7 Cctober 2003 1 "VIRTUAL TRUE COLOR LI GHT AWPLI FI CATION' 2 3 FIELD OF THE
| NVENTI ON 4 The present invention related to nmethods for -ehlapsiopgzdi gital

5 color images. More particularly, the nethod applies a scaling %Ounction to
vary 6 the strength of RGB dots within an image wthout exceeding the

i nherent 47 dynamic rangﬁlﬁT‘PfALtfﬁuﬁ@%R%l@H?ﬁmlgﬁ”THE | NVENTI ON 10
If one were to photograph the stain glass wndows of a Cathedral, 11 the
resul ting, mage woul d be typically too dark for nodern tastes. The beauty of
12 the actual stained glass is lost. Further, a photographer can increase

depth of 313 field of an image gy b egugipNnENgTIBRYVI ce' s aperture, but |ight
collectionis 14 sacrificed and can arso result in a dark imge. Further,

as a stilly image devicgd gresx]—:ﬁt FRBARIE rPhte@NbYmEHBAE dbP @nhitin tallSi Ng a
8redetern1ned aperture an 16 exposure tinme, images having a 1large

i spari ty gbetyppennLight \RRd ndaitkiafRNh® Mhethod dppiRE S ScARGRTRTLR S0 vaf) Usti ng
to expose thg%?llméor reco g ﬁ‘gﬁ@d on ei?he?at%he 1.8l ggrk lare?as g)r t he
light aregs iy, UrehiheoPRd® JAORGRINY ah SHRRE WitolehRkbdih R8I iRhereh® | Mages
resul ting from any the above can benerit frominage enhancenent. 20 The
usual resgonQQnQﬁmqggiykﬁ limlage! © Wi sh to brighten darkened 21 areas and
thus reveal the det aiqs ot herwi'se obscured to the naked eye. Current 22
t echni ques produce one or two undesirable effects when brightening: either
the 23 c8lors are washed out into near grays (inmagine a nearly black and

white and 24 badly faded Stain G ass w ndow); or_the brighter areas becone
very di st Grted in BACKGROUND OF THE INVENTION

10 If one were to photograph the stain glass windows of a Cathedral,
11 the resulting image would be typically too dark for modern tastes. The beauty of
12  the actual stained glass is lost. Further, a photographer can increase depth of
13 field of an image by reducing the device’s aperture, but light collection is
14  sacrificed and can also result in a dark image. Further, as a still image device is
15 capable of only recording the image using a predetermined aperture and
16  exposure time, images having a large disparity between light and dark can only
17 make a compromise; adjusting to expose the film, or record, based on either the
18 dark areas or the light areas in an attempt to properly reveal the detail therein.

19  Images resulting from any of the above can benefit from image enhancement.

20 The usual response by the viewer is to wish to brighten darkened
21 areas and thus reveal the details otherwise obscured to the naked eye. Current
22 techniques produce one or two undesirable effects when brightening: either the
23 colors are washed out into near grays (imagine a nearly black and white and

24  badly faded Stain Glass window); or the brighter areas become very distorted in




7 October 2003 1 terns of color and sone, conpletely washed out. The
distorted areas tend to be 2 the ones of the nost inter§a§tO t&%q%% t he
details of a face. 3 Conventional digital inage processing P4s fhese sanme
problems 4 when a substantial |evel of brightening is required. The
"standard' enhancenent 5 is to brighten the inmage (fade it out) and then
af terwar dsy ataphs bf/cdidrean@iadonteS complelel wastddudut.oMhé Sisttley addasappd X bemat e
solution and only works on imges that 7 aren't too bad in the first place.
The i mage dectbresepatihy noast oterdstssiahtasdhe tdetils 8f a{aost ant i al anmount of
brightening is used. 9 In US Patent 5,982,926 to Kuo et al. ("Kuo"), Kuo

suggests that a 10 co IXBES . di i IfoH. | | deo,
can be enhanced nuch t1:?Fl¥rélglre ef%@%{i m@gye?;g?ﬁ%PQ% rt%rfgﬁdrn%@r??%y%

col or space twQnhdhSY sGedtritiab RIEIF briéﬁtemng i9 RRJUAEH.OMRe tehpicaal bARardethaper f or med
on the HSV transforned col or space. 13 Once in HSV col or space, Kuo then

| sol at es &hd iseotrightehhtbe dmkge (faakar oat) iand thdd aftelnesrdd, raomplifyn éher estaisni ng

i mage conponents (saturation and intensity). Kuo 15 suggests that the
conponent $ of TlEasolutitn é oalydari apposintaje saltitre asd ahc wdrks16n whadrsuthat

I ntroducing distortion into the color or Hue conponent. Kuo's color 17

i mage is rleprassehtaedbasyingthp|fisstailacey Bhe jinags keqomesidadorder-dpiaded ifGhce 18
transforned, Kuo inverse transforms HSV back to RGB col or space, all the
while 19 &I upstegtialgmounpolReigsianingiigHted | n the preferred embodi ment, Kuo
adjusts intensity 20 (V) and saturation (S). In summary, Kuo first
transforn® RGB to HSV mdU®Pateht 55982¢326 tapflo etsalt (us g ddienduggkststibatsd or mat i on
functions to V and S respectively, 22 and finally inverse transforns the

al tered HOV bk imagRGBaitiovlady opk ayrigirz@nRdepe videgl lcgn bpphhangad mueerts t hat
mani pul ation of the saturation 24 does affect the color and thus the Kuo

t echni quel 'dogBongrffectivaly by ffippt trapgforing the RGB color space to HSV color space.

12  All operations thereafter are performed on the HSV transformed color space.
13  Once in HSV color space, Kuo then isolates and removes the color information
14  (Hue) from the remaining image components (saturation and intensity). Kuo
15 suggests that the components of saturation and intensity can be enhanced
16 without introducing distortion into the color or Hue component. Kuo’s color
17 image is represented by a plurality of pixels in HSV color space. Once
18 transformed, Kuo inverse transforms HSV back to RGB color space, all the while
19 claiming this to be efficient. In the preferred embodiment, Kuo adjusts intensity
20 (V) and saturation (S). In summary, Kuo first transforms RGB to HSV color
21  space, applies two sequential transformation functions to V and S respectively,

22 and finally inverse transforms the altered HSV back to RGB for display.

23 Respectfully, Applicant asserts that manipulation of the saturation
24 does affect the color and thus the Kuo technique does not result in true color

25 enhancement. Color photos have three degrees of freedom, being R,G and B,

2




25 enhancenent. Col or photos have three degrees of freedom being R G and B,
2 7 Cctober 2003 1 where as black and white photos only Bayg,RR®god\nY
transformation of the three 2 values results in three nore val ues, each of
whi ch contains a color conponent 3 and not nerely a single color value
(i.e. hue) and two ot her independent 4 structural conponents (i.e.

sat uration anghdrabebick Bhd white phiBis RRlyahaVBoRe. AngXahSBENARASE te thegd or t han
saturation, but saturation is still a color conponent. 6 Adjusting a dot's

sat urati o2 r esllesgesuitsan thr@ageorervatues, gaadpafrwhicnsoradink@Bcadler ddmeponéntot and
hence its color. If the saturation is changed, say as part of brightening 8
t he i mage,3 t lamdr estulnterély acingdheobanm@lugs (iief hue¢ andc bvaliatherdiedepandent caner a
had 9 obtained the inage directly fromthe real world subject under

bri ght er donditurigral, commpneptsitiee safusationr and intersityy- heflue Bak behat MR

enphasi zes and attenpts to mnimze the 12 conputational overhead or
expense. Unf s4ramstsense okeor Hap satveation: i sreggatiopds it a aler peppeigt.

0T LT oGty 390 R, USRSy B B8E A 10, 10

Funct s ons - 1701 AhE8aERs b8, e R 1 lled o3 s ot T,

functions scher rising an -anplifier

and a 18 gsi g%krg%%%%i’é%lt%@ﬂ&e{heis%nﬁog Ffitlge]r]F'eQ:o{' éé?é@%}@f‘ 8arRérathads and B

col or inmage up tubes and a output colorp e clrcuit

conpressey CdiRsd the mbGE dirdly HohPRETrE4& wdrldsabjesOurtfer bAgReeysfitiods! Ppi ng of
t he output col orplexer signal. As 21 color pickup tubes are capable of a

contrast 1oat igp nfre 8Rfbslrednd the output system 22 is only capable of 20:1,
significant conpression is required. To avoid col or

11 Further, note that Kuo emphasizes and attempts to minimize the
12  computational overhead or expense. Unfortunately, Kuo introduces two RGB-
13 HSV and HSV-RGB transformations in addition to whatever adjustments
14  (preferably two) Kuo makes to the HSV pixel. A transformation from RGB to
15 HSV color space, and back again, involves the use of computation-intensive

16  mathematical functions.

17 In US 3,684,825 to Dischert, a circuit comprising an amplifier and a
18 signal intensity shaper is positioned intermediate of R, G and B color image
19  pickup tubes and a output colorplexer. The circuit compresses contrast in the
20 streaming signal so as to prevent clipping of the output colorplexer signal. As
21  color pickup tubes are capable of a contrast ratio of 100:1 and the output system
22 is only capable of 20:1, significant compression is required. To avoid color
23  distortion, Dischert discloses a compression of the gain of each of R, G and B to

24  the output contrast levels, while maintaining their relative proportions.



23 distortion, Dischert discloses a conpression of the gain of each of R G
and B to 24 the output contrast |levels, while maintainiagydiRibosg! ative
proportions. 3 7 October 2003 1 Accordingly, there is denonstrated a need
for a conputationally 2 efficient process which is capable of naintaining
true color for each color dot 3 during enhancenent of an digital inmage. 4
The presemnt invention Acdrdisgiesthete sedgnoidtratesl Hynegddur di cgnputationaég hni que
where, no matter how much i mage-brightening is needed or what the 6 nature
of that brd ghafésiemgprpegsstwigcitdd oapaple afl Mmaidaising ruehepldomiageaelr eolor elokr ved i n
all 7 circunmstances. 8 9 SUMWARY OF THE | NVENTI ON 10 The effect of the
present i verduriog ensanegmant el digitalimege.y the |ight 11 captured by the
digital image recorder. This nmeans that once the captured 12 inmage is
processed aisi ng the presenteseny BREMDN, adiedsedthesd bRiblerbdi @y piroceingesl 13
image is nodified to be the same as if the digital image recorder, had used
a 14 dif féer dathrigughwherat he mattgr poweruchrimpgedaghtesing év nedved afothatitime| udi ng
sinmulating the 15 use of a larger aperture or a |longer |ight gathering

dur ati on. 6Thiraturedif fHakbrighteing isl Bregraidief ahdotsrim thedmage g/ pisservpplin el
uniformy across the entire processed 17 image or may vary fromdot to dot.
By ensurifg tdfgemsRecefynani c range of the 18 digital recorder is never
exceeded, by operating in the primary RG@ col or space, 19 and by

identicallgy treating each of R G and B in a color dot, the virtual Iight
20 anplification process preserves the true color_of the original imge. 21
Inapref@rred enbodi nent, an Q5T , atriplet

10 The effect of the present invention is to virtually amplify the light

11 captured by the digital image recorder. This means that once the captured
12 image is processed using the present invention, each dot within the processed
13 image is modified to be the same as if the digital image recorder, had used a
14  different light gathering power or procedure for that dot, including simulating the
15 use of a larger aperture or a longer light gathering duration. This modified light
16  gathering procedure may be applied uniformly across the entire processed
17  image or may vary from dot to dot. By ensuring that the dynamic range of the
18 digital recorder is never exceeded, by operating in the primary RGB color space,
19 and by identically treating each of R,G, and B in a color dot, the virtual light

20 amplification process preserves the true color of the original image.

21 In a preferred embodiment, and remaining in RGB space, a triplet
22 of RGB values is extracted for each dot of the digital image. The maximum of
23 the RGB triplet is determined for each dot. The maximum of all of the dot

24 maximums, or an image maximum, is determined and a scaling function is



22 of RGB values is extracted for each dot of the digital inmge. The maxi num
of 23 the RGB triplet is determ ned for each dot. The i Il of the
dot 24 maxinuns, or an inage maxi num is deternined an??cg@;%r%haéfuncti on
is 4 7 Cctober 2003 1 defined which provides scaling factors for each dot

i U TR, PR sl Sl B B R e R o e
Ak s SR L
min o ihe O et ATl Pl ik i 8 B
g Tt Lorig s
o 1 Sttt ety A RO e
;23 ?Kg??ﬁ (ra'gnagorri sgfgg I tfggar?égi?ﬁﬁ?'@h‘ggé&&élﬁe‘?oen&s (g}égv(?s‘g%qwgpr{engt hs)
Rt %’Pﬁ ﬁa%%ﬁgébgag%ﬁmgﬁ{é%g%QO'EPE order of 250,000 14 dots, at

| east 1000 of and thus the sanme scaling 15
factor can be applied to an average of 1000 dots, saving that nmany
cal cul ati dhs. 16 Lar g€he iemhgessmarhiis hvesy eeffisiandnonly regminiog, thidel simpige even
nore cal culations. 17 Accordingly in a broad aspect of the invention a
met hod i s Pr owmiitipitatidsss, byrthadpmestscalipgafadiogite @nhameggeaahi ediasudoti irurtbeiuci ng
color distortion. The image is 19 forned of a plurality of color dots, each
dot havi ntp atarddeaste tirefeeatiyndepdording a ROkwpl table 108 mcalienfdaeystfoe tke r engt h
of the three primary colors R, G and B. Each

11  determined dot maximums, then the calculation of the scaling factor is performed

12 only once. Typically the dynamic range is 0-255 (a maximum of 256 different

13 light strengths) and therefore, for a usual image having in the order of 250,000

14  dots, at least 1000 of them have the same strength and thus the same scaling

15  factor can be applied to an average of 1000 dots, saving that many calculations.

16  Larger images, which are becoming common, will save even more calculations.

17 Accordingly in a broad aspect of the invention a method is provided
18 for adjusting a digital image without introducing color distortion. The image is
19 formed of a plurality of color dots, each dot having at least three independent -
20 values representing the strength of the three primary colors R, G, and B. Each
21  of the RGB values lies between a minimum and a maximum of the dynamic

22 range for the system.



21 of the RGB values |lies between a m nimrum and a maxi rum of the dynamc 22
range for the system 5 7 October 2003 1 The net hod conpylwetrligo?teps of :

2 determning the dot maxi num of the three RG values in space;
4 applying a predeterm ned scaling factor to each dot maxinum 5 the
scaling fagctor being sgghpldidly dRpricediedidRiormaxi mumis 6 always |ess than
or equal to the naxi me of the dynamc range 7 of the system and 8

appl ying the sanme predeterm ned scaling factor used for a dot 9 maxi mumto
each of that dot's two*r éfierminitg Recobmagimun gbthe theeiReR valijesdt &EBn t he
above nethod, the adjusted imge 11 conprises a plurality of new scal ed RGB
val ues for3 each dot wher €PKRT sPRES ati os 12 between R G and B for a dot
remain the sane after scaling as they were before 13 scaling - thereby

mai ntaining true color, ?pl?irn fa%r%%t\érrh#ﬁ@d §€Q|n'gr\‘gctf)@fbt Q4ch @dtendbhamied from

a continuous 15 scaling unc ion. The scaling function normalizes at |east

a portion pf the range }b eéanhaeaamas&n Quéh thth@ecaéd 'BE nfXMATH Gs T ange
wi t hout ever exceeding the 17 maxi num of the dynam c range. Due to the

| oner magry tude of the dyRakGe ]tﬁaﬁ@r'@% Haaﬂ RHERRIm Bf thdQlyRarlt @Rgé mRge,
conmputation efficiency is | rci?e § fi r('ast estang)l [ sh?}r){gaa oo% up table
of scaling factors. 20 TQPthBr?% 8hf §Aqscaling function is a lazy "S" curve
formwhich 21 produces an aesthetically pleasing enhancenment of nost digital

i mages.
e applying the same predetermined scaling factor used for a dot
9 ~ maximum to each of that dot’s two remaining R,G or B values.
10 When adjusted in the above method, the adjusted image

11 comprises a plurality of new scaled RGB values for each dot wherein the ratios
12  between R,G and B for a dot remain the same after scaling as they were before

13  scaling - thereby maintaining true color.

