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Abstract original 1. Virtual reality and visualisation techniques can

In the area of cultural heritage, images — photographic,prOVide a highly deta_iled modgl _of a site or artefact. Im-

scanned, or computer-generated — are often used as viPfOVements in scanning and digital photography have led
tual representations of real artefacts or scenes. For thed® the widespread use of this technology to preserve origi-
images to be authoritative, they should be a faithful rep-"a! textand art. For digital archiving to be used as a tech-
resentation of the original object. To interpret these im-nique for representation or preservation, the integrity of an

ages, they must be displayed. The conditions under whict{i@ge must be vouchsafed. The user must be confident

an image is displayed can adversely affect its appearancg,‘at the image they are viewing is faithful to the original

so care must be taken to ensure that the user sees the endt1€Y requireperceptual fidelity.

product in the way that it was intended to look. However,  In digital image archiving, perceptual fidelity is desir-

in digital image archiving, perceptual fidelity between the able between the image as it was created and the resultant
stored image and the displayed image is desirable, regardMage that is viewed by the end-user. However, a given
less of the medium of display or the environment in which digitalimage will not always be perceived in the same way.

it is exhibited, but this requires careful consideration of Problems may arise because the sequence of events from
such diverse factors as tone and color reproduction, disimage capture to perception is open to adverse influence,
play device specifications and physical viewing conditions,Which can result in an image that deviates from the way it
which all contribute towards the final displayed image thatwas intended to look.

the user perceives. This paper summarises the issues con- A digital image generally consists of a 2D array of pic-

cerning display quality control for digital archiving. ture elements (pixels). The color specified by each pixel is
a blend of values for red, green and blue (RGB). Photog-
1. Introduction raphy, scanning, and computer graphics all produce digi-

tal images by creating a set of digital values. A number

Virtual heritage involves the application of information tech©f decisions need to be made during the process of image
nology to the field of cultural heritage. This incorporates création. These include: the file format (the type of coding
areas such as visualisation, virtual reality, data analysig/S€d tO structure the image); image resolution (the number
tools and dissemination of information. With the decrease®f Pixels); the bit depth (the amount of color information);
in cost of mass computer storage, digital archives have beth€ color space (the achievable color output); and file com-
come an efficient and economical way of storing informa- Pression (lossless, where there is no degradation of quality,
tion that would previously have been documented in papef! 10SSy, where a bigger reduction in file size may be no-
form. Anything that can be stored or viewed on a computerticeable in the quality§.
can be archived, allowing users to have fast and easy ac- Each of the decisions mentioned above that are made
cess to a wide range of information. Digital images oftenduring the archiving process are open to subjectivity, re-
form an integral part of a digital archive. High quality dig- sulting in the possibility of variability and inexactitude.
ital images can be used as a representation of an origin#\so, as images are often displayed in different ways and
source, allowing study without the need for special accessih different locations from where they were created, it is
preserving details that may be lost over time, or enablingnecessary to ensure that steps have been taken to ensure
manipulation without any damage to the original. perceptual consistency, where any point in an image will
In terms of cultural heritage, computer graphics has enlook the same regardless of changes in viewing location
abled the capturing and creation of images with the aim ofand display device.
generating a perceptually equivalent representation of an To ensure that the scene as it is displayed closely re-
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sembleghe scenghatwascreatedr capturedit is neces-
saryto be awareof ary factos thatmight adwersely influ-
encethe displaymedium The needto exert contrd over
imagepresentatio hasgivenrise to standaals andguide-
lines concening digital display and emgonomics,suchas
the guideliresof the UK’s Arts andHumatrities DataSer
vice (AHDS) andthe IntemationalOrganizationfor Stan-
dardiztion (ISO). In addition museurs andlibrariesus-
ing digital imagesare aware of the prodems of incon
sistenciesn imagedisplay Reilly and Frey’'s reportto
the AmericanLibrary of Congres 2 highlighted the dif-
ferenes betweenimageswhen viewed on different sys-
temsor moritors, with Library staf findingit prodematic
“when discussinghe quality of scanswith vendrs over
thetelephor, becaus¢hetwo partiesdid notseethesame
image”.

