of the light reception rate for a specific exposure time.

Examples of such cost function representations for
exposure times of 9, 18 and 36 ms are depicted in Figs.
4a and 4b in solid lines. From these figures, it can
readily be seen that the cost function representation for
an exposure time of 9 ms indicates highest performance of
the image sensor in the large light reception rate
regime, and that the cost function representation for an
exposure time of 36 ms indicates highest performance of
the image sensor in the small light reception rate

regime.

Cost function representations can be derived based on
models of the cost function of the image sensor, or may
be determined by measurements. Furthermore, generation of
cost function representations by means of interpolation
and extrapolation of already available cost function

representations is possible.

The performance of the image sensor expressed by the cost
function may for instance be a signal-to-noise ratio. The
form of the cost function may depend, inter alia, on the
full well capacity and the quantum efficiency of the
image sensor, as well as on noise characteristics. For
instance, the right part of the cost function may mostly
be defined by the full well capacity and the gquantum
efficiency of the image sensor, wherein the abrupt

decline at the rightmost border of the cost function may
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occur due to saturation. The left part of the cost
function may decline because, in this comparably low
light reception rate regime, only few photons may be
received by the pixels of the image sensor and the amount
of noise (e.g. due to a noise floor) may be more

dominant.

The cost function may furthermore depend on the analog
gain that is used during the capturing of images. Thus
the cost function may depend on both the exposure time
and the analog gain, and instead of only determining an
exposure time based on the histogram and the cost
function, it may equally well be possible to determine
both an exposure time and an analog gain for capture of
the image target based on the histogram and the cost
function. Some sensors can also utilize digital gain.
Digital gain may be used similarly like analog gain in

the analysis.

Cost function representations for a specific exposure
time may for instance be determined by measuring the full
well capacity of the image sensor, yielding the right end
of the cost function representation in the given exposure
time. Then the noise floor may be measured (for instance
by measuring how many electrons are output by the image
sensor although there is no exposure), yielding the left
end of the cost function representation. Photon shot
noise (i.e. the square root of light electrons) and dark
current shot noise (i.e. the square root of dark current
electrons depending on the exposure time) may also be

taken into account.

The plurality of cost function representations according

to step 202 of flowchart 200 may for instance be stored
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in apparatus 1, for instance in processor memory 12 or in
a memory of dedicated exposure control unit 14. The cost
function representations may be constant; it may however
be advantageous to modify or weight the cost function
representations before determining an exposure time based

on the cost function representations.

For instance, to account for motion of the image target
and/or the apparatus 1 (see Fig. 1), it may be
advantageous to measure the motion of the image target
and/or the apparatus 1, which measurement may for
instance be accomplished by motion detector 161 of
apparatus 1 or by central processor 10 (e.g. via analysis
of differences between subsequently captured images). In
dependence on the amount of measured motion, the cost
function representations may then be weighted with
factors, e.g. ranging from 0 to 1.0, wherein cost
function representations for small exposure times may be
multiplied with larger weighting factors and cost
function representations for large exposure times may be

multiplied with smaller weighting factors.

An exemplary example of a choice of weighting factors in
dependence on the measured amount of motion and the
specific exposure time of the cost function

representation is given in the following table:

Amount of motion Specific Exposure Weighting factor
time (ms)

No motion 6 1.00

No motion 36 1.00

Average motion 6 0.98

Average motion 36 0.70

High motion 6 0.95
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High motion 36 0.40

The weighting of the cost function representations is
advantageously performed prior to or during the
determining of the exposure time based on the histogram

and the cost function representations.

In step 202 of flowchart 200, a cost function
representation is selected out of a plurality of cost
function representations, wherein the selection is based
on the determined histogram for the image target. A basic
rule for the selection of the cost function
representation may for instance be that a cost function
representation is selected that reveals good performance
of the image sensor in light reception rate regimes where
the histogram has large ordinate values. Since each cost
function representation is associated with a specific
exposure time, by selecting a cost function
representation, also a specific exposure time is
selected. For this specific exposure time, it is then
guaranteed that for a large amount of pixels of the image
sensor (as indicated by the ordinate values of the
histogram), an exposure time is chosen that leads to a

high performance of the image sensor.