14 Preferably the scaling factors are obtained from a continuous
15  scaling function. The scaling function normalizes at least a portion of the range
16  of the image to a portion of the dynamic range without ever exceeding the
17  maximum of the dynamic range. Due to the lower magnitude of the dynamic
18 range than number of dots in an image, computation efficiency is improved by

19 first establishing a look-up table of scaling factors.

20 The preferred scaling function is a lazy “S" curve form which

21  produces an aesthetically pleasing enhancement of most digital images.




6 7 Cctober 2003 1 In another preferred enbodi nent, one can select only a
portion of 2 the inmage, usually an underexposed area, agﬁégﬁe@b&)ge subset
i mage range to 3 substantially the entire dynam c range o e system for
enhancing the detail 4 therein, all w thout ever exceeding the systenis
dynam c range for any | i W] |_o I ng

m ndf ul o? the ratios 'gf f%’?%{rﬂeﬁé r@%#grﬁocﬁé@gﬁ{ %R?éagﬁ%%ﬁ?@%adr\? r%{n $ﬁ|E
DRAW NGS I ELau Y L OH | JIROSS Al ; : is 9
application ftﬂgldn:]:ér%cp g%lly Za?'tﬁtdgleeﬁ(ﬂg%gte%%’t of ng?[n)fr'e %ujb%?f'g'fa%géﬁ %w\;‘vi t hout
10 sufferigng s@bgbﬁﬁéﬁwth&l’r&nﬂfé GHMic rhlle bEHY SRR .én%&f?\?qggqé(ail
reproduced herein in’” 11 the gray scal® printi'ng nmedi um gl nal col or

I mages haye - p ' . | fi igure 1
5 2 g anh S RoCRP KRGS & LiBeghd ui RREh S Mo S Rhos bl bR ot B
each R G er ﬂﬁt’é' S_ | .t ' - I mum
bot h of W??i Cﬁ/hglr%n conisrﬁégf l%e@'@wt%iﬁsﬁgg %bgﬁgiggﬁu%%ghgg& B‘F%'isgé@gG
particul ag fynction would be a unity function, and would not performany 17
correction unl'éss the input is nornmalized to the dynam c range by
pre-scaling the 18 maxi mum of the dot maxinmuns to 1.0; 19 Figure 2 is a

bri ef codi’ng exanpl e i n \BRIEL DEGGRIPTHON QAHE RRAVINGSdi gi t al screen i nage,
extracting color dots, finding a dot maxi num applying a 21 correction

factor fog the dot mehmHB) FigiRsy sBkrhiNGighAT infigel Odte! PrebBiRe@Nt AEENRGB 22
values for a dot and witing the correctéed col or dot back to the screen; 7 7

Cct ober 2903 gpplication is directed to the enhancement of color digital images without

10 suffering a distortion in color, the results cannot be properly reproduced herein in
11 the gray scale printing medium. Original color images have been provided to the

12  respective Patent Offices.

13 Figure 1 is a graph representing a linear function as the basis for
14  correcting each R,G or B dot maximum as input to an adjusted output dot
15  maximum, both of which are constrained to the system’s dynamic range. This
16  particular function would be a unity function, and would not perform any
17  correction unless the input is normalized to the dynamic range by pre-scaling the

18  maximum of the dot maximums to 1.0;

19 Figure 2 is a brief coding example in Visual Basic for reading a
20 digital screen image, extracting color dots, finding a dot maximum, applying a
21  correction factor for the dot maximum, applying the correction to the entire RGB

22  values for a dot and writing the corrected color dot back to the screen;




1 Figure 3is a graph illustrating a scaling function designed to nodify 2
an image which was intentionally underexposed, such as by égtioggr@@mall 3
aperture so as to obtain inproved depth of field; 4 Figure I's a graph
illustrating a scaling function which enhances 5 the contrast within a

spct1 L€ st e ot b0 PO iyl Aot
bstantiably. £ i i Ot : i ght
Srene " a2, ¥ ah (Bl Wil WA bRIACUNIDEARES Lt 38 BPLGRG A kdn Ol Er

whi ch enhag_cegpérlﬂﬁeggtaswoq%mhfﬁg%ehgepmeofq%!( area falling between 0.1 -

0.2 of the imge's range; ure s a graph according to Fig. 4 which
enhances the dot 12 maxinmuns in the bright area falling between 0.9 - 1.0
of the inmafe' s range; TBUR Jupa@ garhdlustrpinged sealtionfynetieanyhien ieah&neasal Basi c
for using a GJ 14 interface to select an x1,yl and x2,y2 w ndow area,

readi ng t he dihgioatragiayitiéna sperifiorige of etdetmaxinteng, falng kedveeyOdot 82 dot s,
finding a-dot maxi mum applying a 16 correction factor for the dot maxinmm
and bui | di g af Khetitgeam FNodotbynasalingm?0%7 obdberiaeae o; nearyi'Pire oo is a
brief coding exanple in Visual Basic for generating 19 the histogram

accordi ng fo ststamipidtherandes deamic gngecerbwberergos darker god diglgter areasgr aph
illustrating variable scaling function 2 superinposed over a unity

di agonal , &hecedfastyAre diiAsbedn produci ng an 3 aesthetical |y pl easing
enhancenment through the brightening of the image. The 4 scaling function is
a snooth cgrve, such agiqrd Bi 5th QFHAr acedFdify t0\RigtR Weich enhances the dot

10 maximums in the dark area falling between 0.1 — 0.2 of the image’s range;

11 Figure 6 is a graph according to Fig. 4 which enhances the dot

12  maximums in the bright area falling between 0.9 — 1.0 of the image's range;

13 Figure 7a is a brief coding example in Visual Basic for using a GUI
14  interface to select an x1,y1 and x2,y2 window area, reading the digital screen
15 image in the window, extracting color dots, finding a dot maximum, applying a
16  correction factor for the dot maximum, and building a histogram of dot maximum

17  occurrences;

18 Figure 7b is a brief coding example in Visual Basic for generating

19  the histogram according to the third embodiment.




5 enphasi zes the darker areas and brightens the lighter areas; 6 Figures 9a
- 9f are photographs of an Abbey which are 7 respectivebxad%gg;zab'ginaI,
bri ghtened under the prior art, brightened and contrast 8 a justeg under
the prior art, brightened and saturation adjusted under the prior 9 art,

enhanced gccording to #iﬁgre‘;if{f?s E‘dmg%@gfiFusﬁétir’r’gheva‘?iraﬁf%er@caiirﬁ@’eﬂfnh%htO t he

PRt o i et AU R

RO A A A i

Zﬁ%g{j?%ﬁa gficgat%e %ﬁder' ;tne pri gr 1@ apt, enﬁ%nfed accprdirng'to :tnge first
b5, FEERETLs LU0 408 o3 byl ofpamhe, cage.ce

enhanced accor 17 present 1nvention; 18

Figures 1 aiﬁg% : ' | eHraH to of a satellite 19
and an en#ance p?%%?%tﬁ%ﬁ%%gg%%%ﬁ{éhﬁfﬁdé gjr%%cﬁr%};t of the present 20
invention; 21 Figures 12a and 12b are respectively an original photo of a
blinp 226and an enhant@dreph8eo—altatdi Rbctedraphe ¢fhiand A@l‘?ﬁde"H@Rt agt the
present 23 invention; 9 7 Cctober 2003 1 Figures 13a and 13b are

respecti védl y ragpestively.the opginelobightenadayndep the Rrisy ad. prigittenegdnpdhePriidghnced
photo according to the third enbodi nent of the 3 present invention, and 4

Fi gures 148a, atiusteshdndeddhepdorrast dsighiened pnasabrstipnadivsierredesithe prior

9 ar, enhanced according to the first embodiment of the present invention to the
10  full dynamic range and enhanced according to the second embodiment of the

11 present invention;

12 Figures 10a — 10f are photographs of Stone Henge which are
13  respectively, the original, brightened under the prior art, brightened and contrast
14  adjusted under the prior art, brightened and saturation adjusted under the prior
15 art, enhanced according to the first embodiment of the present invention to the
16  full dynamic range and enhanced according to the second embodiment of the
17  present invention;

18 Figures 11a and 11b are respectively an original photo of a satellite
19 and an enhanced photo according to the third embodiment of the present
20 invention;

21 Figures 12a and 12b are respectively an original photo of a blimp
22 and an enhanced photo according to the third embodiment of the present

23 invention;




5 skiers and ski tracks in the snow and two enhanced photos according to the
third 6 enbodi nent of the present invention, each using i t portion
of the photo 7 to build the enhancenent. 8 9 DETAILED DE?C%?@I[%@OQ?CF THE
PREFERRED EMBODI MENT 10 First, an 'inmage is captured using sone form of
digital inpge 11 recopfefes BOLERl13LRYE NS &ididar

categories: physical an vefsrtuaia. J;.B Pﬁyé%‘gl Vegfg?lﬁt a@'dar!rggggréﬁé\%rcgérs 10

are devices tjpahsd gfé?é tgn?‘ afll dihbAded M@_a@é’or&ih?rt%ﬁﬁ ff@ﬁ%ﬁ@dﬁﬂ%nt%f thé ght

energy; such as a digital cameras 11. Like a il mcanera,
di gi tal cag’rera.ésé;lt i%ﬁgor? anj€ns conplex’ that provides light 15 gathering
and the inage I's recorded By an array of digital sensors so that the 16
val ue of each dot represent actual neasurements of the light. A digital

i mge 17 4£an al so be bigteasn#4p aktbaarf Jie sAre gespectyely anr aigingl gwgto of
photograph. In a 18 ghot ograph, light gathering was provided by a

traditi ondl cslvase ands ttaﬁésmggénowgnmo peracae ahetps preaifingde Biedhingl y, a
physical digital inmage recorder 10 can be a 20 conbi nation of canmera that
produced tthe émbodimentaf theratpseatiaventioneatsrusing 3 Aifferend podirgiof theeRhate . ot her
exanpl es include digital novies, digitized novies, digital x- 22 rays, and
the |ike. 23 toibuiidkie efihgneanentrage recorders 10 are conputer renderings that
24 imtate reality. The progranms create a 'virtual imge' (as in virtual
reality) hy a 10 7 Cctober 2003 1 logical imtation of the photographic
process conpletely internal to the conmputer 2 itself. These digital inmages

are what a_ phot ograP I Shfa|%110 e @Mﬁ nodel '

actual |y &kisted. R men=
10 First, an ‘image is captured using some form of digital image

11 recorder. Digital image recorders fall into two categories: physical and virtual.
12  Physical digital image recorders 10 are devices that record a digital image by the
13 measurement of light energy; such as a digital cameras 11. Like a traditional
14  film camera, digital cameras 11 have a 'lens complex' that provides light
15 gathering and the image is recorded by an array of digital sensors so that the
16  value of each dot represent actual measurements of the light. A digital image
17 can also be obtained as a digital scan of a traditional photograph. In a
18 photograph, light gathering was provided by a traditional caméra and the image
19  was recorded on film. Accordingly, a physical digital image recorder 10 can be a
20 combination of camera that produced the film/print image and a scanner 12 that
21 digitized it. Other examples include digital movies, digitized movies, digital x-

22 rays, and the like.

23 Virtual digital image recorders 10 are computer renderings that

24  imitate reality. The programs create a 'virtual image’ (as in virtual reality) by a

10




4 di nosaur simulations. 5 A lens conplex is the apparatus that gathers |ight
in various fornms 6 of photography. There is at | east 0”?60‘?&%&?5‘3 usual ly a
system of such lenses. 7 The |ens conplex also includes an aperfure stop

and a shutter which are both 8 controls on the Iight gathering. 9 The |ight

gat heri ng power. of. l ens. ,is pften asured in rms.of .10 the rface area
of the obj bot poedimfetddhs pRAbBRRERAES rpRelRE el Qe ASTRLE °T Can
gather twi.ge th lght. ln.practice | ens _conpl e st trols on the
03 arount Bt 180 ees cighdl a8 af St oieopaf bty Pa bURSREIRE, obi o
aperture 3 which vari,es the,amount, of Light, that is callecte er _unit
e, rai &bt Hanten ot ARV BRRE. hn ot ‘D aloskird ey HEb Sl ong
control is ca‘{.led the shutter and 15 it varies the anount of tine that
light entéts PPAEHLHIUAIPYe camera. Holding the 16 shutter open twice as

| ong nmeans that twice the Iight energy enters the canmera. 17 A true col or
digital irmage conpri seA lensgdntplef isdie sppdraeiusitimatgatitersibght il 8artus fotmsee

i ndependent neasured val ues representing the strengths of the red, 19 green
and bl ue (BRGR)f photogaapbipt Shefe islat Idasbrie lefihiasd usudtip evaystesn RGRIcbdérees. 20
space. There are various conputer file formats 13 used for these inmages,

usi ng 21 varTheulen$ complegsssmimclhidbe ae Spettaressome and mpshtuger dhisk ae dodlye space.
22 Regardl ess of conpression schene, all such digital file formats 13 store
a grid of 8 2Zkodtbdls onithdn ligkBgatherinogs. 11 7 October 2003 1 Currently, the
common standard maxi num val ue stored by such 2 files or a system for each

of the R G or B val “‘ﬁhé' ﬁqrﬁ%{%mé@gé%%bpg# ¥ 1erRAS ah meaduhgy REBrhoBpPONent s
can range’in strength fro o] . Some file formats

10  the surface area of the objective lens itself. A lens with twice the area of another

11 can gather twice the light. In practice, a lens complex has two controls on the

12 amount of light actually gathered. The first control is the adjustable aperture

13 which varies the amount of light that is collected per unit time. Twice the area

14  means twice the light per unit time. The second control is called the shutter and

15 it varies the amount of time that light enters the body of the camera. Holding the

16  shutter open twice as long means that twice the light energy enters the camera.

17 A true color digital image comprises a grid of dots wherein each dot
18 has three independent measured values representing the strength>s of the red,
19 green and blue (RGB) components of the light. This is known as RGB color
20 space. There are various computer file formats 13 used for these images, using
21 various 'compression schemes' to save computer disk storage space.
22 Regardless of compression scheme, all such digital file formats 13 store a grid of

23 dots with RGB values.

11




4 now store values in the range of 0 to 1023, and higher formats are |ikely.
5 6 Dynam c range 7 Every device, including our digital if@&‘abé pder, has
a '"dynamic 8 range' which is a neasure of its ability to recorr?arbel ative
energy fluctuations. As 9 stated above, this dynamc range is usually set

oty TR AR B o,

ot PCTIORE e bl Rl P P TRt il
PﬁZt érSe; u Rg%‘%%ﬁﬁlﬂ?”ﬁ lniaﬁfﬁﬂl?:rgé %3&%”%%?9 t?}éé ??g.htsaomngegﬂlgofo! n?ténse in
w thi n ¢ net nabnuateetfalipe 4 Hrgh F pdE et 80P LI REN RS e I i “be o d to
' have exceeded the dynami c range 18 of the systemi. 19 In digital

photography, the strength of the light energy is nmeasured 20 by the
phot o-el ectric sensors. These values are stored as a true color format 21

conput er fél eB A’Qﬁlcqiwgm c range of the systemis exceeded when areas of the

22 grid have t he maxi num (say 255). Accordingly, variations
within the 12 7 Cctober 2003 1 bright areas, hypothetically 256 - 300 can
only be retorded as 255vandiaviegsingludingaaur sligipt magesaedrdarn &as aaf¥arpst . 3
Wth a [imted dy|narric range, as is the case with digital inmages, 4 the
amount of 8 gtangehwibh issa owpsuredd its ahilityi tgmegard slative eteraciuctysdionsage.
Consi der

9 stated above, this dynamic range is usually set by the storage means, file or

10  system and is typically 0 — 255. In photography, the trick to success is to use all

11 the dynamic range without exceeding it. In a photo, the trick is to capture both

12  the details in bright areas and details in dark areas without a loss of details

13 anywhere.

