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image processing, One source of high quality digital image data is scanned photographic

negatives 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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Figurel: A film scannercanproduceadigitizedimagefrom afilm negatve.

1 Introduction

Digital processingandarchiving of photographidmageshasseveral advantagesover traditional
analogmeans Digital processingllows moreflexibility in adjustingtheimageto producehigher
imagequality or to bettermatchindividual userpreferences.Storingthe imagesin digital form

allowsthemto becatalogedn anorderlyfashionfor efficientsearchingndretrieval usingstandard
databasdools. With the developmentof consumergradephotographigorinters, digital storage
also permitsthe userto make multiple prints easily and inexpensvely without going througha

photofinisher Oneway to cornvert existing photographidmagesfrom analogto digital formis to

scanananalognegatie or reflectve print usingadigital scanner

Printsare generallyeasierto digitize becausehe colors have alreadybeenadjustedfor viewing
andthe originalsarelarge enoughto give a high resolutiondigital imagewith a modestscanning
resolution.Unfortunately printshave considerablyessdynamicrangethantheoriginal negatives,
so they do not reproducespecularand semispeculahighlights or shadev regionswell[Jam68§.
The resultingdigital imagesinherit any shortcomingf the print aswell asary artifactsin the
negative, so higherquality imagescanoftenbe producedoy scanninghe negative directly.

Figurel illustratesatypical 35mmfilm scannesuitablefor scanningnegatives. A negative strip
is insertedinto the scannerusuallyaftermanuallyplacingit in a specialfilm holder Therecently
introducedAPS (AdvancedPhoto System)film format doesnot requirethe userto handlethe
negativesdirectly, soa scanneffor this formatwould likely be simplerto use[Tui96]. A negative
frameis scannedand convertedto a digital image,which is processedndtransferredo a host
computer The processinganeithertake placeon the scannepr asa softwareapplicationon the



computer To producea viewableimagefrom a scannechegative, the datamustbe invertedand
processedo adjustfor the film andscenecharacteristicsIn this reportwe describea proposed
processingipelineto automaticallycorvert scannedhegative imageso outputimagessuitablefor
viewing on a computemonitoror for printing.

Both film characteristicendsceneconditionscanvary widely from frameto frame,soary auto-
maticprocessin@lgorithmmustadaptto eachscanbasednimagestatistics. Humanintervention
canalsobe usedto adaptalgorithm parametersbut for consumeror high volume applications,
we wantto minimize humanintervention. Severalresearcherbave proposedechniquego adjust
imagecolorsbasedntheimagedata.

Evansusesa “grayworld” assumptionwhereall the pixelsin animageareassumedo averageto
gray[Eva5]. This assumptiorcanbetoo restrictve, however, andit cancauseundesirablecolor
errorsin someprocessedmages. More recently a numberof authorshave proposedschemes
for estimatinga sceneilluminant from theimagedata[Lee86Fun95,Fin96]. Thesemethodsare
oftencomputationallycomple, andthey generallyassumehe datais in someknown linear color
space.Thealgorithmsthuscorrectfor scendllumination, but film characterizatiomndcorrection
would needto bedoneseparatelyf oneof thesemethodss to beusedwhenprocessing scanned
negative. Funt, Cardei,andBarnardproposea neuralnetwork basedapproacho color constang
thatdoesnothavethesebuilt-in constraints[FCB96]T hisapproachmightwork well for processing
scannedegatives,althoughasfaraswe know it hasnot yet beentestedon this task.

Traditionalanalogprocessingf negativesincludescharacterizingandadjustingfor the film type
andscenedatausingbothglobalstatisticsor theentirefilm stripandlocal statisticSor thedesired
frame[Tui96]. Manualadjustmentsnay be necessaryor someimages. Tuijn proposes similar
procedurdor processingligital scansof negatives[Tui96]. He startswith predefinedharacteristic
curvesfor negative film andmodifiesthe curvesto betterreflecttheindividual strip beingscanned.
He then usesan algorithm called TFS (Total Film Scanning)to producea virtual point on the
negative which is mappedo a neutralreferencepoint. He reportsthatthis systemperformswell
on morethan99 percentof theimagesscanned.

Our approachusesthered, green,andblue histogramdor a scannedmageto adaptto changing
film andscenecharacteristicsThe histogramsareusedto computea white point andblack point
for eachimagescannedFixedlookuptablesarethenusedto adjustthe color balancan theimage
midtones. Finally, a postprocessingtepis includedwhich detectsdark or backlit imagesand
brightensthem. Section2 discusse®ur processingipelinein moredetail. Experimentakesults
aregivenin section3, andsection4 givesgenerakonclusions.