This paperprovidesa suney of the displayissuesaf-
fectingdigitalimagearchving, andproposesvaysof work-
ing towards pereptualfidelity.

2. Display Devices

Oncethe imagehasbeencreatedn digital form it needs
to bedisplayed Thetwo mostcomnonly encounteredvi-
sual display units (VDUSs) are cathoderay tubes(CRTSs)
and liquid crystal displays (LCDs), althoughthe use of
plasmadisplaypanel{PDPs)in museunsandartgalleries
is becomimg morepopular (for examge, the Smithsoman
andtheGuggenheimMuseum) This sectionexaminesand
evaluates thesedevices.

2.1. CathodeRay Tubes

A color CRT usegthreeelectronguns(refaredto as‘red’,
‘greeni and‘blue’ guns)which emitanelectronbeamthat
strikesthe phosghorsthat make up the screen*®. When
adigital imageis createdt is storedasanarrayof values
thatrepresenanintensityof aparticdar partof thatimage.
Thesevaluesthat areusedto express color actuallyspec-
ify the voltagethatwill be appliedto eachelectrongun
Thevalues areconvertedfrom digital to analogandvideo
signalsareprodiuced,exciting thephosplorsof thedisplay
andemittinglight, which resultsin animageon screen.

2.2. Liquid Crystal Displays

An LCD consistof two layersof polarizing materialtrap-
ping a solutionwhich hasboth liquid andcrystalproper-
ties; thatis, the liquid crystalsmay be fluid, but canalso
retainan ordeed molecuar structue. Whenan electrical
field is appliedto this solution, the crystalsalign so that
light canna passthrowgh. Theiefore,two statesare possi-
ble: eitherlight passeghrough a cell or light is blocked
with eachcell represeting a pixel 4. Most LCD screens
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arebacklitwith afluorescenlight whichis evenlydiffused
to give auniform display

LCDs areoftenusedasflat panelequvalentsof astan-
dardCRT monitor, andhave grown in popularity in recent
yearsbecaus®f the decrasein volume andweightwhen
compredwith the CRTs ©.

2.3. PlasmaDisplay Panels

Like CRTs, plasmadisplaysusephcsphor andlike LCDs
they usea grid of electrogsaspixels. They work on the
sameprinciple asa neonsign, which emitslight whenan
electricalcurrent is passedhrowgh gas. Plasmais a gas
which is electrically conductive, and as electronsmove
throwgh it they ionize the individual gas moleailes. The
enegy gaired from ionization is emittedas light during
thedecayprocess.Although the processs simple,theim-
plemerationfor massproductionis costlyandcompgex.

2.4. Evaluation

Price: CRTs areinexpersive anddurabbe whencompaed
to otherVDUs andarestill in widespeaduse,despitethe
growing interestin LCD screensAs LCD technolgy im-
proves,LCDs arebecomiry lessexpensive. PDPsarestill
themostexpersive of thethree.

Size: CRTsarebulky dueto thefactthatthe electrongurs
needto besituatedsomedistancdrom thefaceof the CRT
tube. An LCD takesup consideably lessdeskspaceand
is more lightweight, but is limited in sizewhena larger
screeris requred. Plasmascreensomein large sizes(30
inchesandupwards) but thisis reflectedn their price.

Resolution: A CRT can display multiple video resolu-
tions, but their refresh rate is not always high enowgh to

remove all tracesof ‘flicker’ 4. An LCD moritor is lim-

itedto a‘native’ resoldion — the highestresolution it can
displaybest— but without ary flicker. In addtion, LCDs
exhibit low tempaal resolutian, which canbe prodematic
whendisplayirg dynanic images. However, LCDs give a
high spatialresolution andaseachpixe is separatelyad-
dressableit providesuniformity in spaceandcolor. Fur

therto theabore, CRT pixelshave a Gaussiardistribution

of intensityfor eachpixel, wheread CDs have perfectly
squarepixels. This canleadto differencesin appearace
betweerLCDsandCRTs”.