14 In film photography, when a significant area of the negative has
15  turned completely opaque it means that the light was so intense in that area that
16  no film crystals were left unchanged. The variations within the washed out area
17  of the photograph are lost and can bé said to 'have exceeded the dynamic range

18 of the system'.

19 In digital photography, the strength of the light energy is measured
20 by the photo-electric sensors. These values are stored as a true color format
21 computer file. The dynamic range of the system is exceeded when areas of the

22 grid have been set to the maximum (say 255). Accordingly, variations within the

12




5 if one image is obtained containing one particular dot of light which is
neasured 6 within the dynam c range of the recordi ng deyj xanpl e,
the light may 7 cone froma brown surface. The |ight do?mlgobﬁggg%fe in
terms of three color 8 strengths, the red (R, green (G and blue (B). If a

second i e is,obtai ned hayi h doubl e the ex ure,tine hen tw ce
2 11 oo A" Rilpaeieait, g8 dotaty ou ecstr R A5 Mt by dor
i ncl udi ng 4 he g%‘f .arehconsi dering. If 11 the range of light renains
within thé dyIAs Y UhHENFeIHEeK™,tem then all the 12 three values of R
G and B wll be doubled - yet the color of the original brown 13 dot
remai ns as3 brown. DoubWitha tirhitédhdynamtio manmgg, las ghthereages with dligital emagds, 14
measurenent will be doubled - Ris doubled, Gis doubled and B is doubl ed.
15 I n t he 4caske amodhigoftight wiitloisrmaptucer cdrosigreficanily effeal fromimagdo@whsidgr of 16
the light (through a | arger aperture or |onger exposure), relative RGB
val ues aré lfforsd mageds bbathedRGBtairhaiese pértibl@a3dat 20 ligitevidduis reekstuoed 00,
60, 40, because 100 18 = 50*2, 60 = 30*2, and 40 = 20*2. 19 Wen tw ce as
much ener gy hiitren érectyreenis canget dfcthe eearidisg misvice. For leasmple, tee tighe may
stinmulation. Twice as much red energy hits the red sensor and the 21 other
ener gy doé&sn'doneafrérara bmwint surfbee ¢ & hadightidt igmessrsusadeinggrnhg bthréeecgpeen 22
sensor. And twi ce as nuch blue energy hits the blue sensor. 13 7 Cctober
2003 1 As & hestlengtht, thatedr(Rpngorpenk@) amdt bhas@3., It dsetdndcenageds wbtaieet s of 2
the primary colors of the sane dot increase proportionally as shown in the
3 foll owi iy Talving Had ddubies thet dvgposaredime, dher tvdce he numimdighb millygbintgtheer. 4 5
Table 1. - Effect of Increasing Light Gathering Power on Measurenents of RGB
10 recording device for each and every dot, including the dot we are considering. If

11 the range of light remains within the dynamic range of the system, then all the
12  three values of R, G, and B will be doubled — yet the color of the original brown
13 dot remains as brown. Doubling of the incoming light means its strength

14 measurement will be doubled — R is doubled, G is doubled and B is doubled.

15 In the case of digital information, for example, upon a doubling of
16 the light (through a larger aperture or longer exposure), relative RGB values are
17  also doubled. RGB values of 50,30,20 are doubled to 100, 60,40, because 100

18 = 50*2,60 = 30"2, and 40 = 20*2.

19 When twice as much energy hits each sensor, then each sensor
20 has twice the stimulation. Twice as much red energy hits the red sensor and the
21 other energy doesn't matter to it. Twice as much green energy hits the green

22 sensor. And twice as much blue energy hits the blue sensor.

13



Li ght Gathering Descripti onRedG eenBl ueG een/ RedBl ue/ Red Power. 1" Ref erence,
one unit"5030200. 6000. 400 1. 1Up 109%533220. 6000. 400 1. 2Up october 2003
2096036240. 6000. 400 1. 3Up 3096539260. 6000. 400 1.4Up 40%042280. 6000. 400
1.5Up 50%545300. 6000. 400 2Doubl €10060400. 6000. 400 2. 5Two and a hal f
tlne51257§500 6000. 400 3Tr|&%? ﬁ80600.6000.400 4Fo

ti mes200120800. 6000. 400° HI& (A8 BFHELEERAY 11682560 e%ﬁ?eﬂe"’lsﬂimﬁaﬂ]‘%"i, not e

that th f. & [ Red dth f
r egar dl gsr oftR? ?Pé'mqrgﬁﬁ%bégt%gg‘? r'?t@"%oﬂ%t fngl?%s%-ﬁ%o;?o %qa Y?gaérfrml i nesIt ?g:u

gat hering po rtificjial 24 conveni ence. V\hat Is the
“correct' %?reg@t?r 2?bl8f1 C@éh%gq%r ref'}?é‘séB? S%’Peq%{ﬁ\i %nghg%'. 1? An i mage
col l ected from an overcast out doors environnment may mnmeasure the 26 col or

dot at 50,430,20 and the col or dot neasured in a bright indoor setting could
27 be 200, 120 80 utilizing four times the light gathering power. 28 Wiile it

IS pOSSi bl PFaJ ! Pff%t%f“c%%m%ﬁﬁ%?&a%nﬂ %&Ie}gn ISFEgeJq} %tg QPR gg energy

that is collec I's rare I'n pr ctlce t gat ering power
of 6 Light
7 Gathering
8 Power Description Red Green Blue Green/Red Blue/Red
9 1 "Reference, one unit" 50 30 20 0.600 0.400
10 1.1 Up 10% 55 33 22 0.600 0.400
" 1.2 Up 20% 60 36 24 - 0.600 0.400
12 1.3 Up 30% 65 39 26 0.600 0.400
13 1.4 Up 40% 70 42 28 0.600 0.400
14 1.5 Up 50% 75 45 30 0.600 0.400
15 2 Double 100 60 40 0.600 0.400
16 2.5 Twoanda haiftimes 125 75 50 0.600 0.400
17 3 Triple 150 g0 60 0.600 0.400
18 4 Four times 200 120 80 0.600 0.400
19 5 Five times 250 150 100 0.600 0.400
20
21 In Table 1, note that the ratio of Green/Red and the ratio of

22 Blue/Red remain constant, regardless of the light gathering power.

23 The reference level for light gathering power is artificial, a matter of
24  convenience. What is the 'correct' measurement of the color of the dot of Table
25 1?7 Animage collected from an overcast outdoors environment may measure the
26  color dot at 50,30,20 and the color dot measured in a bright indoor setting could

27 be 200,120,80 utilizing four times the light gathering power.

28 While it is possible to calibrate light gathering power in terms of the

29 energy that is collected, it is rarely done in practice. The light gathering power of

14




14 7 Cctober 2003 1 our own eyes naturally varies. City lights that seem so
very bright at night 2 appear dull in daylight because t7h§ t%ggrﬁ)(h“ S
automatically opens at night and 3 then closes during the 8ay, as

required to deal with the natural extrene 4 variations in Ilght Ievel.

Appl i cant i BO! ofas s Hardrallf Sl "L iRk ’Pa&h%?ﬁ TR o

dynam c range to handl e the range from ur al

city nightali ghtdddGumit iapift %@E@?ﬁb'tﬁ?%ﬁggt@ uteﬁhaﬁ@éu ty Isﬁlt%%es a

good 7 image Is, in part; that ght gat ering abi arted with

the light 3 sgehh@bsdshGurirf &%Ceés;g'éwué fedufbd ng%ggﬂggﬁ?dﬁatﬁ’rfal e ghynam c

range. Both neasurenents of 30,20 and 2 or the sane col or or

dot are vahi dyarddoh®in WI%F gﬁplfcgﬁﬁ? ot BREeSof asllé%Brd?r@ S%Wcé RLERSL Ey val ues

for each 11 of Red, G'een, here are a tot Si X possli bl e
ratios andsth f the
11 St R e L B OB R S i
varlatlons of g u n t he
hers o EVDREE R P St B e Aot O A 45

( green/redy .n(;@eq@/m B, thakt the (@rﬁteg%ﬂ{ernﬁ&)ab.%ty is (fé’rie‘a%gﬁﬂ)a ngﬁtb'éb%étetﬂ?e /
(green/red) I'n principle, SsI x can be chosen. For

pur poses of recording is not pushed outsude of the dynamic range. Both measurements of

9 50,30,20 and 200,120,80 for the same color or dot are valid.

10 For any set of three numbers, such as the intensity values for each
11 of Red, Green, and Blue, there are a total of six possible ratios and they are G/R,
12 B/R, G/B, R/G, R/B, and B/G. Only two of the ratios are unique, the other four
13 ratios are redundant as they are variations of the first two. For example, based

14  upon G/R and B/R, the others are:

15 green/blue = (green/red) / (blue/red)

16 red/green = 1/ (green/red)

17 red/blue = 1/ (blue/red)

18 blue/green = (blue/red) / (green/red)

19 In principle, any two of the six can be chosen. For the purposes of

20 this description, the ratios of green/red and blue/red are chosen.

15




20 this description, the ratios of green/red and blue/red are chosen. 15 7
Oct ober 2003 1 An efficient choice for the value of the st &5‘&3@0@% t he RGB
triplet 2 would be to sinply take the nmaxi num val ue from anongst the three
RGB 3 values. In the case of 50,30,20 for RGB respectlvely, red happens to

be the 4 maxi num val ue and the cal cul ati on of rati os
becomes: 5'Strength = f@defﬁm@@j HOIRE ¢ Pbti‘e-vatﬂ"ree%f Fé eggtgd?a}é'@)e E&% E‘fgge"

Rati o2 = b ue/red = 20/ = 0,400 8 In reverse one can¢) ck- caI Jr?l te and
recover the r¥auldgpedn %’??H'VQtab‘F JBe Rpfaema ¥alpg [ floghamopgs %(; 8

11 green = StrengthRatiol = red * een / red = 50 * 0.600 = 30 1 bI ue =
Strength *3RaY¥3ges-Intag C’as%l%éoﬂor%df‘)‘ %@B*rewe&ébe'ss 86 NEPPeRS §° He¢ e ci al
repr esent atlon of the R&B triplet is useful because, 14 for dot, the
two ratios?ar BaKTHEDXAHR AN &ie ‘Earlfé”alt'ioal‘i’fS%}%?”%@eﬁwﬁé‘?‘t'osﬁﬁomf amount  of
| i ght gathered only affects the strength conmponent. 16 Too nuch |i ght
gathering sml| cause tmeﬁ@asure@@nt of: t9pe color 17 to becone distorted
because at | east one of t,(h three ozﬂ/orzj will 18 exceed the
dynani c rafge and t hus WPl not 96% ptesented. 19 Consider the
previ ous exanpl e dot ofRafi62 36, bﬂﬁs/rati sor@/@r bi 40y reference 20 level of
l'ight gathering power. If the inmage is re-recorded, but at a nuch higher 21

light gathering power, Fb%rs%t ohEBST bRUEAQNSE aWleJacJ\)/@r fasBgd ey and the

dynam c 22 range.
9  blue values as follows:

10 red = Strength = 50

11 green = Strength * Ratio1 = red * green/ red = 50 * 0.600 = 30

12 blue = Strength * Ratio2 = red * blue / red = 50 * 0.400 = 20

13 This artificial representation of the RGB triplet is useful because,

14  for any dot, the two ratios are independent of the light gathering power. The

15  amount of light gathered only affects the strength component.

16 Too much light gathering will cause the measurement of the color
17  to become distorted because at least one of the three primary colors RGB will
18 exceed the dynamic range and thus will not be accurately represented.
19  Consider the previous example dot of 50, 30, 20 at some arbitrary reference
20 level of light gathering power. If the image is re-recorded, but at a much higher
21  light gathering power, then at least one color will be pushed beyond the dynamic

22 range.

16




16 7 Cctober 2003 1 Table 2. - Increasing Light Gathering Power beyond the

Dynam ¢ Range of System Light Gathering

Descri pti onRedG eenBl ueG een/ RedBl ue/ Red Power 1Ref er encé?&é??fé%p%%oo. 400
3Tri pl €15090600. 6000. 400 5Fi ve ti mes2501501000. 6000. 400 5.15.1

t i mes2551531024Mb0h i ; Pk j

ti mes 2551801200, 7060, 471 r?’éggg?ﬂé}n@gz%zﬁgﬁ%gf%%%ﬁgRg'ge}g(,%ftsysmm

ti ma32552g1600. gé%o 627 9Ni ne tines2552551801. 0000. 706 10Ten

ti mes2552552001. 0000. 784 11El even ti nes2552552201. 0000. 863 12Twel ve

ti mes255255240 L3009, 941 13Thirteen tinmes2552552551. 0001. 000 1" Ref er ence,
one unit"5303020®c6800. 408schisbace t IReti neiGrbenr { hBlue at | Greef/Red eRe/Redd nor
bl ue/red ae consjant 2Qhpeause they havg saturgted) pash 5. lodobnmes the

l'ight gathering power. 21 Because there ig a maxjnmm a t of ergy that
can be rreg;gured by the 11”"% 8 & g: "Ped 0.408
5

Five times 250 150 100 0.600 0.400
8 5.1 5.1 times 255 153 102 0.600 0.400
9 5.2 5.2 times 255 156 104 0.612 0.408
10 6 Six times 255 180 120 0.706 0.471
11 7 Seven times 255 210 140 0.824 0.549
12 8 Eight times 255 240 160 0.941 0.627
13 9 Nine times 255 255 180 1.000 0.706
14 10 Ten times 255 255 200 1.000 0.784
15 11 Eleven times 255 255 220 1.000 0.863
16 12 Twelve times 255 255 240 1.000 0.941
17 13 Thirteen times 255 255 255 1.000 1.000
18 1 "Reference, one unit” 50 30 20 0.600 0.400
19 Notice that neither the ratio of green/red nor blue/red are constant

20 (because they have saturated) past 5.1 times the light gathering power.
21 Because there is a maximum amount of energy that can be measured by the
22  recording device (either digital sensors or film) there is a practical limit to the
23 useful light gathering power for any subject. In Table 2, when light gathering
24  power exceeds five times the reference power, the dynamic range is almost fully
25 used. The strength of the dot is 250 and the maximum that can be stored is 255.
26  That maximum is reached, exactly, at 5.1 times the light gathering power. At 5.1
27 the strength of the dot is 255 yet the two ratios are still 0.600 and 0.400
28 respectively. At 5.2 times the light gathering power, even more light enters the
29 recording device. The red sensor would have stored the number 260 but it

30 cannot because the dynamic range is surpassed and the value is clipped to 255




22 recording device (either digital sensors or film there is a practical
limt to the 23 useful |ight gathering power for any su j@&&ber'éﬁogabl e 2,
when |ight gathering 24 power exceeds five tines the reference power, the
dynami c range is alnost fully 25 used. The strength of the dot is 250 and

t he maxi num that can be stored is 255. 26 That maximumis reached, exactly,
at 5.1 tinks inpieafi gie epaterkenimberp @i stored fos bpth the graen 3pd St $RN§P ™ he dot
is 255 yet the two ratios are still 0.600 and 0.400 28 respectively. At 5.2
times the 2i gheweysr.Hbe insgrpeivelal calwrdn rapgrded angribis dnieypaled Ry nobgng & di ng
device. The red sensor would have stored the nunber 260 but it 30 cannot
because th® dipgdwp catiosmew Vasy §omphe sepenraios RED-6EP aed P4ORy Appdimesdhess 17 7
Oct ober 2003 1 instead. The correct nunmbers are stored for both the green
and bl ue senskghs, gatheringen@yer, taveni meser g1t eotest w8l dhei disislidisdéi®and t hi s
is revealed by noticing that 3 the two ratios now vary fromthe proper

rati os of 9. 6cwrespandinglp@reater. eThe ngdas ?f?e”omsigﬂgfﬁ%”t@ﬁ"%lfé??trﬁj‘ddB FeCleven
nore light enters and the distortions are 5 correspondingly greater. The
ratios areb noot G7emand @4rf lapd dheseepersranddo arigsificaptly difersht eplaeMdha 0. 471
and these correspond to a si,gnificantI%; different color. At 8.5 7 tinmes the
|i ght gat her i frgepdelight gatherngi@owen di DHESENRYAISR BCBYP SURPSAYARS: 8 The
light is recorded as having the sanme strength in both the red and blue 9
primary cob orhe Tigkt il igeondgd rasghaving &q same\strenaBonabrin tthe red @ndoklue

di storted 10 col or (reddish brown) now further distorts to _an orange.
Finally, a? 1prim&ytealess. The blne to refhfatigds Hom h§OPanerthe é’l’?v'qq?r‘gétoggﬁsor s
clip and the color is recorded as three 12 full strength prj col ors,
meani ng whd t ecolar3(reqdishsbiompd pewrfurthes disietsitoca P@@ﬂ?-n&"ﬁ”&h%pt @%ﬁ'&e?he
ability of the 14 recording system (it's dynam c range) becaélse it causes
di st orti oh!i nthenighicgategring power, all three sensors clip and the color is'recorded as three

12 full strength primary colors, meaning white.

