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Abstract

We demamstrateheuseof photonetric steredo enhanceéherecovery of both
visible andplasticfingerpints. Examplesare given that shawv therecovery
of visible printsfrom rough surfacesanda plasticprint from a patternedur
face.This appoachimprovesthe quality of the print by redwcing the effects
of variatimms in the baclground surface It providesa cheapand effective
way to improve the quality of theimagebeforeenhanementandrecoqition
algoithmsareapgied.
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1 Introduction

Thispaperdescribesheuseof photonetric stereao improve therecovery of fingergints.
Photonetric stereqPS)is amethal to recover surfaceshapeandmarkings(albed9 from

imagesof the surfacelit from differentdirectiors. Fingeprints canbe categarisedinto

threegrowps: latent,visible andplastic (or moulded). Thefirst two grougs canbe con-
sideredto be a function of albedg the lastis a function of shape.In this paperwe use
the ability of photanetric sterecto resolhe the albedoandtopogaphicalcompnerts of

theimage. Visible prints on rough surfacesareprocessedo suppessthe effects of sur

facerougmess Plasticimprintson patternesgurfacesareprocessedo remove thealbedo
commnentandenhane theridge structue of the print.

Image processingandmachinevision techniqgieshave beenusedextensvely for the
enhacementandrecogition of fingemprints. Theseechniqiesareappliedto fingerpints
obtainal by traditional ink techniaiesor by scannes. In both caseghe printsaredelib-
erateandthe condtions have beenoptimisedasfar aspossiblefor instanceheprintsare
eitherimageddirectly from fingeis or madeon aflat uniform surface.This paperconsid-
ersprints thathave beenmadeon surfacesthatareeitherrough or patterned PSis used
to separateompamentsof theimagethatarecausedy surfacealbed andthosecaused
by surfacetopogaphy

In this papemwe will demastrateheuseof phaometricstereao recoverbothvisible
andplasticprints. The visible prints areformed on a roudh surface. We will shawv that
PSis ableto suppressheimagetexturedueto surfaceroughnesswhile leaving the print



unafected.Thistechniqee givesadramatidmprovemen over theoriginalimage.Adding
theimages—egivalentto circularillumination—gives a similarimprovemen. However,
we show usingtheay andexpeaimentthatthe phaometricapprachis significantlymore
effective in suppresingtheroucghnessconmponen. Therecoveredprintis thenfiltered.

Therecoreryandenhamcemenbf plasticfingerpintsis describedPlasticfingerpints
areimprintsin asoftor viscousmatrix, e.g.wet paint. Although muchlesscomma than
latent prints, we find theminterestingfrom a technicalviewpoint. In this paperphotce
metricstereads usedto estimatethe shapeof theimprint andto suppessthe effect of the
matrix albedo.The stagedn recovery andenhancmentareillustratedwith anexamge.
A plasticprintis formedby pressinghefingerinto asoft surface In orde to demanstrate
theability of PSto resole albedoandsurfacecompmentsof theimage the surfacewas
spatteredvith paint before the imprint was made. PSrecovers the surfacederiatives.
Theseare efficiently filtered, thenintegrated and the resultingheight map shovn. We
believe that PSis mosteffective if appliedto this type of print. It is interestingto note
the Malzberder et al. have applieda novel technige,[MalzbenderandWolters,200]]
analogusto phaometricstereofor therecovery of plasticprints.

In this paperwe demamstratethe use of phaometric stereoto recover fingergints.
Visible printswereresolhed from surfaceroughnessandplasticprintswereisolatedfrom
surfacepatterrs. Thetechnigqieis simple,easyto implemen andit improvesthe quality
of testimageson which entancementlgoithms will work. Furthernore, it requires
a minimum of additianal equipment (which may be madeportale), andrequieslittle
extra compuation beyond that of imagebasedtechniaies. We concluc it is a useful
compementto existing enhawementalgotithms.

2 VisblePrints

In this casewe want to recover the surface albedoand suppresdhe effect of surface
topogaphy Photonetric stereds aclassicatechniqe to estimatesurfacederivativesand
albedausingmultipleimagesof thesamescendit from differentdirectiors. Weillustrate
the effect of varying illuminant directian with four photanetricimagesof a plasticprint
in Figure 3. Note haw the different ridge oriertationsare highlighted under different
illuminations while the paint spattergthe albedocompment) arerelatively unafected.
Although only threeimagesarerequred for estimationof a Lambetian surfacewe have
found thatafourthimagemakestheestimatesnoreaccuratél heimplemenationrequires
minimal computation—thethreeimage estimationrequiresthree arithmeticopeations
per pixel—thoughwe repeatthis four timesandaverag the resultto take advartageof
all four images. In this work we usefour photanetricimages,Figure2. The four light
sourcesarearrangdarourd the sampleat 90° intenals of azimuthwith a zenithangleof
30°.

