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BACKGROUND OF THE I NVENTION 1.Field of the Invention The subj ect
matter disclosed, generally relates to automatic exposure control in a
digital canmera. 102.Background I nformation Digital canmeras contain

an i mage sensor that oVN| signals. Most
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si gnal out put. | mrage sensors have a limted dynam c range. A typi cal
el ectronic i rage sensor has a dynam c rangfe | ess than the dynam c range of
natural scenes. This is nai i urces with widely

varying intensities illum nating the scene objects. 2 0Ceneral ly speaking
it is desirahle,t thh ve. gn _exposure so that the captured inmage is not too
bright or to %Qy this is achieved through noving an image

hi stogramto an O&tl mal point within the bounds of naxi num and Lmum
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di stributions of image pixels based on intensity values. WO
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10 2. Backeround Information

Digital cameras contain an image sensor that converts optical energy into electrical
signals. Most digital cameras are equipped with automatic exposure control. Exposure control
involves determining the exposure settings that best utilize the dynamic range of the image
sensor given the characteristics of an image scene being photographed. The dynamic range of an

15  image sensor may be defined as the ratio of the highest signal output to the lowest useful signal
output.

Image sensors have a limited dynamic range. A typical electronic image sensor has a
dynamic range less than the dynamic range of natural scenes. This is mainly due to multiple
light sources with widely varying intensities illuminating the scene objects.

20 Generally speaking it is desirable to have an exposure so that the captured image is not
too bright or too dark. Commonly, this is achieved through moving an image histogram to an
optimal point within the bounds of maximum and minimum output signal levels of the system.

The histograms are frequency distributions of image pixels based on intensity values.



2 Exposure control in a canera typically involves nmeasuring the
average intensity of light froma sanple area of an inage scene being

phot ogr aphedoodmspssgur e settings are then sel ected to scaCe/Bies/ensesage to a
pre-determ ned percentage of the dynafic range of the inmage sensor. One
techni que, commonly referred to as nean photonetry, includes detecting the
entire imge 5region and controlling the exposure so that the detection

signal has a B?&r@@hmtkcﬁ\{ﬁ - caf%@%ét?éfcaﬂﬁrl%fbes thE%@@rraé@%térgltﬁ%fhght

center- errpha I'ng phot onetry, cts'only a central portion of e i mge

region and controls t exposure oth etetlo i
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exposure control based upon detection data obt ai ned by addi ng the wei ghted
data at CGnefteotmiqueatéromonlyfrefreredds posiear poatamesly, inahudpedetetting thg epljre image
sub-dividing a scene into areas, detecting video in each area and limting
the areaggioh aflbt@ttolldny t@lafeﬁpmeﬁsd thaethp dsietgorc sighaldlas arconsiamdevey. Amether

wei ghti ng. However, even the photonetric nmethods descri bed above do not
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i mage and analyzes the histogramto determne an acceptabl t he
i mage. °gmb E@GQ&G@W%P&* @gﬁ@@t@t?ggmgg%mlgzpbﬁ F 15%?92 NGS
Figure 1 is an illustration showing a bl ock diagramof an i pi ckup

appar at vsgiglftinguhed@egtionadatd of the entinci baeosiesinnrigd dbnpepriansiags Of?tll‘ié CF‘h‘ﬁbieﬁ@n
system Figure 3 is a graph showi ng an exanple of an image histogram
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hi st ogr am
at a fixed ratio. A finer exposure control can be achieved by sub-dividing a scene into areas,
detecting video in each area and limiting the areas of detection data used in exposure control or
changing the weighting. However, even the photometric methods described above do not always
provide a state of exposure control that is suitable for the scene in question.

15

BRIEF SUMMARY OF THE INVENTION

A device that analyzes an image. The device includes a circuit that receives an image
that includes a plurality of pixels. The circuit creates a histogram of the image and analyzes the

histogram to determine an acceptable exposure of the image.



generation unit; Figure 5 is a flowhart describing the process of the

first enbodi mnent of the histogram generation unit; Figure 6 are
pi ct ori alwoesevdspissons of three LDR i nages of different pexppzus/es7eonposed
10t oget her to form one EDR i nmage; 3 Figure 7 is an illustration of a

process for the conposition of an EDR image fromnultiple LDR i nmages;
Figure 8 are pictorial descriptions of the extraction of three LDR i mages

of different exposures fmgg@ﬁ%%% O%%EWI@A@’W a flowchart
descri bing the gener atio Figure 10
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Figure 11 is an i lustration of a second embodi ment of the histogram
gener ati on ufigure Rilgen Blustratigioshowing Fompenents fdle maging Syieiocess of the
second enbodi nent of the 2 Ohi stogram generation unit; Figure 13 are

pictorial deFegurpBiinagraph shbeimgearesxatripbaofiodn iE[aBeﬂliStthlgmarrs from f our
di fferent channels: Red, G een, Blue and Lum nance from one EDR i nage; WO

2009 050594 PETdur 820084 IR:3tFAforfisHomghig orborientyl dftefirsernbiddigtenod  Phiapigsam
depicting the generation of three LDR hi stograns

generation unit;
Figure S is a flowchart describing the process of the first embodiment of the histogram
generation unit;
Figure 6 are pictorial descriptions of three LDR images of different exposures composed
10 togetherto forfn one EDR image;
Figure 7 is an illustration of a process for the composition of an EDR image from
multiple LDR images;
Figure 8 are pictorial descriptions of the extraction of three LDR images of different
exposures from an EDR image;
15 Figure 9 shows a flowchart describing the generation an LDR image from an EDR image;
Figure 10 are pictorial descdptions of the generation of histograms from four different
channels: Red, Green, Blue and Luminance from one LDR image;
Figure 11 is an illustration of a second embodiment of the histogram generation unit;
Figure 12 shows a flowchart describing a process of the second embodiment of the
20  histogram generation unit;
Figure 13 are pictorial descriptions of the generation of EDR histograms from four

different channels: Red, Green, Blue and Luminance from one EDR image;



froman EDR histogram Figure 15 is a flowhart show ng the extraction of
LDR hi stograns from one EDR hi stogram 5Figure 16 includes a nunber of

gr aphs depocveiwmgoishe generati on of four different LDR hipstrapzoasmsg37esach with
a different exposure froman EDR histégram Figure 17 is an illustration
for a embodi ment of histogram generation unit; Figure 18 is a flowchart
illustrating the steps for the third enbodi nent of histogram generation

unit; 10Fi gure 19.ill ustrat r i h : ol el
st ogr ams: EIGEY 4 765 e 3Rt L Py ARt def R R BORR DR AR
enbodi ng_nt of _hi st.ogram generation unit; Figure 21 is a flowchart

i || ust r #OMhir ERR WeE@or a fifth embodi ment of histogram generation unit:
15Figure 22 is a flowhart illustrating the steps for a sixth enmbadient of
hi st ogr am geféguae il dis aflpwehart showipg gigreXtragtignso PWH&r@fnsiqurﬁé’PFgﬁ g the
steps for a seventh enbodi nent of histogram generation unit; Figures 24a-c
are graphsogimw ng three types of histogram peaks;

5 Figure 16 includes a number of graphs depicting the generation of four different LDR
histograms, each with a different exposure from an EDR histogram;
Figure 17 is an illustration for a embodiment of histogram generation unit;
Figure 18 is a flowchart illustrating the steps for the third embodiment of histogram
generation unit;
10 Figure 19 illustrate four LDR images with corresponding red channel histograms;
Figure 26 is a flowchart illustrating the steps for a fourth embodiment of histogram
generation unit; |
Figure 21 is a flowchart illustrating the steps for a fifth embodiment of histogram
generation unit;
15 Figure 22 is a flowchart illustrating the steps for a sixth embodiment of histogram
generation unit;
Figure 23 is a flowchart illustrating the steps for a seventh embodiment of histogram
generation unit;
Figures 24a-c are graphs showing three types of histogram peaks;
20 Figure 25 is an illustration of an embodiment of a features extraction unit;
Figure 26 is a flowchart illustrating the steps for a sky-peak detection unit;
Figures 27a-b are graphs showing an example of similar rightmost peaks in the

histograms of the green and blue channels;



20Figure 25 is an illustration of an enbodi nent of a features extraction
unit; Figure 26 is a flowhart illustrating the steps for a sky-peak

det ect i orwOr9/050594 Figures 27a-b are graphs show ng @&oTAB200%hEs 7w
simlar rightnost peaks in the histogfans of the green and bl ue channels;
WO 2009/ 050594PCT/ |1 B2008/ 003793 5 Fi gures 28a-b are graphs show ng an
exanpl e of the last vertex of the blue histogram being significantly higher

than the red g STy bk %{%ﬂn‘ 2POSe SN BlLeAsBEaRD! e
of the summ tﬁ%ﬂ%% ri (ftﬁra }}ssts'ﬁgg/g%e%} t ﬁ%ﬁ@e%{sstog? am hi gher than both
the red,and green histograns;, 5Fi.qures 30a-c are graphs showi ng an exanpl e
of the PSOE s%f‘i@%%?‘ﬁ%égﬁpﬁ@ ?ﬁ@i‘%&?&ﬂ%rm ler than the last vertexes of
the red and green histograns; Figure 31 is_a flowhart explainingt
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pictorial description of the neasurenent of the Significant Peak paraneter;
10Fi gur dlehistegranfhigivrithart bath slue fediand gréen hestegremSpr t he neasurenent of a
Ri ght Peak paraneter; Figure 34 are graphs that show a pictorial
depigti on of FihigeyHRsuaREAShsahowhey 4N @hinpRestchptasanater offfhgbhue B&ogmman

illustration of an optimm exposure determ nation unit; 15Figure 36 is a
fIowchagt el aushd Bbi MgheRePSORE TSI BRI el Ridkob¥antidhe opti mum exposure
Figure 31 is ’a flowchart explaining the measurement of Significant Peak parameter;
Figure 32 are graphs that show a pictorial description of the measurement of the
Significant Peak parameter;
10 Figure 33 is a flowchart describing the steps for the measurement of a Right Peak
pérameter;
Figure 34 are graphs that show a pictorial depiction of the measurement of the Right Peak
parameter
Figure 35 is an illustration of an optimum exposure determination unit;
15 Figure 36 is a flowchart illustrating a process performed by the optimum exposure
determination unit;
Figures 37a-b are graphs that show a first example of a Dark Detail measurement‘;
Figures 38a-b are graphs that show a second example of a Dark Detail measurement;
Figure 39 is a flowchart detailing the measurement of Sky Contrast;
20 Figures 40a-b are graphs that show an example of a Sky Contrast measurement;
Figure 41 is a flowchart detailing the measurement of a Contrast Peak;

Figures 42a-b are graphs that show a first example of a Contrast Peak measurement;

Figures 43a-b are graphs that show a second example of a Contrast Peak measurement;



determ nation unit; Figures 37a-b are graphs that show a first exanple of a
Dark Detail neasurenent; Figures 38a-b are graphs that show a second

exanpl e olVoao®ashsobet ai | neasurenent; Figure 39 is a fl ecchBzons/oestes | i ng

t he neasurenent of Sky Contrast; 20Fi gures 40a-b are graphs that show an
exanpl e of a Sky Contrast neasurenent; Figure 41 is a flowhart detailing
the nmeasurenent of a Contrast Peak; Figures 42a-b are graphs that show a

first exanpl 3-'@Ireﬁ4qé)g'hp%ﬁﬁﬁ@tglllqg"i‘@éjﬁ-ﬁ‘égﬁl?émerﬁ'ogll"'i@c‘f 43% b are graphs that

show a secon ntras measur enent
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nmeasur enent of 8EFL {)adf—‘feg%ﬁéés tﬂ%té%awa@eexapl&b%%g ﬁlgfp%ﬁ%%g%]&{etkangl e of a
Fluct measurenent; Figure 46 is a flowhart showi ng a process to increase
exposure; Fi gugwe 46 15%ﬂawﬁhmlflg§W6%eﬁbt°dnﬁrreéieee§‘§°§ ®decrease exposure.
5DETAI LED DESCRI PTI ON Di sclosed is a device that anal yzes an i mge.
The devi ce i ftgurddd ima Gowchdrt shavdng recedesety dasrdapmepposhegt i ncl udes a
plurality of pixels. The circuit creates a histogram of the imge and
anal yzes the histogramto determ ne an acceptabl e exposure of the inage.
The fi stogram may include a pl DETAIDNEDDHESCRIPIEOdNUS a popul ation of pixels
associ ated with each bin. By way of 10exanple, the bins nay be associ ated

with an int ensidysefis b iote thﬁp%dlﬁg%ﬁﬁﬁ hTisd @8 @ Bchiys b BigtlitithatiRkaives
defined by a | ow dynam ¢ range nunb er of its and/or an extended dynam c

range
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exposure. If the | tabl e osur characé[%]rlstlc can. be
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include a plurality of bins versus a population of pixels associated with each bin. By way of

10 example, the bins may be associated with an intensity of light. The images and histograms may
include data defined by a low dynamic raﬁge number of bits and/or an extended dynamic range
number of bits. Certain features and criteria of the image may be determined and analyzed to
determine whether the image has an acceptable exposure. If the image is unacceptable, an
exposure characteristic can be changed and the process can be repeated until an acceptable image

15 is obtained.

Referring to the drawings more particularly by reference numbers, Figure 1 shows an
embodiment of an image pickup apparatus 102. The embodiment represents a digital still
camera, but there can be many different embodiments that can make use of the imaging system
to control exposure of an image. The image pickup apparatus 102 includes a lens 104, an

20  aperture 106, an image sensor 108, an A/D converter 110, a processor 112, a display 114 and a
memory card 116. Light from a scene enters through the lens 104, while the aperture 106
controls the amount of light entering into the image sensor 108. The analog signal obtained from

the image sensor 108 is converted to a digital signal by the A/D converter 110. The digital signal



15i s obtained. Referring to the drawings nore particularly by reference
nunbers, Figure 1 shows an enbodi nent of an inage pickup apparatus 102. The
enbodi nenvoneprisse®ats a digital still canera, but therepPcanBbes/nwsmys

di fferent enbodi nents that can nmake u%e of the inmaging systemto contro
exposure of an inmage. The inmage pickup apparatus 102 includes a | ens 104,
an 20aperture 106, an inmage sensor 108, an A/D converter 110, a processor
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the lend® [ ure e anmount o t entering

into the i e sensqr 108. The anal og signal t.ai ned f.romthe i/lr ensor
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for var ittrapeprEcEsang/orshe hmgsniegraspp G ues Mateﬂﬂn%%%u%g%erﬁspb? f%/af}&f‘e

wi |l be generated by the processor 112 and this value will alter the

set t i ng$inaf insige eemtde e tablecfol 6@ panetilbeithehbe tispiayed bagrtae doplayeMides

| ocat ed i nside the inmage sensor 108. The final inage deened to be suitable

for out Rigredinl the Biehidey CARI 06 PTiRySdceRb01 e rsp kigyindabinoprobedses.ed in the
nmenory Card 116. The processor 112 perfornms the imaging processes.
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t
apparatus 10Z. can be calcu si-ze of é aperture 106 given
interms of F-nunber, e.g..F4.5 and the utter eed.of the i [
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val ue can be cal cul ated using the following fornmula: 10 EV ix - 1?]1%
shutter speed of the image pickup apparatus 102, given in terms of exposure time, e.g. 17125 s.