13 It is important to avoid collecting light beyond the ability of the

14  recording system (it's dynamic range) because it causes distortion in the color.

15 Any one of the RGB triplet can be chosen as the reference color. If
16  green was the strongest color, and assuming the color was 30,50,20 (having the
17  same reference light gathering power as the previous red example), then having

18 reference to Table 3, the same behavior is exhibited.

18




15 Any one of the RGB triplet can be chosen as the reference color. If 16
green was the strongest color, and assum ng the col or wag RQpm} 363(haV| ng
the 17 sane reference |ight gat hering power as the previous re& exanpl e)
then having 18 reference to Table 3, the sane behavior is exhibited. 18 7
Cct ober 2003 tdmdd. eEffect of IMdrdacil Laht ddbcringBovitg with Ghen Géthmpésagoifioner W t h
G een as strongest color 2Light 3Gathering

4Power Descei pti ongadG eenBl ueG een/ Red Bl ue/ Red 51Ref er ence3050201. 6670. 667
63Tri pl €90450604 %%go 667 75Five times1502501001. 6670.667 85.15.1

ti rre515325§1021 3 667 95.25.2 tinmes1562551041. 6350. 667 106Si x

ti mes18025%51201. °1?0. 66 P9 PS8ven tRifes216255140Pu9140. ee/Resd gBiug/Red

ti mes24025%1601. 0630. 66 7RG ne ti Bes2552561801. &000. 706.667410TeR67

ti mes25525§2001. 0900. 784 3L LEl evenggi mes2f525522841. 000016@3 16@_25'7\/\/el ve

ti rre525525§2401 0Q00. 941 1713Thirteen tine ﬁ55255§§51 8%?]0 ég f\s shown,
the same sftuatio occurse\/\)ﬁ"g?elnt gree red a e/ red®ati os
becone dis®orted §h a vePy ®psri | ar fAdnner .25pn th|1§20ase 1€%e r abPos

9 5.2 5.2 times 156 255 104 1.635 0.667
10 6 Six times 180 255 120 1.417 0.667
11 7 Seven times 210 255 140 1.214 0.667
12 8 Eight times 240 255 160 1.063 0.667
13 9 Nine times 255 255 180 1.000 0.706
14 - 10 Ten times 255 255 200 1.000 0.784
15 11 Eleven times 255 255 220 1.000 0.863
16 12 Twelve times 255 255 240 1.000 0.941
17 13 Thirteen times 255 255 255 1.000 1.000
18 As shown, the same situation occurs wherein the green/red and

19  blue/red ratios become distorted in a very similar manner. In this case, the ratios
20 red/green and blue/green produce the same numbers (0.600 and 0.400) as in

21 the previous 50,30,20 iltustration for the case of red.

22 Accordingly, regardless of which of the RGB ftriplet is the
23  maximum, there is a symmetry and strength is defined as the maximum strength
24 value of (Red, Green, and Blue) and color ratios result (red/Strength,
25 green/Strength, blue/Strength). One of the three ratios will be exactly equal to 1
26 because strength is always equal to one of the numerators. In the case of Red
27 from Table 1, RGB = 50,30,20 so that strength = max of (50,30,20) which is 50

28 and the color ratios are (50/50, 30/50, 20/50) = (1, 0.600, 0.400).

19




20 red/ green and bl ue/ green produce the sane nunbers (0.600 and 0.400) as in
21 the previous 50,30,20 illustration for the case of re(;}.0§t b&Seidi nal y,
regardl ess of which of the RG triplet is the 23 naxi mum ere1s a
symmetry and strength is defined as the maxi num strength 24 value of (Red,
G een, and,Blue) and cqlor ratios resul red/ Strength, 25 green/ Strength,
bl ue/ Strendth). One of qJIhHé' ff’ﬁ%‘%‘g qrﬁ??ﬁgé@}“ﬂelmﬁ?c&@gtly equal to 1 26
because strength is always equal to one of the nunerators. In the case of
Red 27 frpm Table 1, Rdbr= 50, Bred@ths®/Shat &/8engt B/S max of (50, 30, 20)
which is 5 28 and th lor raggips arg (50/ 30/ 50, 20/50) _ (1, 0.600,
0. 400). 1997 Cct ober 2%82}3%1 huz%eq?or ed, Grgbg% and%é ue respectively:

Col or Strengt h R/ SG SB/ 8050,280, 20Redd1 0. 6064 30,150, 20G0een0. 610. 4

30, 20, 50BI ye0. 60.41 6 id bef ok e, a canera gathers nore |ight
7 conpar edgto anot her ?2’[%6%31); f(%l&?he sd;iére i%@, a gi ven dot has the
qualities 8 that the ratios of the neasured primary colors remain the sanme
- if we ar@ within 9 tse capsidered Paivge @Mephé carerali Rjheysimare gkl ead of
thi nking of the dot as an 10 RGB triplet we can think of the dot as a
strength ahd eempared tagapther eltingfer thetsamelimage, 8@veo ¢at has dhe gpalitiesce
strength of 50, the color ratios are 1, 0.600 and 0.400. 12 13 Enhancing the
| mage 14 A8 | taythesratiegeolcibe areastiedasimane colpe reepidthe spae; -faye aruyithia

9 the dynamic range of the recording system. Instead of thinking of the dot as an

10 RGB triplet we can think of the dot as a strength and ratios. Again, for our dot,

11 50,30,20 at its reference strength of 50, the color ratios are 1, 0.600 and 0.400.
12

13 Enhancing the Image

14 As long as the color ratios are unaltered, the image can be
15  adjusted without adversely affecting the colors. For instance, should insufficient
16 light have been gathered by the recording device, we can virtually amplify the

17  light power or strength while maintaining the color.

18 To virtually amplify or scale the light by a correcﬁon factor of 2, the
19  strength is doubled without varying the color ratios: For example, doubling the
20 strength of our dot of (50,30,20) to 100 results in a color dot of 50 * 2 *
21 (1,0.6,0.4) = (100,60,40). Simply, the same result can be achieved by simply
22  multiplying the R,G, and B by 2.

23 This virtual true color light amplification is accomplished by
24  multiplying or scaling all three primary colors by the same number. No colors
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15 adjusted w thout adversely affecting the colors. For instance, should
insufficient 16 |light have been gathered by the recordi we can
virtually anplify the 17 light power or strength while ﬁnggékﬁﬁﬁg t he
color. 18 To virtually anplify or scale the light by a correction factor of

é’xaﬁrgfel 1333;)[.0'@%&%? gistorsGH 2 Teht b, M bu"vEhand P B e (0o B0% e 1
Ina colory t'I'thdlyg%l)rgg %yge ts%'xlcéédegép 2 R B o Bv%g@t %Qalé@léed%%ﬂ%&%eatt -e Same

result can be ach mul t7 p y| n

Thi's virtugl rtH&h‘\qh n@r é.lsiegtﬁk tﬁé’qﬂglférh%ﬂo'r g@&&ﬁﬁ@e'ﬁ?ﬁ by 24

mul tiplying or sca ree primry co 'oF nunber. No
colors 20 7 Cbtober 2003 1 becone distorted, as Ion as the output val ues
stay withif the dynam ©neaneggs. ensurehethaly mani v;almng%sutswge%mdm itfivla R, G
or Bvalue is calculated that is greater 3 than the range used by the file
format for St haultipligationsiwalingasap Bxyeedsheriynamie rangtity danaingribe gairedion
resulting fromthe triple 5 nultiplication scaling, can exceed the dynanic
range, by Ber frommapn algebraisrscalitg exmressionosfinghioml gebr ai ¢ scal i ng expressi on or
function. 7 Having reference to Fig. 1, the X-axis represents the strength

of an 8 ipmge dot (MY uHg ferdRE. to@fgeqnthe@@é‘xu?#éﬂﬁésenﬂ"@e%%h@tﬁ Rhn0 -
represent the 9 limts of the dynam ¢ range (such . For the

l'inear di agonﬁlﬁa%ﬁgﬂﬁﬂwaﬁn&% &t e NGHeBn, Od(ndfb%e85eﬂ'13§§ales Qf @)— 1‘c r‘ébre%eﬁipthe' S

scal ed by unity r an output value of Accordingly, the unity
di agonal CQrr%@&ﬁﬂtﬁet@némuc%ng@?é@h'agr@) §5$)U3}fdr(?tﬁb lidear WiRoRaltMewAuEpUL S

identical to the input. Howevef, once the scaling function 13 deviates from
uni ty, thepoukpitgtlydt 5635048 —Q?Z)df'of b Ioe R sdafeRbyt DRty faPYh Bl S8lue of

11 0.2. Accordingly, the unity diagonal corresponds to a 'no operation' situation

12 where the output is identical to the input. However, once the scaling function

13 deviates from unity, the output values will be different from the input values,

14 resulting in a change to the image.

15 To scale the dynamic range from 0 to 1.0 is to simply divide a
16 current strength (maximum of the RGB triplet) value by the maximum number
17  that can be stored with this dynamic range. Suppose that number is 255. An
18  arbitrary dot will have a dot maximum strength having a number between 0 and

19  255. To scale the dot maximum to 0 and 1.0 one divides the strength by 255.

20 Both the input and the output axis represent the values of the
21  maximum of the RGB triplet; the dot maximum. The input is the dot maximum
22 under consideration. The output corresponds to the adjusted dot maximum for

23 the RGB triplet that will be calculated as a result of the method.
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éL4 rlegu!ti[\g in aI chg_ngedto the image. 15 To scale the dynamc range fromO
01.0is to sinply divide a 16 current strength (maxi

triplet) value by the maxi mum nunber 17 that gan E)e stg?§§?({/%ei?6?§icf

dynam c range. Suppose that number is 255. An 18 arbitrary dot will have a
dot maxi mum strength having a nunber between 0 and 19 255. To scale the dot
maxi mum t d 0 RUMaximuBne di vi des the strength by 255. 20 Both the input and
the output axis represent the values of the 21 maxinumof the RGB triplet;
the dot mgxi mum The i|Op&tmétBod e fidattheBxaIMOMm GRannert RGBipler & ton. The
out put corresponds to the adjusted dot maxi mumfor 23 the RGB triplet that
will be ca culabsslons ag g, tétinghcher eththéd, ahdletetiey tha0aaxitubot

Maxi mum 2 One nmethod to find the nmaxi numof an input RG&B triplet is to 3
choose ong asonBxi BEH ift RighémMd TREGBIAWNing IBelirdisher pseuad decodesigtidtiate tiee maxi mum
4 to that other if higher. The following 3 Iines of pseudo code illustrated
the 5 selgectdomition ofa detmammumum 6 strength = red 7 strength is set to red
value 8 IF strength < green THEN strength = green 9 if strength is | ess than
green val ye t hen resetstietn tL(_)__rt(pe green value 10 IF strength < blue THEN
strength = blue 11 if sfr%ngt is less than blue value then reset it to the
bl ue val u€ 12 Havi ng ref er éiengthisFerp igdvaue gny scaling or correction is
constrai néd 13 to theFktreagih ggragiTHENGWmngtihgreemput axis is constrained to

the domai B fromoO to if strength is less than green value then reset it to the green value
10 IF strength < blue THEN strength = blue
" if strength is less than blue value then reset it to the blue value
12 Having reference to Fig. 1, any scaling or correction is constrained

13 tothe 1 X 1 graph shown. The input axis is constrained to the domain from 0 to
14 1 and the outbut axis is constrained to the range of 0 to 1. This means that the

15  strength of an adjusted or corrected dot will not exceed the dynamic range.

16 Any scaling function that can be plotted within the constrained
17  graph can be used for virtual true color light amplification. The properties of a
18 particular graph will affect the final aesthetics and application. A particular
19  function is chosen as appropriate for the application; whether it be to adjust the

20  brightness of an entire image, or a portion of the image, or other adjustment.

21 Two implementations of the scaling function correction include
22 forming a lookup table of corrections (a finite number dictated by the dynamic
23 range); and another less efficient means is to calculate each dot independently

24 in turn. One can understand that in an image, the value of the strength of a

25 particular dot may be repeated many times for many other dots. Thus, for
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14 1 and the output axis is constrained to the range of 0 to 1. This neans
that the 15 strength of an adjusted or corrected dot w l4 %) ed t he
dynam c range. 16 Any scaling function that can be pl otted Wethin th
constrained 17 graph can be used for virtual true col or Ilght

anplification. The pr ertles of a | ar affec

final acst fet .egg'eahga'aﬁﬁtm K8 et pBRebiae % et fite Fimbe Bokiibled,”

appropri at? far the gﬁp |on tvvhet her it be to adjust the 20 bri ght ness
of an entife CAEFECe %0938 {f120% i8St he i mage, or other adjustnent. 21 Two

i npl enentations of the scaling function correction include 22 formng a

| ookup tabBe of correcthoorise (@kfumidbke apprbach, dince dheghalamétbes ogeted © 23
range); and another |ess efficient neans is to cal cul ate each dot

i ndependentd| y spedfyianparticuiar Saaéng &mctiordereskrena - dibthei corrantionsygsyallyizboval ue of
the strength of a 25 particular dot may be repeated nmany tinmes for many

ot her dot s5 Thtithenf, ahnis 22p&ndscorotherlindO&f3Xhé dghémici renge)cak chdracalonatedrbyt he case
of a | ook-up table, a correction can be calculated 2 only once but applied
many tines6é 3nfeanshe duboduting ahdbhe raspjts etedd incn bektupetapler ntbbbeacmiseded t o
4 specify a particular scaling function are known - all the corrections
(usual |y 236 oblyofaldueted ohbe.s Tihepeamestianist thenlsimply lodkedhap dy tsrina@yr @nge) are
then calculated by 6 nmeans of a subroutine and the results stored in a | ook
up tabl e s8 tpstudeamided exaviplens:y cal cul at ed once. The correction is then
sinply looked up in this way (a 8 pseudo coded exanple is:) 9 corr =
corra(streggth) 10 wher grrCQErrra(étFen%;th? particular correction for the current

dot; 11 c%r al) i's the Too urperet aétgrr i1s the pan?cular Xorrecglon fortkgéu%%nttdoe corrections;

M corra() is the lookup table or array that stores the corrections;
12  and

13 strength is the dot maximum of the RGB for the current dot.

