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IMAGING DEVICE CALIBRATION

BACKGROUND
{00011 An imaging device includes a camera coupled to a projector device.
in operation, the camera may serve 1o caplure an image of an object and the
projector device may serve {o supply light {o #luminale the object in the field of
view (FOV) of the camera. The light serves to construct the 3D geometry of the
object and also provides for sufficient and uniform illumination, balanced colour,
and temperature 1o the camera.

BRIEF DESCRIPTION OF DRAWINGS

{0002} Fig. 1 diustrates an imaging device, in accordance with an example
of the present subject matter;

{00031 Fig.2 Hustrates an imaging device, in accordance with an example
of the present subject matter;

{0004} Fig.3 ilustrates a method of calibrating an imaging device, in
accordance with an example implementation of the present sublect matter; and
{0005] Fig.4 Hlustrates a method of calibrating an imaging device, in
accordance with another example implementation of the present subject matter.

DETAILED DESCRIPTION
{00086} An imaging device is assembled by assembling one camera or more
than one camera and g projector device as a working pair. Before the camera(s)
and the projector device are assembied {o create the imaging device, each of the
camera and the projector device goes through a number of quality checks. There
may be situations where the camera and the projector device may pass their
individual quality checks, but their assembly into a single unit may still produce
grroneous resulls dus o individual tolerances of the camera and the projector
device. A system level calibration may be performed at a system assembly line to
remove any variations generated due {o individual tolerances of components in
the imaging device. The sysiem level calibralion may involve finding 2
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combination of a camera exposure and a projector device flash intensity, that may
produce a targe! image quality.

00071 The systemn level calibration is done manually for all regions within
the field of view {FOV) of the camera. That is, the camera exposure is calculated
for each region within the FOQV against a fixed projector device flash intensity, until
the optimum camera exposure is found. Since the camera exposure is analysed
manually, and the steps are repeated again until the optimum camera exposure
is found, such system level calibrations are tedious and time consuming. Further,
the repeated flashing of the LEDs of the projector device may overheat the LEDs,
which may affect the working of the LEDs, for example drop in the flash intensity
of the projector device. Thus, even if an optimum camera exposure is found, such
an exposure may be calibrated 10 a reduced flash intensity, leading to a capture
of oversaturated or overexposed images at later stages of use of the imaging
device.

{0008} According to the example implementation of present subject matter,
techniques for calibrating imaging devices are describad. The imaging device may
comprise an image capturing unit, such as a camera, and a light emitting sourca.
{00081 in an example, the imaging device may be calibrated by updating an
exposure value of the image capturing unit at a fixed flash intensity of the light
gmitting source until a target image quality is achieved,

{0010} In an example implementation, an image is captured at a first
exposure value and a brightness of the image is determined. The brightness of
the image s then compared {o 3 predefined image brighiness and a variation
between the former and the later brightness is computed. Further, in case an
absolute value of the variation is determined to be greater than a threshold value
of variation, the image capturing unit is set to an updated exposure value. in an
sxample, if the variation is found to be a positive integer, the updated exposure
value is set at a value less than the first exposure value. Ctherwise, the updated
exposure value is set at a value greater than the first exposure value.

{0011} The image is recapiured at the updated exposure value recursively.
Further, an absolute value of vanation hetween the brightness of the recaplured
image and predefined image brighiness is compared, until the absolute value of
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variation between the brightness of the recaptured image and the predefined
image brightness is less than the threshold value.

00123 Since the updated exposure value is determined based on the
variation between the brightness of the last captured image and the predefined
image brightness, the number of iterations performed {0 atfain the exposure value
corresponding {o the predefined image brighiness may be reduced. The reduction
in number of iterations results in a faster calibration of the imaging device. Further,
the reduction i the number of iterations lead to a reduction in the number of
instances the LEDs of the projector device are flashed, thus preventing the
overhealing of the LEDs of the projecior device.

100131 Although the description herein is described with reference to a
configuration where the exposure value of the image capturing unit is being
updated while keeping the flash intensity of the light emitling source at a fixed
value, In an example, the imaging device may be calibrated by updating the flash
intensity of the light emitling source at a fixed exposure value of the image
capturing unit untd the target image quality is achieved.