The exposure value can be calculated using the following formula:

10 EVoc—t—,,
N-

where EV is the exposure value, N is the F-number and t is the exposure time.

Figure 2 is a block diagram of an embodiment of an image system 204 with inputs and
outputs. The imaging system 204 can be implemented as a part of the electronic device, for
example as a processing unit in a digital camera or similar, such as the one described above. An

15 image pickup apparatus can be a digital still camera but is not limited to such an embodiment. It
can be a scanner, a digital photo kiosk, a computer with digital images or any device that can
provide digital images to the imaging system 204 and memory to run the imaging system. An
image providing unit 202 provides a digital image for the imaging system 204. An image
providing unit can be a memory card, a hard-disk with digital images, or any device that can

20  provide the imaging system 204 with digital 1mages.

The imaging system 204 includes a histogram generation unit 206, a histogram features

extraction unit 208, (or features extraction unit in short) and an optimum exposure determination



where EV is the exposure value, Nis the F-nunber and t is the exposure
time. Figure 2 is a block diagram of an enbodi nent of an inmage system 204
wi th i npuwe 2aembseastput s. The i magi ng system 204 can be ipaphBmes@dIzas a
part of the electronic device, for ex8&nple as a processing unit in a
digital canmera or simlar, such as the one described above. An 15i nage

pi ckup apparatus can be a digital still camera but is not limted to such
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digital Tmages or any devic can pr igital"images to the inmaging
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unit can be a nenory card, a hard-disk with digital Ihé&g\&% or_ any. (gevi ce
that cargepepied\iiiesrams arayign sent g iedBatiens exfration Wit 248, PrgHfe¥anous teaturg g

i magi ng system 204 includes a histogram generation unit 206, a histogram
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t hat 5 pr Qéted@natibn QL XTUMVEXBA8eRcy BREo3LR. is Teasitesd bagdam theseeeatfesn Asni t
206 generates histograns fromthe digital imges provided by the inmage
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extraction un , Where vari features of the histogram are neasured
and cal cul d. These, features are.input. h t 4 U ur :
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with an optinum exposure 212 is obtained. The optinmum exposure
det er mi Histogranufiener2tién Talt@0b doreachhebrolerpiiers a tent ati ve exposure val ue,
Tx to the H stogram Generation Unit 206 for each |oop iteration. 10Figure 3
shows an examf@edfshawbiafileRgnpld farigstagrach genertahfromeaypeimagn. Ambgege
histogram is a graphical representation of the number of pixels in an image as a function of
intensity. The intensity of a pixel can be expressed as a digital number measuring a certain
color, hue, brightness or other dimensions of light captured in the image. Histograms consist of
vertices 302 which are points on the histogram. The x-axis 304 is made up of bins, each bin
15  representing a certain intensity value range. The histogram is computed by examining all pixels
and assigning each to a bin depending on the pixel intensity. The y-axis 306 represents the
population of pixels of the image belonging to each bin. For example, a 256-bin red-channel
* histogram for an 8-bit RGB image with red channel values ranging from 0 to 255 has bin 1
representing red values of 0; bin 2 of 1 and so on, while a 16-bin histogram has bin 1
20  representing red channel values from O to 15; bin 2 from 16 to 31 and so on.
The dynamic range of an image refers to the ratio of the largest possible signal value,

divided by the smallest non-zero signal value. For example, in an 8-bit RGB digital image, the

largest signal value is 255 and the smallest non-zero signal value is 1. The dynamic range of an



hi stogramis a graphical representation of the nunber of pixels in an inmge
as a function of intensity. The intensity of a pixel can be expressed as a
di gi tal nwoleroseguri ng a certain col or, hue, brightneeeTaB2008/hwE793
di mensions of light captured in the ifmge. Hi stogranms consist of vertices
302 which are points on the histogram The x-axis 304 is nmade up of bins,
each bin 15representing a certain intensity value range. The histogramis
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t he pixel™i nsi e y-axis

t he i mage bel ongi n each bin. For .exanple, a soin r :
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255 has bin 1 representing red values of 0; bin 2 of 1 and so on, while a
16- bi n hidsrasgicapngascaenthan 209 epresenting red channel values fromO0 to 15;
bin 2 from16 to 31 and so on. The dynam c range of an inmage refers
to the rati oRefertiletd Bigg2she possgameGeriagatain Wait 206 rageivies digitsy LDReinzaesh podt
non-zero signal value. For exanple, in an 8-bit RG digital image, the
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are specified here. The feature extraction unit 208 receives the LDR,

hi st ogr gereraiedby dedulagingssypama2id, desending ¢rethhiegtboginagns of hitogram SeRenictar e
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tentative image and provides the histogram generation unit 206 with Tx to produce a new
15  tentative image with exposure TX. A new tentative image of a different exposure is processed to
generate a new histogram. The features are again extracted and there is a determination of
exposure adequacy. This process is repeated until a tentative image is deemed to have suitable
exposure and is provided as an output 212,
Figure 4 is a block diagram of an embodiment of the histogram generation unit 206. The
20  unit receives a plurality of LDR images of different exposures 402 that are processed by an EDR
image generation unit 404, an image generation unit 406 and a histograms calculation unit 408.
The histogram generation unit 206 provides LDR histograms 410. Also, a tentative exposure

value, Tx 412 is provided to the image generation unit 406.



15tentative image with exposure Tx. A new tentative inmage of a different
exposure is processed to generate a new histogram The features are again
extract edwandosdsesve i s a determ nati on of exposure adeqeaTHB2008DE7I¥ OCESS
is repeated until a tentative inage i® deened to have suitable exposure and
is provided as an output 212. Figure 4 is a bl ock diagram of an enbodi nent
of the histogram generation unit 206. The 20unit receives a plurality of
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plurality of LDR images of different exposures are obtained in block 502

ei t her BBRnimagze éxgastated iomake LDRyimagte iblogky 06t AerEDRtimege resuedst the wse of

i mges of the sane scene with different exposures. The EDR image is

geney at gdmiotwid dthre nhdy LDRG8Sgéso i ffedenbéidboshves EDRsiisbgauseaub DR integewd en of
S5menory to store many LDR i nages of different exposures. This is because an
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t he EDR I'mage, as a rarnge determ ned by the m ni mum exposure val ue,
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EDR i nage. The Tx falls wi_thin the_predefined range. LDR histograns of the
i mge 1 r@%@ﬁé&%té@bﬂcbﬁpéﬁé%ﬁl‘hbﬁé{ Wmei‘ﬁﬁd@“ia Veo?x@eﬁurgd[f?‘.ls en geneﬁiteéﬂre
6 shows an exanple of an EDR image formed fromthree LDR i mages of
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on the left hand side of Fig. 6., including LDR 1 602 with the | owest

exna@sur ge ghhera@arkds the, sindDRLDF6 Ddagwi ih blekpfd8ur e, T2 and LDR 3 606 with the
hi ghest exposure, T3 (brightest). Together, the LDR 15 inages are used to

conpose an ERR,iBR38.098n SRANPIQT ah FDR idhde foaned Hodethede FDR ihagkdeh LDR
image is an 8-Dit REG image in this exanple; hence the EDR image created is
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an EDR ong ‘as t'he nunber excee nce t escription is
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creat] negxp%rs]urEP’IR 2 ianncwiEl eDRGg%Og (V?tr}Tx] tthg %ighggt%?(pggl?e,iTngi(%%sghtest). Together, the LDR
15 images are used to compose an EDR fmage 608 shown on the right hand side of Fig 6. Each
LDR image is an 8-bit RGB image in this example; hence the EDR image created is a 10-bit
RGB image. A different number of LDR images may be used to compose an EDR image, as
long as the number exceeds one. Hence the description is not meant to limit the method to
compose an EDR image, but as a simplified explanation to help grasp the concept.
20 Figure 7 illustrates a process for creating an EDR image 608 from the three LDR images
602, 604, and 606. The brightest of the three shots, LDR 3 606 of exposure T3 provides the first

input to the system. The LDR images may contain nonlinear distortions created during the

image acquisition process. One example of nonlinear distortion occurs in the image pickup



602, 604, and 606. The brightest of the three shots, LDR 3 606 of exposure
T3 provides the first input to the system The LDR i nages nmay contain

nonl i nearwoizearsbisens created during the i nage acqui sit ipom/Ipzoog/essss3 One
exanpl e of nonlinear distortion occurg in the inage pickup WO
20091050594PCT/ | B2008/ 003793 11 device wherein the analog circuit therein
may have an anplifying gain that varies with signal |evel. A second exanple
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de-linearizing unit 706. The output of unit 706 is conbined with the

i nt ensi 8§mpgIfwraiogfs pywpbeew. hhe F2BASIRGIeE unit 1 708.
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10 The inverse gamma function:
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The intensity values of the linearized LDR 3 are then mapped to a lower exposure value
T2 by mappi.ng unit 704. T2 is the exposure value of the darker image LDR 2 604. This is done
by multiplying the ratio of T2 to T3 (i.e. T2/T3) since the intensity values of the linearized LDR
15 3 606 are already made linear by the Linearizing Unit 702. The resultant image is processed by a
de-linearizing unit 706. The output of unit 706 is combined with the intensity values of LDR 2
604 by a combining unit 1 708.
The combination is done by replacing “brighter pixels” in the output of the de-linearizing
unit 706 with the LDR 2 604 pixels to form one output image. A “brighter pixel” in the output
20  of de-linearizing unit 706 is a pixel where at least one color channel has an intensity value that
exceeds a first predetermined threshold, e.g. 127 for intensity values between 0 and 2535.

Combining Unit 2 710 replaces the “dimmer pixels” of LDR 2 604 with pixels in the output of



The conbination is done by replacing "brighter pixels" in the output of the
de-linearizing unit 706 with the LDR 2 604 pixels to form one output inage.
A "bri ghtwo 2pe90sb394i n t he out put 200f de-Iinearizi ng uniPCTABBI08/80339301 Xel
where at | east one col or channel has Bn intensity value that exceeds a
first predeterm ned threshold, e.g. 127 for intensity val ues between 0 and
255. Conbining Unit 2 710 replaces the "di mer pixels" of LDR 2 604 with
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1 708. pixel™ in LDR 2 604 1s a pixel ere at | east one color

channel jhas an intensi.t al,ue bel ow a second . fpe shol d, the
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predeterm ned threshold. The conbi ned operatigon of conbinin ni th% 708 and
conbi ni Pgdeigmaingd threshiold wadioy maymot beideapeal e st g ?Fﬁ’é?mg?ﬁgl“ ol ‘TR 2
with the output of the de-linearizing unit 706, if and only if the latter
is not eoribinedjhpeatign sddombining unit THiSangpemitinios waitdh 4 i erpivalest to rgplgeing
artifact described below |f a scene has brightness that gradually changes
monat on ediriveraix @3 LDR 1 withehe binpul dIRh@ d6Oideqrizieg sniafes,riemdoms ifvhe hattene
out put of the de-linearizing unit 706 where the pixels becone di mer.

However ;o fye 0 »i naccuracy in linearizing or de-linearizing, the
out put %srom theg}ggﬁﬂ?ﬁeari zing unit 706 is slightly brighter than it is

supposed to .. What. sho up. he 1 i i é(gqgr[‘%]
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checks to make sure that the o ut pixel.s of 't -linearizing unit 706
is not WatghRdeally %@ﬂwg@t%ﬁ@%ﬁw& |t§e fiRme, %Mgg%ﬂﬁ%sm Eultac?d:ﬁﬁg of
unit 710 is processed by the sane process as LDR 3 606 above except that it
i s now the-outpupefithesiedincarieing uoitedi06exisos theeixels become Gnmep ST ERi 4Ue722, Ti
bei ng the exposure val ue of the darkest imge LDR 1 602. The second i nput

i mage t soridi@atomacyantlineamging bi e 1iRO81zmy] tiklutpst fedranigede-tioedr2Rglurg0206 Fhe
out put image at the second conbining unit 2 710 is then processed by
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mul tiplier KI by a multiplication unit 714. Nis the ratio of the nmaxi num
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make sure that the output pixels of the de-linearizing unit 706 is not brighter; otherwise LDR 2
pixels will be kept.

15 The output image of unit 710 is processed by the same process as LDR 3 606 above
except that it is now re-mapped to an even lower exposure value T1 by mapping unit 712, T1
being the exposure value of the darkest image LDR 1 602. The second input image to the two
combining units 708 and 710 is changed to LDR 1 602. The output image at the second
combining unit 2 710 is then processed by linearizing unit 702. The resultant image is

20  multiplied with a multiplier N, by a multiplication unit 714. N is the ratio of the maximum
exposure, Tmax to the minimum exposure value, Tmin of the plurality if LDR images (i.e.

Tmax/Tmin). The ten-bit EDR image 608 is produced by unit 714.



