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One source of high quality digital image data is scanned photographic 
negatives, which can be processed to produce high quality color images. 
The scanned data must be inverted and processed to adjust for the film 
and scene characteristics. This report details a proposed approach to 
processing scanned negatives to produce output color images suitable for 
viewing on a computer monitor or for printing. Our processing pipeline 
contains an adaptive stage that automatically adjusts the white and black 
point according to the image characteristics. Other stages invert the 
scanned data and adjust the midtone values. Finally, a postprocessing 
stage is used to detect dark and backlit scenes, which are then brightened. 
The pipeline has been tested on several hundred scanned negatives using 
two different film scanners. 
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Figure1: A film scannercanproduceadigitizedimagefrom afilm negative.

1 Introduction

Digital processingandarchiving of photographicimageshasseveral advantagesover traditional
analogmeans.Digital processingallowsmoreflexibility in adjustingtheimageto producehigher
imagequality or to bettermatchindividual userpreferences.Storingthe imagesin digital form
allowsthemto becatalogedin anorderlyfashionfor efficientsearchingandretrievalusingstandard
databasetools. With the developmentof consumergradephotographicprinters,digital storage
alsopermitsthe userto make multiple prints easilyand inexpensively without going througha
photofinisher. Oneway to convert existing photographicimagesfrom analogto digital form is to
scanananalognegativeor reflectiveprint usingadigital scanner.

Printsaregenerallyeasierto digitize becausethe colorshave alreadybeenadjustedfor viewing
andtheoriginalsarelargeenoughto give a high resolutiondigital imagewith a modestscanning
resolution.Unfortunately, printshaveconsiderablylessdynamicrangethantheoriginalnegatives,
so they do not reproducespecularandsemispecularhighlightsor shadow regionswell[Jam66].
The resultingdigital imagesinherit any shortcomingsof the print aswell asany artifactsin the
negative,sohigherquality imagescanoftenbeproducedby scanningthenegativedirectly.

Figure1 illustratesa typical 35mmfilm scannersuitablefor scanningnegatives.A negative strip
is insertedinto thescanner, usuallyaftermanuallyplacingit in a specialfilm holder. Therecently
introducedAPS (AdvancedPhotoSystem)film format doesnot requirethe userto handlethe
negativesdirectly, soa scannerfor this formatwould likely besimplerto use[Tui96]. A negative
frameis scannedandconvertedto a digital image,which is processedandtransferredto a host
computer. Theprocessingcaneithertake placeon thescanneror asa softwareapplicationon the
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computer. To producea viewableimagefrom a scannednegative, thedatamustbe invertedand
processedto adjustfor the film andscenecharacteristics.In this reportwe describea proposed
processingpipelineto automaticallyconvertscannednegativeimagesto outputimagessuitablefor
viewing on acomputermonitoror for printing.

Both film characteristicsandsceneconditionscanvary widely from frameto frame,soany auto-
maticprocessingalgorithmmustadaptto eachscanbasedon imagestatistics.Humanintervention
canalsobe usedto adaptalgorithmparameters,but for consumeror high volumeapplications,
we wantto minimizehumanintervention.Severalresearchershave proposedtechniquesto adjust
imagecolorsbasedon theimagedata.

Evansusesa “grayworld” assumption,whereall thepixelsin animageareassumedto averageto
gray[Eva51]. This assumptioncanbetoo restrictive, however, andit cancauseundesirablecolor
errorsin someprocessedimages. More recently, a numberof authorshave proposedschemes
for estimatinga sceneilluminant from the imagedata[Lee86,Fun95,Fin96]. Thesemethodsare
oftencomputationallycomplex, andthey generallyassumethedatais in someknown linearcolor
space.Thealgorithmsthuscorrectfor sceneillumination,but film characterizationandcorrection
wouldneedto bedoneseparatelyif oneof thesemethodsis to beusedwhenprocessingascanned
negative. Funt,Cardei,andBarnardproposea neuralnetwork basedapproachto color constancy
thatdoesnothavethesebuilt-in constraints[FCB96].Thisapproachmightworkwell for processing
scannednegatives,althoughasfar asweknow it hasnotyet beentestedon this task.

Traditionalanalogprocessingof negativesincludescharacterizingandadjustingfor thefilm type
andscenedatausingbothglobalstatisticsfor theentirefilm stripandlocalstatisticsfor thedesired
frame[Tui96]. Manualadjustmentsmaybenecessaryfor someimages.Tuijn proposesa similar
procedurefor processingdigital scansof negatives[Tui96]. Hestartswith predefinedcharacteristic
curvesfor negativefilm andmodifiesthecurvesto betterreflecttheindividualstripbeingscanned.
He then usesan algorithm called TFS (Total Film Scanning)to producea virtual point on the
negative which is mappedto a neutralreferencepoint. He reportsthat this systemperformswell
on morethan99percentof theimagesscanned.