A straightforward way to implement the selection of the
cost function representation out of the plurality of cost
functions is to determine, for each cost function
representation, and for each abscissa value, the product
between the cost function representation and the
histogram and to sum the resulting product wvalues to
obtain a sum value. The largest sum value of all cost

function representations then identifies the cost
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function representation (and the associated exposure

time) that is optimally suited for the histogram.

For example, for the histogram of the first image target
in Fig. 4a and the histogram of the second image target
in Fig. 4b, applying the above-described selection
approach reveals that selection of the cost function
representation for an exposure time of 9 ms is a good
choice. Of course, the cost function representations for
exposure times of 36 ms and 18 ms can show the smaller
light reception rates better (cf. the big peaks of the
histogram), but if only one exposure time can be used it
is advantageous to use an exposure time of 9 ms for

avoiding a huge amount of saturated pixels.

It should be noted that there exist a plurality of
further technigques of selecting the cost function
representation from the plurality of cost function

representations.

In a final step 203 of flowchart 200, an image of the
image target is captured with the exposure time that is
associated with the cost function representation that was
selected in step 202. Image capture may for instance be
triggered by central processor 10 of apparatus 1 (see
Fig. 1) by controlling shutter unit 162 and image sensor
160 of camera unit 16 accordingly. Equally well, image
capture may be triggered by dedicated exposure control

unit 14.

After the capture of the image in step 203 of flowchart
200, the captured image may for instance be stored in
image memory 13 of apparatus 1 (see Fig. 1), and may

optionally be displayed via display 11.
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In the exemplary embodiment described with reference to
the flowchart 200 of Fig. 2, it was exemplarily assumed
that a plurality of cost function representations is
available, from which an optimal cost function
representation is selected based on the determined
histogram. According to the present invention, it may
equally well be the case that only one cost function
representation for one specific exposure time is
available, and that the exposure time is then determined
based on the single cost function representation only.
This may for instance comprise extrapolation or
estimation of cost function representations for specific
exposure times for which no cost function representations

are available.

For instance, in the scenario of Fig. 4a, if only the
cost function representation for 6 ms is available (not
shown in Fig. 4a), it may be determined, based on the
histogram for the first image target and this single cost
function representation, that a larger exposure time
(e.g. 9 ms) than 6 ms has to be applied to adequately
capture the first image target, since the peak of the
cost function representation is known to be shifted
towards smaller light reception range regimes with
increasing exposure times. Therein, it may be
advantageous if a cost function representation of a
comparably small exposure time (e.g. 6 ms) is available,
so that the amount of saturated pixels in the measured
image is small. Based on a cost function representation
with a comparably short exposure time (and corresponding
low degree of pixel saturation), cost function
representations for larger exposure times may thus be

predicted.
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It is also possible that the exposure time is determined
based on the determined histogram and an analytical model
of the cost function, for instance by extracting a range
of light reception rates from the histogram with high
associated histogram ordinate values and calculating,
based on the analytical model of the cost function, for
which specific exposure time the cost function has high

performance in this range of light reception rates.

Fig. 3 illustrates a flowchart 300 of a further exemplary
embodiment of a method according to the present
invention. In this further exemplary embodiment, it is
exemplarily assumed that two images are to be captured,
and that the two images are merged in order to increase
the dynamic range as compared to the single capture case.
Furthermore, it is assumed that a plurality of cost
function representations is available, from which two
cost function representations and thus two associated
exposure times are selected, which exposure times are
then used in the capture of the two images of the image
target. It is readily understood by a person skilled in
the art that, according to the present invention, it is
equally well possible to determine exposure times for
more than two images and to accordingly capture more than
two images. It can also be understood by a person skilled
in the art that one image can also be captured by using
two or even more exposure times and so the AD conversion
may cause a known nonlinear response for all or a group

of pixels.

In a first step 301, a histogram with respect to the
image target that is to be captured is determined. This

step is completely analog to step 201 of flowchart 200 of
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Fig. 2, so that the description of step 201 is readily
applicable to step 301 of flowchart 300.

In a second step 302, first and second exposure times are
determined based on the histogram determined in step 301

and on the cost function.