WO 20091050594PCT/ |1 B2008/ 003793 13 Referring to Fig. 4, after an EDR
image is generated fromthe EDR i mage generation unit 404, a tentative LDR
i mage wi tWoaoeasbati ve exposure i s generated from i nage PgENBIZOAS/H@MIUNI t
406. The tentative exposure value of Bhe LDR image i s between the m ni num
and maxi mum exposure values of the plurality of LDR i mages 402 used to
create the EDR i nage. For exanple 5 as shown in Figure 8, three LDR inmages
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have exposures W etween T Tmax, which are t m ni mum

exposure, val ue an xi mum exposur e val ue. r.espectively, . ELQ
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the intensity values of the EDR | mage 808 are_ processed. b% t he :
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val ues of the EDR i mage 808 are nultiplied with a multiplier 1/A at 714,
wher e Aexpostfeeahes iof thefplutadtynefh BRrmegposi?r used to eisatettbe ERR ineagsx gios grample
value for the LDR 3 inage 806. The nultiplied EDR i mage i s processed by the
de- |9 negy ihokwidnPgire 80fresaDDRANGIa®I)G04ahd 800 2re emiacted diommps FOReimage
intensity values of the inmage such that the image becones an LDR i mage. For
exanpl egg ' ' “Tthin drdBtfax, WG CS Y&l Ban
T e L e e S T s

maxi num val ue of

255. The LDR 3 806 is _the out : e clanping unit 902.
Ref er r i RYUPBIEFPOSHS vafie ﬂ%ﬁﬁ’ﬂw &qoéﬁrleei’taﬁ%hp%é?cglfvﬁ% recei ves the
tentative LDR i mage created by the .img eneration. unit .and cul ates
tentative LDRIZWEY SYishas baved AR iIness g%qg&geﬁéraﬁqgﬁ}?rﬁﬁﬁéﬂgfgdmég? g@%‘a e
exposure value Tx. Figure 10 shows the cal cul ation of four 20LDR histograns
1004, 10@6nteaHitsvauas of MOEPRomaga SOBRrd pragessadbwthegnultiplieatipinfyndt gl similar to
intensity channels; nanely, a red channel 1004, a green channel 1006, a

bl ue chananglowkDR&Fignd TaelinehsignetusshenieEDROige @OB are maltipilics pathea multiplier
hi st ogranms such as HSV hi stograns or CWMYK hi stograns can al so be

cal cul af od,r DUt wBER AN the AWM e W& iHLAWKBESre toMBe tentative exposure value for the
20091050594PCT/ | B2008/ 003793 14 Figure 11 shows anot her enbodi nent of
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ni t 208ETREIE R cAe ST ISURTEN TEGRERE R, BRI FOtseahey SET T THe S SPeU us
enbodiment. Simlar to the , [
an LDR image. For example if a system defines an LDR image as any 8-bit image, the system
15  will clamp the intensity values of de-linearized EDR image 806 to a maximum value of 255:
The LDR 3 806 is the output of the clamping unit 902,

Referring to Fig. 4, the Histogram Calculation Unit 408 receives the tentative LDR image
created by the image generation unit 406 and calculates tentative LDR histograms based on the
tentative LDR image and a tentative exposure value Tx. Figure 10 shows the calculation of four

20 LDR histograms 1004, 1006, 1008 and 1010 from an LDR image 1002 for four different
intensity channels; namely, a red channel 1004, a green channel 1006, a blue channel 1008 and a

luminance channel 1010. Other color space histograms such as HSV histograms or CMYK

histograms can also be calculated, but are not shown in the drawings.



5previ ous enbodi nent, LDR inmages of different exposures 402 are used to
create an EDR image in EDR i nage generation unit 404. The EDR image is then
used to cwean@/sesmespondi ng EDR hi st ograns based on thecpirmios/Hosrensity
val ues of the EDR i mage by an EDR hi sMograns generation unit 1102. LDR

hi stogranms 410 are then calculated fromthe EDR histograns in the

hi stograns cal culation unit 1104 using the tentative exposure, Tx 412. 10A
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In this enbod ograms can be gererat® Irectly froman

hi st ogram wi t hout  generat i DR i mages. An . hi stogr ener rom an
EDR i SO AT P A EUP AR BRI D SO0 P e B E R CER e

hi stogram generated froman LDR i mage of the same exposure val ui_h Hen?)T@G an
LDR hi shistpgzamhfzomrthe EDRpbisioRrams i rof cestins ajtentaays hef 1meeend N§ YBRFEO | DR
histogramthat will be generated froman image of that specific exposure

val ue. fHegureatch2 sesoftehiadwe RBR hiswgranpasdodss previoge ambatmmen. SR lantottlayr am
A plurality of LDR images of different exposures is first obtained in block

120, ThevidaRehibBaRgen IEDR$8E géso fARfTereat & pasukebi02 BRgBed b Hleaelan DR imbge
bl ock 1206 EDR hi stograns are then calculated fromthe EDR i mage. Finally,
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20from ograns I n Figure 13 is an illustration

showi ng, the creation of EDR .hist.ograns. hi st qQr i | ted in
the sa ISWT%%S‘?&H“EWID&IPE?QFI V‘ﬁgesc(gﬁﬁﬁgﬁﬁeﬁn%sggo%%n%?%&%?o ge.. The
popul ation of pixels in the EDR i mage bel onging tq eac in_ i s counted and
this begmeilqnn@ltyll02@%@9&%@59&%@%tm%?@é@gé@ﬁglewﬁd‘éﬁwwy SR
hi stogram for each bin. On the left-hand side of Fig. 13, an exanple of an
. EDR i mageogt8caleulstimmmit Udldngsinghe péntasive axpesisetTx ¢bd.ues of the EDR i mage
1302, four EDR histogranms 1304, 1306, 1308 and 1310 are generated. The four
hi stogr ans corkisspandisnguilty gherdiedifromineirsige 1 alkanaielexposuee yalge eémthivl ue
and | um nance (brightness) respectively are shown on 5the right hand side

f Fig. Ei - ' - It LDR
or Flig er‘h@oq}%ggia%‘élsa ?ﬁ'ﬁz %ﬁ%&;&%&r@&&ﬁé&%%%@@i% htwitifut

hi st ogr ans ; 1 . a 10-bit "EDR i nage whi ch was conposed
19 Br b LTRSS SR 0L ARS8 AT PR SO B O,
1408 exé)ﬁp%%hr%dvaﬁureocrgrrteggon Ié)lt?o t iesﬁgﬂrh?s%grwalnl gerrllgya?edb %rgmva%l I',JIS}i image of the same
exposure value. Hence, an LDR histogram having a specific exposure value is defined as the
15 same LDR histogram that will be generated from an image o.f that specific exposure value.
| Figure 12 is a flowchart for a process to generate an LDR histogram. A plurality of LDR
images of different exposures is first obtained in block 1202. The LDR images are used to
generate an EDR image in block 1204. In block 1206 EDR histograms are then calculated from
the EDR image. Finally, a tentative exposure, Tx is used to generate tentative LDR histograms
20  from the EDR histograms in block 1208.
Figure 13 is an illustration showing the creation of EDR histograms. An EDR histogram
is calculated in the same way that an LDR histogram is calculated from an LDR image. The

population of pixels in the EDR image belonging to each bin is counted and this becomes the y-



10from O to 255. Extraction of LDR histograns froman EDR histogramis
simlar to how LDR i nages are extracted from an EDR i nage. Fi gure 15
shows an wobodiosesys for extracting an LDR hi st ogram 1402cftnBrmosino3EHR

hi st ogram 1402. Simlar to Fig. 9, Fig. 15 shows the EDR hi stogram 1402
bei ng processed by a nultiplication unit 714, a de-linearizing unit 706 and
a clanping unit 902 to create the LDR 15hi stogram 11404. The bin val ues of
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where values aré nu mul tiplier 1/A where is the ratio of
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de-linearizing unit 706, and a_cl anping unit %gé \Lfmi ch cl ar‘r%s t he,.bin

val ues BFtagrns B304 { 30% 1808 eagl AR 816 esneratedmIRe Fayr ustgsraas=comsaRaNAR &0 e,
the concept of an EDR i mage bei ng conposed frommultiple LDR i mages, an EDR
hi st ogr &mr drtenséitly Shairels oo @seh, bhierandiiminghes (bDRhwies?) defpasEy el HarcRo WIS
process is also reversible, such that, LDR histograns can be extracted from

an EPR fHesig@haid sidowef Bigf f®rent bins of an EDR hi stogram can map to the
sanme bin of the LDR histogram in which W 20091050594PCT/ | B2008/ 003793 16

case the pow{%&% PSR %DEPE\G}QE%E@? 140%earddDR 24P 81 BIYRAKiStoSHHMIE T4 (40 1406

produce the p ation o stogram's bin. In general, populations
Coget heP™ b1Usr dated Ca bhpi detesn et SeheSpafeR Aoris g EBRRReR, T e o e
used t oREIogERS | EREFICCH YA te F60% I TEBRANOL: SR aIT S kBB PR Wooghem 3
1608 and LDR Hi stogram 4 1610 from an EDR hi stogram 1602, respectively.
Each LDRDRi lsstograams 4é8r b&dnand 1 #@8 exdrReradstag itk PRtistagram wal ga\recmpé@ 5
fromthe pixel intensity of an LDR i mage at that sanme exposure val ue.
10  from O to 255. Extraction of LDR histograms from an EDR histogram is similar to how LDR
images are extracted from an EDR image.
Figure 15 shows an embodiment for extracting an LDR histogram 1404 from an EDR
histogram 1402. Similar to Fig. 9, Fig. 15 shows the EDR histogram 1402 being processed by a
multiplication unit 714, a de-linearizing unit 706 and a clamping unit 902 to create the LDR
15 histogram 1 1404. The bin values of the EDR histogram 1402 is first processed by the
multiplication unit 714 where values are multiplied with a multiplier 1/A, where A is the ratio of
the maximum exposure to the exposure value of the LDR histogram 1 1404. Thereafter, the
multiplied EDR histogram is then processed by the de-linearizing unit 706, and a clamping unit
902, which clamps the bin values of the resultant histogram to a maximum value of 255.
20 Similar to the concept of an EDR image being composed from multiple LDR images, an
EDR histogram can also be composed from multiple LDR histograms. Hence, this process is

also reversible, such that, LDR histograms can be extracted from an EDR histogram. Two

different bins of an EDR histogram can map to the same bin of the LDR histogram, in which



As conpared to the previous enbodi nent, this enbodi nent has the advant age
of using 10l ess nenory space of a processor and reduces the processing tine
as wel | . wWbisowsodue to the menory used to store a hi st ®graB20608/003793
significantly less than that of its cwrrespondi ng i mage. Furthernore,

cal culation of a histogramfroman inmage al so takes significantly nore
conput ati onal steps and nenory space than extraction of an LDR histogram
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generating a series of LDR images with different exposures froman EDR
i mge as shoWigural6 hovidesck iHisdmptiamvdrerefoyn different exposuse ¥alpee flodenbhand
simlar to the previous two enbodi nents, an EDR inage is generated. A first

pl urmal i Ty a6 udeBRo craeSDRIHIgIok 21 ¢ 1604 XPDR UHiew g&i? 2i1606,eldBH ftmgrarhd 1608
conposition of the EDR i mage by the EDR i mage generation unit 404. A second

plural i tyy ph L@de%%ﬂ%slm FEER &h B8 hYoRark | 1602 fetpect PEIGE Eable NBREhis@grani t

1702 and a plurality histograns cal culathion unit in 1704 to WO

the sectRie I Fop BroEms kel bl in eyl R e S BERETDRTREES [

a selection of histograns unit 1706 to select LDR histograns 410 that are
provi def13h ARG EXROSUIESHUCE gure 18 further el aborates the process of this
enbodi ment. As was di scussed with the 5previous two enbodi nents, a first
plurality of AsDRmipatagds thsf prgyiote embpdimgroshisembodimethas thepdvanisesekusiag 2
and are used to generate an EDR image in block 1804. In block 1806 a second
pl ur@l i tegs afenodRsparegéa podcesior faad estucextho puoaessing Entetrsrwejke nBriaisedheftodig t he
EDR i mage. The exposures of these LDR i mages generated nay or may not be
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each image, LDR histograns corresponding to the
Furthermore, calculation of a histogram from an image also takes significantly more
computational steps and memory space than extraction of an LDR histogram from an EDR
histogram. Memory capacity of a processor is fairly limited, and the use of less memory space
15  allows the space to be used for other processes and purposes. Reduction of processing time
allows faster reaction time to capture a scene at its optimum exposure level. Hence this
embodiment has the advantage of computational efficiency over the other embodiments.
A third embodiment generates LDR histograms by generating a series of LDR images
with different exposures from an EDR image as shown in the block diagram of Figure 17. In this
20 embodiment, similar to the previous two embodiments, an EDR image is generated. A first
plurality of LDR images of different exposures 402 is needed for the composition of the EDR

image by the EDR image generation unit 404. A second plurality of LDR images is generated by

a plurality images generation unit 1702 and a plurality histograms calculation unit in 1704 to



10pi xel intensities of LDR inmages are cal culated in block 1808. LDR

hi st ograns corresponding to any particular LDR inage at a particul ar
exposur e, woxoavso®el ected fromthe plurality of LDR hi stognBzmes/nos7¢8 ock
1810. Re-sel ection of LDR histogranms Wan be done if the exposure val ue of
the image corresponding to this set is deened to be unsuitable by the
opti mum exposure determnation unit 210 (see Fig. 2). 15Figure 19 shows
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with diftrerent exposures, at are used to generate ‘correspondi ng

hi stograns in hl .180 ft .enmbodi t sh i _Fi : i
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for each LDR i ms;ge. For sinplicity only the histograns fromthe red channel
are shothat greeovided by thelsystodk i ous channel s avail able. Shown are Red 1
201910, Red 2 1912, Red 3 1914, and Red 4 1916, respectively belonging to
LDR 11902, LPRufe 1904thet BRbGral80be prnesslobrhig emdodimanit.gds svas@lisshsied Hibtger
enbodi ment which is simlar to the enbodi ment shown in Fig. 17. LDR i nages

of diff gfe‘@fﬂus OXH @5 Wb BinAines, @lTtrat pledlityo L DRKmMARE S differeht enpostite arauseaintdin
WO 20091050594PCT/ | B2008/ 003793 18 generate the EDR i mage in bl ock 2004. A

plurali h%cfeflsdr?&d fRYSSy f&fgggkﬁi&ﬁggx@mgé% 8Bck 38d4emh Keren 8®g sédonbl ock

2006, The exposure val ues I mages nay or nay not be the sanme as

th . of the,. i j i :
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bl ock 2010. Re-selection of the LDR image can be done if the image is
deened LDRoienages ubtsinedamb@ck;)alsa%.uF@nwaenq%@n@ge,tde@sﬂpﬁamswﬁ@mnging to the
determ nation unit 210 (see Fig. 2). .

10  pixel intensities of LDR images are calculated in block 1808. LDR histograms corresponding to
any particular LDR image at a particular exposure, Tx are selected from the plurality of LDR
histograms in block 1810. Re-selection of LDR histograms can be done if the exposure value of
the image corresponding to this set is deemed to be unsuitable by the optimum exposure
determination unit 210 (see Fig. 2).

15 Figure 19 shows four LDR images, LDR 1 1902, LDR 2 1904, LDR 3 1906, and LDR 4
1908, each with different exposures, that are used to generate corresponding histograms in block
1806 of the embodiment shown in Fig. 18. In this example, a number of histograms from
different color channels are generated for each LDR image. For simplicity only the histograms
from the red channel are shown here out of the various channels available. Shown are Red 1

20 1910,Red 2 1912, Red 3 1914, and Red 4 1916, respectively belonging to LDR 1 1902, LDR 2
1904, LDR 3 1906, and LDR 4 1908.