14 The other (less efficient) way is to have a function calculate the

15  correction for a particular dot, each one in turn. An example would be

16 corr = correct(strength)

17 where corr is the particular correction for the current dot;

18 correct () is the correction function which executed by

19 simply 'calling’ its name in this way; and

20 strength is the dot maximum of the RGB for the current dot.

21 A given point along the graphed scaling function, which provides

22 an input and output value, is to be used to derive the correction multiplier or

23 factor. A correction factor is equal to output value / input value.

24 So as to maintain the respective color ratios, all three of the RGB
25 triplet values are multiplied by this same correction corr as determined for and

26  specified by the dot maximum.
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12 and 13 strength is the dot maxi nrumof the RGB for the current dot. 14 The
other (less efficient) way is to have a function cal cul ar7 rt#% %éo§orrection
for a particular dot, each one in turn. An exanple woul d g)ec Féort =

correct(strength) 17 where corr is the particular correction for the current

dol 1B eofrect ) 1= Lh GREL SR oR] VB SRAL SRBU S oid9-51 TPl

'cal!cing' Its nane in S maxi mum of the
RG for t t . ' | 4 '

O . CHE SHer . oA L R0 PNl P 880 CHRRIEGRbERGe | |
derive the, Coér(aeﬁiér%rr%&'i&r{. pjrﬁeeégé’cfégf ééu;{lﬂﬁtﬂ%setf’é},ucgc%r[?%ti'étf?g'ﬂsfiéﬁﬁta‘?rofi s equal

t o out put val ue I nput val ue. o nmal ntal n e respective col or

ratios, alj) t t 35@ ripl et r |0l s sane
correcti on'{l co\lr)igt Sgsﬂ[’i%téeb?% n c} ‘f’ﬁ‘r"k'giﬁ n- ZEM%Egﬁ???e%% Itg hn%b%irg?xc%égl&?mm 23 7
Oct ober 2Q03 rdi r = d * corr; green = green * corr; blue =
bl ue * Zgor%n@mﬁégggkgg‘%l\xé&sﬁ%e%‘%ﬁe end up holding the values for the
current dot before 3 and after correction. The effect of coupling these
four considerations is that of 4 Virtual True Color Light Anplification.
The Dynam c Range is never exceeded 5 and the color is always preserved. 6

7 Practical '%Eﬁéﬁﬂﬁ;ﬁéﬂn@ﬁ‘taﬁoﬁa‘n I mge can be read in various ways. Applicant
has avoi ded the

8 An image can be read in various ways. Applicant has avoided the
9 need to review the various graphical computer file formats 13 by illustrating the
10  method on a displayed image. Applicant is aware that, currently, Visual Basic (a
11 programming language 14 operable under the Windows operating system ~ all
12  trademarks of Microsoft Corporation) and most other modern programming
13 languages 14 have simple commands that allow for image reads. In Visual
14  Basic, one command is pbox.Picture = LoadPicture(file_in) where pbox is a
15 'picture box object, used for displaying pictures, Picture is a 'method’ which
16  assigns a picture to the object, LoadPicture() is the function that reads Picture
17  Files, and file_in is the name of the file 13 that is to be read. Once this
18 command is issued by Visual Basic, the image file 13 is read in and displayed on
19 the screen in the programming 'too!' called the 'picture box object’. There is a

20 similar method to save a picture.

21 Having reference to Fig. 2, the simplified code illustrates a Visual
22  Basic implementation of the virtual true color light amplification method applied

23 to an image. This simplified technique requires, at a minimum, a 16 bit video
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9 need to review the various graphical conmputer file formats 13 by
illustrating the 10 nethod on a displayed i mage. pllcan;t % cgthat,
currently, Visual Basic (a 11 programm ng | anguage 14 opera Pe under the

W ndows operating system- all 12 trademarks of M crosoft Corporation) and
nost ot her rmdern rammn 13 |l an es 14 have | e conmands t hat

al l ow for {nmag&dr @4\/?883“1 'Slare%é@?q% %CE%ﬁgﬁ 'spl%ﬁc?ﬂjét’ure =
LoadPi cturg(file in vvhere box is a, 15 "pictu box ob ect d for

di spl ayi ngS pi EXHCERS C?‘PEY?]'H% ﬁr%méhe WeehERd Wi Se{irerhi%'se{%h&rfgo%{ ‘?E?rﬁr eto
the obj ect LoadPi cturgzgC is the functiaq {1 t} reads Picture 17 Files, and
file-inis th@CH%'H‘ée énd eRuldrke iEpravedisigni C@”f)b p&iqrieddhe < nHihe maig commnd
is |ssued Basi the i e file 13 is read ., in and S do 19
the scr een Xﬁ?/g"}?%@f é%mﬂh'@ Wqﬁgl'm'eaﬁ Ugessig g weee éarb"okéj bF’é@%g There
is a 20 S|mlar net hod to save a ence

r ef 2,
the sinpli?ieBltidakE #1P|Q§§’??1Qne§e%5 %tU%FP'”g BZJCBSEQ{LB ‘?Hﬁ’% taaf?'BH'“Sg t he

vi rtual true col or ht Ilflcat on mnet ho d 2 0 a Thi s
sinplifieddtetHR qd@“fﬁeﬁw? at é A nfeerHF aa@g B’ﬁ?“avl g%??'%ﬂ"?”%ﬁobe
2003 1 card 15 and a .24 bit ard js prefer The code of F| S
directed tb PP ?'%@P‘i"rﬁr@wéoﬁ‘ﬁ?es\%pu EMPRo tcf?é"an 8 BafRPut e i tE'@'Pf‘ Thi s

i s not the nDst efficient 3 technique and could be inproved significantly
by storing®th® ’F'Prﬁ@’egei"h the min 4 RAMnenory 16. This would elininate
accessing the video card 15 at all and 5 elimnate the extraction steps of
stripping ® G and B vgimgg, the process pommitted rectangalaodispriyeadrhagesofcdotas t hat
returned by Visual Basic function 7 pbox.Point(icol,irow). Accessing nmenory
16 coul d 1@suiotbd Bdjabredt For éxamnprestheSmabéintayee yagabnly having a maximum

11 strength for any of the dot maximums being about 128, or half the dynamic range

12  for the system. In the simplest case, the image range is scaled to the dynamic

13  range as a linear function. Accordingly, by normalizing the maximum of 128 to

14 255, the strength of all dot maximums wili be doubled. Accordingly, the scaling

15  function is merely a constant of 2 and the look up result, for any dot maximum, is

16 2. For each column of the image, the values of the color are extracted for blue,

17 green and red. The dot maximum is set as red and the green and blue are

18 tested to reset the strength to the maximum amongst the three. The correction

19 s looked up in the table, in this case being a constant of 2. Each of the values

20 for RGB are scaled by 2, the maximum scaled value being 128 * 2 or 256 — the

21 maximum of the dynamic range. The modified dot is written back to the display,

22 all colors having been preserved and without having exceeding the dynamic

23 range.

25



9 Sinmply, the process permts a rectangul ar di splayed image of dots 10 to
be adjusted. For exanple, the inage nmay be dark, only hay?&ﬁbg E@@@ mum 11
strength for any of the dot maxi nuns being about 128, or ha { hie dynam c
range 12 for the system In the sinplest case, the inage range is scaled to

the dynam ¢ %&l{cﬂﬁi _g%@ctb; fﬂ@@caﬁ#{g‘ﬁ?ﬁcﬂ&: Accordingly, by normalizing the
maxi mum of 1 ) all dot maximuns will be doubl ed.
Accor di nglgl, the scaling 15 function is nerely a constant of 2 and the | ook
up result,2for any dot Thexirthaly infirjte spdection phscagag functivnsnas eppliasdoithege, t he
val ues of the color are extracted for blue, 17 green and red. The dot

maxi mum i s3 seimags, fesditmindifarentgiiests tasyit vpiieusgdiferingebjectivesy Pomptmes t he
strength to the nmaxi mum anongst the three. The correction 19 is | ooked up
in the tabt e, therauatiysoicthecimagiengjctatesonbicafuncdipn ds usgeHsuth apa fucties 20 for
RGB are scal ed by 2, the maxi num scal ed val ue being 128 * 2 or 256 - the 21
maxi mum of5 t héesignednsimplyatey drigimeaingodiiderieimanpsy). P awnpre: artipidark funstiome

di splay, 22 all colors having been preserved and w thout having exceedi ng

t he dynani® wi¥ch @hjancessonty cpeeitirg sermths WARIPI anc Bragensuch @sf @dfacting t he
Scaling Function 2 The virtually infinite selection of scaling functions, as
appl i ed t o t heetaiBfrpmegaarpwspartien with dpinimal eancesn fregardingghs affect,/an iteris
differing objectives. Sonetimes 4 the quality of the image dictates which
function i% udber Rosigs cishednfagabti on 5 designed sinply for brightening a
dark imge), or a nore particular function 6 which enhances only specified
strengths gMthin an i mage (such as extracting 7 detail froma narrow
portion with mniml concern regarding the effect on the 8 other portions

oftheirraoge). o )
1 Applications — Virtual Lens

11 Both the aperture and the shutter cause problems in and of
12  themselves. If the subject of the photograph is moving, the shutter can only be

13 open for a short period of time or the image will be blurred by the motion itself.

14 When the aperture is opened up, the depth of field (which means
15  the range of distance that is in focus) decreases. Even when focusing correctly,
16  a wide open aperture means that only a small range of distance will be in focus.
17  This 'distortion' is due to the spherical shape of the lens itself. When the
18 aperture is small, the depth of field is better because only the nearly flat center of
19 the lens was used. The smallest aperture setting provides the largest depth of

20 field.

21 In practice, photography (and light gathering in general) is a trade
22  off of these two effects. A motionless scene can have a large depth of field, by

23 choosing a small aperture and a slow shutter speed. A racing car can only be
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9 10 Applications - Virtual Lens 11 Both the aperture and the shutter cause
problenms in and of 12 thenselves. |If the subject of the I S

novi ng, the shutter can only be 13 open for a short peri-/(%b%%qtzlﬁﬁg or the
image wll be blurred by the notion itself. 14 Wen the aperture is opened

up, the depth of field (which neans 15 the range of distance that is in
focus) dedr eadeioranned atriba cpsiceishagleaty pletiad.ythe spgtter canget BpeaReRer t ur e
nmeans that only a small range of distance will be in focus. 17 This
"distorti@n' PRI LS HerarertdisBYst PgIoPERRDE GG PP 8- j t sel f. When the 18
aperture is small, the depth of field is better because only the nearly flat

center of 3 19 the | enssysmpsesedt alheorsaRl @sity ager tisingsesetd iphgtqyrapti des t he
| argest depth of 20 field. 21 In practice, photography (and |ight gathering

in generalg ispniethih@ et is&ﬁoﬂﬁ%qofckwhasmetpmtogfa‘paet SoesMdthidnd il BSS tiseene can
have a | arge depth of field, by 23 choosing a small aperture and a sl ow

shutter speediepth 6ERIdIINVRAGUGREPRBESS dTehe’Prederithv@inaon 2208ishaphay rod@phed at
the cost of the depth of field, the shutter cannot be open for 2 |long and so

the aperty e (St ARRrARGNES) LBtIBGUNE CoMBIIE td igethler tb RUPNIRBE ib haims of nor nal *
quality lens is used to photograph 4 something that is noving quickly but

the phot ogr apfghadgestogiabhivaninking, ihesendofrected itagé wikbef toel dhrk \But hieait  t he
process of the present invention there is no way to do 6 this. Accordingly,

by setting thRpsPst fick & %@s&@é@.e'SubQ&el thbtpretdgragter had cokgated afquaitenor mal
phot ographi ¢ thi nking, the uncorrected inmage will be too dark but the 8

depth of fg el(d5¢$ oPthesRiolRtof IRHPRREROlIBen4KRTLIDgsEPtRE dhramicobmgrct Bliak a
quarter
10  image will be nearly black, with the highest value recorded being 63 whereas the
11 dynamic range limit is 255. This image can be corrected to bring out the detail in

12 the dark areas.

13 Accordingly, in a first embodiment, and having reference to Fig. 3,
14  the graph is a straight line which terminates at the point (x, 1.0) where x is the
15  maximum of the entire measured image. This maximum value can be found
16  using a modified histogram approach. In this example, x would be 0.25 but it
17  could be any value between 0 and 1. In the preferred embodiment of the
18  invention, virtual light is added in the same way that opening the aperture more
19 would have except that it will have a depth of field associated with a superior
20 lens. This process can also be used to make up for ‘blunders’ where

21  inappropriate lens settings resulted in a too dark photograph.
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9 (25% of the anobunt of l|ight that would nmake full use of the dynam c
range. The 10 image will be nearly black, with the high ecor ded
bei ng 63 whereas the 11 dynanic range linit is 255. Thi ?a"h‘}é’%?@%% be
corrected to bring out the detail in 12 the dark areas. 13 Accordingly, in
a first emodypgstirisand having reference to Fig. 3, 14 the graph is a
straight line which termnates at the point (x, 1.0) where x is the 15
maxi mum of _the entire measured i mage. This maxi num val ue can be found 16
using a nodified hist oﬁ?%ﬁ?%ﬂr%@f"mﬁﬂt fAf Hawra rpeEencs ubig @ B9T8PR5 but it
17 could be any val ue between 0 and 1. In the preferred enbaodi ment of t he
18 i nvent i dn, caf kg ehasenisgrbatitae dadest nar'itStorﬁéh%'m?eevoa&/rﬁrﬂ%rﬂ dgpe Henglten
aperture nore 19 would have except that it wll have a depth of freld
associ at edt wi RASaVY signtesrbut Alsq gy dhat g Sright RAEs Of dag NP THRAindEarY o make
up for 'blunders' where 21 inappropriate |lens settings resulted in a too
dar k phot oyr ayrpffested7 fogy §bé?d 26@@”1 W?P?%éf“opm Eo?"ﬁ%ragré%mv‘errﬁ%dr ment ,
and having reference to Fig hosen so that the darkest
parts of ?Ehe ¢ftagt af fitefing &Werr'ﬁwa'swse@ M’éthd'ﬂﬁ r'étPa' twep%qiers"am PMPHGEEAR en but
aI so so that the bright parts of the inage remain nearl 5 unaffected. Fig.
8, and sin | ?ft)e PFREFEHINYABIANN HihoIPHaR0g MepRENS r?arr’er% Hesely resemile  of
imtating the iris when used with the virtual true col or ght anplification
7 of the p‘}esems YA mamaiy offhe exaefrnce; Mpglicans miwsdo fys %W@C@F@”E
resenble 8 one's visual memory of the experience. Applicant refers to this
enhancenerit a¥intuglifigirtual iris". 10 The gentle nature of this non-Iinear
graph ensures that a quality

10 The gentle nature of this non-linear graph ensures that a quality

11 input image will result in an attractive processed image. The important aspects
12  to maintain this aesthetic result is that the graph remains smooth, the slope of
13 the graph is never zero and is also smoothly changing, and that there is a net

14  brightening effect in total.

15 In Fig. 8, the scaling function approaches the asymptote of the
16  minimum and maximum of the system’s dynamic range. The more the function
17  approaches a tangent to the minimum and maximum of the dynamic range, the

18 more severe the correction.