00141 The above techniques are further described with reference 1o Figure
1 to Figure 4. § should be noted that the description and the figures merely
lustrate the principles of the present subject matter along with examples
described herein and should not be consfrued as a limitation o the present subject
matter. it is, thus understood that various arrangemenis may be devised that
although not explicitly described or shown hersin, embody the principles of the
present subject matter. Moreover, all statements herein reciling principles,
aspects, and implementations of the present subject matter, as well as specific
axamplas thereof, are intended to encompass equivalents thereof.

{0015} Figure 1 illustrates an imaging device 100, in accordance with an
may comprise an image capturing unit 102, an image processing unit 104, and a
calibration unit 106. Examples of the image capturing unit 102 may include, but
not imited {o, a camera mounted on a deskiop, laptop, smariphones, PDA and
other similar devices, a single-lens reflex camera (SLR), a Digital Single Lens
Reflex camera (DSLR), a digital rangefinder, a line scan camera.
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{0016} i an example implementstion, an image capluring unit 102 may
capture an image of an object. The image may be captured at an exposure value
of the image capturing unit 102, The image processing undt 104 may then process
the image to determine brightness of the image. The image processing unit 102
may then compute a varigtion between the brightness of the image and a
predefined image brightness. in an sxample, the predefined image brightness
may be the brightness of an image having a target image quality. The calibration
unit 106 may then compute an absolute value of the variation. The calibration unit
106 may further determine the absolute value of the variation 10 be greater than a
threshold value. In an exampie, the threshold value may be the maximum
permissible value of variation between the brighthess of the captured image and
the predefined image brightness.

{0017} f the absolute value of the varialion is found be greater than the
threshold value, the calibration unit 108 may update the image capluring unit 102
to capture a subseguent image at an updated exposure valug. In an example, the
updated exposure value takes a value less than the exposure value of the image
if the variation is a found o be positive integer. Further, the updated exposure
value takes a value more than the exposure value of the image i the variation is
found o be a negative integer.

{0018} The calibration unit 108 may then set the image capturing unit 102 1o
an updated exposure value and may recapture an image of the object based on
the updated exposure value. The calibration unit 106 may further compare an
absolute value of variation of the brightness of the recaptured image with the
thrashold value and may again update the exposure value of the image capturing
unit 102 to a further updated value.

10018} in an example, the exposure valug of the image capturing unit 102 is
absclite value of variation of the recaptured image is further compared with the
threshold value recursively. Further, based on the absolute value of variation of
the recaptured image, the image capluring unit 102 is recursively updated o the
updated exposure value, uniit the absoludte value of varigtion bebtwsen the
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brightness of the recaptured image and the predefined image brighiness is jess
than the threshold value of varigtion.

00201 Figure 2 flustrates an imaging device 200, in accordance with an
example of the present subject matier. The imaging device 200 includes an image
capturing unit 102 and a light emitting source 206. Examples of light emitling
source may include, but not limited to, an LED flash, a built-in pop up camera
flash, a dedicated camera flash, a macro ring light camera flash, and a
hammerhead flash.

{0021} The imaging device 200 may futther include processor(s) 202,
interface(s) 204 coupled t the processor(s) 202, and a memory 208, The
functions of the various elements shown in the Figures, including any functional
blocks fabelled as “processor(s)’, may be provided through the use of dedicated
hardware as well as hardware capable of executing instructions. When provided
by 8 praocessor, the functions may be provided by a single dedicated processor,
by a single shared processor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term “processor” would not be
construed to refer exclusively to hardware capable of executing instructions, and
may implicitly include, without limitation, digital signal processor (B5P) hardware,
network  processor, application specific  integrated circuit {ASIC), feld
programmable gale array (FPGA), read only memory (ROM) for storing
instructions, random access memory (RAM), non-volatile storage. Other
hardware, conventional and/or custom, may aiso be included.