Figure 20 shows another embodiment which is similar to the embodiment shown in Fig.

17. LDR images of different exposure are obtained in block 2002, which are then used to



Fi gure 21 shows anot her enbodi nent which is a slight variation of the
second process 10enbodi nent. LDR i mages of varyi ng exposures are obtained
i n bl ock WbQA%30594sed to generate an EDR i mage in bl oclkC2ABH0s/HDBR3

hi stograns are then calculated in blodk 2106 using the pixel intensity of
the EDR image. A plurality of LDR histograns anal ogous to different
exposure values are then generate fromthe EDR histogramin block 2108. In

block 2bdfl DR ESRIBLALT: ObcR 266 RLYUESHIIIR I s s AltErehiBibosEbeRliRsh

LDR hi stograns corresp ng to a erent 15exposure value can b
re-selected if.the . or respondi .t i V, LS
Goemnd BBV DRC AT e Roear d =08t Horby Th e sRtie, SLRag Uy e it
determ nation unit 210 (see Fig. 2). An LDR hjs I havi.ng a specific :
exposur &s (ig|eyposuge Wéﬂ?srﬁfdh%l&Dt&q’én%ﬁﬁﬁbtﬁlﬁRgﬁ? Bl%‘%%ﬁ@t ea\%qqlcr%ggéener at ed
froman i mage of that specific exposure value. Figure 22 shows anot her
enbodi nhistogrdms foniall teaimeagiesgencratad aEdRciihedyin the thiskprodess Guhddkaenthene LDR

previ ous enbodi ments. In block 2202, a plurality of LDR i mages of different

exXpasur §hadeSs $b@bMQdm thephealttyelf LR itgagdddmbiock Q00PoEORahisfERRmoeithis LDR
hi stograns are cal cul ated fromeach of themin block 2204. Fromthis

plurali era%faré‘%n!}iaﬁhﬁl A0 AP FTOR KU 1 QEbADr ik Ebﬁnnﬁgaemb@domfmepck
e an E y WO

2206. T eneration o DR histogramfroma plurali

20091050594PCT/ 1 B2008/ 003793 f LDR_hi.st iy i e, :
gener at i%?&edgsﬂnﬁ%ﬂaﬁeﬁés‘ﬁlﬁ%biﬁ é.?leso élrlrieé/g 1%@%%%%%?%%13131:&{% E%S&gﬁr‘%@% tion unit

previ ousw in Fi% 6, 7, and 8. LDR histograns of a tentative exposure

val ue, X0 saFe2yenerated fromthe EDR histogramin bl ock 2210. Tx nust be
in a predetermned range: the m ni rum exposure to the nmaxi mum exposure

val ue of theFjgume 2l showsofnotiprRembadimrent ahighws Belight eatission o8 theategend Becess
used if the inage of the scene with the current exposure value is deened to
be 1¢f ussbbdialkhe ERRAfIapes ot anginpexplsarapre obtained oblock 2d62 endrusel to@Inemiet
210 (see Fig. 2). An LDR histogram having a specific exposure value is

def i ned, 28 DREn3RME bldeR 21081 SYReRs{oRAIm Mt khddecalRiMaE@IEsloti QMG sihEa@eind]
that specific exposure value. Figure 23 shows anot her enbodi nent, where an

DR gy SP LR 58 B S50 M0 O Tl preaed o202
values are then generate from the EDR histogram in block 2108. In block 2110 LDR histograms
of a tentative exposure value are then selected. LDR histograms corresponding to a differeﬁt

15  exposure value can be re-selected if the image corresponding to the tentative exposure value is
deemed to be of unsuitable exposure value by the optimum exposure determination unit 210 (see
Fig. 2). An LDR histogram having a specific exposure value is defined as the same LDR
histogram that will be generated from an image of that specific exposure value.
Figure 22 shows another embodiment. In this embodiment, no EDR image is needed
20 unlike the previous embodiments. In block 2202, a plurality of LDR images of different
exposures is obtained. Instead of using them to compose an EDR image, LDR histograms are

calculated from each of them in block 2204. From this plurality of LDR histograms, an EDR

histogram is then generated in block 2206. The generation of an EDR histogram from a plurality



fromthis imge in block 2304. If the optinmm exposure determ nation unit
210 (see Fig. 2) determnes the image to be of unsuitabl e exposure, then
anot her iwageowsnsobe t aken fromthe i mage pi ckup appar arus/IRDAs/e0s3dx he
steps are repeated. The histogram generation unit 206 in the imagi ng system
204 and its various 1l5enbodi nents have been descri bed. The histograns
features extraction unit 208 or the features extraction unit 208 for short

will be bi b simi LG irGlepe f H EDRSHRkEYas
conpri sé’gﬁgﬁ 19@%#%%’@}“50 ggﬁe}r@g*nat%g&gf%g@( bvhi chﬁ(?{a‘?tatsﬁfelg%o%t ure' sE
primary focus, and a, brigh bj t .has _to a
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presence of part of 20the sky in the picture can cause the auto;exposure of
Bn | mgiERrae flem ths AR BHagHBen PRSP LB MBS 6 IRG RTPRFSTBPELEES Be ¢ oo
dark. Hence, if the subject is the picture's focus, then there is a need to
adequat eliyinexpesgostitectoithagexiven expotunevaineetthe @luralityrns LS imeges: Hengw Her
hand, if a bright object is present within the picture, focusing solely on

t he glomeg@dtureSeddicesin Yehakd ifxhe hageoME: 2000 LOHhO 4RCTHtlexB2OAS 1008 798 c2td
hi ghl i ght may increase exposure so nuch so as to cause the bright object to

be was h‘?&'?%gf st Eﬁ{lﬁ%%dcguret\%’ﬁ@b}i/ eBpRgRn Eehoilifel defermhibAlodnGe: 21 @EIFRYE). an

exposure m nant subj ect and the bright object even in the
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Fig. 2. The features extraction unit identifies 6ihe three features

essent i 3l {Pegengratss diognpn ym JBY SPRHE EXRITEI YR ence of the sky, a

dom nant subject, and a bright object. These features will be referred to
as Sky- Peak, Figiuga?3 skhews aredlak emhodirmnjhvhee ar LR gpags iswbrameds Hegig §2n
Figure 24, the features extraction unit 208 may include a sky-peak detector
10ung t 248dtheamag@pickips aarneakodaeefig) uhDR M40 granarate aubseghent fyegenerated

detector unit 2408, respectively. The various detector units exam ne

thei magg s, MiSHRQE ATB10RRI 36X ! [faRé oG dxpositadaeiBinaibn GRit 210 (see Fig. 2)
determines the image to be of unsuitable exposure, then another image can be taken from the
image pickup apparatus 202 and the steps are repeated.

The histogram generation unit 206 in the imaging system 204 and its various

15 embodiments have been described. The histograms features extraction unit 208 or the features
extraction unit 208 for short will be described next.

A typical outdoor daylight picture usually comprises part of the sky, a dominant subject,
which is the picture’s primary focus, and a bright object that has to be adequately exposed. The
subject may or may not be in highlight, depending on its surroundings. The presence of part of

20 the sky in the picture can cause the auto-exposure of an imaging system to underexpose the
picture, causing the subject to be too dark. Hence, if the subject is the picture’s focus, then there

is a need to adequately expose the image even in the presence of the sky. On the other hand, if a

bright object is present within the picture, focusing solely on the dominant subject that is not in



These key features, Sky-Peak, Significant-Peak and R ght-Peak provide a
guide for the contents of histograns when an i mage has an opti num exposure.
These t hrwe 2h@atsos9es are nmeant 15as a gui de and are not PCEABZOOEHONE | N
nature. What conprises a peak in a hi®ogramw || be discussed next to
understand these features and what they represent in an image. Peaks can be
defined as a group of consecutive vertices in a histogramthat have only

one | Ocﬁé%lﬁgfrﬂ. s inbPE88 e%gstn%rs%r}%%&?'%ea% tefcalps%QKébHQﬁ\tObﬁ:%@ 1PBe waud dud

hi st ogr a e shown 1n gures a The first type of peak, Peak 1 2502

is sho in.Fig 25a. Fi 5a.sho a portian 200f t ' Mﬁ?’ a
vert exmﬁ.ihe’ielﬁ%regg?rteilﬁﬁ and %)I Sglﬁlﬁee%lg\%ﬁn%egte ﬁcfé1;3\éeea%§x%osgxge rttag&ﬁg\f}?% a gwer
y-val ue. The hi g}tlest_ poi nt of the peak is r fe[(red to.as the summt 2410,
whi | e t Bebipekad thederight obisct gien|iafhe IHF“’(“H%%@‘SI@ Y &0 IGRICHE to as the |eft
tail of the peak 2508 and to the right, as the right tail of the peak 2512.
Fig. 25b shoWe aahieeandd¢qupelpéxpoeekimiget thesmeging systamd2 Qs inehydes 3 fRaturpst
WO 2009/ 050594PCT/ 1 B2008/ 003793 21 end of the histogram Peak 2 2504 has a

sunmg t  2Rketiah uhhieoBagiowd in FifenkT RbR4tubasexactiorginit idahiifiesathk yhrae Features ai |
2508 denoting the | owest point of the peak. Finally Peak 3 2506 is shown in

Fig. 25%%}8&1;@%%{;@5@;@? ég(tp%%%& iR ge i TRSen &0k 18 skV1@ donShadsabRet, Ah€a

sunmm t 0 e fIrst bin of the hi'stogram Peak 2510 has

peak. TREGYnd iregre bl e B ER Pep, e B Tea b R B RS,

the summt. The vertices to the imediate left and right of the tails nust
be hi gh&sPedii§it he tail itself. The vertices to the imediate I eft and
right of the summt nust be |ower than the summt itself A common term used
in the speci fissapwons Figire Bé the fraturesextpastirn shit 2A§ nysnoyfamsky-pealedeisgtey
refers to the peak with the rightnost summt within the histogram

10Ref er uhin @404 afsighifiddhtiphek Geadtor exsit 2406, and aoightrpeak GO&torewei 2438, hi st ogr anms
2402 and extracts features within the histogranms. The three nmain detectors

2404, 240887412488 vegb@&Cdetector units examine the image’s histograms and extract specific
characteristics.

These key features, Sky-Peak, Significant-Peak and Right-Peak provide a guide for the
contents of histograms when an image has an optimum exposure. These three features are meant

15  asa guide and are not restrictive in nature. What comprises a peak in a histogram will be
discussed next to understand these features and what they represent in an image.

Peaks can be defined as a group of consecutive vertices in a histogram that have only one
local maxima. Three different types of peaks that can be found in histograms are shown in
Figures 25a-c. The first type of peak, Peak 1 2502 is shown in Fig 25a. Fig 25a shows a portion

20  of the histogram where a vertex of the portion is flanked on each side by a vertex having a lower
y-value. The highest point of the peak is referred to as the summit 2410, while the lowest point
to the left of the peak is referred to as the left tail of the peak 2508 and to the right, as the right

tail of the peak 2512. Fig. 25b shows a second type of peak that is only found at the rightmost



and neasure the key features 2410 of the histograns and these features wll
be used in the opti num exposure determ nation unit 210, by conparing the

bi n Val uesoaboddsessgunmi t of the features to predeterm nedTiuhzeshargs. 2. 51 n
out door daylight pictures, the presemde of sky in part of the picture
typically causes the auto-exposure of a typical image device to nmake the
rest of the picture dark. The di scl osed exposure control mtigates the
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first i Ies regi on, en subsequently elimnates or assigns a
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a daytine gi cture is usually bright. A first characteristic, gg Qs]k%/ regj on

i s t hat Fig 25sand/isifeund gnlpatihedpftmpstiend obtheghstagragisx ding spmmit ot he WES%IS A
second characteristic of the sky region is that it is usuaI_I%/ dom nat ed by
bl ue or atghe éinst biresf tht histegrams Fretleds Byhashe 1RGEa1l WO has a right tail 2512 denoting the
20091050594PCT/ | B2008/ 003793 22 col or space, the sky region is usually
domigat gAY pdiReofGhy pedke Bitdlefrant kighBraviabpe pedk RER. alwvayd telebiS¥Wan diavof gpace,
a peak shows up near the blue region of the hue channel, e.g. approxi mately
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space, brig ue I's represente a high positive Cb. Such detection is

not |im.t o the coql gr .spac but in this, emodi h LnSRace
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right hand side of the green and bl ue histograns. A term,. Sky-Peak, i

gi ven t 8saifich cammas<ary 3560iR tha P esHisatienyistles HelHaoshpakgiiany t%@?@rilged in
detail below The first conponent of the features extraction unit 208 is

t he skyapeaky céirettthe paak with4belrighimpst surditstidus the lpplogess enbodi ment of

t he sky-peak detector unit 2404. The sky-peak 1Odetector unit.initially

finds the ri ghtsmmst toEigk34 the featards erfradttonamicioBmeedives ldstograams240Retd G een
and Blue) in block 2602. The rightnost peak of the blue histogramw || then

be Coméit%t@@%%tw'kmﬁtwﬁ%gmn% heatméerinaﬁ%t%b% PAoack4868dd baoshaed i f

the two peaks are simlar to each other. A peak is said to be sufficiently

simlar argé)m%gs%trg]t & kie];/ féaqgreg\QQl&Bf{hteshisttQérgﬁs 883 MeSe rdafilrbs HAh be used in the
optimum exposure determination unit 210, by comparing the bin values of the summit of the
features to predetermined thresholds.

15 In outdoor daylight pictures, the presence of sky in part of the picture typically causes the
auto-exposure of a typical image device to make the rest of the picture dark. The disclosed
exposure control mitigates the influence of the sky region on the exposure control. The disclosed
method first identifies the sky region, then subsequently eliminates or assigns a low-weighting
factor to the histogram bins associated with pixels within the sky region in exposure control

20  calculations.