Our approachusesthered,green,andbluehistogramsfor a scannedimageto adaptto changing
film andscenecharacteristics.Thehistogramsareusedto computea white point andblackpoint
for eachimagescanned.Fixedlookuptablesarethenusedto adjustthecolorbalancein theimage
midtones. Finally, a postprocessingstepis includedwhich detectsdark or backlit imagesand
brightensthem. Section2 discussesour processingpipelinein moredetail. Experimentalresults
aregivenin section3, andsection4 givesgeneralconclusions.

2 Processing Pipeline

Our negative processingpipelineconsistsof four stages;oneadaptsto the imagedata,while the
otherthreearefixedlookuptables.We alsoimplementa separatepostprocessingstepthatadjusts
for dark andbacklit images. Figure2 illustratesthe four processingstepsin the pipeline. The
graphsall assume8-bit per color planescandata;axis numbersneedto be scaledfor otherbit-
depths.Thefirst stageis a simpleinversionstep,convertingthescannedimagefrom a negative to
apositive. Theinput/outputcharacteristicshown in Figure2 is appliedto all threescannedcolors.

Thesecondpipelinestageremapsthewhite andblackpoint of theimagebasedon thered,green,
andbluehistograms.Thismappingfunctionis thereforeadaptive,adjustingto themeasuredimage
statistics.Theoperationremapstheimagedataasillustratedin Figure2. Usingthered,green,and
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Figure2: Ourprocessingpipelinecontainsfour stages,oneof whichadaptsto theimagedata.

bluehistograms,aboundingboxis constructedcontainingthescanneddatavalues.Thedatais then
remappedto fill theentireRGB cube. In its simplestform, this amountsto settingthemaximum
red,green,andblue( � , � , and � ) valuesto thewhite point andtheminimumvaluesto theblack
point.

� ����������������������������� � White� ���� "!������� #!$������ "!%� � Black

This remappingof thewhite andblack pointshelpsadjustfor both sceneillumination andmask
densityof thenegative.Theprocedureassumesthattheminimumandmaximumscenereflectances
areindicative of white andblack points. It alsoassumesthatonly reflectedlight is in the scene.
Any light sourcesor fluorescentobjectscanresultin acolorcastto theimageor in animagethatis
too dark. Finally, if theabsolutemaximumandminimummeasuredvaluesareusedfor white and
blackpoints,any noisein the image,including thatdueto dustor scratcheson thenegative film,
cancauseerrorsin theremapping.

We alleviatesomeof thesepotentialproblemsby implementinga morerobust form of thewhite
andblackpointadjustment.Whiteandblackpointestimationin thepresenceof noiseis improved
by usingred,green,andbluevaluesthataresomewhatbelow the absolutemaximumandabove
theabsoluteminimum.For example,we canmapthe95thpercentile� , � , and � valuesto white
andthe5th percentilevaluesto black.Thiseliminatesoutliersdueto noise.

Thewhitepoint computedfor animagecanresultin anundesirablecolorcastor underexposureif
thescenecontainslight sourcesor fluorescentobjects.Color castscanbereducedby identifying
whenthecomputedwhitepoint liesoutsideof someexpectedrangeof values.Althoughthewhite
pointcanvaryconsiderablyfrom imageto image,a largenumberof processedimagescanbeused
to computea distributionof likely white point values.If thecomputedwhite point for a particular
imageliesfarenoughoutsidethisdistribution,weadjustthevalueto pull it in closerto theexpected
rangebeforeremappingthedata.

If thewhiteandblackpointsareremappedsotheboundingboxexpandsto fill theentireRGBcube,
detailcanbelost in thehighlight andshadow regionsof theimage.Thehighlightswill bepushed
into saturation,while shadow regionswill have remappedpixel valuesvery nearzero. In order
to prevent this phenomenon,which is sometimesreferredto as“blowing out” thehighlights,our
remappingfunctioncontainssoftshoulders.Theboundingboxis expandedto fill mostof theRGB
cube,but a smallsetof overloadvaluesis left aroundall sides.Thesevaluesareusedto represent
thehighlightsandshadows thatwould otherwisebeclipped.A onedimensionalrepresentationof
this techniqueis givenin Figure3.
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Figure3: We usesoft shoulderson our white/blackpoint remappingto avoid clipping in thehighlight and
shadow regions.