The benefit of multiple capture with different exposure
times is readily visible from the exemplary histograms
and cost function representations in Figs. 4a and 4b. For
instance, capturing the first image target in Fig. 4a
with an exposure time of 36 ms only, ignores that there
exists a significant amount of pixels that receive light
at high reception rates (see the peak in the right part
of the histogram for the first image target). Light with
high light reception rates leads to a quick saturation of
the corresponding pixels of the image sensor, so that,
when only capturing a single image with an exposure time
of 36 ms, no bright detail will be available from these
pixels. In contrast, when additionally capturing a second
image of the image target with a short exposure time of 9
ms, the corresponding cost function representation of the
image sensor has its peak shifted rightwards, so that
also high light reception rates can be adequately
covered. The pixels of the image sensor that receive the
light at high light reception rates than will, due to the
short exposure time, also provide sufficient detail in

the bright part, since saturation of pixels is prevented.

A similar observation holds for the histogram of the
second image target in Fig. 4b, where the cost function
representations for 9 and 18 ms will produce best

results.
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The first and second exposure times can for instance be
determined by selecting, from a plurality of cost
function representations (in case of Figs. 4a and 4b
three cost function representations are available), first
and second cost function representations that are

considered to yield optimum increase of dynamic range.

This may be accomplished in a plurality of ways. For
instance, it may be advantageous to select, from the
plurality of cost function representations, a combination
of two cost function representations so that a sum wvalue
is maximized, wherein the sum value for each combination
is obtained by:

- applying a maximum-value function to the two cost
function representations to obtain a maximum-value
cost function representation, i.e. selecting, for each
abscissa value of the two cost function
representations, the larger one of the two associated
cost function representation values (e.g. when
performing this with the cost function representations
for 9 and 36 ms in Fig. 4a, the resulting maximum-
value cost function representation would be equal to
the cost function representation for 36 ms in the low
light reception range regime and, starting from the
intersection of both cost function representations,
would be equal to the cost function representation for
9 ms in the higher light reception range regime),

- multiplying, for each light reception rate in a range
of available light reception rates (e.g. the complete
abscissa in Fig. 4a), the histogram value associated
with the light reception rate and the maximum-value
cost function representation value associated with the

light reception rate, and
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- summing the products obtained for each light reception

rate in the considered range of light reception rates.

Thus by forming a plurality of different combinations of
the available cost function representations (or also of
interpolated versions thereof), and by identifying the
maximum combination-specific sum value, the best
combination of cost function representations for the
histogram and thus the best two exposure times for the

capture of the image target can be determined.

An alternative approach for determining the first and
second exposure times for two-fold capture of the image

target will be described as follows.

For instance, an iterative method may be used to
determine the first and second exposure times. In a first
round, some first exposure time is used, which is
preferably a small exposure time so that the
corresponding cost function representation covers most of
the area of the histogram (since the exposure time is
small, there may not be so many saturated pixels). Then
the cost function representation for the second exposure
time is searched. This may for instance be accomplished
as described above, i.e. by forming a maximum-value cost
function representation of the already determined cost
function representation for the first exposure time and
cost function representation candidates for the second
exposure time and checking what sum value this maximum-
value cost function representation yields when element-
wise multiplied with the histogram and accordingly summed

over the abscissa.
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The search of the exposure times should be started by

using full dynamic (a very short exposure time) for the
first exposure time and by finding as long exposure time
that is possible with the available sensor for the next

exposure time.

When the cost function representation with full dynamic
has been found, wherein full dynamic means that there are
no saturated pixels, it can then be improved by
increasing the used short exposure time (tl) as much as
possible while still not causing saturation. The point
(the shortest exposure time) where saturation starts may
for instance be defined from the determined (e.g.
measured) histogram values in the following way: Divide
the rate value that utilizes full well capacity in the
cost function representation of the current exposure time
by the brightest rate value in the histogram and multiply
the result by the current exposure time. For instance, in
Fig. 4a, when the current exposure time is 9 ms, the rate
value based on the current exposure time (9 ms) utilizing
full well capacity is the rate value where the cost
function representation ends (i.e. the right end of the
solid line). The brightest rate value is the value where

the histogram ends (i.e. the right end of the dashed

line). So the point (=shortest exposure time) where
saturation starts is roughly given as 1.04 x 9 ms = 9.36
ms.