The sky region of a daytime picture is usually bright. A first characteristic of sky region
is that it is typically made up of the brighter pixels within the image. A second characteristic of

the sky region is that it is usually dominated by blue or green hues. If represented by the RGB



summt or right tail, are wwthin 1 bin apart. In addition, the population
inthe simlar points 15should be sufficiently close within a degree of
t ol erancewoRooy/sp@apl e i f peak A's left tail is at bin 2CTaBTOO8/MH037E at bi n
5 and right tail is at bin 8 and peak2B' s left tail is at bin 2, sunmt at
bin 4 and right tail at bin 6, the population at left tail and summt are
then checked to see if it is within a tol erable degree such as 10% from
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the blu e Si ar to the green rightnost peak,
it is 2Qc | uded that a sky exists in e imge wth it rrespondi ng
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the blue WO 20091050594PCT/ | B2008/ 003793 23 histogram for simlarities in
deci si obrightddic iR 6€Gesehfedttea high positive fibs tSush dktecdorf suned lirvtegdo dhengaler spaee,

the blue histogram the sunmt of the blue rightnost peak will then be

conpar egyds @hig sinbbdigndne theE@BIcRIsHebedd s Need. fTHikpaibbf ehavaeerisichitghelates o
deci sion bl ock 2608, If the blue one is indeed higher, Sky-Peak exists.
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ey fare sim e summt is not higher than the red one

t hen anot her coppari son s to made.. . . A0y 1 i,.son checks
if the W@Bg&fﬁa&mﬂ I8P (%geamn%?thfSh\gﬂ{)?eu%ggflé@olél?dae@ms)@}{#gher t han
both the summits of the red _rightnost peak and e green righ t pe i,n
deci si on bl oéRe ﬁmeomppnﬁrﬁ@fwedéatgmwﬁa?@w%%&,15%&?%&%@?@?‘&“%04-
Q herwi se a fourth conparison has to 10be nmade. The sky-peak detector unit
wi || chBigkre 26 sheterapmeesis ferrtbodiniens of therskgxpegk detsetopnis 2AP4t db2 Bi-Pekhi gher
than the last vertices of the red and green histograns in decision block

26412 | fettdior rgdingiullygirednhé Aghitmst péakesn ase dfohvee chirarel hiseoghdrne(Resis Green
vertex, then Sky-Peak exists. However, if all criteria fail, it is
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against the green histogram in decision block 2604 to check if the two peaks are similar to each
other. A peak is said to be sufficiently similar to another if the two of its three points: left tail,
summit or right tail, are within 1 bin apart. In addition, the population in the similar points

15  should be sufficiently close within a degree of tolerance. For example if peak A’s left tail is at
bin 3, summit is at bin 5 and right tail is at bin 8 and peak B’s left tail is at bin 2, summit at bin 4
and right tail at bin 6, the populatiori at left tail and summit are then checked to see if it is within
a tolerable degree such as 10% from each other. If they are, then Peak A is considered similar to
Peak B. If the blue rightmost peak is found to be similar to the green rightmost peak, it is

20  concluded that a sky exists in the image‘with its corresponding Sky-Peak within the histograms
in block 2614.

If the blue rightmost peak is found to be not similar to the green rightmost peak, the

rightmost peak of the red histogram will then be checked with the rightmost peak of the blue



15Fi gures, 27a-b, 28a-b, 29a-c and 30a-c illustrate criteria used to
determne if a Sky-Peak exists, In Figs. 27a and Fig 27b, the first

criteri orwohotdsoanpari son of the blue and green ri ght mostuBpesko37Ys
deci si on bl ock 2604 of the process stwdwn in Fig. 26 is illustrated. Fig.
27a shows a green histogram 2702 of a particular inmage while Fig. 27b shows
a bl ue histogram 2706 of the sane image. The green and bl ue right nost peaks

are higpl | ' ol | | ' 2604 safiflard N
o, 20 kb Tl ARSI AR, RTINS OpeekS (B0 HE oA
are relatjv simlar as shown_..,n Fig. 27a and.Fi g...27 [ r ts
t he pr e%‘b‘i}ilégl%fhl%fogﬁ}l’ %W%@tfo@&%g%wgﬁ%ké&@ég? Ibgg‘,?g@b%d Igggllh?%gé;
and Fig 28b show a red hi stogram 2802 and a. bl ue hi 3(5 og]k mé§08 of a

par t i cursroreragetermisspEdeiblet ne REher Gricsisan Heslk 2645, t1ians B RPS iigrssd
2804 'in Fig. 28a is conpared agai nst the blue rightnost peak 2810 in Fig.
28b andhigher; ISkgl-Peak deiser Haveevief, if tigher dreered irightnags! peakowmnion sipaitar it thei tlug e be
seen that both peaks are not simlar and the blue summt 2812 5is much

hi gher bhamhdyhge 6168 BaTiHe b2&IGiInahittiSigothi g finsitthp eskaneathert Agothevocomparison
hi st ograns whi ch suggest the exi stence of a Sky- Peak. Fig. 29a, Fig.

29b andhgg t%'beé%desmws hi st ograns used in decision block 2610 in the
flowchart” of Fig. 26. Fig. 29a shows a red histogram 2902 with a ri ght nost

summ t 2904, Fig.. 29b shows re hi st ogr 2 ' ' it
3908, and Fi 4 SHET SO GRare: TORF SLOGNah Bb o8 hp i s e Lo R
2912. Fromvisual inspection it can be seen that. the blue sunmt 29%2 .S
the t al higber tian bathshe senmite 96 thried SigbENQS PeRKANSAR STen Jphumospsak AR P he
hi stograns used in decision block 2612 of flowhart in Fig. 26. Fig. 30a,
Fi g. 30blockAd1i Hf.thgblue ssimouit & highbrhSlet Bepkeani 80 0Rtharvise & fPah corpesendns i
a green histogram 3006 with a |l ast vertex 3008 and a bl ue hi stogram 3010
Wi tihp a bastadv eTHeasky3R4R detector unit will check to determine if the last vertex of the blue
histogram is higher than the last vertices of the red and green histograms in decision block 2612.
If the red and green last vertices are lower than the blue last vertex, then Sky-Peak exists.
However, if all criteria fail, it is concluded that there are no Sky-Peaks in the histograms and
consequently no sky in the image in block 2616.

15 Figures 27a-b, 28a-b, 29a-c and 30a-c illustrate criteria used to determine if a Sky-Peak
exists. In Figs. 27a and Fig 27b, the first criterion of the comparison of the blue and green
rightmost peak in decision block 2604 of the process shown in Fig. 26 is illustrated. Fig. 27a
shows a green histogram 2702 of a particular image while Fig. 27b shows a blue histogram 2706
of the same image. The green and blue rightmost peaks are highlighted using a dashed circle as

20 shownin Fig. 27a as 2704 and in Fig. 27b as 2708, respectively. The rightmost peaks of the two

histograms are relatively similar as showﬁ in Fig. 27a and Fig. 27b, which represents the

presence of a Sky-Peak.



15respectively. As can be seen, the blue last vertex 3012 is higher than
both the red | ast vertex 3004 and the green |ast vertex 3008. Therefore,
Sky- Peak w®i2849%050594 The features extraction unit 208PexiB208/80339F eat ur e
known as Significant-Peak. Significam4-Peak represents a dom nant subject
within an image. For an inmage to be visually appealing this detail should
not be too bright or too dark. This feature can be used to determne if 2
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a Significan est pe e hi stograns a our

channels are first found i.n ocks 3102, .3 Q and 08 .1 peaks
nust no?a@ﬁﬁ%’?ﬁ?@ﬁdreﬁwcgﬁﬁlysﬁéq ﬁ@@t@osgﬂﬁka%gﬁiﬁg\]msg PR klg-Flg' %ﬁ%
20091050594PCT/ | B2008/ 003793 25 Peak. From.t hege fogr tal I ast n.on-.*Slfl)é- Peaks
fr om eaedmpared pgainst shedplr e ABhtMase pRRkadd IR if 18 HED Ang Gherket tQ ARRITRINRL ey are
selected in block 3110 as a Significant-Peak 3112. . Fi gure 32 provides
a gr aphsieslar.eKmmpimspadftiot iecandtessetn trat bothSiegkd dre oahsinPaakrnd merbdee sHBMBL8AM
3202 with its tallest non-Sky-Peak 3204, a green histogram 3206 with its

t al lsest {snanch 18 Sket 1ReAtke 30&immitPIs0e ottt rhtaostI2aks i thd twd histegdrhms tvhich
non- Sky- Peak 3212 and the | um nance histogram 3214 with its tallest

non- Sky- cg/)ﬁ m vi sual inspection it can be seen that the
red sun%ng%géﬁsﬁ%%’ﬁ%tﬁg&lozgt ilrjlé:ag(ﬁd is the rightnmost summit and the red peak
3204 is thus_| ahel i gnif i cant ; Peak. . For_ex : y i

under exposed! & Rga’ﬁ%?zggtaggfﬁl%@cfsg%ﬁg EF?%@H%%@%?F%%@%@H%@gﬁﬁﬁéal ue
of the summt of_a Significant-Peak cal cul at from such 10a pictyr ay be
si t uat eBovpharhef Bigr KerFigi #3a shpwis alrég&slt%%ﬁrﬂréggh‘é{%?gg]?@oﬁés I[nr‘tazlcétogdll':rlf“i‘grom
the features extraction unit 208 is the Right- Peak. This can be an

embodi n2$t stowsSi graérf histgtanP@al6 withuseghtmast susmeind 908 rad RigHOcpBaws a blue

represents a bright object within the inage. An i mage with opti num exposure
shaw d hievgrdniDs1Gieitaialrigheibfteuninoio 201 1. ghtonnoisudl dnspdetidn it Bagbe eecd3hattbes

how t he right-peak detector unit neasures 15and detects Ri ght-Peak fromthe
hi st 0gr giYE suAhe: 19131 FRShIRE Wi Ao B pebenObf SkPPREK L 0 the
Figures 30a-c show the histograms used in decision block 2612 of flowchart in Fig. 26.
Fig. 30a, Fig. 30b, and Fig. 30c, show a red histogram 3002 with a last vertex 3004, a green
histogram 3006 with a last vertex 3008 and a blue histogram 3010 with a last vertex 3012,
15 r‘espectively. As can be seen, the blue last vertex 3012 is higher than both the red last vertex 3004
and the green last vertex 3008. Therefore, Sky-Peak exists.
The fegtures extraction unit 208 extracts a feature known as Significant-Peak.
Significant-Peak represents a dominant subject within an image. For an image to be visually
appealing this detail should not be too bright or too dark. This feature can be used to determine if
20  the image is of suitable exposure. Figure 31 shows a process for detecting a Significant-Peak.

The tallest peaks of the histograms of all four channels are first found in blocks 3102, 3104,

3106, and 3108. These peaks must not correspond to the Sky-Peak, and are known as non-Sky-



Sky-Peak is detected in each of the four histograns in blocks 3302, 3304,
3306 and 3308. When all four rightnost non-Sky-Peaks are found, the peak

wi th the wel2b@ziso®anmrit is determned in block 3310 andplcahBioesioes793

Ri ght - Peak in block 3312. Figure 34 i% a graphical representation of the
process shown in Fig. 33. A red histogram 203402, a green hi stogram 3406, a
bl ue hi stogram 3410 and a | um nance hi stogram 3414 of the sane inage are

anal yze f @gdp i i : i - s of
each hi g?%%r%?n&[ 8%&8%“%8%58&’ re poe%!cr]g?r Sg{%agh%ﬁf/}?ééhelesa%ggdrn{ei g{%ﬂv\gﬁﬁg@ﬂgﬁg&
3408, 3412 and 3416 of..the red,. een,. . Rl ue and.| um-snan i st ogr ans,

r espect FSRINPSt SHRME W bsetfﬁ'}ﬁcﬁ%dfl%i%gr}dégﬁs §Z§i@lﬁ‘§am'\%§k§?m

2009/ 050594PCT/ | B2008/ 003793 26 the tallest and js | el,?d tn)e Ezl ht - Peak
as shown on Figaire 3Yntovidesd Sepiucyrexample ofhe ggipctiop IGHE C3R: %rﬁ?ﬂe i's
under exposed, the subject of the focus is usually dark; such that the bin
val ue ohistdgears 3262 tvithfitsaalRisghon-SziPeala B4, atgreerf Mioerue B266 pitbtisrtallerhpobe
situated in the darker bins. A visually appealing i mage should not be too

dar ks Nnogk{-Peald83 @)k b1 1 Soghith 8ZLGwWIth B it411e5t M- SkpPeak 3hiRdrd thaweminance
sufficient contrast. If an object is washed out or too dark, there will be

araly Elﬁ?o[gﬁierﬁgg[@%ﬁ 1@%]}1@?90&-@?;;%%1@5}@ shbwn! Fk&ﬂg Vel ARfecdidh keshn be

poi nt . r ror e etails wthi picture wl ost en subopti nal

| be |
exposure is lied to .the inmage.,.To obtain I l.e pi ho4 -
criteri éeegéhﬁg}ge Wges&nin&% Efeatté?ehﬁﬁteblfl]amghs tﬁ%&&% _0353 g%r%&ltwmtgég%a‘:%{aggzlgﬂ%t ,
the dark region in the picture should not occupy a | arge percentage of
10t he €U fobeisdibiznbeasintical fFoF RETEPls Wren Ebiiaae s UpSTErioRet e Syectiof e
shoul d be a sufficient contrast between the sky and the rest of the inage.
Third, fdves brisghliydarksiin ot biorvatuesif ghd suneraittof @&ignificagtterk celsulapaddfem euch
that is not part of the sky should have sufficient contrast between its
brijght egbidaat Miayseckituardig siie dfrkértenobj ect . Last, details of objects in the

pi cture should not be washed out or too dark. 15The inmage can be defi ned by
three types @ pisXRafire BB K Bibexfracttll HohPihe Fedtires kRtraitén unit 208 is the Right-
Peak. This can be an embodiment to Significant-Peak or used on its own. The Right-Peak
represents a bright object within the image. An image with optimum exposure should have this
detail neither too bright nor too dark. Figure 33 shows how the right-peak detector unit measures
15  and detects Right-Peak from the histograms. The rightmost peak that does not correspond to the
Sky-Peak is detected in each of the four histograms in blocks 3302, 3304, 3306 and 3308. When
all four rightmost non-Sky-Peaks are found, the peak with the tallest summit is determined in
block 3310 and labeled a Right-Peak in block 3312,
Figure 34 is a graphical representation of the process shown in Fig. 33. A red histogram
20 3402, a green histogram 3406, a blue histogram 3410 and a luminance histogram 3414 of the
same image are analyzed as shown on the left hand side of Fig. 34. The rightmost peaks of each

histogram that do not correspond to the Sky-Peak are shown as 3404, 3408, 3412 and 3416 of the

red, green, blue and luminance histograms, respectively. The blue summit of the peak 3412 is



bright pixels. For exanple, in an 8-bit RGB inmage, dark pixels wll nost

| i kely have RGB val ues bel ow 50, bright pixels have at |east one of RGB
val ues abwoeo®dBps9and the m d-range pixels will be pixelPsTuB200s/RBH3Ial ues
that fall in between. The m d-range piéxel s may overlap with sone pixels
bel onging to the dark pixel range and the bright pixel range. In this
20enbodi nent, the three ranges are not strictly exclusive and do overl ap.
In an optl ; j i S : ri

pi ol s, ! KRR AR PIR oE Mo bh WSl S @i aTRTEl B PP b
smal | proportion of the inma de .u f. dark pixel.s.. WO .