{0022} Futther, the memory 206 may include any computer-readable
medinm including, for example, volatile memory (e.g., RAM), and/or non-volatile
memory {(e.g., EPROM, flash memory, efc.). The interface(s) 208 may include a
variety of programmed or hardware interfaces that enable the computing device
{0 communicate with image capluring unit and touch surface.

{0023} The imaging device 200 may further include the image processing
unit 104 along with the calibration unit 106, other units 210, and data 212. In an
example, the image processing unit 104, the calibration unit 108, and the other
ynits 210 may reside 0 the memory 208 In another example, the image
processing unit 104, the calibration unit 106, and the other units 210 may be
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implemented as separats hardware capable of performing different funclionalities
of the imaging device 200, The image processing unit 104, the calibration und
106, and the other units 210 may include oulines, programs, objedts,
components, data structures, and the like, which perform particular tasks or
implement particular abstract data types. The image processing unit 104, the
calibration unit 106, and the other units 210 may futher include elecironic circuitry
or a combination of electronic circuitry and control programs that operate the
components according to the funclions described herein. In an example, the other
ynits 210 may perform functionalifies that supplement other functions of the
imaging device 200,

100243 The data 212 serves, amongst other things, as a repository for
storing data that may be felched, processed, received, or generated by the image
processing unit 104, the calibration unit 108, and the other units 210 in an
example, the data may include image capluring data 214, image processing dats
218, calibration data 218, and other data 220. The image capturing data 214 may
include the exposure values of the image capluring unit 102, Further, the image
processing data may include btrightness of the images caplured by the image
capturing unit 102, Furthermore, the calibration data 218 may include values of
varigtion for multiple images captwred by the image capturing unit 102, a value of
the predefined image brightness, and a threshold value of variation between the
brightness of an image captured by the image captring unit 102 and the
predefined image brightness.

{0025} in an example implementation, an image capluring unit 102 may
capture an image of an object. The image may be captured at an exposure value
of the image capturing unit 102. in an example, the exposure value may be the
median of a range of exposure values available for the image capluring unit 102,
While the first exposure value has been described {o be equal {0 the median of
{he range of the exposure values available for the image capluring unit 102, t may
be noted that the first exposure value may take other different values based on
the conditions in which the image s caplured. in an example, the exposure value
of the image capluring unit 102 may be computed at a predetermined fiash light
power of the ight emitting source 106. The image processing unit 102 may then
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determine the brighthess of the image and store the determined brightness in the
image processing data 216, The calibration unit 102 may then compute a vanation
between the brightness of the image and g predefined image brighiness: As
explained earlier, ihe predefined image brightness may be the brightness of an
image having the farget image quality. The calibration unit 106 may further
compute an absolute value of the variation and determine the absolute value of
the variation to be greater than a threshold value of varation. Based on the
varation, the calibration unit 106 may calibrate the image capturing unit 102 fo
capture a subsequent image at an updated exposure value. The calibration unit
106 may further store the updaled exposure value in the image capluring data
214. As explained earlier, the threshold value may be the maximum permissible
value of varigtion between the brightness of the captured image and the
predefined image brightness.

{00261 if the variation is found to be a posttive integer, the calibration unit 108
may calibrate the image capluring unit 102 to the updated exposure value, where
the updated exposure value may lie in a range of exposure values less than the
first exposure value. That ig, the updated exposure value may be less than the
first exposure value. Further, if the variation is found fo be a negative integer, the
calibration unit 106 may calibrate the image capturing unit 102 fo the updated
exposure value, where the updated exposure value may lie in a range of exposure
values greater than the first exposure value. That is, the updated exposure value
may be more than the first exposure valus.

{0027} in an example, the imaging device 200 may recursively update the
axposure value of the image capturing unit 102 and capture an image of the object
at updated exposure value. The image device may store the updated exposure
values in the image capturing data 214, every fime the exposure value for the
image capturing unit 102 is updated. The imaging device 200 may then compuie
an absolute value of variation Detween the brightness of the image caplured at
the updated exposure value and the predefined image brightness. The absclute
value of variation between the prighiness of the recaptured images and the
predetermined image brighiness may be stored in the calibration data 218.
Further, based on the absolute value of the variation, the imaging device 200 may
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recursively update the exposura value of the image capluring unit 102 and capture
the image at the updated exposure values unlil the absolute value of vanation
between the Drighiness of the recaplured imeage and the predefined image
brightness is less than the threshold value of varigtion.