Then the cost function representation for that exposure
time is calculated based on the one or more available
(e.g. measured) cost function representations or
interpolations/extrapolations thereof. Then the second
exposure value is tried to estimate (only a set of

available exposure times is possible, e.g. 2xtl, 4xtl,
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8xtl) based on the available information so that the sum
value of the combination of the two cost function
representations is maximized. Therein, the optimal second
exposure time may often be dependent on the area of the
histogram where the largest amount of pixel wvalues are
available. This means that the peak in the histogram may
often define which exposure should be used (slightly
shorter exposure time than the position of peak): E.g. in
Fig. 4a, the histogram peak just before the cost function
representation for 36 ms and in Fig. 4b the histogram
peak just before the cost function representation for 18
ms exposure time. This may be due to the fact that the
right end of the cost function is determined by the
exposure time and the full well capacity. But because the
form of histogram can be arbitrary then the cost function

representation effectively finds the best combination.

In the above-described approach, it is exploited that
there is a set of cost function representations available
and that the cost function representation for other
exposure times may be interpolated based on the available
information. Equally well, the cost function
representations may be fully modelled (estimated) by

mathematical function if it is possible.

In steps 303 and 304, then a first image and a second
image of the image target are captured with respective
exposure times as determined (e.g. via the selection of

the two cost function representations) in step 302.

In a step 305, then image data of the first and second
image is merged into a third image to increase the
dynamic range as compared to the single capture case.

This may for instance be performed on a pixel-per-pixel
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basis, but also for groups of pixels. The rationale
behind this approach is that pixels from the image with
shorter exposure (which are likely to reveal more detail
in bright image parts) and pixels from the image with
larger exposure (which are likely to reveal more detail
in dark image parts) are combined into a high-dynamic

output image.

Two exemplary approaches of merging will be outlined

below.

A first approach can be described by the following rule:

if (x, < max -thr;) then X=X,

else X=x1°ty/t;

Therein, x; denotes the pixel value in the first image
captured with an exposure time t;, x, denotes the pixel
value in the second image captured with an exposure time
t, (t:>t1), x denotes the merged pixel value, max is the
maximum value that the analog-to-digital converter in the
image sensor can represent, and thr; is a security margin
that is used to prevent cases when x, is not full although
is should be (e.g. due to nonlinear image sensor

response) .

Thus when the dynamic of the analog-to-digital converted
is sufficient to represent x, (from the longer exposed
image), X, is used, and otherwise a scaled version of x;
(from the shorter exposed image) is used, wherein the
scaling factor t,/t; indicates that the increase in
dynamic range in bits that can be achieved by merging the

two images is log,(t,/ti). Thus if the second exposure
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time t, is twice the first exposure time t;, an increase

in dynamic range of 1 bit is achieved.

A second approach of merging can be expressed as follows:

if abs(yl—y2) < thrz then X=VY2

else x=max (yi, Vz)

Therein, in addition to the notation of the previous
approach, y:= x;-t,;/t; and y,=x, hold, abs() returns the
absolute value of its argument, max() returns the larger
one of its two arguments, and thr, is a security margin so

that the more accurate number is used.

Thus in case of insignificant difference between y; and
V2, V2 18 used, and otherwise the maximum value of y; and
y, is used, where vy, is the scaled version of x; with a
scaling factor of t,/t;, so that once again an increase in
dynamic range in bits of log,(t;/t:) can be achieved. In
the above examples, t2 represents the longer exposure
time and tl represents the shorter exposure time.
Nevertheless, the actual order of exposures can be tl, t2

or t2, tl.

Thus when merging the images captured with exposure times
of 9 ms and 36 ms, respectively (see Fig. 4a), an
increase in dynamic range of 2 bit is achieved, and by
merging the images captured with exposure times of 9 ms
and 18 ms, respectively (see Fig. 4b), an increase in

dynamic range of 1 bit is achieved.

After the merging of the image data in step 305 of

flowchart 300, the merged image may for instance be
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stored in image memory 13 of apparatus 1 (see Fig. 1),

and may optionally be displayed via display 11.