19
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11 input image will result in an attractive processed i nage. The inportant
aspects 12 to maintain this aesthetic result is that th I ns
snooth, the slope of 13 the graph is never zero and is :ﬂgéﬁggﬁ%ﬁ?ﬁy
changing, and that there is a net 14 brightening effect in total. 15 In
Fig. 8, th$ scaling function a Proaches the asynptote of the 16 m ni mum and
maxi mum of thmgﬁ%ﬁiéﬂa@%@range. The nore the function 17 approaches
a tangent to the m ni num and nmaxi mum of the dynam c range, the 18 nore
severe the2correction. Skfplg8ant édet fedmes 028 PRotd id/thet raalilt Bledrdy bndcaperhoenent 2
Sinply, any one frame of a photo is the result of only one aperture 3 and
shutter sedtiagd shittdrrvettingl gatinwestigativis, wdrk] thishizss theearaiopioy i lingtatiomithiatt i on
that 4 details in certain areas of the photograph will be subtle. In a

t hird enmbodli maetails id cebaiprave®sss the ppatogriagie diilf iy subtie ndi athicdmisteliraeht, an t hat
certain subtle area. 6 Having reference to Fig. 4, an area of interest is

chosen andsa prbcbési pgdvadadrppbiraiiy dus defaplin thdt tertaln subtieleaga.t he mi ni num
strength dot within the 8 area is 0.30 and the maxi num strength dot is

0.50. This_.area utili ngﬂﬂ%gl')éfe%%&@evﬁ%r'%éaﬁrgnd%ggﬁg?té'%gp% Caﬁ%igﬁ%nrgegns t hat

t he contra@ts_will be e - _ di'stTngul l'e"to the
Clrns  hoob LharersbAppRePd 1 avt P dp JR0ahacie PRRLAE By STt ARt peo * 2
Foped 1 ngs. erdnooAs ik Flaian e e oo S fisart Dies iy 2 T2l

9  of the dynamic range, which means that the contrasts will be subtle — or virtually

10 indistinguishable to the eye.

! Applying a three part linear scaling function as shown in Fig. 4
12  turns these small contrasts into large ones as the output from that specified area

13 now varies over 80% of the dynamic range.

14 The small sloped lines below 0.30 and above 0.50 on the input
15 have the effect of washing out the detail in darker and brighter parts of the
16 image. But the resulting color, at each dot, will never be corrupted and the

17  brighter parts of the image provide a good reference.

18 Any area of the photograph can be chosen. Having reference to
19  Fig. 5, details in a very dark area are revealed, such as writing obscured in
20 shadow. Fig. 6 illustrates how to bring out the details in a bright area, such as
21 tracks in the snow. Any number of areas can have their detail enhanced by

22  simply choosing the area of interest and applying the correction.
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15 have the effect of washing out the detail in darker and brighter parts of
the 16 image. But the resulting color, at each dot, wl 5@&3@5&2@8 corrupted
and the 17 brighter parts of the i mage provi de a good reference. :i8 Any
area of the photograph can be chosen. Having reference to 19 Fig. 5,

details inja very dark pdrgapaHicudry &myesreas Wihpd8ony ok itRg iRRgE Usfd ben 20
shadow. Fig. 6 illustrates how to bring out the details in a bright area,

such as 23 t bpkiged N Firfe tHe"@¥a nbBYs BHBD RlenBiie RS GRabhidtaVserliR@iacaet ai |
enhanced by 22 sinply choosing the area of interest and applying the

correctiong 2igis@dspabne2088g IhdVbBsdP@rd ichiek avd bfr’agaé’béré‘ﬁcﬁa_sﬂ% cBbkl ons of
the image can be 2 optimzed. First, the area needs to be identified. In a
G aphi cs Uger gbid RrdB6& Orichtdd PrdgiatnrRing Ibwsm%bm?e g@éﬁagng B stmgs\ﬁnadwg ‘click
and drag' operation. This can be 4 done in Object Oiented Programing by

usi ng the Spetaigenlly Wehafd (MVRE BRI has beeh @fdkeb§ Mn Wisal BasicRérgeaBUL L ON
has been clicked. In Visual Basic there are 6 built in subroutines (for

every progganbyilt iabuttb@irRs Gfod b0ty BPoFaRN s atd 8k ddhida%s sboR WsitRd mMcusdepr essed
or released. 8 A user can select "any rectangul ar area within the i mage. The

9 ' coordi nat epyitdH i€ deprRs8Lh bitee@8EMN nMenory as xdwn, ydwn, xup and yup. See
10 the photographi c exanples #1 and #2 for the superinposed rectangle on the

11 image. 12 In both the Virtual Lens and the Virtual Detai] Enhancenent, |
13 referred to a ' nodi fi BNFEY SYRPHUNMHpFCiAIgHar afed wWithhgienimagesi dpPy t he
14 nmeasurepent of the nunber of occurrences agad'vpst t he val ue of the 15

occurrences coordinates' are stored in common memory as xdwn, ydwn, xup and yup. See
10 the photographic examples #1 and #2 for the superimposed rectangle on the

11 image.

12 In both the Virtual Lens and the Virtual Detail Enhancement, |
13 referred to a 'modified histogram approach'. A histogram is simply the
14 measurement of the number of occurrences against the value of the

15  occurrences.




30 7 October 2003 1 For exanple, as shown in Table 4, in ternms of a set of
R&B triplets: 2Table 4 - Standard Hi stogram Approach 3" R%Cm@gﬁqﬂﬁ and Bl ue
val ues taken as i ndependent” 4Dot #RedG eenBl ueVal ue# Events 6200102
73221111 8443123 9544437 10632145 11751152 128331 139431Total 30 1410335 15
In this exanple, there-ar d ' I -een. 16 and
bl ue) andxgach of thes%&f%a\%‘gfeugégp(gﬁ'g@ @Yévgﬁﬁger%ggﬁg%efé&g(?Bgf'rlifggtﬁbrmal 17
hi stogramis cal cul ated by addi ng up the nunber of tines each value (0, 1,

2, 3, 182, and 5) Tekledr Standard Wistepram3ppmagict ober 2003 1 The nodifi ed

hi st ogr am approach, where strength = max (red, 2 green, blue), described by
Table 5 as? fol | ows: "BedTGiskm afd BluelMoldesitaked aHndspengerdm Appr oach

4 Dot# Red Green Blue Value __ #Events
5 1 1 1 1
6 2 0 0 1 0 2
7 3 2 2 1 1 11
8 4 4 3 1 2 3
9 5 4 4 4 3 7
10 6 3 2 1 4 5
11 7 5 1 1 5 2
12 8 3 3 1
13 9 4 3 1 Total 30
14 10 3 3 5
15 In this example, there are 10 dots each having 3 values (red, green

16  and blue) and each of these 30 values range in value from 0 to 5. The normal
17  histogram is calculated by adding up the number of times each value (0, 1, 2, 3,

18 4, and 5) occurs in total.
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| st

4 "Red, Geen, and Blue values taken as a unit, Hi stogram on maxi nrunf 5 Dot
# Red Green Blue Strength Value # Events 6 1 1 1 17 2723%&9 %06}30 8 32
21212 944314211054 44432 116 213 1 5115

52 1383313149431 4Total 10 15 10 3 3 55 16 Sinply, it is the
o : ! X
occurrence 10f nunbers af,d Mﬂlebnh!%t@é@@?p??éﬁ%}hé%hé% g@%&qt-h%axl Fefsed to

build the histogram and not the valugés o reeP aR 8 blle I
separatelys 1 | $1jeS d | | ature of this patent application
wh!och S y220 1%2%%”?335; dgregﬁgt%,%mgg%bﬁ %%5@?&“53 are to be treated as a unit
havi ng a s%rength and 21 ratios and not as three independent values. 22 The
hi stogram s bui |t by2R¥%AsHekifediisteammAPeRsE dots within the 23 range of
rows = xdwd to xup arRedc@keemarsi Bueyavas tdken gsLunit, Pubtdgawi ongnakiefier ence to Fi g.

7a, exanpl e code is ppew deeh b¥whi B t 0  25:ABR! Y e nmogifjiged hi stogram

S
1
3

26 At t hi sspoi nt, the h,i stqgramlls f1orrred and1 Its running total is known 27
Wth respect to the strength of the R&B triplets of the marked area. The 32

7 2 0 0 1 1 0 0

8 3 2 2 1 2 1 2

9 4 4 3 1 4 2 1

10 5 4 4 4 4 3 2

11 6 3 2 1 3 4 3

12 7 5 1 1 5 5 2

13 8 3 3 1 3

14 9 4 3 1 4 Total 10

15 10 3 3 5 5

16 Simply, it is the occurrence of numbers as found in the maximum

17 strength that is used to build the histogram and not the values of red, green and

18  blue separately.

19 This is in keeping with the nature of this patent application which is
20 thatred, green, and blue values are to be treated as a unit having a strength and

21 ratios and not as three independent values.

22 The histogram is built by considering only those dots within the

23  range of rows = xdwn to xup and columns = ydwn to yup.

24 Having reference to Fig. 7a, example code is provided by which to

25  apply the modified histogram.

26 At this point, the histogram is formed and its running total is known

27  with respect to the strength of the RGB triplets of the marked area. The
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7 QOctober 2003 1 beginning and the ending significant strengths are

determ ned, as reflected by 2 the histogramdata. 3 To a?/ejcg)b%l:?é)&s such as
dead or saturated recording elements and 4 otherw se 'stray values' that
are not representative of the area, one can limt the 5 relevant dots to
the 2% and the 98% of the nunber of occurrences to represent 6 the small est
and | argest rkaginping amGthesending sigificant mrengihsises detersiednst reflecsdnted by the
hi stogram _in total, is 8 equal to the last running total value, and the 2%
and 98% va udbe AisiograméatF ore, 9 easily found. Code is shown in Fig. 7b

whi ch determ nes the range of strength 10 index (hm n and hnmax)

correspondi ng to the rangeoi@erdty QREtdIsdendtdrisatutdied bsvordidd eralets &4 by t he
user. 12 Having reference also to Fig. 4, the nodified histogram approach

13 found Q 3Qth&ividentr&yNANEsC tHaB BEENdTREPrEYENatAB DT thdBrePbnd ban Miyinamd ¢ range
14 maxi mun) to be the m ni mum and maxi mum strength val ues of the portion of

the 15 i npg&ereLRidRdtdtet2E aHS Ble 94°HRE tHthSUresHr &b bteurmnesPterepisentt2, for
the boxes). 16 It was al so assuned that the range cal culated fromthe

modi fied gl7 thi ShRMEsABhARNEEAG VN RIGE Siongedi fied so that it varied over
the majority of the 18 dynam c range. 19 So, what should this input range

of hmn and hmax be turned into? 20 want. i.t, tQ ogcc nost , of, t he
dynani ¢ rdnge. A good Hl‘f'eé‘émb?_r HFERI ﬁ&ouﬁtfdd@'ng}ﬁ ﬁ'*"%ﬂ‘é W 199t e
;e]; ;f gyggé?r@ggt@%%ffgg&% rI1J&/S&Le,aarnedalﬁesz(a/o tapg).SB%analuezszarg:[t'hle!'efcpreee, used as

9 easily found. Code is shown in Fig. 7b which determines the range of strength
10 index (hmin and hmax) corresponding to the range of strengths within the box

11 selected by the user.

12 Having reference also to Fig. 4, the modified histogram approach
13 found 0.30 (of the dynamic range maximum) and 0.50 (of the dynamic range
14  maximum) to be the minimum and maximum strength values of the portion of the

15  image selected by the user. (See photographic examples #1, #2, for the boxes).
16 It was also assumed that the range calculated from the modified
17 histogram approach should be modified so that it varied over the majority of the
18 dynamic range.

19 So, what should this input range of hmin and hmax be turned into?
20 We want it to occupy most of the dynamic range. A good guess is 80% of the
21  dynamic range with a little left over for the darker and lighter areas so they can

22  still be used as a reference.
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1 In application code, the output strength range of the selected area 2 was
originally set to 0.1 to 0.9 of the dynam c range maxi myh.obe 4 ater

reset 3 to 0.2 to 0.9 as these nunbers sinply seenmed better after observing
many 4 inmages. 5 The code used to calculate the | ook up table based on the

The (near1h) 7 arbi tr ArgPPbiion SFange ShP-bS By GrigReng bR AR Beed 002 2o
cach wi th & uovin el Bet bl g e Se B Rus iy kel AR 27 ol o
12#1(0, 1,10, ] . 0. ! .

whor e xm 1 ard GRaY W e e PV iseht el AR ot R Cta am )

appr oach. 4That is to say: 17 xmin = hmin / drnmx 18 xnmax = hnmax / drnx 19
Bot h i nput axe€9%e measured in terms of the dynam c range. The 20 input
values are in terns of the strength (max of RGB) of the dot. The graph 21
never | eaves the 0 to The bmie usefhesaicdateshe mokiup tabie basddwarythebaoditied by any
22 scaling function in any specific process. 34 7 Cctober 2003 1 Al that
remai ns, Iger dyistogratrhapproaeh @t qetermirtihgl¢hebnpotibtengih eandsyasd the (nearly)

7  arbitrary output range of 0.2 to 0.9 follows.

8 The graph of Fig. 4 can be thought of, in the general sense, as

9 having 3 line segments each with two end points.

10 Table 6: lLine Segments:

11 Line Segment Start Stop

12 #1 (0,0) (xmin,0.20)

13 #2 (xmin,0.20)  (xmax,0.90)

14 #3 (xmax,0.90) (1.0,1.0)

15 where xmin and xmax have been calculated by the modified

16  histogram approach. That is to say:

17 xmin = hmin / drmx
18 xmax = hmax / drmx
19 Both input axes are measured in terms of the dynamic range. The

20 input values are in terms of the strength (max of RGB) of the dot. The graph
21 neverleaves the Oto 1 'box’. These constraints must always be met by any

22  scaling function in any specific process.
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2 program equi valent to that described for Fig. 2 above and that the | ookup

table 3 does not hold the graph, exactly, but the ratio put to
the input. 4 Each line segnent can be expressed with al ge@?gﬁpﬁr% ' sl ope
5 intercept' form of which the general formis: y = nfx + b. For each of

the three 46 |ine segmept | uaf | a cal,ing factprs are
deternmi ned. An array o atcl%'rn{r%Zris[, ihgﬁég?%ﬁh%gﬁa gﬂaﬁtf%éﬂeogg C@&H%E)%d s%tamed from
the three equatd ealiMi-di . he, syst.em dynam c
range pr odgce?dt %ﬁregﬂvéfeg# {?%S? gﬂ‘%&ﬁ 8@&’@9:#’%:?&%% éﬁéi téaﬁhftlﬂ%hu‘)c@wéil
enhanceneng t I ensl ¢ f its.,ability to delve
into the n%rng§ yh%%&dutﬁééag{héggé,éﬁx’aé(ﬁﬁ‘lﬁz%gg? Ltgeé’ég?gﬁocthgi?uﬁ'ange of any
target so that the details are enhanced. This is not restricted to the 13
target ared but any pafachflinghiegpient egn dghexmnesset awits algeber instheelsipiphs to t he
user's 14 choice will also be so enhanced. Any target area can be sel ected
and so there inecerinfone efearfych tiewgsbbeal Esmriecy Fom's “per For mach ofthe Heresane

phot ograph. Those 16 areas which were stronger than the strength range

pi cked by & heliigseggmeniailinearsequetionssaidiscalieg éactars e deternvined.hén' arrayefcol or'
nature of the correction. 18 35 7 Cctober 2003 1 Exanples 2 Virtual Flash -
Virtual |r{s SorEséorscampradiag factars caatbedoinedires thethaerl eq@ations.ufividing
corrections to 4 the limtations that occur fromthe physical |ight

gat heri ng 8eviheeitRit vialuggdy the isystemd@mamicTrange rreodyses tthe eatianef aitpuittter

setting per frane neans that a 6 photograph is likely to vary fromone's
menory of 9 heinB¥peri ence of being there.

10 This virtual detail enhancement technique, or forensic flash due to
11 its ability to delve into the normally obscured areas, maximizes the dynamic
12 range of any target so that the details are enhanced. This is not restricted to the
13  target area but any part of the photograph that has similar strengths to the user's
14 choice will also be so enhanced. Any target area can be selected and so there
15 can be many valuable corrections performed on the same photograph. Those
16  areas which were stronger than the strength range picked by the user remain as

17  useful references due to the 'true color' nature of the correction.