{0028} Once the absolute value of variation between the brighiness of the
recaptured image and the predefined image brighiness is fess than the threshold
value of variation, the calibration unit 108 may store an exposure value, say a final
exposure value, corresponding to the which variation between the brightness of
the recaptured image and the predefined image brightness s less than the
threshold value of varigtion. The calibration unit 106 may then store the final
aexposure value in a non-volatile memory {not shown).

{00281 in another example implementation, techniques involving predictive
data model may be used to find the updated exposure value for the image
capturing unit 102, In operation, the image capturing unit 102 may caplure the first
image of the object at the first exposure value. The brightness of the first image
may then be delermined and stored in the image processing data 216. The
calibration unit 106 may then delermine variation betweaen brighiness of a first
image captured by an image capturing unit and the predefined image brighiness.
The variation between brightness of a first image caplured by an image capturing
unit and the predefined image brightness may then be saved in the calibration
data 218.The calibration unit may further determine if the absolute value of the
variation is greater than a threshold value of variation. Based on the variation, the
calibration unit 1086 may calibrate the exposure value of the image capturing unit
102 to a median exposure value. If the variation is found to be a positive integer,
the calibration unit 106 may calibrate the image capturing unit 102 to the median
exposure value, where the median sxposure value may be the median of a range
of exposurs value less than the first exposure value. Further, if the variation is
found io be a negalive integer, the calibration unit 106 may c¢alibrate the image
capturing unit 102 {o the median exposure value, where the median exposure
value may be the median of a range of exposure value more than the first
exposure value. Once the median exposure vaiue is delermined, the median
exposure value may be stored in the image processing data 216.
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{00307  Although the median sxposure value has been described o be egual
to the median of the range of the exposurg values available for the mage
capturing unit 102, Emay be noted that the median exposure value maytake other
different values based on the conditions in which the image is captured.

{0031} Subsequently, the image capturing unit 102 may caplure g second
image al the median exposure value. Further, the calibration unit 1068 may
determine variation between the brightness of the second image and the
predefined image brightness. The calibration unit 106 may further compute an
absolute vailue of variation between the brightness of the second image and the
predefined image brightness. {f the absolute value of the varigtion is found o be
greater than the threshold value, the calibration unit may recalibrate the image
capturing unit 102 0 an updated exposure value and store the updated exposure
value in the image processing data 216.

{00321 in an example, the image capluring unit 102 may be recalibrated to the
updated exposure value using predictive data model. The predictive data model
may use the brighiness of the images captured at the first exposure value and
median exposure value respectively, along with the first exposure valug and the
second exposure value to calculate the value of the updaled exposure value, say
a predictive exposure value, for the image capturing unit 102,

{0033} in an example, the first exposure value and the second exposure
values, along with the brightness of the images caplured at the first exposure
value and median exposuwre value may be written in the form of ordered pairs. A
lingar regression technique may then be applied to the ordered pairs and a linear
equation may be obtained. The predictive exposure value may then be obtained
by finding a solution to the linear sguation. The predictive exposure valug may
then be stored in the image capturing data 214, The image capturing unit 102 may
then capture the image of the object at the predictive exposure value. Further, the
fmage processing unit 104 may determing the brightness of the image at the
predictive exposure value and store the brightness in the image processing data
218. The calibrafion untt 108 may then compuie a vanation belween the
brightness of the image caplured at the predictive exposure value and the
predefined brightness. The variation behveen the brightness of the image
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captured at the predictive exposiye value and the predefined brighthess may then
be saved in the calibration data 218. An absolute value of the vanation may then
be compisted by the calibration unit 1086,