While there have been shown and described and pointed out
fundamental novel features of the invention as applied to
preferred embodiments thereof, it will be understood that
various omissions and substitutions and changes in the
form and details of the devices and methods described may
be made by those skilled in the art without departing
from the spirit of the invention. For example, it is
expressly intended that all combinations of those
elements and/or method steps which perform substantially
the same function in substantially the same way to
achieve the same results are within the scope of the
invention. Moreover, it should be recognized that
structures and/or elements and/or method steps shown
and/or described in connection with any disclosed form or
embodiment of the invention may be incorporated in any
other disclosed or described or suggested form or

embodiment as a general matter of design choice.

Furthermore, it should be noted that the methods
disclosed in the context of the present invention may be
implemented in a variety of hardware realizations, as for
instance in a camera module, an external accelerator, an
imaging engine, an application processor, a baseband

processor, to name but a few.
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CW/cw 061325WO
December 20, 2006

CLAIMS

1. A method, comprising:

- determining a histogram of the number of image
sensor area elements of an image sensor that receive
light at specific light reception rates from an
image target; and

- determining at least one exposure time for capture
of said image target based on said histogram and on
a cost function that expresses a performance of said
image sensor as a function of light reception rate

per image sensor area element and exposure time.

2. The method according to claim 1, wherein said
determining of said at least one exposure time is
based on said histogram and on a plurality of cost
function representations, wherein each of said cost
function representations expresses a performance of
said image sensor as a function of light reception
rate per image sensor area element for a specific

exposure time.

3. The method according to claim 2, wherein at least
one of said cost function representations is based

on measurements.

4, The method according to any of the claims 2-3,
wherein at least one of said cost function
representations is based on an analytical model of

sald cost function.
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5. The method according to any of the claims 2-4,
wherein at least one of said cost function
representations is obtained from interpolation or
extrapolation of other cost function

representations.

6. The method according to any of the claims 2-5,
wherein only one exposure time is determined, and
wherein said one exposure time is determined by
selecting, based on said histogram, a cost function
representation out of said plurality of cost
function representations and by determining said
specific exposure time of said selected cost

function representation as said one exposure time.

7. The method according to claim 6, wherein said
selecting of said cost function representation
comprises:

- for each cost function representation in said
plurality of cost function representations,
multiplying, for a range of light reception rates,
the respectively associated histogram value and the
respectively associated value of said cost function
representation and summing up the resulting
multiplication products to obtain a sum value;

- comparing said sum values of all cost function
representations in said set of cost functions to
identify the largest sum value, and

- selecting the cost function representation that

produced said largest sum value.

8. The method according to any of the claims 1-5,

wherein first and second exposure times for
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respective first and second captures of said image

target are determined.

The method according to claim 8, wherein one of said
first and second exposure times is determined, based
on said histogram and on said cost function, as the
largest possible exposure time that still does not

cause pixel saturation.

The method according to any of the claims 8-9,
further comprising:

capturing said image target with said first exposure
time to obtain a first image;

capturing said image target with said second
exposure time to obtain a second image, and

merging image data of said first and second images

into a third image.

The method according to claim 10, wherein said
capturing with said first exposure time and said
capturing with said second exposure time is

temporally non-overlapping.

The method according to claim 10, wherein said
capturing with said first exposure time and said
capturing with said second exposure time is

temporally overlapping.

The method according to any of the claims 10-12,
wherein said merging of said image data of said
first and second image comprises:

in case of image data of said second image falling

below a pre-defined threshold, using said image data
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of said second image as image data for said third
image; and

in case of image data of said second image equaling
or exceeding said pre-defined threshold, using a
scaled representation of image data of said first
image as image data for said third image, wherein
the ratio between said second exposure time and said

first exposure time is used as scaling factor.

The method according to any of the claims 10-12,
wherein said merging of said image data of said
first and second image comprises:

in case of a difference between image data of said
second image and a scaled representation of image
data of said first image falling below a pre-defined
threshold, using said image data of said second
image as image data for said third image, wherein
the ratio between said second exposure time and said
first exposure time is used as scaling factor; and
in case of said difference between said image data
of said second image and said scaled representation
of said image data of said first image equaling or
exceeding said pre-defined threshold, using the
maximum value of said image data of said second
image and said scaled representation of said image
data of said first image as image data for said

third image.