18
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7 The eye's iris adjusts itself when experiencing contrasts. In a park on a
sunny 8 day, the iris opens up when noving from sunligh{ gdfodeh9oghade so
that you 9 remenber all the grass as being green whereas photos often show
shaded 10 grass as black. 11 12 Photo #1 (Figs. 9a - 9f) Tourist photo of
an Abbey l? Tgis qxanple illustrates how various prior art processes and the
14 present i enhance the i mage. The approach with the prior art
processes 15 is to "play"” with the image until the brightness | ooks about
right for 2vhaVirtvallFlaskt- Wignal.lridt is a subjective thing and the expert user is
sonmeone who is good at 17 making the necessary conpromses. In Fig. 9a, the
origi nal iqmage, scanne . hg J ; still uses
all /most of dynam c raﬁ%%%%r%a?%]éﬁsggggg@%%X?r?lﬁﬁs1\bﬁlﬂ%{%t%)% E%rlpén%'o%'ttéi de the
strengt hs pf D4 f J - Lllustrate
p tﬁea\[glﬂ}aéﬁ?g ﬂ?gtg&tcﬁy %ﬁmh% ph)i%_s?cga.?ﬁgr}tzgéggﬂg%gge\ggesbopﬂnééé

prior art 1 nmage eni n echni ques. y 1 NcTeasing
ol or s ar & bary Eaged Snd 1t ieLys RAE ATRE"eRn, dr e g B ML S0ns 1
oo wch |2 cotredysthel s §3h aTBod S el by BElob HRESRREIRAE 0o 11y
of the image |1 PSy Gl eyl SELRONGR RIS MRYPRA R PoublE The |
Tmage of ot 1 o QF Beny ABRRe np suiphas iR PR bRt lo Tl o
I's anot herg t%mhﬂ}é? aﬁlo{herfrg&é)%is rB:éing green whereas photos often show shaded

10 grass as black.
11

12  Photo #1 (Figs. 9a — 9f) Tourist photo of an Abbey

13 This example illustrates how various prior art processes and the
14  present invention enhance the image. The approach with the prior art processes
15 is to "play" with the image until the brightness looks about ﬁght for what you
16 want. It is a subjective thing and the expert user is someone who is good at
17 making the necessary compromises. In Fig. 9a, the original image, scanned
18 from a photograph, is very dark but still uses all/most of dynamic range (of the
19  dot maximums (hits) being outside the strengths of 5 and 254) of a system of

20 256.

21 Figs. 9b - 9d illustrate prior art image brightening techniques. Fig.
22  9b does so by increasing the image brightness by 80%. While the image of Fig.

23  9b is brighter, the colors are badly faded and the sky has also experienced
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7 the colors. As a result, the sky is alnost returned to what it was but the

rest of 8 the imge has S|gn|f|cant and unsightly col or 9
Applying the techniques of the present invention, the phefgé%ﬁéégﬂﬁio much
better particularly in Fig. 9f. In Flg 9e, the inmge range of 5 to 254 is

mage vas 12 han e H s iR 6 Blo’ St Ehenstatens othsusE v ;[‘a'wle
th calin

fancti on of L.°S“t"’é§§?‘ms§ts G B00 e i %Qﬁcr% %a. b %n; 2fEnebl st e P T ohe
colors redty ﬁgté;'o%*;@nb@ws A
of F ;gsioéoamzlé*%%en%i”%% P e“fh% hafi%%&aaeoagéawe?shé‘%é“Eeé%ﬁ's%”%sgm i ng
fg\r/]gln:: gzsgolrrgénés@{:es %T’ §| §<§ I”éjr é\/ﬁ tb%ﬁ'ﬁ%ﬁ?Hr?'fgg%hgéz'%u?tg% e@’tﬁl ly, 22
par 11 cal ar Ty, AR By “5@% e'ﬂés’r%%?e‘)@?sat@’r% %&91@ RN RE A Tostofogs

O0 d f t th
2‘# 38 and 28GR 2@?&ﬁae‘s§ﬁ‘haa [P Creb 8L B Y5 biEne red &rf ng out
detail - 48 nofl'n'e(iﬁlaggr/ﬁéeg m‘?ggnt aﬁp uﬁ%ﬁ!ﬂy Vgllolrgfcfesécgtjt clouds are still avel | abl e

(reproduction of '?Bh does not necessarily
preserve the actual presence 6 of the clouds). The prior art had taken it
"as far" a® its coul d Baplyingethe Ubjtwiquesas thg pstseht inveotimharthe pRow. fak&b

illustrates prior art brightening of the inmage by 60%
1 much better particularly in Fig. 9f. In Fig. 9e, the image range of 5 to 254 is

11 linearly mapped to 0 to 255. The effect is small because the original image was
12 nearly full range already. It does, however, ensure that we have the full dynamic
13  range in the output image. In Fig. 9f, the scaling function of Fig. 8 was applied
14 for obtaining a superior image. All the colors are true to the image, as it was
15 scanned, and are vibrant, just as they would have been to the eye with no loss of

16  detail.
17

18  Photo #2 (Figs. 10a — 10f) Tourist photo of Stone Henge

19 in the original frame of Fig. 10a, the stones are in the shadows due
20 to the extreme lighting conditions. In Fig. 10f, the virtual iris process of the
21 present invention compensates in a similar way that the iris does automatically,

22 turning the poor photo into a good one.
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8 Wiile image is brighter, the colors are badly faded and the stones have
lost all 9 their color. Some of the detail is also |ostyydyalsods ocess
al one. Note, even in 10 the gray-scale rendering, the whitening of the "red"
rock left of the stones and at 11 the |left extreme of Fig. 10b inmage. Fig.

10c is the brigh d | f Fig. 10b % '
that the Stones have, MCapaleehlinHibd ottt SBERR WSk s Bt nor

Flo 104 15 tfec B sRbaarigaosion B ToB e iTinsd phABe s °T5 150
16 artifid a1 ot ovd. Thisnoee e ReSt eupre e ol B ontadfal® uher o
ends up it 16 GovF S rees bt G P nere e aeth Tefetin SFne enas
Mvent i on | EF Berergn Ton@opghees nanBeksAly Ao i MR B eer) Sapped to
Oor© 252 12 O Bk, eI G mGR ISR bl BSuPHLEME shaBBRuodn S,
For ensi ¢’ 71 ae1 % ePPar thettl: ol Bimert “9oBRAPS e ihgll 861 )
catel 11U 9, i Brghl bl LS e A B iRt BB 200 1 5
O 10, o 2 PSS S o el 5%, FRIRTIDGoREodE L i 3 0.
sel ected 1\,& t QI!NQ gltar;/?scgﬁerriéndering, the whitening of the “red” rock left of the stones and at

11 the left extreme of Fig. 10b image. Fig. 10c is the brightened image of Fig. 10b

12  with contrast set to 40%. Notice that the stones have, in areas, regained some

13 color but not in other areas. Also notice how much more of the detail of the

14  image is lost. Fig. 10d is the brightened image of Fig. 10b with saturation set to

15  15%. There is improved color that is "sort of right in a way" but it also adds

16  artificial colors, such as some reds and yellows. Even in photos where not much

17  correction is needed, manipulation of saturation for each dot ends up with

18 different RGB ratios than were recorded. At best, one ends up with a

19  compromise solution.

20 Applying the techniques of the present invention, in Fig. 10e the
21  image range of 6 to 253 is linearly mapped to 0 to 255 to ensure the full dynamic
22 range in the output image. In Fig. 10f, the scaling function of Fig. 8 was again

23  applied for obtaining the superior, true color image with no loss of detail.
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7 area and the histogram approach used to build a correction graph sui ted
for that 8 area. 9 In Fig. 11 b, the processed inmage nowciupas obdre det ail
in the dark 10 area. The docking holes, marked with white CII’CF are now
revealed. 11 12 Photo #4 (Fig. 12a, 12b) Blinmp 13 In the original |mage of

Fig. 12a, 1 hepsrRASE $id8 - VirtddnBeklill BihdnseimBntt e 14 shadows. This often

happens in phot'ography when the Tens 1s difected into the 15 sky.
Specifically, the identifi cat i oan nmar ki ngs cannot be seen as the tail is too

16 dark. 1% UBkRie #314Gias, 11qci1h) Satelite t he 't hird embodinent, the tail area is
18 sel ected and the hi stogram approach used to build a correctlon gr aph

suited for3 19 that arperighs$1f thesstelite BSn Sio¥WadowsFr@. thd 2brfatd R wirpcessed
i mge shows the 20 lettering in the previously obscured, dark area. The

blinp is npw ddtentrihfd sftbnasappdis GFEIABIA RS ofARe ItrdmBETonbast iR ftir. Phot o #5
(Fig. 13a,13b) Car Plate 2 In the original frame of Fig. 13a, the car's

l'i cense plst enipdrtamstbyking HoWsOskhadt be sebadaying tHeefobdsicCRaBROtorhRetiblent i f i ed
because the plate cannot be 4 read. Using the third enbodi nent, the plate

is sel ectegl apehdifi® &fithé atroamMbdelirAgHll £ fHAowss? ok Wvak beledted vaitin gtdR or aph
suited for that area. 6 As a result, and referring to Fig. 13b, the

processed 7 megtea 9h\We hidtobhat apfoacilisedaddulld@h damretion grapirlitdal fai tatt al |
but, instead, the words: C assic

8 area.

9 In Fig. 11b, the processed image now shows the detail in the dark

10 area. The docking holes, marked with white circles, are now revealed.
11

12  Photo #4 (Fig. 12a,12b) Blimp

13 In the original image of Fig. 12a, the underside of the blimp is in the
14  shadows. This often happens in photography when the lens is directed into the
15 sky. Specifically, the identification markings cannot be seen as the tail is too

16 dark.

17 Under the principles of the third embodiment, the tail area is
18 selected and the histogram approach used to build a correction graph suited for
19 that area. As a resuit, as shown in Fig. 12b, the processed image shows the
20 lettering in the previously obscured, dark area. The blimp is now identified as

21 COLUMBIA N3A.

22
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8 Mustang. 9 10 Photo #6 (Fig.14a, 14b, 14c) Tracks in the Snow 11 In Fig.
l4a, there are two people skiing. Their tracks are 12 i I , but
subtle. Using the forensic flash correction technique of qung%%ﬁagg 13
enbodi ment, a wi ndow or box was selected within the overexposed area of the
14 tracks i,n Ephets an t Bi s';o ram approach used to build a correction
graph 15 ui M@M 2841638, Fig. 14b, the processed i nage now
shows the detail in the 17 overexposed area. The tracks in the snow are

di stinctly2visible. 18 I5itme begihs, framevoh&aw 168, thexcanadicerdecplbtedisimodtlye dar k
area of the face 19 of the skier in the photograph. Figure 14c is the
result of Bhe shicsted irashaapwsodbé ca2éhnnstibe tdentified! bcaussothe eidté canmgit &ph
uniquely suited to this area of the photo. The 21 features of the skier are
nore cl earhly ve=i blusidghére thrdt érebadimghtnahe plenée ds shizetedi and 2 Ristpgrddta. 40 7
Oct ober 2003 1 Summary 2 The key concepts are here expressed as the

conbi nati o6 ofapploach dsddtolbavd agoseatichaghmr suited derriteattaresy i n RGB col or space,
the correction graph; the 4 definition of the correction axes; constraint
of domain and range to jh t i : 1] t he

gr aph; andgappl i cation Agfae{%éﬁs%ﬁrgeﬁeé%??gzc??@'h93%%?%@{0&8 %o 'é{flgﬁssgguﬁ, G and
Binthe trip 7.1 r i t i c . Space to
mai nt ai n t#hﬁatét%eofagpq%e%nfi g%\?ér gg]to !:FHO% péé%g[?ﬁlgggkfa%estt%aédté@% Eé@s'ee a%%'f:es t he

above 8 Mustang.

10 Photo #6 (Fig.14a, 14b, 14c) Tracks in the Snow

11 In Fig. 14a, there are two people skiing. Their tracks are
12 identifiable, but subtle. Using the forensic flash correction technique of the third
13 embodiment, a window or box was selected within the overexposed area of the
14 tracks in the snow and the histogram approach used to build a correction graph

15  suited for that area.

16 In Fig. 14b, the processed image now shows the detail in the

17  overexposed area. The tracks in the snow are distinctly visible.

18 Similarly, a window or box was selected in the dark area of the face
19  of the skier in the photograph. Figure 14c is the result of the histogram approach
20 used to build a correction graph uniquely suited to this area of the photo. The

21 features of the skier are more clearly visible than in the original photo shown in

22 Fig. 14a.

40




9 characteristics. Both the input and the output axes represent the maxi num
of 10 the RGB triplet. The input is the maxi mum of the R hripbghzunder 11
consi deration and the output corresponds to the maxi mum of tie triplet
that 12 is calculated as a result of virtual true color |ight

anplifi cat1i o[g Th% correction is 13 constrained to the dynam c range. This
nmeans that' t gth of the 14 calculated dot is constrained to the
dynam c range. Any graph that can be 15 plotted within the constraints can
be used f& the procesthe Kée cpnegpesr aiedwerefexpresidd parthe camainatioraoh thve | |
affect the enphasis of the correction. Again, all three of the 17 RGB

val ues nusk Dellawihg isipl feetdrdcorraetimgcial RGG dokwt spaceetheveadrectiomotaps; greaph. A
18 given point on the graph has an input and output value. The correction
equal s 19 t hhefinidion of {hei aorrection) axss; térsdraint nbdemein anH rangec® the systemRCB
triplet values are 20 nmultiplied by this ratio of output to input. 21 The
resul t of & helypamenwinder propetiss ofthe graph;eandfapplicatioss¥dheilsamefcorgtiathi ch
preserve the essential color of each and every dot in the input digital 23
i mage whi l6e Jactyi toggachef Bf GeudiB/im the giptetgat heri ng power which can easily be
on a 24 dot to dot basis. 41 7 Cctober 2003 1 Al that differs between the

above enbedi ments is t'Pn CH}? ugtf&r%ﬂﬂeﬁ‘ﬁté mbrhéﬁ%ol'ogeﬁ&%dto Siafpl Nts.

Wth virtual true col or | cat new and useful result is

dependent gonly up i d a ifying a
reasonabl e grt%{tlgh Br ﬁﬁ\% hétoweggéoerg@r%@aggrbcq{gc}%g% gg?)%é?m?g%s E%%O%Q%Egl\rrsyb:g

THE | NVEN—E)' Oﬂhg%e\ﬂﬁlgﬂ Q\Nh the input and the output axes represent the maximum of

10 the RGB triplet. The input is the maximum of the RGB triplet under
11 consideration and the output corresponds to the maximum of the RGB triplet that
12 s calculated as a resuit of virtual true color light amplification. The correction is
13 constrained to the dynamic range. This means that the strength of the
14  calculated dot is constrained to the dynamic range. Any graph that can be
15  plotted within the constraints can be used for the process. The properties of a
16  particular graph will affect the emphasis of the correction. Again, all three of the
17 RGB values must be multiplied by the scaling factor derived from the graph. A
18 given point on the graph has an input and output value. The correction equals
19 the ratio (division) of these two and all three of the RGB triplet values are

20 multiplied by this ratio of output to input.