2 Processing Pipeline

Our negative processingipeline consistsof four stagespneadaptso the imagedata,while the
otherthreearefixedlookuptables.We alsoimplementa separatg@ostprocessingtepthatadjusts
for dark and backlit images. Figure 2 illustratesthe four processingstepsin the pipeline. The
graphsall assumeB-bit per color planescandata;axis numbersneedto be scaledfor other bit-
depths.Thefirst stages a simpleinversionstep,corvertingthe scannedmagefrom a negative to
apositive. Theinput/outputcharacteristishavn in Figure2 is appliedto all threescannectolors.

The secondpipelinestageremapghe white andblack point of theimagebasedon thered, green,
andbluehistogramsThis mappingfunctionis thereforeadaptve, adjustingto themeasurednage
statistics.Theoperatioremapgheimagedataasillustratedin Figure2. Usingthered,green,and



Color Inversion Remap white and black points Contrast Adjustment Color Balance in Midtones
using the RGB histograms

Scanned

300,

I 250 250 250
Negative = =

T 200 3 200 3 20

g 5 U 5 180

g = 100

§ o
—>»2 >
£ w0

Output
Image

\4

—

Figure2: Our processingipelinecontainsfour stagespneof which adaptgo theimagedata.

bluehistogramsaboundingooxis constructedontainingghescannedlatavalues.Thedatais then
remappedo fill the entireRGB cube. In its simplestform, this amountso settingthe maximum
red,green,andblue (R, GG, and B) valuesto the white point andthe minimumvaluesto the black
point.

{Rmax,;Gumax, Buax} = White
{Rmin,Gmin, Buin} = Black

This remappingof the white andblack points helpsadjustfor both sceneilllumination and mask
densityof thenegative. Theprocedurassumeghattheminimumandmaximumsceneaeflectances
areindicative of white andblack points. It alsoassumeshatonly reflectedlight is in the scene.
Any light sourcesor fluorescenbbjectscanresultin acolor castto theimageor in animagethatis
too dark. Finally, if the absolutemaximumandminimummeasuredaluesareusedfor white and
black points,arny noisein theimage,includingthatdueto dustor scratche®n the negative film,
cancauseerrorsin theremapping.

We alleviate someof thesepotentialproblemsby implementinga morerobustform of the white
andblackpointadjustmentWhite andblack point estimationin the presencef noiseis improved
by usingred, green,andblue valuesthat are somevhat below the absolutemaximumandabove
theabsoluteminimum. For example,we canmapthe 95th percentileR, G, and B valuesto white
andthe5th percentilevaluesto black. This eliminatesoutliersdueto noise.

Thewhite pointcomputedor animagecanresultin anundesirableolor castor undereposureif
the scenecontainglight sourcesor fluorescenbbjects. Color castscanbe reducedoy identifying
whenthe computedwvhite pointlies outsideof someexpectedrangeof values.Althoughthewhite
pointcanvary considerablyrom imageto image,alarge numberof processeimagescanbeused
to computea distribution of likely white pointvalues.If thecomputedwvhite pointfor a particular
imageliesfarenoughoutsidethisdistribution, we adjustthevalueto pull it in closerto theexpected
rangebeforeremappinghedata.

If thewhiteandblackpointsareremappedotheboundingooxexpanddofill theentireRGB cube,
detailcanbelostin the highlightandshadav regionsof theimage. The highlightswill be pushed
into saturation,while shadav regionswill have remappedixel valuesvery nearzero. In order
to preventthis phenomenonwhich is sometimeseferredto as“blowing out” the highlights,our
remappingunctioncontainssoft shouldersTheboundingboxis expandedo fill mostof theRGB
cube,but asmallsetof overloadvaluesis left aroundall sides.Thesevaluesareusedto represent
the highlightsandshadaevs thatwould otherwisebe clipped. A onedimensionalepresentationf
thistechniques givenin Figure3.
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Figure3: We usesoft shoulderson our white/blackpoint remappingo avoid clipping in the highlight and
shadwv regions.