Thewhite andblackpoint mappingis followedby two stagesthatadjusttheimagemidtonechar-
acteristics,as shown in Figure 2. The contrastadjustmentstepappliesa nonlinearremapping
function to all threecolor planes. This function is designedto adjustfor someof the nonlinear
characteristicsof thenegative. We usea parameterizedsetof inversesigmoidalfunctionsfor con-
trastadjustment.If theinput range& betweenshadow andhighlight regionsis normalizedto ')(*��+-, ,
thefunctiontakestheform:

.0/ 1 (*243�5768&:9<;#= &?>@(*243+�AB(*243�576�AB68&:9 ;"= &?CD(*243
TheparameterEGF is determinedexperimentally.

Finally, the color balanceis adjustedin the midtone regions using a proceduresuggestedby
Michael Stokesof the Printing TechnologyDepartment.The threeprecedingprocessingstages
canall beincorporatedinto asetof threeonedimensionallookuptables,onefor eachcolorplane.
The curvescorrespondingto theselookup tableswill be rotatedclockwiseby HI3 degrees,added
to a midtoneadjustmentcurve, androtatedback HJ3 degreescounterclockwise.This procedureis
illustratedfor a singlecolorplanein Figure4. Our midtoneadjustmentcurvesarecomputedas.K/ LNM"OQPSR 5UTV&:9W�
wheretheinput rangeis againnormalizedto 'X(���+-, , andtheparameterL is determinedexperimen-
tally for eachcolor plane.Themidtoneadjustmentwill balancethecolorsin themidtoneregions
to removecolor castsalongtheneutralaxis.

Theentirepipelineof Figure2 canbecomputedasa singleimagedependentinput/outputlookup
tablefor eachcolor plane.

3 Experimental Results

We usedcommercialfilm scannersto obtainour testimagedata.In orderto prevent thescanners
from applyingtheir own correctionalgorithmson thedata,thescannersweresetto positivemode
for scanning.Thedataweusein our experimentshave thereforebeenprocessedby thescanneras
if theoriginalsweretransparencies.Our experimentalimagesarenot raw datasamplesfrom the
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Figure4: The midtonecolor adjustmentsarecomputedby rotatingthe input/outputcharacteristicto hori-
zontal,addinganadjustmentfunction,androtatingback.

scanner, but haveprobablyundergoneacolorspacetransformationandgammacorrection.Dueto
thestructureof our pipeline,however, we expectthatresultsobtainedduringtestingaresimilar to
thosewe would get usingraw datasamples.The variouspipelineparameters,particularlythe L
parametersand EGF , couldbeadjustedappropriatelyto yield similaroutputimagecharacteristics.

Thealgorithmwasappliedto a largecollectionof photosfrom HID. Thephotos,takenby around
50 employeesof HP, have a wide varietyof subjects,includingpeople,animals,outdoorscenes,
night life, etc. Thephotoswerescannedfrom KodakProfessionalRFS2035PlusFilm Scanner.
Therearea total of 443photos.HID alsosupplieduswith regularphotoprints from a traditional
photofinisher, aswell asdigital imagesprocessedby theKodakscannerwhenwe setthescanner
in theautomaticmode.

This is a very challengingcollectionof images,becauseof thewide varietyof camerasused,the
differentilluminationconditions,AND thedeliberateselectionof film types.Thefilms include

Y 3M 100Y 3M 200Y AgfaHDC 200Y Fuji SuperHG 100Y Fuji SuperHGII 100Y Fuji SuperHGII 200Y Fuji SuperG+ 100
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Y Fuji SuperG+ 400Y KodakEktachrome200Y KodakEktra200Y KodakGold100Y KodakGold200Y KodakGold400Y KodakGoldUltra 400Y KodakPlus100Y KodakRoyal Gold100Y KodakRoyal Gold200Y KodakRoyal Gold1000Y MotoPhoto(Agfa) 100Y MotoPhoto(Agfa) 200Y Ritz 200

We appliedtheprocessingpipelineto thenegative images.Figure5 shows theChromaticityco-
ordinatesZJ[ and \][ in the ^_[�ZJ[�\`[ spaceof thewhite pointsfor 329 images.Thewhite pointsare
calculatedafter theinversionprocess,hencethewhile pointsarelocatedin thecyanregion in the^ [ Z [ \ [ space.
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Figure5: Chromaticitycoordinatesof theestimatedwhite points

Figure6 showsthebrightnesscoordinateŝ [ of thewhitepointsfor 329images.

FromFigure5 andFigure6, it is clearthatthereis a largevariationin theexposure,illumination,
andfilm typefrom imageto image.As a result,therequiredadjustmentsvaryconsiderablyacross
images.The locationof the white point for a particularimageis relatedto the illumination and
film type. However, it appearsthat thereis no clearseparationthat would allow oneto identify
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Figure6: Brightnesscoordinatesof theestimatedwhite points

the illumination or film typefrom thewhite point location. On theotherhand,thedistribution of
thewhite pointsallows usto make thewhite point identificationprocessmorerobust.This canbe
accomplished,for example,by checkingthecolorof eachimagepointandthrowing out thosethat
clearlyarenot potentialwhite pointsin thehistogrambuilding stage.In oneof thephotostaken
in a nightclubwith neonlights in thebackground,for example,thebright redneonlights biased
thewhite point toward the red color. Hencethe imageappearedgreenish.With the morerobust
estimation,theimagebecamemuchmorenatural.