The method according to any of the claims 2-5,
wherein first and second exposure times for
respective first and second captures of said image
target are determined by selecting, based on said
histogram, first and second cost function

representations out of said plurality of cost
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function representations and by determining said
specific exposure times of said selected first and
second cost function representations as said first

and second exposure times.

The method according to claim 15, wherein said
selecting of said first and second cost function
representations comprises:

forming a plurality of different combinations of two
cost function representations out of said plurality
of cost function representations;

determining, for each combination of cost function
representations, a sum value by applying a maximum-
value function to the two cost function
representations to obtain a maximum-value cost
function representation, by multiplying, for a range
of light reception rates, the respectively
associated histogram value and the respectively
associated maximum-value cost function
representation value and by summing the resulting
products; and

selecting the two cost function representations of
that combination of cost function representations

that yields the largest sum value.

The method according to any of the claims 2-1¢6,
further comprising:

detecting motion of at least one of said image

target and said image sensor; and

weighting said cost function representations in
dependence on said detected motion prior to or

during said determining of said at least one

exposure time.
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The method according to claim 17, wherein said
weighting of said cost function representations
depends on said specific exposure times of said cost

function representations.

The method according to any of the claims 1-18,
wherein said performance of said image sensor is
related to a signal-to-noise ratio of said image

sSensor.

The method according to claim 1, wherein said cost
function expresses a performance of said image
sensor as a function of light reception rate per
image sensor area element, exposure time and analog
gain of said image sensor, and wherein at least one
exposure time and at least one analog gain for
capture of said image target are determined based on

said histogram and on said cost function.

A computer program, comprising:

instructions operable to cause a processor to
determine a histogram of the number of image sensor
area elements of an image sensor that receive light
at specific light reception rates from an image
target; and

instructions operable to cause a processor to
determine at least one exposure time for capture of
said image target based on said histogram and on a
cost function that expresses a performance of said
image sensor as a function of light reception rate

per image sensor area element and exposure time.
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The computer program according to claim 21, wherein
said performance of said image sensor is related to

a signal-to-noise ratio of said image sensor.

A computer-readable medium having a computer program
stored thereon, the computer program comprising:
instructions operable to cause a processor to
determine a histogram of the number of image sensor
area elements of an image sensor that receive light
at specific light reception rates from an image
target; and

instructions operable to cause a processor to
determine at least one exposure time for capture of
said image target based on said histogram and on a
cost function that expresses a performance of said
image sensor as a function of light reception rate

per image sensor area element and exposure time.

The computer-readable medium according to claim 23,
wherein said performance of said image sensor is
related to a signal-to-noise ratio of said image

sSensor.

An apparatus, comprising:

a processing unit configured to determine a
histogram of the number of image sensor area
elements of an image sensor that receive light at
specific light reception rates from an image target;
and to determine at least one exposure time for
capture of said image target based on said histogram
and on a cost function that expresses a performance
of said image sensor as a function of light
reception rate per image sensor area element and

exposure time.
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The apparatus according to claim 25, wherein said
processing unit is configured to determine said at
least one exposure time based on said histogram and
on a plurality of cost function representations,
wherein each of said cost function representations
expresses a performance of said image sensor as a
function of light reception rate per image sensor

area element for a specific exposure time.

The apparatus according to claim 26, wherein at
least one of said cost function representations is

based on measurements.

The apparatus according to any of the claims 26-27,
wherein at least one of said cost function
representations is based on an analytical model of

sald cost function.

The apparatus according to any of the claims 26-28,
wherein at least one of said cost function
representations is obtained from interpolation or
extrapolation of other cost function

representations.

The apparatus according to any of the claims 26-29,
wherein said processing unit is configured to
determine only one exposure time, and wherein said
processing unit is configured to determine said one
exposure time by selecting, based on said histogram,
a cost function representation out of said plurality
of cost function representations and by determining
said specific exposure time of said selected cost

function representation as said one exposure time.
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The apparatus according to claim 30, wherein said
processing unit is configured to select said cost
function representation by multiplying, for each
cost function representation in said plurality of
cost function representations, and for a range of
light reception rates, the respectively associated
histogram value and the respectively associated
value of said cost function representation and
summing up the resulting multiplication products to
obtain a sum value; by comparing said sum values of
all cost function representations in said set of
cost functions to identify the largest sum value,
and by selecting the cost function representation

that produced said largest sum value.