Thewhite andblack point mappingis followed by two stageghatadjusttheimagemidtonechar
acteristics,as shavn in Figure 2. The contrastadjustmentstep appliesa nonlinearremapping
functionto all threecolor planes. This function is designedo adjustfor someof the nonlinear
characteristicef the negatve. We usea parameterizedetof inversesigmoidalfunctionsfor con-
trastadjustmentlIf theinputranger betweershadev andhighlightregionsis normalizedo [0, 1],
thefunctiontakestheform:

0.5 (2z) <05
Yy = _ _ Ye
1-05(2—-22)" z>05

Theparametery, is determinedexperimentally

Finally, the color balanceis adjustedin the midtone regions using a proceduresuggestedy

Michael Stokes of the Printing TechnologyDepartment. The three precedingprocessingstages
canall beincorporatednto a setof threeonedimensionalookuptables,onefor eachcolor plane.
The curvescorrespondindo theselookup tableswill be rotatedclockwiseby 45 degrees,added
to a midtoneadjustmenturve, androtatedback45 degreescounterclockwise This procedurds

illustratedfor a singlecolor planein Figure4. Our midtoneadjustmenturvesarecomputedas

y = Bsin*(nz),

wheretheinputrangeis againnormalizedto [0, 1], andthe parametefs is determinedexperimen-
tally for eachcolor plane. The midtoneadjustmentvill balancethe colorsin the midtoneregions
to remove color castsalongthe neutralaxis.

Theentirepipelineof Figure2 canbe computedasa singleimagedependeninput/outputiookup
tablefor eachcolor plane.

3 Experimental Results

We usedcommercialfilm scannerso obtainour testimagedata. In orderto preventthe scanners
from applyingtheir own correctionalgorithmson the data,the scannersveresetto positve mode
for scanning.The datawe usein our experimentshave thereforebeenprocessedby the scanneias
if the originalsweretransparenciesOur experimentalimagesarenot raw datasampledrom the
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Figure4: The midtonecolor adjustmentsre computedby rotatingthe input/outputcharacteristid¢o hori-
zontal,addinganadjustmentfunction,androtatingback.

scannerbut have probablyundegonea color spaceransformatiorandgammacorrection.Dueto
the structureof our pipeline,however, we expectthatresultsobtainedduringtestingaresimilar to
thosewe would getusingraw datasamples.The variouspipeline parametersparticularlythe g
parameterand-,., couldbeadjustedappropriatelyto yield similar outputimagecharacteristics.

Thealgorithmwasappliedto alarge collectionof photosfrom HID. The photos takenby around

50 employeesof HP, have a wide variety of subjectsjncluding people,animals,outdoorscenes,
night life, etc. The photoswerescannedrom KodakProfessionaRFS2035PlusFilm Scanner
Thereareatotal of 443 photos.HID alsosupplieduswith regular photoprints from a traditional

photofinisheraswell asdigital imagesprocessedby the Kodakscannewhenwe setthe scanner
in theautomaticnode.

This is a very challengingcollectionof images becausef the wide variety of camerasised,the
differentillumination conditions AND thedeliberateselectionof film types.Thefilms include

3M 100

3M 200

AgfaHDC 200

Fuji SuperHG 100
Fuji SuperHGII 100
Fuji SuperHGII 200
Fuji SuperG+ 100



Fuji SuperG+ 400
KodakEktachrome200
KodakEktra200
KodakGold 100
KodakGold 200
KodakGold 400
KodakGold Ultra 400
KodakPlus100
KodakRoyal Gold 100
KodakRoyal Gold 200
KodakRoyal Gold 1000
MotoPhoto(Agfa) 100
MotoPhoto(Agfa) 200
Ritz 200

We appliedthe processingipelineto the negative images.Figure5 shavs the Chromaticityco-
ordinatese* andb* in the L*a*b* spaceof the white pointsfor 329 images.The white pointsare
calculatedafterthe inversionprocesshencethe while pointsarelocatedin the cyanregionin the
L*a*b* space.
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Figure5: Chromaticitycoordinate®f the estimatedvhite points

Figure6 shavsthebrightnessoordinated.* of the white pointsfor 329images.

FromFigure5 andFigure6, it is clearthatthereis a large variationin the exposure jllumination,
andfilm typefrom imageto image.As aresult,therequiredadjustmentsary considerablyacross
images. The locationof the white point for a particularimageis relatedto the illumination and
film type. However, it appearghatthereis no clearseparatiorthat would allow oneto identify

6



0]
o

~
ol
T

~
o

(o2}
a1
T

D
o
T

al
a1
T

L* value of white point

ul
o
T

45

401

35 L L L L L L
0 50 100 150 200 250 300 350
photo index

Figure6: Brightnesoordinate®f the estimatedvhite points

theillumination or film type from the white point location. On the otherhand,the distribution of

thewhite pointsallows usto make thewhite pointidentificationprocessnorerobust. This canbe
accomplishedfor example,by checkingthe color of eachimagepointandthrowing outthosethat
clearly arenot potentialwhite pointsin the histogrambuilding stage.In oneof the photostaken
in a nightclubwith neonlights in the backgroundfor example,the bright red neonlights biased
the white point toward the red color. Hencetheimageappearedyreenish.With the morerobust
estimationtheimagebecamanuchmorenatural.