{00341 Based on the variation, a subsequent meadian exposure value may be
computed. In an example, the subseguent median exposure value may be
computed based on the range of exposure values on which the last predictive
model was based. The image capturing unit 102 may then capture a subsequent
image at the subsequent median exposure value. The calibration unit 106 may
further compute an absolule value of varigtion between the brightness for the
image at the subsequent exposure vaiue and the predefined brightness. The
calibration unit 106 may then determine if the absolute value of the variation is
greater than the threshold value. Based on the variation, the calibration unif 108
may determine subsequent exposure values. Based on the subsequent exposure
values, the calibration unit 106 may determing a subsequent predictive exposure
value and save the subsequent exposure value in the image capturing data 214.
The calibration unit 108 may then capture a subsequent image at the subseguent
predictive expostire value,

{0035} in an example, the imaging device 200 may delerming subseguent
median exposure values and subsequent predicltive exposure valuss and
compare the brightness of the images at the subsequent median exposure values
and subsequent predictive exposure values, until the absolute value of variation
between the brightness of the recaptured image and the predefined image
brightness is less than the threshold value of vanation.

{0036} Onece the value of variation between the brightness of the recaptured
image and the predefined image brightness is less than the threshold value of
variation, the calibration unit 106 may store an exposure value, say a final camera
gxposure value, corresponding to the which the variation between the brighitness
of the recaptured image and the predefined image brighiness is less than the
fhreshold value of variation. The calibration unit 1068 may then siore the final
camera exposure value in a non-volatile memory (not shown).

{00371 in one example, at the start of calibration, the light emilting source 208
of the imaging device 200 emits neutral, white light over the image capluring unit's



WO 2020/162949 PCT/US2019/017359
11

field of view, An image at the median value of the range of exposure values
available for the image capluring unit 102 1s then caplured. For instance, if the
range of exposure values liesin the rangeof |G, 8182], the image is taken at g first
exposure value equal to 4086, A variation between the brightness of the image
and predetermined image brightness is then determined. In an example, the
brightness of the image may be o and the predetermined brighiness may be 200,
An absolute value of the variation |a-200} for the image may further be computed.
I {2-200] is Tound to be smailer than a threshold value of variation Vry, (2., ja-
200i< V', the farget brightness has been achieved by the image capluring unit,
based on exposure value 4008, As the absolute value of the variation has been
met, the process ends, and the exposure value 4096 is saved into non-volatile
memary for future use. On the other hand, if o < 200, the process adjusts the
range of the exposure values fo [4086, 8182, i.e.. the updated exposure valus is
greater than the first exposure value. Alternatively, ifa > 200, the process sets the
range of the exposure values to [0, 4086], i.e., the updated exposure value is less
than the first exposure value,

{0038} in a situgtion when o> 200, say « ~ 224, the range of the exposure
values is set {o {0, 4096]. As described sadier, ancther image. say 8 second
image, is again captred at the median of the range of exposure values [0, 4086},
f.e., at 2048, Further, an absolute value of vaniation |3-200] belween the brightness
of the second image and the predetermined image is computed. If {B -200} is found
to be smaller than a threshold value of variation Vm, Le., B -200]< Vi, the fargetl
brightness has been achigved. in a situation when |B -200] > Vv and B<200, say
B~150, the process adjusts the range of the exposure values to [2048, 4098], (e,
the updated exposure value is grealer than the first exposure valus.,

{00381 Before the process continues and s third image caplure is igken in the
range of the exposure values {2048, 4086], the process uses the two data points:
{40986, 224} and {2048, 150) to model the trajectory of the brighthess in response
to exposure. in one example, linear regression s used fo establish & hnsar
aquation which passes through both points. With the Hnear eguation, a predictive
exposure value x is computed which has brightness y = 200 ({the predetermined

brighiness value). The image capturing unit then captures an image at sxposure
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value X, say x = 3368, The brightness y of the image captured at the predictive
exposure is then determined. Further, an absolute value of variation (200
between the brightness of the image captured at the predictive exposure value
and the predetermined image is computed. If |y-200] < V1, the process terminates
and the predictive exposure value x = 3388, is saved inlo the non-yvolatile memory
for future use. However, it [y-200] > Vi, the process goes back to the range of
exposure values {2048, 4086]. A median value in the range of exposure values
{2048, 40967 s seleclted, and an uptsted range of the exposure valuyss &
determined. Further, the prediclive data model is again applied on the updated
range of exposwre values, The process described in the example is iteratively
updated until the absolute value of the variation is found 1o be less than the
threshold value of vanation.