Viewing angle: CRTs andPDPscanbe viewed from ary
anglewithouttheimageapperingaltered andthis makes
PDPsa good choicefor large scaledisplays. However,
the LCD imagequdity is affectedby angulardepemnience
dueto the opticalfiltering properties. This is particulaty
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importantif theuseris outsideof theoptimumviewing po-
sition, or if therewill bemultiple users.

Contrast and color: Finally, contrastratio claims vary
from manufcturerto manuécturer but theseratios may
be calculatedin too mary differentwaysto provide ary
meanimyful comgarison. In termsof color, LCDs areim-
proving, but someolderLCD moritors areonly capableof
hundedsor thousandsof colors,comparedto the greater
amount of colors displayableby CRTs andPDPs.

3. ImageDisplay

In the previous section,the charateristicsof various dif-

ferentdisplay deviceswere discussed.CRTs, LCDs and
plasmascreensall have different limitations in terms of

how andwith what quality imagesaredisplayed. These
limitations are not berign — displaydevicesalterimages
in various percepually significantways. In this section,
we discusssomeof the correctionsthatmaybe appliedto

imageshefaethey aredisplayed sothattheir visualqual-
ity is minimally affectedby the choserdisplaydevice. In

particula, in thefollowing subsectioawe shawv theimpaor-

tanceof gamna correctia, tonerepraluctionand ganut

mappng, all of which are specificimagetreatmets that
malke animagesuitablefor display

3.1. GammacCorredion

The mappng betweenthe intensity values of the created
imageandthe value subseqgantly emittedby eachof the
pixelswould ideally belinear, sothattheinpu to thedis-
play matchesthe outpt. However, for CRTs the map-
ping is nomally not linear, but canbe appoximatedwith
apower law

Li= Lpae L7 (1)

whereL, is thedisplayedntensity L, .. is themaximunm
displayale intensity L is theinputvaluebetweerD and1
and-y is afirst-order approimation of the display’s non
linearity (seefor examge 8). Differentbrardsof compuer
dealwith gamna correctionin differentways,resultingin
typical valuesfor Macintossh computersof 1.8 andfor Sil-
icon Graphicsmachires of 1.5. PCsdo not have ganma
corredion in hardvare,andtherefae the gammafor PCs
depemls on the moritor used,with typical valuesin the
rangeof 2.0t0 2.6 .

For LCDs andplasmascreensthe storyis morecom-
plicated.Somel CD monitas have abuilt-in artificial nor
linearity to mimic CRT devices. Othersdo not have such
hardvare addedand may have otherunkrmown nonlinear
respomsesto input signals.

It is possibleto estimateheganmaof acomputersys-
temby displayinganimagewhich consistof asetof grey
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valuesnext to anareaof alternatiy blackandwhite scan-
lines. Seenfrom a distance the black-am-white pattern
fusesto appeagrey andthegrey patchwhich matche the
fusedpatternbest,is selected.The intensity of this patch
is usedto find the ganmarespomse of the CRT. Oncethe
ganmafor a particlar set-upis known, imagesto be dis-
playedmaybecorrecte with thefollowing transfamation
whichis geneally known asganmacorrection:

L'=1Y" )

3.2. ToneReproduction

Therangeof intensitieswitnessedn therealworld is vast,
from the darkressof a night sky to a bright, sunry day

Currern state-of-tle-artimagecaptumng technigiesallow

muchof this rangeto berecoredin high dynamicrange
imagesby combiningandamalganatingthe variousexpo-

surelevels®. Therang of intensities(the dyramicrangg)

of suchimagess muchlargerthancanbedisplaya oncur

rentdisplayhardware. However, for virtual heritage appli-
cations,captuing imageryin high dynamic rangeformat
is desirablepecausén the future high dynanic rangedis-
play deviceswill becaneavailableallowing this datato be
displayeddirectly 1°. By captuing andstoringasmuchof
thereal sceneaspossible andonly reducirg the datato a
displayalte form just before display the archive becoms
future-praof.