2009/ 05V aé'@:ﬁ*ﬁ?ﬁzléé‘g%ééwg&éggs‘%ﬁg nglbeﬁéu%‘é USRI RaTaR, SuEh St s in ale
opti mum exposure determ nation unit 210. Hi stograms 2402 of ‘an inage ..
gener at efithesemmihel HRightFealnrajerated fioghsuphi a PiolEe BaY SEENAtRD e déﬁifr bins.
features extracted fromthe histograns 2410 fromthe feature extraction
unit 208 or @t viewallysppsslingrimagesioyd avt wetdotderkiedrgperbright. fAlspeobj erigwiths of
adequat e exposure. 5The optimum exposure determ nation unit 210 includes a

dar ks detiiiiinagdetsabildnale Qirfiditnt coivfids. [ParSdje@nivasell odeberos dusl,ithere willtbe
3504, a peak-contrast determ nation unit 3506, and a nmultitude of details

detect | Rékg | &iﬁ%&h&@ﬁ‘e&v@eﬁﬁxeaogﬁéc%ﬁd H?kﬁgﬂ}:ﬁ%h%&&@éﬁoiéﬁ%nh%&&, details

nmeasur es our criteria noted” above. our measurenments determne if

e
an image.is of suitah xposure,, and produce such,.an. i 2. 10The

cri tor it PepbtiERel Bedo R e hEN RS P BB o TR M

Peak- Contrast and Fluct. The criteria are each fj rs({ determ ned and then
conpared to ACPPHERASEHIAREIPIERFR NG CHIAICER DF §Fe SHRIMIRSK Y dEura@ge has
determ nation for histogranms of each of the four channels. The neasurenents
used t ooptithemrxpeswpt Firstirhexjadstegenandhe picture should noyegrupap karge peicentage of

Fi nding the proportion between the dark and collectively the dark and

15miad- r gt Kelgs. SebondSiithEpitturasbntains paitnif tig: skyetheenshoakt boatwiierent he
dark part of the sky and its dom nant brightness if ,a sky exists. (c)

Peak- COE‘&&Pa%%etvEE{iWh@Qk? hRd gf%r}_%ft%?tthé)i%a\gﬁe ThiaetHRHrightes Pt ot of a bRgificant

significant detail and its dom nant brightness in the imge. 20(d) Fl uct:

Fi ndi ngfirt%tglg l\}gtréxgns ﬁ%(fgei"%&re ptHw@ 58tu;zaéf§fltet§% Ll?%%ﬁoélgd.r Eaxée@%ff]?éigﬁtuc%ﬁtrait betweemfsk

Det ai | _ proportion e _ ixel's and collectively the
Tt ho PREBES RS GOR ERFS Lo PHER: Lash Seinpl ot Be i tBe PUE TAYE o
find Dark -Detail, and the choice of the nethod
washed out or too dark.
15 The image can be defined by three types of pixels: dark pixels, mid-range pixels and
bright pixels. For example, in an 8-bit RGB image, dark pixels will most likely have RGB
values below 50, bright pixels have at least one of RGB values above 200, and the mid-range
pixels will be pixels with RGB values that fall in between. The mid-range pixels may overlap
with some pixels belonging to the dark pixel range and the bright pixel range. In this
20 embodiment, the three ranges are not strictly exclusive and do overlap. In an optimally exposed

image, the sky will consist of mostly bright pixels, while most objects will consist mainly of

mid-range pixels with a small proportion of the image made up of dark pixels.



WO 2009/ 050594PCT/ | B2008/ 003793 28 used depends on the exi stence of
Sky-Peak in the histogranms. Figure 36 shows an exanple of an 8-bin

hi st ogr amwbenewypspivecessed by a dark detail determ nati oRCUMB2008BE3293 | n
bl ock 3602 a first sumwhich cal cul at¥s the popul ation of the first two
vertices of a histogramis found. This constitutes the dark pixels. The
hi stogramis checked to determ ne the presence of Sky-Peak in 5decision
block 3604. fmkys Beals LbeRBldilefSR n oblifiufi BlybsilleRBAMshIbitAen be

ree parts. efirst two Il

divided into ertices w be classified as the

dark pixels, while the |ast 2 bins wll, be the bright.nixe Th 1 d-r ange
pi xel s -1qt@gr5@sgﬁ§2 eg%ma%?n%fns@\‘ﬁéiﬁn?fnﬁb%@.“w éer%a%‘gne‘%r}l{a%%? %rg&ng rgﬁgen%’

bi ns between the m d-range pi xels and the dark pixels as well,. bet ween

t he ni darchfegeires sxatastedftpme Hie lptogrmspi4taifeom tller{&t%tfﬁﬂ%%“%ﬁ%ﬁ’wﬁb
three parts do not overlap 10 can also be used. The m d-range pixels wll
be bet weeand, e Hdth pebvadd teidetdnmimenis thel imagk ys pfemslkquate pxpaseret, it is assunmed
that the bright pixels will be contained in the bins that represent the
Sky-speak, whithe optfi@ufr &osiire@ewemiriatios unt (2l 0 $iidlhides e atls-d e dicessmiideeiod amk

pi xel s. Md-range pixels will be contained in the bin in between dark and
bri ght pkxgel [ adi: Y- Yo BN ' b dbti ; i al n
he bl B e it e o e R . PP "
15pi xel s and. the fi.rst bin of.the Sky-Peak. er.e dir ,

o r anguTRsEPSecals e g hiseErat 5. b kridte S B Ll By bR mesyres
To find the first criterion, Dark-Detail 3612, the rati.o of.tf}e ntgber of
dar k pi thelfeurcritenimpotsd abeyen 4 &owdnsasursmentsyleterayee iaRdmassiSPsYAYC 1 n the
absence of Sky-peak, this is done by taking the ratio 3610 of sum of the
popul at exposofe, afieprodnet suchanueage 285 perfornmed in step 3602 20versus the
sum of the population of the first sixth vertices determned in step 3606.
On 1tche ot her Thabdteriafville rofeee@nes as tie Thick Deedk Sk (Gontapte Pedio Codtrast ahé&luct.

m d-range pixels will shift fromthe sixth bin to the left tail of the

Sky- Pealfyl prighig Rre3008 first MRt 2R HORRRAT T p BEPRBL PRAEBEAN#d threshold value for

optimum exposure determination for histograms of each of the four channels. The measurements
used to determine optimum exposure are:
(a) Dark Detail: Finding the proportion between the dark and collectively the dark and
15 mid-range pixels.
(b) Sky-Contrast: Examining the contrast between the dark part of the sky and its
dominant brightness if a sky exists.
(c) Peak-Contrast: Finding the contrast between the bright parts of the significant detail
and its dominant brightness in the image.
20 (d) Fluct: Finding the presence of numerous details within the picture.
Dark Detail measures the proportion between the dark pixels and collectively the dark
and mid-range pixels of an image. This proportion is used to determine if the image has suitable

contrast. For example, there can be two ways to find Dark Detail, and the choice of the method



Fi gure 37a and Figure 37b show a hi stogram 3702 where there is no Sky-Peak
present. A first sumof the population of the first two vertices 3704 of an
8- bi n hi swogn@msp®4f ound in Fig. 37a which corresponds troThBmoko®Ee2 of the
flowhart in Fig. 36. A second sum of28t he popul ation of the first six
vertices 3606 is then calculated as shown in Fig 37b, per process bl ock
53606 of Fig. 36. The ratio of the first sum 3704 to second sum 3706
represe tal by g i @ik reaals s dl 4@t dnhe
i mge eggc u%?%@s@etﬁhlreflgsﬁgg%?g%%?é& lh%él\lgiggug?%ﬁ%%gand Fi gure 38ginﬁhow a
hi stogrgm.3802 with a Sky- Pe 3804 first frnt RVE:Y

the. f1'r S0 R EEHE PEES Paperot it At bdosuighmBhiod R b2, BekoKIeee3 a8y 1
this method suns up the popul ation of the first vertex to the |left_t.ail of
e SkySPBavLchGGHaes s PORBIAOR AT HeTSBBE, Vapares i LLReEBL oS RoTHE Fi g
36. Dark Detail is determned by finding the ratio of the first sum 3806 to
t he secoordbtitues tBEASTk mimelk Dbe histogram doelieskeditordsterming BismsesgncaeLBrBeak in
determne if the exposure of the inage being neasured is adequate.
Sky-gContigasibn BR2EB60S. 1fiBkycRerkriaast presengehe 8ibén Hiardgrammtillofient teedisidedantd it s
dom nant brightness if a sky exists. Sky-Contrast neasures whether details

are | 03%%@;&!&;@33&5%@%{&%@9% didssifRddetid @tk aseldehittholaef 2 bine Wik t

tail of t to the sutmmt, where the left tail represent the dark

parts o he_s an e summt . .ant I . th Lxels with
doni nanE"e h}eﬁ’dlﬁag‘sgoﬁ}&eﬁ%l ér@.ée ?g@f@ﬁg’g téﬁ%ﬁh@%@%ﬁggﬁgéf g?%{%g?by t he
sky-contrast determ natjon unit 3504 to neasure S Cont.rast ... The hi st ogram
i s firsPveRREREd il biat ?weﬁ%ﬂiermidrraﬁéépﬁﬁ-*’ﬁééke 5%ka>&?lmwe%|a5§&m§§6 R
Sky-Peak is present, then the ratio of the y-value of 20the left tail ?f
the Skynidatngepitdivand habughopixelseOtenpmbodigmensy whsrathathiss parsde m9d6%Cr 3 s
ratio is provided as a Sky-Contrast measurenment in block 3906. However if

t here i samslsSky uRdakrhichrid-fahge fSikylsGaitittredstweemrthethitsbardietiethrhinge df §&y-peak 1s

i ndi cated by bl ock 3908. WD 2009/ 050594PCT/ | B2008/ 003793 30 Fi gure

40a and,Fisgr £ 1408 REOWat WR Hhight pEeR®i|IHFe dontritid ihahebins itAgaseidnathesigh
cont ai ng a Sky-Peak. Fig. 40a shows a histogram 4002 whi ch has a Sky- Peak

AT I S b b0y
tatl 401159 bor%léi%_eg?nnﬁlre ?rg in fet\%ggnhdaor a%crll %ritgyl\PpiQélg.t ?rg{h?sngmggdiment, mid-range pixels
will be contained in the bin between dark and bright pixels, including the last bin of the dark
15  pixels and the first bin of the Sky-Peak. Other embodiments, the mid-range pixels that do not
overlap with the Sky-Peak can also be used.
To find the first criterion, Dark-Detail 3612, the ratio of the number of dark pixels to that
of both the dark and mid-range pixels are found. In the absence of Sky-peak, this is done by
taking the ratio 3610 of sum of the population of the first two vertices performed in step 3602
20  versus the sum of the population of the first sixth vertices determined in step 3606. On the other

hand, in the presence of Sky-peak, the upper bound of the mid-range pixels will shift from the

sixth bin to the left tail of the Sky-Peak in step 3608.



S5the ratio of 4004 to 4006 and 4010 to 4012, respectively. To determne if
the current image is of suitable exposure, Sky Contrast nust be below a
certai n twoeséwalsoasoal ue. Peak- Contrast det er m nes pChnaBZOSDO3aSt
between the bright parts of a signifi®ant detail and its dom nant
brightness in the image. It is used for optinum exposure neasurenment to
insure the significant details within an i mage do not get washed out as

exposur e lncir 38 aﬁ{ggigg %ﬁb%%ﬁ@%%@@@%ﬁswme@ﬁér@ﬁm&sk?%!sk{;&e@ma%

The hi stogram etermne | t contalins a Sky-Peak in decision
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O herwise if there is no Sky-Peak, the rlghtm)st ak of t({1e hi togrami‘s
found i A7HVBER canrewonﬁt@s&bloslhéé(??a@ﬁféecﬂpw %ﬁﬁb}&ﬂ érFCS?n tail of

t he rightnost non- Sky-Peak found in either 154104 or 4106 to the popul ation
of its popuniation of teaficstibiatvedtiden 360G cxtherl Gdculated as Bhawn in Figs The nerunresssh plack
provided as a Peak-Contrast in block 4110. Figures 42a-b and 43a-b

T ustr 3665 & rel 39, Mhe 2itiosf Wk fitaakmomurtastcont Buki 37.0642presents Batk D4, thehe
hi stogram 4202 i s checked for a Sky-Peak. A Sky-Peak is found to be present

4204 an r{tﬁgt Eer{ hg Rk A, t%‘fd xﬁ%%‘ff}%@% 2@81L&in %E’n%h-lfﬁﬁ»‘xé??ak Contr ast

|sthen ound ytalng atio popul ation of the right tail of

th i ght 8,10 th f t 4

the second nFEGy SHS08 S AN PR aéu%tg%ﬁ%%ﬁ“ﬂ% SRR By LRRPadl
of Sky- Peak. The ri ght nost _ peak 4304 IS ci r‘id Eg K- Con rast is the
rati o of8 Q%‘éftb%ﬁmaa’teﬁ8ﬁt}’t?fﬁrlsh‘é"°ri’edﬂ?estaé? Falgyplated §@a%%&'§5ﬁr b §efignd sum

popul ati on of the summt 4308. The Peak- Contrast nust
2009/ 05BFBARACHIs NB2GBs esTdePpphiative of therfint weres te ﬁienleﬁﬁmégﬁmeéilwpq?kder
for the current inage being determ ned to be of adequate exposure Finally,

t he d assg reashoenenFid 385} parprovessieldck 860R0£Fiy e Dhrk Detailtihdetenpiosdibg i s
adequate for a particular inage. It neasures the presence of nunerous
det ai | s fyiih Bk A8 of tiel fits€sum 3806 to the second sum 3808. Dark Detail is compared to a
threshold value to determine if the exposure of the image being measured is adequate.
Sky-Contrast measures the contrast between the dark part of the sky and its dominant
brightness if a sky exists. Sky-Contrast measures whether details are lost when exposure
15 increases. Itis defined as the ratio of the left tail of the Sky-Peak to the summit, where the left
tail represent the dark parts of the sky and the summit represent the bin values of the pixels with
dominant brightness of the sky. Figure 39 shows a process performed by the sky-contrast
determination unit 3504 to measure Sky Contrast. The histogram is first checked to determine if
it has Sky-Peak in decision block 3902. If Sky-Peak is present, then the ratio of the y-value of
20 the left tail of the Sky-Peak to the y-value of the summit is calculated in block 3904. This ratio

is provided as a Sky-Contrast measurement in block 3906. However if there is no Sky-Peak then

the Sky-Contrast cannot be determined as indicated by block 3908.