{00407 Figure 3 Hllustrates a method 300 for calibrating an imaging device,
such as an imaging device 100, in accordance with an example of the present
subject matter. Although the method 300 may be implemented in g variety of
devices, but for the ease of explanation, the description of the exemplary method
200 is provided i refersnce 1o the above-described imaging device 100, The
arder in-which the method 300 is describaed s not intended to be construed as a
limitation, and any number of the described method blocks may be combined i
any order to implement the method 300, or an alternative method.

{0041} it may be undersiood that blocks of the method 300 may be performed
in the imaging device 100. The biocks of the method 300 may be executed based
ofy instructions stored in a non-transitory computer-readable medium, as will be
readily understood. The non-ransitory computer-readable medium may include,
for example, digital memoriss, magnetlic storage media, such as magnsetic disks
and magnelic tapes, hard drives, or opiically readsbie digital dala storage media.
{0042} The method 300 starts at block 302 and proceeds 1o biock 304. At
block 302, a first image is captured at a first exposure value. In an example, the
image may be captured through an image capluring unit, such as image capturing
unit 102 of an imaging device 100, at a first exposurs value of the image capturing
unit 102.
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{0043} Al blonk 308, a brighiness of the first image is determined. In an
example, the brightness of the first image may be determined by an image
processing unit, such as an image processing unit 104 of the imaging device 100,
{00441 At block 308, a varigtion between the brightness of the first image and
a predefined image brighitness is computed. In an example, the variation may be
computed by the image processing unit 104,

{0045] At block 310, an absolute value of the variation is determined fo be
greater than a threshold value. In an example, the absolute value of the variation
may be determined by a calibration unit, such as calibration unit 106 of the imaging
device 100.

10046} At block 312, it is determined whether variation is a positive integer. if
the variation is found 1o be a positive integer, the method proceeds to block 314,
Otherwise, the method proceeds to biock 318.

{00471 At block 314, the exposure value of the image capluring unit is updated
to an updated exposure value, where the updated exposure value is {ess than the
first exposure value. In an example, the calibration unit 108 may update the
axposure value of the image capturing unit 102 {o the updated exposure value, in
rasponse o determination of the variation {o be the positive integer. The method
then proceeds fo block 318.

{0048} At block 316, the exposure value of the image capluring unit is updated
to an updated exposure value, where the updated exposure value is less than the
first exposure value. In an sxample, the calibration unit 106 may updated the
exposure vaiue of the image capturing unit 102 {o the updated exposure value, in
rasponse {o determination of the variation {0 be a negative integer. The method
then proceeds o block 318.

{0048] At block 318, an image of the objedt is recaptured on the updated
gxposure value. In an example, the image of the object may be recaptured by the
fmage capturing unit 102,

{0050} Al block 320, the absolute value of variation of brightness of the image
recaptursed at the updated exposure valug is comparsd with the threshold value.
in an example, the calibration unit 106 may compare the absclute value of
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variation of brightness of the image recaptured af the updated exposure with the
threshold value.

0051 At block 322, it is determined whether the absolute vaiue of variation of
the recaptured image is greater than the threshold value. if the absolute value of
variation of the recaptured image is found greater than the threshold valug, the
method 300 proceeds to block 312, Otherwise, the method 300 finishes at block
324,

{00521 Figure 4 illustrates a method 400 of calibrating an imaging device, in
accordance with another example implementation of the present subject matter.
Although the method 400 may be implemented in a variely of devices, but for the
aase of explanation, the description of the exemplary method 400 is provided in
reference to the above-described imaging device 100. The order in which the
method 400 is described is not intended to be construed as a limitation, and any
number of the described method biccks may be combined in any order o
impiement the method 400, or an alternative msthod.