As highdynamicrange displaydevicesarecurrerily in
the experimentalstage the displayof high dynamic range
datarequires an extra stepto reducethe rangeof intensi-
ties of theimageto bewithin the range of intensitiesdis-
playable by current display devices. This stepis called
tonereproduction or tonemappirg, andinvolvesscaling
the large intensity valuesin the input down to the dis-
playabe range.

A straightfaward linear scalingbetweenthe original
high dynanic rangedataand the displayis not the best
solutionasmary (if notall) detailscanbelost (Figurel).
Themappng mustbetailoredin somenonilinearway.

A numbe of tone repioduction operaors have been
presentd, eachwith its own visual charactestics %12,
Someof the opeatorsare concered with achieving per
ceptualfidelity with areal-world sceneandmimic aspects
of the humanvisual system(HVS). Othersconcetrateon
producing a subjective bestimagethatis pleasingto the
eye. With alarge nunber of operateos available,andval-
idation of tone reprodiction opematorsin its infarcy, the
choiceof tonereprodictionoperato is currerly a matter
of decidingonthebesttool for thejob. Currerly, thereare
no definedcriteriafor selectingthe besttonerepioductian
opeatorfor a specifictask.
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Figure 1: Linear scalingof HDR datawill causealmostall de-
tails to belost (topimage). Here, thelightbulb is mappel to a few
whitepixelsandtheremainderof theimage is black. Tonerepio-
ductionopermators recover detail in both light and dark areas as
well asall areasin betweer(bottomimage).

3.3. Gamut Mapping

While the previous sectiondealswith the range of image
intensitiesthat canbe displayel, displaydevicesarealso
limited in the range of colorsthatmay be displayed The
termgamu is usedto indicatethe range of colors thatthe
human visualsystentandetector displaydevicescandis-
play.

Even with 24-ht color, sometimedndicatedas ‘mil-
lionsof colors’ or ‘true color’, therearemary colors within
the visible spectrumthat moritors canna repioduce To
shav the extent of this limitation for particdar display
devices, chramaticity diagmamsare often used. Here, the
Yxy color spaceis used,whereY is a luminance chan-
nel (which rangesfrom blackto white via all greys), and
x andy aretwo chromatic channés repesentingall col-
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ors. Figure2 shavs a chronaticity diagiamindicatingthe
gamut of colorsvisible to humans (‘gamutof all colours’),
andtwo restrictedgarnuts, onefor a typical monitor and
onefor a printing device. Giventhatthetriangleis com-
pletely contaired with the shapeof all percepible colors,
therearemary visible colors thatcannotbereproducedon
amonitor Assumingthat someof the colors availablein

Blue-Green

Reddish
Purple

Violet

Figure 2: Exampleof a CIE Chromaticity diagram showingthe
range of colors that humanscandetect(1), aswell astheranges
of colors displayale on a monitor (2), and on a printer (3).

an imageto be displayedare outsidea monita’s ganmut,
the images colors may be remapd to bring all its col-
ors within displayalte range. This processs referred to
as gamut mappirg 134, A simple mappng would only
mapout-of-rarge colorsdirectly inward towards the mon-
itor’s triangulargamu. Sucha ‘colorimetric’ correctim
producesvisible artefads.

A bettersolutionwould beto re-mapthe whole garut
of animageto themonita’s ganut, thusremaypingall col-
orsin animage.This ‘perceptual’ or ‘photometri¢ correc-
tion may avoid the above artefacts,but on the otherhand
thereare mary differentwaysin which suchremaming
may be accomplishd. As such,thereis no standardvay
to maponegarnut into anothemorecorstrainedgamu.