We assumeboththe print andthe underlying surfacereflectaccordng to Lambet's
Law. Theintensityof a surfacefacetwill bedescribedvith Equation(1)

—PpCOSTSING — qSINTSING + COST
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Figurel: Theeffectof varying lighting direction.
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Figure2: Imagecapturesetup.

i istheintensityof thefacet.
7 istheangleof illuminant azimuth..
o istheangleof illuminant zenith.
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If weilluminatethesurfacefrom two points,r andr + &, or equivalentlyusecircular
illumination, the facetcanbe describe using Equation(2). In mostrouch surfacesthe
majority of surfacefacetshave surfacederivatives that are much smallerthanone,and
this appoachsignificantlyredwcesthe effec of topagraply. However, thep andq terms
in thedenoninatorintroduceintensityvariation. Photonetric sterecallows usto remove
this effect—a leastin theoy.

To measurehe effectivenesof theseappoachesve consideran areaof surfacethat
hasconstanalbedo Figureb. In theseregions thealgoritrms shouldremove imagevari-
ation. As afigure of merit we usethe meanof the imageregion divided by its standard
deviation. The moreeffective the algorithmthe larger the ratio. The resultsareshovn
in Tablel. Dependhg on the surface,the photanetricappioachgives anincreasan the
ratio of betweend and18%. To further improve the print quality we filter the image.
Several authors have found it corvenientto resole the two dimensioml transferfunc-
tion of thefilter into anisotropicradialfunction anda frequeng independen orientation



Figure 3: Visible print on directioral surface. Original image (left), recoveredalbedo
image(cente) andfilteredalbedaimage(right).

| Region || Intersity | Albedo | Improvement(%) |

1 6.97 8.44 1839
2 5.21 5.46 4.51
3 5.69 6.18 7.89
4 5.54 5.81 4.63

Tablel: Ratioof imagemeanto standad deviation

function. Ideally the print shoud be binaryanda onedimersionalprdfile shouldresem-
ble a rectamularwave. In orderto accentuatehis charactestic we useda filter with a
radialfrequeng/ respamsethatappioximateda Sincfunction. We decidednot to alterthe
orientation propertiesof theimagesandleave this to enhancmentalgorithis laterin the
process. Ratherthancomgetely attenuatehe othersignalcompnentswe found more
pleasingresultscould be gainedby addirg a scaledversionof the filtered imageto the
originalimage.

In bothexampesthefilter hassignificantlyimprovedthequality of theimage Figures
3 (right) and4 (right). Theimagetakenfrom theisotropicsurfaceis crisperandtheridge
structuremore apparet thanbefore filtering. However, thefilter is mosteffedive in the
caseof thedirectiond surface,in which thefingerpint is of pooter quality. Filtering has
browht out the ridge structuresthat were barely visible in the albedoimage. Clearly
albedorecoveryis only thefirst stepin the enhancmentof thefingerpint.

3 Plastic Prints

Photonetric stereohasthreeadvartagesfor plastic prints. First, it isolatesthe surface
topogaphy (dueto the fingerpint) from the surfacealbedo(a property of the matrix).

Thiswill bedemastrated Secoully, this appro@h allows the estimatiornof a continuous
function (surfaceheight)insteadof the binary function of anink print. This simplifies
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Figure4: Visible print onisotropicsurface.Originalimage(left), recoveredalbedamage
(centrg andfilteredalbedoimage(right).

processing: mary enhaicementandrecogqition algorithis have the effect of corverting
the (near)binary print into a smodhly varying continwousform befae eitherextractirg
features or thresholihg, e.g. [Jainetal., 1999. Tico andKuosmaengo further andde-
scribethefilteredimageasatopogaphicsurface[Tico andKuosmanen199] whilst the
synthesisalgoithm proposedin [Cappellietal., 200] initially opeateson a continwous
signalbefore thresholihg asa final stage.We amue that,where possible, it is prefeable
to achieve a contiruoussignalby measuremdrratherthaninference. Thirdly, sincewe
estimatethe height function the imageis no longeraffectedby the directicnal effects
of illumination (see[Chantler 19%] for descriptionof the effect). This is particulaty
importantif theorientationof thefingergint cannad be controlled

We believe this methal canbe apgied in threeareas First, thealgoritim canbeused
for therecovery of unintentionalplasticprints (i.e. for forersic purposes).Secondy, this
appra@achmayalsobeusefulasabasisfor modelling fingergintsandtheirinteraction with
surfaces.Thirdly, if thesurfacestructue canbeestimatedirectly from thefingertipsthis
appr@chcouldbeusedasarohust, real-time biometrictechnique.

3.1 Photometric Recovery

All four light sourceshave a zenithangleof 70°. Illuminating from a shallov angle
increasesheprobaility of shadaving, however, it alsoaccentuatethesubtletopogaphy
of theprint andreducegheamount of speculareflectionreachinghecamera.

Oneof theimagesusedfor phaometricestimationis shovn in Figure6 (left). The
print is corrypted by ‘noise’—actuwally spotsof dark paintapgied to the matrix befae
theimprint. Figure6 (right) shavs the estimatedderivativesrenceredusing Lambet’s
law. Thereis anobviousimprovemen. The effect of the noiseis mostclearly seenon
the matrix (Region A)—the estimatedsurfaceis pockimarked In theregion of interest,
a large spot (Region B) suppesseghe topagraply of the print. This is partly dueto



Figure 5: Regionsof constantalbedo.

thefactthatthe pairt is very dark—alighter shadewould have allowedthe algorithm to
male a betterestimateof the surface. Theeffect of smallerspots(Region C) is muchless
prorounce.