{0053} i may be undersiood that blocks of the method 400 may be performed
in the imaging device 100. The blocks of the method 480 may be exacuted based
on instructions stored in a non-transitory computer-readable medium, as will be
readily understood. The non-transitory computer-readable medium may include,
for exampile, digital memories, magnstic storage media, such as magnetic disks
and magnetic tapes, hard drives, or optically readable digital data storage media.
{0054} At block 402, a variation hetween a brightness of a first image captured
by an image capturing unit and a predefined image brighiness is first computed.
The first image is captured at a first exposure value. in an example, the first image
may be captured by an image capturing unit, such as, an image capturing unit 102
and the variation may be computed by an image processing unit, such as an
image processing unit 104 of the imaging device 100,

{00551 At black 404, an absolute value of variation with respect to a threshoid
value is determined. in an example, the absolute value of the variation may be
determined by g calibration unit of the imaging device, such as the calibration unit
1086.
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{00568]  Atblock 408, it is determined whether variation is a positive integer. if
the vanation s found 1o be a positive integer, the method 400 procesds io block
408, Otherwise, the method proceeds 10 block 410,

{00571 At block 408, the exposure value of the image capluring unit is updated
{0 a8 second exposure value, where the second exposure value is less than the
first exposure value. In an example, the calibration unit 106 may updated the
exposure value of the image capturing unit 102 to the second exposure value, in
response to determination of the variation to be the positive integer. The method
then proceeds o block 412,

{00581 At block 418, the exposure value of the image capturing unil is updated
to a median exposure value, where the median exposure value is less than the
first exposure value. In an example, the calibration unit 106 may update the
gxposure value of the image capluring unit 102 {0 the median exposure value, in
response (0 determination of the variation {0 be a negative integer. The method
then procseds to block 412.

{0058} Al block 412, an absolute value of variation between the brightness of
a second image anyd the predefined image brightness is determined {0 be greater
than the threshold value. In an example, the calibration unit 106 may determine
the absolute value of variation between the brightness of the second image and
the predefined image brighiness (o be greater than the threshold value.

{0060} At block 414, a predictive exposure value for the image capturing unit
is determined. The prediclive exposure value may be determined using a
predictive data model on the first exposure value and the median exposure value.
In an example, the calibration unit 106 may determine the predictive exposure
value for the image capturing unit 102.

{0061} At block 4186, an absolute value of variation between the brightness of
a third image capiured at the prediclive exposure value and the predefined image
brighiness is determined io be greater than the threshold value. In an example,
the calibration unit 106 may determine the absolute value of variation between the
prightness of a third image capiured at the predictive exposure value and the
predefined image brightness may be delermined (0 be greater than the threshold
value.
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{00627  Athlock 418, s subsequent median exposurs value and a subsequent
predictive exposure value is computed, and absolute valuss of varialion of
brightness of the recaplured images of the object &t the subsequent median
exposure values and the subsequent prediclive exposure values with the
threshold value is compared with the threshold value, until the absolute value of
varigtion between brightness of the recaptured image and the predefined image
brightness is less than the threshold value. In an exampie, the calibration unit 108
may determine the subsequent median exposure values and the subsequent
predictive exposure values. The calibration unit may further compare absolute
values of variation of brightness of the recaptured images of the object at the
subsequent median exposure values and the subsequent predictive exposure
values with the threshold value, until the absolute value of variation between
brightness of the recaplured image and the predefined image trightness is iess
than the threshold value.

{0063} Although implementations of the present subject matter have been
described in language specific 1o methods and/or structural features, it is o be
understood that the present subject matter is not limited to the specific methods
or features described. Rather, the methods and specific features are disclosed
and explained as example implementstions of the present subject matter.
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We Claim:
1. A method for calibrating an imaging device, the method comprising:
capturing an image of an object through an image capturing unit of
the imaging device, wherein the image capturing unit is set at an exposure
value;
determining brightness of the image;
computing variation between the brightness of the image and a
predefined image brightness;
determining an absolute value of variation to be greater than a
threshold value; and
iteratively,
updating the image capluring unit fo an updated exposure
value, wherein the updated exposure value is:
iess than the exposure value if the varation g 8
positive integer; and
more than the exposure value if the variglion is a
negative integer;
recapturing an image of the object based on the updated
exposure value; and
comparing an absolute value of varation of brighiness of the
recaptured image with the threshold value,
until the absolule value of variation between brighiness of the
recaptured image and the predefined image brighiness is less than the
threshold value.