S5which are represented in the histograns as fluctuations or non-snoothness.
Numerous details wthin a picture have to be kept within a certain optinum
exposur e.wDf20ads03unber of details is too snmall, exposuPeTABINOSOG37¢8e
adequate. Figure 44 shows a process f¥dr Fluct analysis. The absol ute

di fference between the popul ation of a chosen vertex, Vertex A and the
average of its imediate left and right vertices are found in block 4402.

This is repeat i | ok : i t; N
guestion ( Ve?{gglge %‘a %dgggﬁﬁegﬁgéggn\%ﬁg%gﬁ%%%ggg?% t%ggg ?ﬁ}grrltel nc ggftgl%?%aﬁbee
vertices are fqund but_any nunber of verti an .be ed, dependi n ), t he
si ze of quﬁ%‘nbﬁggyg)ﬁak'oﬁge%o? %ashlsr?géargﬁﬁﬁwﬁg?qhaﬁﬁﬁgﬁ%@ggg\’{@l %Is er%ences
are then found in block 4408, and this is_provided as Fluct in pl ch 4410.
For exaf@f6eat ti last vester ané adeft &l 430dg While Reg 40prahgpvs & histpgramyty \‘jﬁlé has a

di fferences between a 15vertex and the average of its imediate |left and,
ri ght vBky-Brsk with asusemit é80%dndcokdaelidD@ Sky-Couwastad eadhovithe twEhigtagsams is
45a-d. Figs. 45a-d show a hi stogram 4502 with 8-bins. Fig 45a shows Fluctl,

whi ¢h i getriigo abalsuba0db bhereree JmbyRepediivelyy Maddtemthe fahé exrréht4hage arnd
t he average y- values of vertex 2 4504 and vertex 4 4508. Fluct2 is the

absol ut &iabfe}%ggaﬁg §§§7 &%ﬁgaégﬁg%g%@w ao&rﬁfn ¥eshBid vhido08 and the average

of vertex and vertex is showmn I1n 20 Fig 45b. Fluct3 shown

and the aver REE-OPERT RERTAnES 08 CanBey BRI d a1 RS of  slei o a0

t he absolute difference in y-values between vertex 6 4512 and the average
of ver t éxdgnimgnubrigiinessin e 1mags 11 is weddpr PRUMKBFXPRBTE HIFAYH SELRICP Fisure the
Fluct2, Fluct3, and Fluct4. Fluct nust be above a certain WO
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presence of nunerous details within the picture, and hence the adequacy of

eXRQS U ghowkl Srotéss @81 @eternainip PealeCoaaheuiTat hivgodrive irehaked neddtedrhine if it Ot her
formul as may be proposed to calculate Fluct as long as it indicates ripples
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correspond to the Sky-Peak otherwise known as a non-Sky-Peak is found in block 4104.
Otherwise if there is no Sky-Peak, the rightmost peak of the histogram is found in block 4106.
Next, the ratio of the population of the right tail of the rightmost non-Sky-Peak found in either

15 4104 or 4106 to the population of its summit is calculated in block 4108, and this is the
measurement is provided as a Peak-Contrast in block 4110.

Figures 42a-b and 43a-b illustrate a determination of Peak-Contrast. In Fig. 42a and Fig.
42b, the histogram 4202 is checked for a Sky-Peak. A Sky-Peak is found to be present 4204 and
the next rightmost non-Sky-Peak 4206 is found. The Peak-Contrast is then found by taking the

20 ratio of the population of the right tail of the rightmost non-Sky-Peak 4208 to the population of
the summit 4210. In the second histogram 4302 shown in Figs. 43a and 43b, there is no presence

of Sky-Peak. The rightmost peak 4304 is found. The Peak-Contrast is the ratio of the population

of the right tail of the peak 4304 to the population of the summit 4308. The Peak-Contrast must



Yi _02) 10Apart fromthe four paranmeters, Dark Detail, Sky-Contrast,

Peak- Contrast and Fluct, as nentioned above, features extracted fromthe

hi st ogr amwocam/@h®e be used to determ ne the optimalitypPofi/iB2pssesres. These
features as nentioned in the enbodi meftit of the feature extraction unit 208
are the Sky-Peak, Significant-Peak and Ri ght-Peak. The properties of these
three features are conpared agai nst predeterm ned threshold val ues to check

if the Eg?eg?t lafi aocfe%‘t}i%qmeiswmiﬁ%ﬁ%g%ﬁhe current ifghYeEReih PESRrRRLAREHELS A¥duate

features, sl'ew of criteria can be used to determne if exposure is
sub-optimal . These criteria conpare the features and paraneters with
predet ePTHYKEY t hr eshol d val ues. These threshol d val ues were experinentally

found to give the best results with regards tq the featyres and paraneters.
The par anet eF §133Veth9é4§éme9sq¥@§§ﬂfr@8“i1?1“‘2?9‘@&1‘%8“8@@? évg‘teﬁl?ﬁéheo?"pﬁg‘?rgéﬁt ages

except for Fluct, which neasures a non-snpothness in the histogram and
f eat ur esdeguatefsralparticilanunagee Ipmeasvsesethe prasenapnijaumeres| detajlsgyidn die PIRRKC
hal f, this W) 2009/ 050594PCT/ 1 B2008/ 003793 33 neans that the dark pixels

OCCUPY Wi dré esprdvahted Of tHeltdstbgags asMiicivadon@gmnt snatebmes. Nometarskdetalsd
exposure is sub-optimal. If Sky-Contrast is greater than 50% there is a

lack inyeanty ﬁigfurpﬁﬁxyéetlggoeg{ﬁs;[ ﬁ/ﬂﬁfﬁeaséerﬁﬁ{ bpt@huthRepsire VI tHe dudtbeet HERiISkY

whi ch neans that detai e Inmage are | ost due to overexposure. Another

stgn of to%vs?nra?l),( Q)?psous{lree ringy Wc{)]teone a%%allfétgo ?}gru?esh Sy &%cé@rﬁr Fluct analysis. The
absolute difference between the population of a chosen vertex, Vertex A, and the average of its
immediate left and right.vertices are found in block 4402. This is repeated in blocks 4404 and
10 4406 by changing the vertex in question (Vertex A). In this example the absolute difference for
three vertices are found but any number of vertices can be used depending on the size of the bins
and other factors. The sum of all the absolute differences are then found in block 4408, and this
is provided as Fluct in block 4410.
For example, Fluct can be calculated as the sum of all the absolute differences between a
15  vertex and the average of its immediate left and right vertex, for a series of consecutive vertices
as shown in Figures 45a-d. Figs. 45a-d show a histogram 4502 with 8-bins. Fig 45a shows
Fluctl, which is the absolute difference between the y-value of vertex 3 4506 and the average y-
values of vertex 2 4504 and vertex 4 4508. Fluct2 is the absolute difference between the
populatioh of vertex 4 4508 and the average of vertex 3 4506 and vertex 5 4510 and is shown in
20  Fig45b. Fluct3 shown in Fig. 45c¢ is the absolute difference between the y-value of vertex 5
4510 and the average of vertex 4 4508 and vertex 6 4512, In Fig 45d, Fluct4 is the absolute
difference in y-values between vertex 6 4512 and the average of vertex 5 4510 and vertex 7

4514, Fluct is then the sum of Fluctl, Fluct2, Fluct3, and Fluct4. Fluct must be above a certain



5than 50% On the other hand, exposure may be near optinmal when there is a
bal anced ratio for bright and dark pixels. This is achieved when

Sky- Cont rwet20e9segsaund a fifth while Dark-Detail is aromou/mB2o0osbesde3
Furthernore, exposure nay be optinmal 3hen nultiple details appear, which is
i ndi cated by a high Fluct. The summt of Significant-Peak and Ri ght-Peak

w il also be at the 1Qupper half of the histogramand Dark-Detail is |ess

than a Eﬂrg%hglwe&d%ﬁg%gﬁmr{estg?s%rserﬁz%tcjf %ln‘egciges aﬁgta(ijl-g%ﬂﬁm Olugk, Uak HESeef Or

the bin“value for ghi ficant r R ght-Peak can vary

bet ween | ower bin _val ues t.q .higher bin,val ues.depending. on r t est
e o e Rt b saeerogr Dy seas SR RIRE i SmERRET e
Dark-Detail typically has values | ess than 70%fqgr an.o tinagl%,ex osed

i rage wiermatlasiragy poprogrsedce selculate Hinet asdong psd apdicaiss BPigesin g H’B}éﬁﬂi ng on
the whether the test is for under or overexposure and with what other

par anet emyeSky-contrast is paired with. Threshold values for Fluct usually
has hi gh val ues when nmultiple details appear and these val ues are above 200
and g hr eshol dhy @maga fafedRBaYe E0THd @ressed asual |y around 50% Figures 46
and 47 show an enbodi ment on how the criteria can be used to decide

20bet ween i ncreasing or decreasi ng expo rey Eig. 46 shows a process to
det erm ne whether to increase expos@iﬁ( : 'eﬁﬂ&lock 4602 checks to see
if the bin value of the summt of Si'g i ficAnt Peak or Right Peak is |ess
than 3. If the test is positive, and if in decision block 4604 it is found

t hat Dar k Detahdr fbﬁmgﬁgeﬁqtaemaplba?r&ﬁ%d gxpEsstr e may be increased in block
4610. WD 20091050594PCT/ |1 B2008/ 003793 34 However, if the test from

deci si on bl ock 4602 is negative and i nrgeetst | ock 4606 it is found that
Dark Detail is greater than 45% expos anayqupo be increased in bl ock
4610. In decision block 4608, the pro egg dete¥mnes if Dark Detail is
greater than 35% and Sky-Contrast is less than 5% If the test is positive,
exposure may be increased as well, ofh : posure is not

5i ncr eased. Fig. 47 shows a pr e gs_ﬂbLgéigzyine whet her to decrease
exposure. In decision block 4702 th gf ctes3 derérmnes if Sky Contrast is
greater than 50% while decision block 4704 the process determnes if Sky

Conig st ok, ApEA i e R BRLA S o, R R R e,

determ rrlﬁ:itioned above, features extracted from the histograms can also be used to determine the
optimality of exposure. These features as mentioned in the embodiment of the feature extraction
unit 208 are the Sky-Peak, Significant-Peak and Right-Peak. The properties of these three
features are compared against predetermined threshold values to check if the image is of

15 optimum exposure.
Given these parameter and features, a slew of criteria can be used to determine if

exposure is sub-optimal, These criteria compare the features and parameters with pre-
determined threshold values. These threshold values were experimentally found to give the best
results with regards to the features and parameters. The parameters are usually measured in

20 terms of fractions or percentages except for Fluct, which measures a non-smoothness in the

histogram and features are used to find the parameters. If Dark-Detail is greater than half, this



10if Dark Detail is less than 35% in decision block 4708 and in decision

bl ock 4710 it is determ ned whether the bin value of the summt of

Si gni fi camD 2P@alsosm Ri ght Peak is greater than 3 and DarkTDB2008/h037% | ess
than 20% Decision block 4712 the proSess deternmnes if the Peak Contrast

I's greater than 50% and Dark Detail is |less than 45% and al so deci des

whet her Sky Contrast is |ess than 10% and Peak Contrast is greater than 50%

' n deci 300 RhAGK d%ﬂéel&gégugg dﬁl&‘%rtggﬁ%[f @?g%%&ﬁaﬂnﬂg irﬁ%e}f‘i@%eﬂi@é?&a dark,

pOSI tive, exposure | ecrea erw se, ecCl S1 on

bl ocks 4706 and 471Q both
SR R R A e AL R A T

decreased as well. If all the above conditions fail, results from decision
bl ocks hetweemihe devkest parbofibeaky Phthethe patirerskyvehigh geany hat @%56%9‘? ejmage are
decreased. 2 OWiile certain exenplary enbodi nents have been descri bed and
shown i fost e tacvergpostire At ber sigysof averdxposwe rewherdBeakt Gonirashateagyemore
enbodi ments are nerely illustrative of and not restrictive on the broad

i nventi gfan samyl that this invention not be limted to the specific WO
20091050594PCT/I82008/ 003793 35 constructions and arrangenents shown and

Geser Lhed SHARA YA G BLARLIAL LARPl ORma BAs SRt i spditse sy
clai rredzulldsdark pixels. This is achieved when Sky-Contrast is around a fifth while Dark-Detail is
around a third. Furthermore, exposure may be optimal when multiple details appear, which is
indicated by a high Fluct. The summit of Significant-Peak and Right-Peak will also be at the
10  upper half of the histogram and Dark-Detail is less than a fifth when exposure is near optimal.
The tlhreshold values for the bin value for the summit of Significant-Peak or Right-Peak
can vary between lower bin values to higher bin values depending on whether the test is for an
underexposed or overexposed image. Threshold values for Dark-Detail ‘typically has values less
than 70% for an optimally exposed image while that for Sky-Contrast varies between 5% to 60%
15  depending on the whether the test is for under or overexposure and with what other parameters
Sky-contrast is paired with. Threshold values for Fluct usually has high values when multiple
details appear and these values are above 200 and threshold values for Peak-Contrast is usually
arouﬁd 50%.
Figures 46 and 47 show an embodiment on how the criteria can be used to decide
20  between increasing or decreasing exposure. Fig. 46 shows a process to determine whether to
increase exposure. Decision block 4602 checks to see if the bin value of the summit of
Significant Peak or Right Peak is less than 3. If the test is positive, and if in decision block 4604

it is found that Dark Detail is greater than 55%, exposure may be increased in block 4610.



11. A device that analyzes an image, conprising: 2a circuit that receives an
i mge that includes a plurality of pixels, creates a histogram of 3said

i mge andwanadysew4sai d hi stogramto deternine an acceprabiiB2ox/poses e of
said i mage. 12. The device of claim 1,34wherein said circuit is a processor.
13. The device of claim1, wherein said histogramincludes a plurality of
bins that 2relate to an inage characteristic versus a popul ati on of pixels.

14.The deni 66 Bincled] B de MRt BcIS A E i€ nEEHIVE SHAMY BELiSioR Bldtki45BEG: ik Bithda
e 1 nage KSPied B g nurﬁgl ?