3.2 Enhancement

The signalmagnitude of the estimatedderivativesis shavn asa function of radial fre-
qguerty in Figure 7. The spectrumis bimoda: it consistsof a high power, low fre-
guercy compaentdueto the indentatio of the print, anda low power, mid-frequeng
commnentdue to the ridges and furrows of the print. We are interestedin the lat-
ter Several authas, e.g. [Jainetal.,1999, [LeeandWang,1999, use Gaborfilters
which cornvert the binary ink print into a contiruoussignal. We found that a Gaborfil-
ter fits the second(mid-frequengy) peakwell, Figure7. Unlike otherauthas we have
usedisotropc Gaborfilters to filter the surfacederivatives—thisappoachwas usedin
[McGumigle andChantley 199] for texture classification.

Thefiltered derivative fields wereintegratedinto a surfaceusingthe techniaie pro-
posedin [Frarkot andChellappal98g. Theresultingheigh field wasthennomalised
usinga simpleadaptve filter of theform shavn in Equation(3). Thethresholdermand
theregulaisationtermweresetto 0.2and0.1respectiely. Theenhawredimageis shavn
in Figure8. The algaithm hasachiesed varying degreesof successRegion A (which
is attenuatedby the effectsof directinal illumination in two of the phaometricimages)
hasbeenenhared;in Region C the signalpower fell below thefilter's thresholdandthis
region wasnot accentated. Region B is intermedate: the processinghasenhacedthe
ridgeandfurrow structue, thoudh theestimatas noisy. A detailof RegionB, befae and
afterfiltering is shavn in Figure9.

s(z,y) > threshold

1
= (k+s(z.y))
n(z,y) { 1 s(z,y) < threshold ®)

where,



n(x,y) is thefilter transferfunction.
k istheregularisationterm.
s(x,y) is alocal estimateof the standardleviation of thesignal.

4 Conclusions

This pape describesvork aimedat recovering fingerpints from nonideal surfaces.For
this reasorwe have applieda muchmore physicalappoachto therecosery andenhare-
mentof fingemprintsthanotherresearchrs. We baseour recorery andenhancementech-
nigues onthephysicalcharactesticsof the print andof thesurfaceit lies on. By optimis-
ing lighting we improve the quality of theimageat the imagirg stage—thismeansthat
subseqant enhaigementprocessesvill have a more reliableinput and shouldbe more
robust. Thetechnigestherefae complenentmuchof theexisting literature.

We have shavn thatphotanetricsterecoffersa significanimprovemert in thequality
of visible fingemprintstakenfrom roughsurfaces.This appgoachalsohasapgicationsfor
recovery of prints from fabricswherethe weave structue of the fabric candisrupg the
print. However, we believe the mostinterestingapplicationof PSis to plastic prints.
Plasticprints canbe enharedby remwing albedovariatian. The ability to estimatethe
shapeof the print may also be usefulfor the moddling of reactiondiffusion processes
that form the skin topogaphyaswell asthe interaction with surfaces that give rise to
fingerpints.

References

[Cappellietal.,20] Cappelli,R.,Erol, A., Maio, D., andMaltoni, D. (2000). Synthetic
fingeprint-image geneation. In ICPROO, pagesVol lll: 475-478

[Chantler 19%] ChantlerM. (1995). Why illuminant directionis fundamentato texture
analysis.VISP, 142@):19-206

[Franlot andChellappal98] Franiot, R. andChellappaR. (198). A methodfor en-
forcing integrablility in shaperom shadingalgorithms. PAMI, 10(4):439-451.

[Jainetal., 1999 Jain,A., Prabhéar, S.,andHong L. (199). A multichamelapproah
to fingerpint classification.PAMI, 21(4):348-359

[LeeandWang,199] Lee,C.-J.andWang,S.-D.(199). Fingeprint featureextractin
usinggaba filters. Electronics Letters, 35(4):288-290.

[MalzberderandWolters,200] Malzbener, T. Gelb, D. andWolters,H. (Aug. 12-17,
2001). Polynamial texturemappirg. In Computer Graphics (Proceedings of Sggraph
2001), pageTo beannainced.

[McGumigle andChantler 199] McGunrigle, G. and Chantler M. (199). Rotation
invariant classificatiorof rough surfaces.VISP, 1466):34b.

[Tico andKuosmaen,1999 Tico, M. andKuosmanenP. (199). A topagraphc metha
for fingerpint segmenation. In ICIP99, page25AP1.



Magnitude (normalised)

—
.

fm—

=
0

el
= o

0.2

Figure6: Originalimage(left) andrendeed estimatgright).
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Figure8: Theoriginal photanetricestimatgleft) andthe processedestimate.

Figure9: Detail of Region B estimatebefore(left) andafter(right) processing