Comparedvith theautomatiqrocessingmplementedn theKodakscannerour processingipeline
producesmageof good color balanceand good contrast. Imagesprocessedy the Kodakalgo-
rithm have very strongred cast. Our algorithmis alsovery fastsinceit is only a onedimensional
table look-up, while the table canbe built with a much smallersubsampledmage. The tradi-
tional prints, which use operatorassistancavith film type and possibly manualcolor/exposure
adjustmentshave goodcolor balanceandcontrastbut oftenthey have poorbright details. This is
particularlyobviousin someof the weddingphotos,wheredetailsin the weddinggown failedto
comeup.

The exposurecontrolin our algorithmis goodfor mostimages.However, a few imagesthatwere
backlit cameouttoo dark. The Kodakprocessingufferedthe sameproblem,while thetraditional
printswerequitegood. A separat@ostprocessingtepfollowsthepipelineto identify andbrighten
backlitanddarkimages.

Backlit imagesmostoften occurwhenthe sky is in the backgroundandthe foregroundis not
well lit. This canoccut for example,whenanindoorphotois takenwith awindow to the outside
somavherein the sceneor whenan outdoorphotois takenwith the foreground(often people)in

shadov andthe backgrounda bright sunlit scene.The black andwhite point mappingcanresult
in a darkimagewhenlight sourcessuchaslit candlesor incandesceniulbs, arevisible in the
scene. Our postprocessinglgorithmusesheuristicsto identify thesesituations,which arethen
brightenedusinga nonlinearpower mapping.



We useasetof six scalaiimagestatisticsy),, . . . 76, to detectacklitanddarkimages.Thestatistics
usedby our heuristicalgorithmare:

m = #imagepixelswith R > 200

M2 #imagepixelswith R, G, andB > 200

M3 #imagepixelswith R < 128

ns = #imagepixelswith R < 128,G < 0.8R,andB < G

M5 percentagef pixelsalongthe edgesf theimagewith R, G,andB > 200
ne = percentagef pixelsalongtheedgewf theimagewith R, G,andB < 100

If n, is lessthana setthresholdtheimageis classifiedastoo dark. Theseimagesarebrightened
using a power function with the power factor determinedirom image histogramssuchthat the
averageoutputmedianis mappedo half scale.

The heuristicusedto determinea backlit imageis somevhat more complicated. We assumea

backlitimagehasa bright backgroundanda dark foreground,both of which extendto the edges
of theimage.If 1.2, > n; and10n, > 73, theimagemay be backlit. Theseconditionsestablish
thatthe brightimageregionsarenearneutralin color (lik e sky) anda significantpercentagef the

darker regionshave areddishtint (like skintones).In additionto theseconditionswe alsorequire
ns > 15% andns > 15%. Thisrequiremenguaranteethatthebrightanddarkregionseachextend
to theimageedgeslIf all of theabove conditionsaremet,theimageis classifiedasbacklit. Backilit

imagesarebrightenedusinga standardgammacorrectioncurve for afixed preseigamma.

We also applied the processingpipeline to somenegative imagesscannedirom Nikon Super
CoolScarlS-1000.We foundthatthe samepipelinecanbeusedwith minoradjustmenbf contrast
andcolor balanceparameters.

4 Conclusions

We presentedh fully automaticprocessingpipelinefor processingcannedegative images.The
algorithmfirst builds up a histogrambasedn subsamplednagedata,thenestimatesvhite/black
points of the image,and performedone dimensionalook-up table operationto adjustfor color
balance contrast,aswell asblack/whitepoint mapping. A postprocessingtepthenfollows to
identify backlitimagesandperformsfurtherexposureadjustmentsWithout any knowledgeof the
film type, the processedmageshasbettercolor balancethanthe correspondingonesprocessed
by the Kodak automaticalgorithm, and comparableto the traditional prints. Exposurecontrol
in our algorithmis comparablgo the Kodakalgorithm, but slightly falls shortof the traditional
prints. Furtherresearchs requiredto fully take advantagedf theflexibility of digital processing
to optimizeimagequality.
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