The apparatus according to any of the claims 25-29,
wherein first and second exposure times for
respective first and second captures of said image

target are determined.

The apparatus according to claim 32, further
comprising a camera unit configured to capture said
image target with said first exposure time to obtain
a first image and to capture said image target with
said second exposure time to obtain a second image;
and wherein said processing unit is further
configured to merge image data of said first and

second images into a third image.

The apparatus according to claim 33, wherein said
camera unit captures said first image and said

second image without temporal overlap.
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The apparatus according to claim 33, wherein said
camera unit captures said first image and said

second image with temporal overlap.

The apparatus according to any of the claims 33-35,
wherein said processing unit is configured to merge
said image data of said first and second image by
using, in case of image data of said second image
falling below a pre-defined threshold, said image
data of said second image as image data for said
third image; and by using, in case of image data of
said second image equaling or exceeding said pre-
defined threshold, a scaled representation of image
data of said first image as image data for said
third image, wherein the ratio between said second
exposure time and said first exposure time is used

as scaling factor.

The apparatus according to any of the claims 33-35,
wherein said processing unit is configured to merge
said image data of said first and second image by
using, in case of a difference between image data of
said second image and a scaled representation of
image data of said first image falling below a pre-
defined threshold, said image data of said second
image as image data for said third image, wherein
the ratio between said second exposure time and said
first exposure time is used as scaling factor; and
by using, in case of said difference between said
image data of said second image and said scaled
representation of said image data of said first
image equaling or exceeding said pre-defined
threshold, the maximum value of said image data of

said second image and said scaled representation of
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said image data of said first image as image data

for said third image.

The apparatus according to any of the claims 25-37,
wherein said processing unit is configured to
determine first and second exposure times for
respective first and second captures of said image
target, and wherein said processing unit is
configured to determine, based on said histogram and
sald cost function, one of said first and second
exposure times as the largest possible exposure time

that still does not cause pixel saturation.

The apparatus according to any of the claims 26-29,
wherein said processing unit is configured to
determine first and second exposure times for
respective first and second captures of said image
target by selecting, based on said histogram, first
and second cost function representations out of said
plurality of cost function representations and by
determining said specific exposure times of said
selected first and second cost function
representations as said first and second exposure

times.

The apparatus according to claim 39, wherein said
processing unit is configured to select said first
and second cost function representations by forming
a plurality of different combinations of two cost
function representations out of said plurality of
cost function representations; determining, for each
combination of cost function representations, a sum
value by applying a maximum-value function to the

two cost function representations to obtain a
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maximum-value cost function representation, by
multiplying, for a range of light reception rates,
the respectively associated histogram value and the
respectively associated maximum-value cost function
representation value and by summing the resulting
products; and selecting the two cost function
representations of that combination of cost function

representations that yields the largest sum value.

41. The apparatus according to any of the claims 26-40,
further comprising a motion detector configured to
detect motion of at least one of said image target
and said image sensor; wherein said processing unit
is configured to weight said cost function
representations in dependence on said detected
motion prior to or during said determining of said

at least one exposure time.

42. The apparatus according to claim 41, wherein said
weighting of said cost function representations
depends on said specific exposure times of said cost

function representations.

43. The apparatus according to any of the claims 25-42,
wherein said performance of said image sensor is
related to a signal-to-noise ratio of said image

sSensor.

44, The apparatus according to claim 25, wherein said
cost function expresses a performance of said image
sensor as a function of light reception rate per
image sensor area element, exposure time and analog
gain of said image sensor, and wherein said

processing unit is configured to determine at least
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one exposure time and at least one analog gain for
capture of said image target based on said histogram

and on said cost function.

45. The apparatus according to any of the claims 25-44,
wherein said apparatus is a digital camera or an
electronic device that is equipped with a digital

camera.

46. The apparatus according to any of the claims 25-44,
wherein said apparatus is a module in a digital
camera or in an electronic device that is equipped

with a digital camera.
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