L?wcfg?/naan C r’apg_ ge o _ y afirs | er of bits. 15.The device
OF 121 DS patPBLEND: 8L FLrolll S0t et s Aotk gt R RUMMAE n
5 Secontionl #66%. o PISEES dereoT A DB B £ el B oy HAIES PR Qe R ESs
17. The device of claim®6, wherein said circuit generates a | ow dynam ¢
range i tege%2alf the ®el is positve grpssure nfaydniseeased as sredle dthdpriaptle xangse ividje
and generates a | ow dynam c 3range histogram from said | ow dynam c range
| Mge. increased.
Fig. 47 shows a process to determine whether to decrease‘ exposure. In decision block
4702 the process determines if Sky Contrast is greater than 50%, while decision block 4704 the
process determines if Sky Contrast is greater than 20% and Dark Detail is less than 35%. In
decision block 4706 the process determines if fluct is greater than 200. The process determines
10  if Dark Detail is less than 35% in decision block 4708 and in decision block 4710 it is
determined whether the bin value of the summit of Significant Peak or Right Peak is greater than
3 and Dark Detail is less than 20%. Decision block 4712 the process determines if the Peak
Contrast is greater than 50% and Dark Detail is less than 45% and also decides whether Sky
Contrast is less than 10% and Peak Contrast is greater than 50% in decision block 4714.
15 If either decision block 4702 or 4704 tests positive, exposure is decreased in block 4716.
Otherwise, if decision blocks 4706 and 4710 both test positive, or if decision block 4706 tests
negative whereas decision block 4708 tests positive, then exposure is decreased as well. If all the

above conditions fail, results from decision blocks 4712 and 4714 are used. If either tests

positive, exposure is decreased.

20 While certain exemplary embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely illustrative of

and not restrictive on the broad invention, and that this invention not be limited to the specific



WD 20091050594PCT/ | B2008/ 003793 37 18. The device of claim6, wherein said
circuit generates an extended dynam c range 2hi stogram from sai d ext ended
dynam c rwogeoswosasye. 19. The device of claim8, wherein PardBmios/cesre3
generates a | ow dynam ¢ range 2hi stogisam at a sel ected exposure from said
ext ended dynam c range i mage. 110. The device of claim8, wherein said
circuit generates a plurality of |Iow dynam c 2range i nages each at a
differe re ti ' nam, C hSdi

sgener ar B e rh i SR B RCRE AR il AR TG BBARTS may
dynam ¢ range.i mages and 4sel ects | ow dynam ¢ range hi stogram at a
selecteacﬁigbgﬁﬁ%g“ﬁﬁﬁﬂﬁﬁ@ﬁa U}@ﬁaﬁf claim6, wherein said circuit
generates a plurality of |ow dynam c 2range i nages each at a different
exposure tinme from said extended dynam c range imge, 3generates a
plurality of |ow dynam c range histograns from said | ow dynam c range

i mges and 4selects a | ow dynam ¢ range hi stogram at a sel ected exposure.
12. The device of claim6, wherein said circuit generates a plurality of |ow
dynami c 2range i mages each at a different exposure tinme fromsaid extended
dynam ¢ range hi stogram



3selects a | ow dynam c range i mage at a sel ected exposure and generates a
plurality of |ow 4dynam c range histograns fromsaid | ow dynam c range

i mges. IMB.200vas508¢i ce of claim5, wherein said circuit PGENBLAS/ETEH
plurality of | ow dynam c 2range histograns fromsaid | ow dynam ¢ range

i mges, generates an extended dynam c range WO
20091050594PCT/ 1 B2008/ 003793 38 3hi stogram from said | ow dynam c range

hi stograns and generates a | ow dynam g ngpge 4histogramat a sel ected
exposure from said extended dynam c range hi stogram 114. The devi ce of
claim1l1, wherein said circuit detects a sky-peak within said image. 115. The
device of claim 14, wherein said circuit utilizes said sky-peak to

det er m Wéhaaisxdkiynedanit rast and det erm nes whet her said sky-contrast is bel ow
a threshold. 116. The device of claim1l, wherein said circuit detects a
right-peak within said image. 117. The device of claim 16, wherein said
circuit utilizes said right-peak to determ ne a 2peak-contrast and

det er mi nes whet helA &aiick therdnatyans sraihadescdepising t hr eshol d. 118. A devi ce

t hat anal yzes an i mage, conpri sing:

2 a circuit that receives an image that includes a plurality of pixels, creates a histogram of

3 said image and analyzes said histogram to determine an acceptable exposure of said image.
1 2. The device of claim 1, wherein said circuit is a processor.

1 3. The device of claim 1, wherein said histogram includes a plurality of bins that

2 relate to an image characteristic versus a population of pixels.

1 4, The device of claim 1, wherein said circuit converts said image into a low

2  dynamic range image defined by a first number of bits.

1 5. The device of claim 4, wherein said circuit generates a plurality of low dynamic

2  range images each at a different exposure time.

1 6. The device of claim 5, wherein said circuit generates an extended dynamic range

2  image defined by a second number of bits from said plurality of low dynamic range images.

1 7. The device of claim 6, wherein said circuit generates a low dynamic range image
2 ataselected exposure from said extended dynamic range image and generates a low dynamic

3 range histogram from said low dynamic range image.



2i mage generating neans for generating an image that includes a plurality
of pixels; 3histogram means for generating at |east one histogram of said
I mage; amwlp 2d@nEb3pzi ng nmeans for anal yzi ng sai d hi st ogr 20TiIB20d®0@8798 ne an
accept abl e exposure of said inmage. 118. A method for analyzing an inage,
conprising: 2receiving an inmage that includes a plurality of pixels;
3creating a histogramof the inmage; and, 4anal yzing the histogramto
determ ne an accept abl e exposure of the imge. WO

2009/ 050594PCT/ 1 B2008/ 003793 39 120. The net hod of claim 19, wherein the

hi stogram i ngl udesa galE ékblta}fn@f whERS {atirdfiescdbitdsCantdkténiRB@ynamic range
characteristic versus a popul ation of pixels. 121.The method of “cl ai m 19,

wh
fynit oG e B BhER! AXPebF L F TR (D L7 102 he mothod of

claim 21, mhereln creating the histogramincludes generating a

1 9. The device of claim 8, wherein said circuit generates a low dynamic range
2  histogram at a selected exposure from said extended dynamic range image.
1 10. The device of claim 8, wherein said circuit generates a plurality of low dynamic

2 range images each at a different exposure time from said extended dynamic range histogram,
3 generates a plurality of low dynamic range histograms from said low dynamic range images and

4  selects a low dynamic range histogram at a selected exposure.

1 11 The device of claim 6, wherein said circuit generates a plurality of low dynamic
2 range images each at a different exposure time from said extended dynamic range image,
3 generates a plurality of low dynamic range histograms from said low dynamic range images and

4  selects a low dynamic range histogram at a selected exposure.

1 12. The device of claim 6, wherein said circuit generates a plurality of low dynamic
2  range images each at a different exposure time from said extended dynamic range histogram,
3 selects a low dynamic range image at a selected exposure and generates a plurality of low

4  dynamic range histograms from said low dynamic range images.

1 13.  The device of claim 5, wherein said circuit generates a plurality of low dynamic

2 range histograms from said low dynamic range images, generates an extended dynamic range



2plurality of |ow dynam c range i mages each at a different exposure tine.
123. The nmet hod of claim 22, wherein creating the histogram i ncludes
gener at i ngoanovdsaivended dynami ¢ range i nmage defined by acsaBmosioosasser of
bits fromthe plurality of | ow 3dynamsc range i nages. 1.24.The nethod of
claim 23, wherein creating the histogramincludes generating a 2l ow dynam c
range i mage at a sel ected exposure fromthe extended dynam c range inmage

and 3gene ag% %EI T B r nayxhee  ange
i mage. %fgj eqmrrg% %ag%kg%le al lr%r%%%\kﬂg el n aiég‘ g??rg%gegtaﬁ%\lvwg%gr amg? ncl udes
generat | ng an 2extended dynam c range histogram.from the extended dynam c
ran ih’é .arﬁfé?flﬁ%aﬁ‘g?’f%ﬁu@fé%PQF ezggn%e\ﬁgwc&%tl}lﬁaa & hi stogram
i ncl udes generating a 2l ow dynanmi ¢ range histogram at a sel ected exposure

fromthe extended dynam c range i mage. WO 2009/ 050594PCT/ 1 B2008/ 003793 40

127. The nmethod of ¢laim 25, wherein creating the histogram,i nc]udes,.
genék at i ng al2pl uldeideyice el plaim dyWhrsewn ?%41 C‘ilh%é%cés asknPsk ‘é{ltglinfsfagjrlél?ﬁge'

exposure time fromthe extended

1 15.  The device of claim 14, wherein said circuit utilizes said sky-peak to determine a

2  sky-contrast and determines whether said sky-contrast is below a threshold.
1 16.  The device of claim 1, wherein said circuit detects a right-peak within said image.

1 17. The device of claim 16, wherein said circuit utilizes said right-peak to determine a

2  peak-contrast and determines whether said peak-contrast is below a threshold.

1 18. A device that analyzes an image, comprising:

2 image generating means for generating an image that includes a plurality of pixels;

3 histogram means for generating at least one histogram of said image; and,

4 analyzing means for analyzing said histogram to determine an acceptable exposure of

5  said image.

1 19. A method for analyzing an image, comprising:
2 receiving an image that includes a plurality of pixels;
3 creating a histogram of the image; and,

4 analyzing the histogram to determine an acceptable exposure of the image.



3dynam ¢ range histogram generating a plurality of |ow dynam c range

hi stograns fromthe | ow 4dynam ¢ range i nages and selecting a | ow dynam c
range hi swogn@mseds4a sel ected exposure. 128. The net hod eCTaBziosnd393 wher ei n
creating the histogramincludes generating a 2plurality of |ow dynam c
range i mages each at a different exposure tine fromthe extended 3dynam c
range i mage, generating a plurality of | ow dynam c range histograns from
the | ow 4dynam ¢ range i mages and sel ecting a | ow dynanm ¢ range hi st ogram
at a sel ected exposure. 129. The device of claim 23, wherein creating the

hi stpgram i nghudeggananaf btdaith 29| WHeadih e BtobRitn NI 6 plaals dimgesaeach

at a different exposure tine fromthe extended 3dynam c range hi stogram

 pir af T F ORGSOy RAE PaNGRCEY PR PREC IR e ow ynami ¢ range |

Hns om'the | ow dynam c range
i mges. 130. The nethod of claim 22, wherein creating the histogramincludes
generating a 2plurality of |ow dynam c range histograns fromthe | ow

GymaL e, {ands, | TOGess, BS0ELA LnS g Sk ehE, AL G AN L AR o

hi stogram at a sel ected exposure fromthe extended dynam c range hi stogram
131.2Theimegeriot olovwedamia rnganeags defined byA gt REBbHi EOY8r am i ncl udes
detecting a 2sky-peak within the inage.

1 22, The method of claim 21, wherein creating the histogram includes generating a

2 plurality of low dynamic range images each at a different exposure time.

1 23. The method of claim 22, wherein creating the histogram includes generating an
2 extended dynamic range image defined by a second number of bits from the plurality of low

3  dynamic range images.

1 24, The method of claim 23, wherein creating the histogram includes generating a
2 low dynamic range image at a selected exposure from the extended dynamic range image and

3 generating a low dynamic range histogram from the low dynamic range image.

1 25. The method of claim 23, wherein creating the histogram includes generating an

2  extended dynamic range histogram from the extended dynamic range image.

1 26. The method of claim 25, wherein creating the histogram includes generating a

2 low dynamic range histogram at a selected exposure from the extended dynamic range image.



WO 2009/ 050594PCT/ |1 B2008/ 003793 41 132. The nethod of claim 31, wherein

anal yzing the histogramutilizing the sky-peak 2to determ ne a sky-contrast
and det erwDrzoovgpsodvet her t he sky-contrast is bel ow a thr esmaBzhos/a@393The

met hod of claim 19, wherein anal yzi ngtot he hi st ogram detecting a right-peak
2within the image. 134.The nmethod of claim33, wherein analyzing the

hi stogramutilizing the right-peak 2to determ ne a peak-contrast and
determ ni ng whet her the peak-contrast is below a threshold. 135. A device
that anal yzes an image, conprising: 2a circuit that receives an inage that

i ncludes a phyral iipy nQdin 5@41&1’:@@9 v@%rﬁh@élﬁ%g Fhe3MuidRem afcltRE gefdirkgisa and

S nunber of md-range pixels, said circuit deferm nes a proportion of 4said
ar I X I a_conhbi nat. |
det H@gaﬁ ”S]ew dinafic £ I{%ﬁ%ﬂ‘ | O(%aclgg Edﬁﬁqeﬁpegﬁr esﬁﬁfn% #$th ShéBdended

3 dynamic range histogram, generating a plurality of low dynamic range histograms from the low

4  dynamic range images and selecting a low dynamic range histogram at a selected exposure.

1 28. The method of claim 23, wherein creating the histogram includes generating a
2 plurality of low dynamic range images each at a different exposure time from the extended
3 dynamic range image, generating a plurality of low dynamic range histograms from the low

4  dynamic range images and selecting a low dynamic range histogram at a selected exposure.

1 29. The device of claim 23, wherein creating the histogram includes generating a
2 plurality of low dynamic range images each at a different exposure time from the extended
3 dynamic range histogram, selecting a low dynamic range image at a selected exposure and

4  generating a plurality of low dynamic range histograms from the low dynamic range images.

1 30. The method of claim 22, wherein creating the histogram includes generating a
2 plufality of low dynamic range histograms from the low dynamic range images, generating an
3 extended dynamic range histogram from the low dynamic range histograms and generating a low

4  dynamic range histogram at a selected exposure from the extended dynamic range histogram.

1 31.  The method of claim 19, wherein analyzing the histogram includes detecting a

2  sky-peak within the image.
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32. The method of claim 31, wherein analyzing the histogram utilizing the sky-peak

to determine a sky-contrast and determining whether the sky-contrast is below a threshold.

33. The method of claim 19, wherein analyzing the histogram detecting a right-peak

within the image.

34. The method of claim 33, wherein analyzing the histogram utilizing the right-peak

to determine a peak-contrast and determining whether the peak-contrast is below a threshold.

35, A device that analyzes an image, comprising:

a circuit that receives an image that includes a plurality of pixels and determines a
number of dark pixels and a number of mid-range pixels, said circuit determines a proportion of
said dark pixels versus a combination of dark and mid-rangé pixels and determines whether said

proportion is below a threshold.