Comparedwith theautomaticprocessingimplementedin theKodakscanner, ourprocessingpipeline
producesimageof goodcolor balanceandgoodcontrast.Imagesprocessedby the Kodakalgo-
rithm have very strongredcast.Our algorithmis alsovery fastsinceit is only a onedimensional
table look-up, while the table canbe built with a muchsmallersubsampledimage. The tradi-
tional prints, which useoperatorassistancewith film type andpossiblymanualcolor/exposure
adjustments,havegoodcolor balanceandcontrast,but oftenthey havepoorbright details.This is
particularlyobvious in someof theweddingphotos,wheredetailsin theweddinggown failed to
comeup.

Theexposurecontrol in our algorithmis goodfor mostimages.However, a few imagesthatwere
backlit cameout too dark.TheKodakprocessingsufferedthesameproblem,while thetraditional
printswerequitegood.A separatepostprocessingstepfollowsthepipelineto identify andbrighten
backlit anddarkimages.

Backlit imagesmostoften occurwhen the sky is in the background,and the foregroundis not
well lit. This canoccur, for example,whenanindoorphotois takenwith a window to theoutside
somewherein thesceneor whenanoutdoorphotois takenwith the foreground(oftenpeople)in
shadow andthebackgrounda bright sunlit scene.Theblackandwhite point mappingcanresult
in a dark imagewhenlight sources,suchaslit candlesor incandescentbulbs, arevisible in the
scene.Our postprocessingalgorithmusesheuristicsto identify thesesituations,which arethen
brightenedusinganonlinearpowermapping.
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Weuseasetof six scalarimagestatistics,aGb]��2�2-2caed , to detectbacklitanddarkimages.Thestatistics
usedby our heuristicalgorithmare:

aGb / # imagepixelswith �fCg6e(h(a R / # imagepixelswith �i���j� and �kC@6e(h(ael / # imagepixelswith �fmn+�6eoaqp / # imagepixelswith �fmn+�6eo*���fmD(*2roh�i� and �kmg�aes / percentageof pixelsalongtheedgesof theimagewith �i���j� and �kC@6e(e(aed / percentageof pixelsalongtheedgesof theimagewith �i���j� and �km0+t(e(
If aGb is lessthana setthreshold,the imageis classifiedastoo dark. Theseimagesarebrightened
usinga power function with the power factor determinedfrom imagehistogramssuchthat the
averageoutputmedianis mappedto half scale.

The heuristicusedto determinea backlit imageis somewhat more complicated. We assumea
backlit imagehasa bright backgroundanda dark foreground,bothof which extendto theedges
of theimage.If +h246qa R CuaJb and +t(ea8pNCuael , the imagemaybebacklit. Theseconditionsestablish
thatthebright imageregionsarenearneutralin color (likesky) andasignificantpercentageof the
darker regionshavea reddishtint (likeskin tones).In additionto theseconditions,wealsorequireaes$C0+�3ev and aqd�Cn+�3hv . Thisrequirementguaranteesthatthebrightanddarkregionseachextend
to theimageedges.If all of theaboveconditionsaremet,theimageis classifiedasbacklit. Backlit
imagesarebrightenedusinga standardgammacorrectioncurve for afixedpresetgamma.

We also applied the processingpipeline to somenegative imagesscannedfrom Nikon Super
CoolScanLS-1000.Wefoundthatthesamepipelinecanbeusedwith minoradjustmentof contrast
andcolorbalanceparameters.

4 Conclusions

We presenteda fully automaticprocessingpipelinefor processingscannednegative images.The
algorithmfirst builds up a histogrambasedon subsampledimagedata,thenestimateswhite/black
pointsof the image,andperformedonedimensionallook-up tableoperationto adjustfor color
balance,contrast,aswell asblack/whitepoint mapping. A postprocessingstepthenfollows to
identify backlit imagesandperformsfurtherexposureadjustments.Withoutany knowledgeof the
film type, the processedimageshasbettercolor balancethanthe correspondingonesprocessed
by the Kodak automaticalgorithm, and comparableto the traditional prints. Exposurecontrol
in our algorithmis comparableto the Kodakalgorithm,but slightly falls shortof the traditional
prints. Furtherresearchis requiredto fully take advantagedof theflexibility of digital processing
to optimizeimagequality.
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