2. The method as claimed in claim 1, wherein the exposurs value is a median

of a range of exposure values available for the image capturing unit,

3. The method as claimed i claim 1, whersin varialion s computed by
computing a difference of value between the brighiness of the image and the
predefined image brightness.
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4. The method as claimed in claim 1, wherein the image is captured at a
predetermined flash ight power.

5. The method as claimed in claim 1 further comprising calibrating the image
capturing unit based on a final exposure for which the absolute value of vanation
between the brightness of an image captured at the final camera exposure and
the predefined image brighiness is less than the threshold value.

8. An imaging device comprising:
an image capiuring unit to capture images of an object al different
camera exposure values;
an image processing unit o determine brightness of the images
captured by the image capturing unit; and
a calibration unit fo:
compute an absolute value of variation belween the
brightness of an image captured by the image caplturing unit at a
first exposure value and a predefined image brightness; and
update the image capturing unit to an updated exposure
vaiue, the updated exposure value being:
less than the first exposure value i the variation is a
positive integer; and
if more than the first exposure value if the vadation is
a negative integser,
wherein an image of the object is recapiured by the image capturing
unit based on the updated exposure value, absolute value of vanation of
brightness of the recaplured image is compared with the threshold value,
and the image captunng unt is updated {0 an updated exposure value
based on the comparison, recursively, until the absolute value of variation
between the brighiness of the recaplured image and the predefined image
brightness is less than the threshold value.
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7. The imaging device as claimed in claim 8, wherein the calibration unitis fo
store an exposure value for which the absolte value of variation bstween the
brightness of the recapiured image and the predefined image brighiness is less
than the threshold value onfo a non-volatile memory.

8. The imaging device as claimed in claim 8, wherein the first exposure value
is a median of a range of exposure values available for the image capturing unit.

g, The imaging device as claimed in claim & further comprising a light emitting
source to provide light of g predetermined power during capturing of images by
the image capturing unit,

18, The imaging device as cdlaimed in claim 6, wherein the calibration unit
subtracts the predefined image brighiness from the brightness of an image ©
compute the variation.

11. A method for calibrating an imaging device, the method comprising:
computing variation between brighiness of a first image of an object
caplured by an image capluring unit of the imaging device and a predefined
image brighiness, wherein the first image is caplured at a first exposure
value;
determining an absolule value of varation to be greater than a
threshold valus;
determining a8 median exposwre valug, wherein the median
exposure value is:
less than the first exposure value if the variation is & positive
integer; and
more than the first exposure value if the variation is a
negative integer,;
determining an absolute value of varigtion between brighiness of a
second image caplured at the median exposure value and the predefined
image brightness to be greater than a threshold value;
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determining & predictive exposure value for the image capturing unit
using a prediclive data mods! on the first exposure value and the medan
exposure value;

determining an absolute value of variation between brightness of &
third image captured at the predictive exposure valug and the predefined
image brightness {0 be greater than the threshold value; and

iteratively,

determining a subsequent median exposure value and a

subsequent predictive exposwre value and comparing absolute

values of variation of brightness of the recaptured images of the

object at the subsequent median exposure values and the

subseqguent predictive exposure values with the threshold value,

until the absolute value of variation belween brightness of the

recapitured image and the predefined image brightness is less than

the threshold value.

12. The method as claimed in clgim 11, wherein the prediclive data model is
based on two OF more camera exposure values.

13, The method as claimed in claim 11 further comprising calibrating the image
capturing unit to a final exposure value where absolute valueg of variation between
the brightness of an image captured at the final camera exposure and the
predefined image brightness is less than the threshold value.

14. The method as claimed in claim 13 further comprising storing the final
camera exposure value onto a non-volatile memory associated with the image

capturing unit,

15, The method as claimed in claim 11, whersin the first exposure value is half

of total exposure values availghle for the image capturing unit,
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