21 The result of these considerations is a suite of processes all of
22  which preserve the essential color of each and every dot in the input digital
23 image while varying the effective light gathering power which can easily be on a

24  dot to dot basis.
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2 EXCLUSI VE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS 3 FOLLOWS: 4 5
1. A method for enhancing a image in a digital format, tiﬂg)éi(cggéggooﬁ having a
multiplicity of color dots, each color dot being associated wth an R G 7

and B strength val ue the maxi mum value of which is [imted to a dynamc
range 8 of the digital for , _the nmethod conprisi t he .steps of, . 9
extracting'an R G ang! E‘sh%t'?agﬁrét tPlet\’)'S?’l’Jgh? rag)m’n‘lt)t‘?é"sbcﬂ%g\‘?rgf % 13 g2 §P€ each
color 10 dot, each val ue bei wiithin the dynamc range; 11 ..determning a
ot *Iraxi min RPRRARNABE GrPR6H Lo o P s AL S 69 R aMbISaTRE! fum of
each of the R, G or B strenqth val ues extracted for the colorh 13 dot; 14
det er i ni iy DYEAN? igeluhsesort 18 §eP U QBY YRR; AN PRAMAGR&HPPRYE S cal i ng
15 factor js applied to _each dot maxinumthe resulting strength value is
within 16t Héeeél’ﬁﬁ‘grﬁ’%”t'%’?ﬂg%,reaf?”abé‘f)ﬁﬁfg]ﬁ%f”ttﬁ@t &t ing factor for each col or
dot to each of the extracted RR, G 18 and B strength val ues for determ ning
scaled RR G and B strength values for 19 each color dot, the maxi num of
which are within the dynam c range; and 20 storing the scaled RR G and B
strength values for each color dot as an 21 enhanced inage in the digital
format. 43 7 COctober 2003 1 2. A digital imge enhancenent nethod in

accordance with claiml1l 2 wherein: 3 a naximum value and a m ni mum val ue
for the dot nmaxinmuns i s determ ned
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4 for establishing an inmage strength range; and 5 a scaling function S
establi shed fromwhich the scaling factors for each cologoé%&gb

determ ned and whi ch enhances at | east a portion of the image s strength
range to a portion of the dynanlc range; and 8 the scaling function is

applied to each dot y h
o) eneion TSGR PG WA v o
in accord erern 1nage s reng range Is normalized to
t he dynamc rang 3 14 4. A digital inmage enhancenent nethod in
accordancé with claim2 15 wherein a portion of the image strength range is
normalized to a larger and 16 substantial portion of the dynam c range. 17
18 5. A difgital inmage erhartieveiot enedrvod @ image or aaligitel {armit, dmg/ inoéige 19 t he
preceding clains wherein the digital format is a conputer file. 20 21 6. A

digital i r@agé‘aéﬁ‘ﬁ@@é‘ﬁ@h@'tyrﬁt%@d dpis. BRPLFAURERS bRiNgrAssAGated withan Re Gor ecedi ng

I wh '
gnﬁ:'slrr:f:eneﬁr e%ﬁ%ﬁ”??ﬁ%ﬁ%?&@%%&\m%\sﬁ%i ﬁw@c%é%h%%ng %'d%uﬁaémalrargq i mage
to be enh nc%qtﬁbaa;‘ l?alff bt gll h,%ld Jom@?‘%ﬂ%vétﬁ&'@f first 44 7 Cct ober 2003 1

dynam c range and o g| 'tal format e enhanced i nage has a second

| ar ger
g 9 e extracting an R, G, and B strength value from the digital image for each color

10 dot, each value being within the dynamic range;

11 e determining a dot maximum for each color dot, each dot maximum being the
12 maximum of each of the R, G, or B strength values extracted for the color
13 dot;

14 « determining a scaling factor for each dot maximum so that when the scaling
15 factor is applied to each dot maximum the resulting strength value is within
16 the dynamic range;

17 « applying the scaling factor for each color dot to each of the extracted R, G,
18 and B strength values for determining scaled R, G, and B strength values for
19 each color dot, the maximum of which are within the dynamic range; and

20 e« storing the scaled R, G, and B strength values for each color dot as an

21 enhanced image in the digital format.
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2 dynam c range: 3 a nmaxi mum value and a m ninum val ue for the dot maxi nuns
is determned 4 for establishing an inmage strength range iybgdrobhe first
dynam c range; and 5 nornalizing the at |east a portion of the inage's
strength range to a portion of 6 the second dynamc range is normalized to
a substantial portion of the 7 second dynamic range. 8 9 8. A digital

i mage enhancenent net hpdy ai@itaa%Q]@éiam%cwnbht MBo@in d&totdimcomaneding cl ai ms
wherein the scaling function is Tinear and continuous. 11 12 9. A digital

i mge enhancemwgréinnet hod in accordance with any of 13 the preceding clains
wherein the scaling function is non-linear and continuous. 14 15 10. A
digital irfage ealmaxiews yalugendcdminimamosiusdae dedot maxinaimpg isidetermiped ei n: 17
a subset of color dots is selected fromthe %yage and a strength range of

dot 18 méxi nunor eERPHSHNIA g skep@f &218en8 19 a first scaling function
is established far_thqse.colo j . ggaém L L] he
subset streng't halsgﬂl&g?urﬁugﬁ)ﬁ %sstgﬁés@%‘{’]?’ﬁ’éﬂ?ﬁ%ﬁﬁeo%g'é al |hng 5%%5%%0; and B
strengt h vl uesydiof ot AR LENd WHErSERRENRES iatledPhl pdiorP bf teeimagl glynam c
range; 23 a secon sca?l ng function is established for those color dots
havi ng dot7 24 smatigiiiamgees & portibhanthehiynamizsahgestangngt h range; 25 a third
scaling function is established for those color dots having dot 26 maxi nuns

brighter thar tthe stdiisetfusttiosnigt appliadgte, eadlie dpi maxirwe ofat eatedlisiing ¢

9 plurality of the corresponding scaling factors.
10
11 3. A digital image enhancement method in accordance with claim 2

12  wherein image strength range is normalized to the dynamic range.

13

14 4. A digital image enhancement method in accordance with claim 2
15 wherein a portion of the image strength range is normalized to a larger and
16  substantial portion of the dynamic range.

17

18 5. A digital image enhancement method in accordance with any of
19  the preceding claims wherein the digital format is a computer file.

20

21 6. A digital image enhancement method in accordance with any of
22 the preceding claims wherein the digital format is RAM.

23

24 7. A digital image enhancement method in accordance with claim 1

25  wherein the digital image to be enhanced has a first digital format having a first
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45 7 Cctober 2003 1 scaling functions acting to expand the strength range of
scaled dot 2 nmaxinuns for the subset and conpress the s r the
remai ning color 3 dots. 4 5 11. A digital image enhanc?ngﬁggan;qbugd in
accordance with claim 6 10 wherein each of the first, second and third
scaling functions are continuous. 7 8 12. A digital inmge enhancenent

nmet hod in acc | L el f fir ond and
third scal ?nggyﬁaﬁi@ﬁ% 3 %rdghéslg@g?'gfﬁﬁaé}gfg{e %aﬁ?eﬁdé‘igw%gei\%g aléfcqéq Iaig%i gital

| mage enhagce mif®idyed in accordance with claim 13 10, 11 or 12 wherein
the first, second and third scaling functions are continuous 14 with each
ot her. 15 316e14 méxithugi vailie ahageniginiiamn caloe fidr theetibtadaximuasds nd@nemed t h
claim 17 13 wherein each of the first, second and third scaling functions
are subst afti al Ifyr estidlibhingan ima@ stemgtteange ditightthe firshdnaminteagesansht net hod
in accordance with claim 21 11 wherein the sel ected subset of color dots is
an under expos&d BP9 tBe af |east @portpy Pt thp IMARR)R Strengith range to a portion of

6 the second dynamic range is normalized to a substantial portion of the
7 second dynamic range.

8

9 8. A digital image enhancement method in accordance with any of

10 the preceding claims wherein the scaling function is linear and continuous.

11

12 9. A digital image enhancement method in accordance with any of
13 the preceding claims wherein the scaling function is non-linear and continuous.
14

15 10. A digital image enhancement method in accordance with claim
16 2 wherein:

17 e+ a subset of color dots is selected from the image and a strength range of dot
18 maximums for the subset is determined;

19 e a first scaling function is established for those color dots having dot

20 maximums within the subset strength range, the first scaling function scaling
21 R, G, and B strength values for the subset to a substantial portion of the
22 dynamic range;

23 ¢ a second scaling function is established for those color dots having dot
24 maximums darker than the subset strength range;
25 e a third scaling function is established for those color dots having dot

26 maximums brighter than the subset strength range, the first second and third
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24 16. A digital imge enhancenent nethod in accordance with claim 25 10
wherein the subset of color dots is selected by selecti ngzﬁqé_&qf&@ggul ar area
of 26 color dots within the imge. 46 7 Cctober 2003 1 Igital

i mge enhancenent nethod accordance to claim1l 3 wherein the digital inmge
i s an underexposed i mage having a statistically 4 significant maxi mum val ue
of the dot1maxi ruamhgbéirrgohektindiaw eRpardy nRen strenbthr aaggs dfustédied dot
characterized in that; 6 the scaling function is established which enhances
the image' 8 str@emyirhumy fardingyeuliset snhserapresathieystrengtherer the refpaiaimgcolainge of
the digital imge; and 8 the scaling function is applied to each dot

maxi mum f of exp HESI on of the 9 image's strength range. 10 11 18. A digital
i mge enhagcemant met hod in accordance with any of 12 the preceding clains
wher ei n: the scaling factors for each dot maximumfor at least a portion

of the dynamc 14 range Ry |t§|t|9fa§Q e'nnaﬁce'n%k%tﬁo%hh%cc&rlasnwm%rda% scaling

factors being equal 15 to or han the nunber color dots 1n the

di gital in@ge10 aRdrelPeadns tscbt, egcd‘nac‘atn@rthufd)gcaan thctfﬁﬁslai‘blﬁbthtmubﬁgked up
fromthe | ookup table which 17 corresponds to the dot maxi num for each

color dot @and is applied to each 18 color dot. 19 47

8 12. A digital image enhancement method in accordance with claim
9 11 wherein each of the first, second and third scaling functions are substantially
10 linear.
11
12 13. A digital image enhancement method in accordance with claim
13 10, 11 or 12 wherein the first, second and third scaling functions are continuous
14  with each other.
15
16 14. A digital image enhancement method in accordance with claim
17 13 wherein each of the first, second and third scaling functions are substantially
18 linear.
19
20 15. A digital image enhancement method in accordance with claim
21 11 wherein the selected subset of color dots is an underexposed portion of the
22 digital image.
23
24 16. A digital image enhancement method in accordance with claim
25 10 wherein the subset of color dots is selected by selecting a rectangular area of

26  color dots within the image.
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7 Cctober 2003 1 19. A color digital inmage enhancenent appar at us corrpri Si ng:
2 adigital data storage (13) having a dynam c range angg&o fzis stored
an 3 image conprising a nultiplicity of color dots; and processor (14)
which, 5 reads each stored color dot fromthe di gltal file; 6 extracts an
R, G and B strength value for each stored color dot and 7 determ nes a dot
maxi mum frpm bet ween each of the R G or B strength 8 values; 9

determ nes a maxi mum of the dot maxi nuns and a scaling factor for each 10
dot maxi m@n whi ch when1appldigitd tntagehenhaaxemeant wethodeactordanexitenpgim 11
results in a scaled strength value for the dot maxi mumwhich is W hin t he
12 dynani c3 r aWBeresy t"t%@'@dﬁ?bl‘”ﬂ%ﬂe 48 @rnag@derwoss%ﬁmaée havindh i AgtstE%r to
each col or, dot he scalin cto res ondl ng 14 .t he .mum f or
the col or Adots'%?iﬁfa@é My I‘iait? {ng Q) PHITEHOR (?f”gt R Iihan Yg %Xn%&
strength | u f f obtaining scaled RR, G or B 16
strength v%l ufg"‘?g? fuh@&cﬁg}agfengg%g\ttﬂét nd 17 stores the scaled R G or B
strength val ues for each col or a di 18 s%ora 19 20 20. A

col or di gif al®i HggacdinaaNeeitnts 3?53%“55?% *ﬁﬂ‘ 589% 1E5NCE eRi the Q%I m 19
wherein the pr O?a%%ti% gt}s@nt aHY {h@egntl%ecﬁﬁ\ mlgr%ﬁpé‘omé'o;%@ 3'éean022 and a

m ni mum val ue f st abl Fshi ng e strength 23
range, andgappl H’f’ess@ahﬁﬁ%r'ld%n lé'%b!léy‘tov@é&hd&ehéklmu%%rté‘)@aﬁﬁ@:ﬁ iohghd act ors

for 24 expanding at |least a portion of the inmmge strength range to a
greater pogtioningdge’s strength range.
10
11 18. A digital image enhancement method in accordance with any of
12  the preceding claims wherein:
13 e the scaling factors for each dot maximum for at least a portion of the dynamic
14 range are stored in a lookup table, the number of scaling factors being equal

15 to or less than the number of color dots in the digital image; and

16 e the scaling factor for a dot maximum is looked up from the lookup table which

17 corresponds to the dot maximum for each color dot and is applied to each
18 color dot.
19
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25 the dynam c range of the digital imge storage (13). 26 48 7 Cctober 2003
1 21. A color digital imge enhancenent apparatus in accg r 063V\Ath
claim19 or 20 further conprising a | ook up table of scali ng&?actors
corresponding to each dot maxi mum for at |east a portion of the dynamc
range, 4 the nunber of scaling factors being equal to or less than the
nunber of golor 5 d0t39.lmcé|taeaagheghm§¢e enrR@Eerfonttdpphratltccoritisingg fact or
applied to each col or dot are | ooked up fromthe | ookup table. 7 8 22. A
col or digizalei aedigitabdatarsterape (13 hasing taudynami@@oge dad de whzhvis stored anm 20
wherein the inmage strength range is normalized to the dynamc 10 range. 11
12 23. A cdlor dnegde eamprisinge @Hlialiciwebaelongpiera@dus in accordance 13 with
claim 21 erein a(Tportl n of the imge strength range is nornalized to the
14 substartial BAPTESROI 4 Wy nami ¢ range. 15 16 24. A digital i mge

enhancerrené app%aq{s%%ab &95|%??§Wth9d§ﬂgl figk?7 of the preceding clainms

wherei n the digi orage conmputer file. 18 19 25. A

digital ingmge, e@t&@é&@%ﬂh et BRd B stRAGHN (ANE SoMiehbh We@fcol&od&thﬁn@recedl ng
claims wherein the digital data storage (13) is RAM (16). 21

7 determines a dot maximum from between each of the R, G, or B strength

8 values;

9 e determines a maximum of the dot maximums and a scaling factor for each

10 dot maximum which when applied to the maximum of the dot maximums
11 results in a scaled strength value for the dot maximum which is within the
12 dynamic range of the digital storage,

13 o applies a scaling factor to each color dot, the scaling factor corresponding to

14 the dot maximum for the color dot and being applied equally to each of the R,
15 G, or B strength values of the color dot for obtaining scaled R, G, or B
16 strength values for each color dot; and

17 e stores the scaled R, G, or B strength values for each color dot in a digital

18 storage.

19

20 20. A color digital image enhancement apparatus in accordance
21 with claim 19 wherein the processor (14) further determines a maximum value
22 and a minimum value for the dot maximums for establishing an image strength
23 range, and applies a scaling function which determines the scaling factors for
24  expanding at least a portion of the image strength range to a greater portion of
25 the dynamic range of the digital image storage (13).

26
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21. A color digital image enhancement apparatus in accordance
with claim 19 or 20 further comprising a look up table of scaling factors
corresponding to each dot maximum for at least a portion of the dynamic range,
the number of scaling factors being equal to or less than the number of color
dots in the digital image so that the scaling factor applied to each color dot are

looked up from the lookup table.

22. A color digital image enhancement apparatus in accordance
with claim 20 wherein the image strength range is normalized to the dynamic

range.

23. A color digital image enhancement apparatus in accordance
with claim 21 wherein a portion of the image strength range is normalized to the

substantial portion of the dynamic range.

24. A digital image enhancement apparatus in accordance with any

of the preceding claims wherein the digital data storage (13) is a computer file.

25. A digital image enhancement method in accordance with any of

the preceding claims wherein the digital data storage (13) is RAM (16).

26.
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