4. Display ervironment

VDUs areoperto influencegromtheervironmentin which
they arelocated. The obserers’ stateof adapation when
they areviewing a displayedimagemay not matchwith
their adaptatio if they were viewing the real scene. In
additionto this, the glasssurfaceof displaydevices may
reflectary light in theviewing ervironment.
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4.1. Color appearancemodels

Unlesslarge screeror immersve displaysarebeingused,
the VDU does not normally fill the wholefield of vision.
This meansthat the light presentin the room aswell as
the light emittedby the screenwill have aneffectonthe
viewer’s stateof adaptéion. Color appearancenodelscan
beusedto try to predct theappearancef colorin particu
lar ervironmentssothatit is pereivedascorsistentacross
differentervironments?®,

4.2. ICC Profiles

The Intermational Color Consortium hasspecifieda stan-
dardfor the interchangeof imagesbetweendifferent dis-
playmedia'®. It usesadeviceindegendenProfileConne-
tion Space(PCS)for color managmentpurpses.Trans-
formationsbetweerspecificnative device colorspacesnd
PCSis guidedby ICC colorprdfileswhicheffectively char
acterizalisplaydevices.Useof ICC colorprdfilesis highly
recommendedf per@ptualconsistengis requiedbetween
displayedmaterialon differentdisplaydevices.

4.3. Reflectedambient light

Ambiert light canalsocausea reductian in the perceved
contrast of a displayedimage. This is dueto extrare-
ouslight in the viewing ervironmen being reflectedoff
the screengcausinganimageviewed underbright ambient
light to appeartwashedut’ *517, Therearetwo typesof
reflection,specula (or mirror-like) anddiffuse Specular
reflectionsoccurwhenlight emittedor reflectecby objeds
form imageson the glassof a displayscreen.Diffusere-
flectionscausea uniform increasen luminarce acrossall
points of a display screen'®. CRT technolgy is partic-
ularly prone to reflectionoff the screen.LCDs also suf-
fer, but asthey are moremobile they canoften be easily
moved,whereasa CRT’s bulk meanst cannot*®,
StandadssuchasthelSO366! Viewing corditionsfor
Graplic technol@y andphaogragy 2° outlineawiderange
of factos thatshouldbeaddessedo achieve the bestpos-
sibleviewing ernvironment,thusmaintainirg optimumper
ceptualfidelity. Theseguideliresconsiderthe positionof
the screen the illuminant and the obserer; the spectral
condtions for the refererce illuminant; andthe monita-
ing of appaatusfor maintemnceand degradation. Cur-
rentappioachego this prodeminvolve measurig theam-
bientillumination with specialisechardware, andaltering
thedisplaydevice or changng theviewing corditions.

5. Discussion

Nowadays, digital archves for cultural heritageare used
worldwide. Many of thesearchives are available online,
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so imagefidelity is of importarce where Intemet users
arelocatedworldwide, usingdifferentsystemsandin dif-
ferert environmens. The wide availability of guidelines
andstandardgertaning to digital imagecreationarethe
beststartingpointin striving for perceptal fidelity. These
guidelinesprovide asoundbasisfor thefirst partof theim-
agearchie process— the creationof the imagesandall
the factorsthis entails— asdescriled in Sectionl. The
actualdelivery of theimageshouldtake into accoum the
issuedetailedin the previoussections.

Somenstitutionsdoaddresthesdactors.TheBodleian
Library’s onlineimagecataloge at the University of Ox-
ford states:“Note thatthe appaent quality of the images
asviewedon-screens in partdepenentupan the quality
of the monita usedto view them,andthe appaentcolor-
valuesarelikewise depemlenton whetherthe monitor has
beencorredly calibratedandontheambien lighting con-
ditionsof theroom.” 21,

Suggestios asto the optimal displayof archivedim-
agedollow.

Forthedisplayof imagesdn acontrdlable ervironment
(for examge, amuseundisplayor artgallery):

e Choiceof themostsuitabledisplaydevice basedn
spacecost,numberof viewers.

e Correctdisplaycalibration.
e Choiceof anapprgriatetoneandganut maping.

¢ Minimal impactfrom thesurroundingviewing ervi-
ronmet.

For thedisplayof imagesover a network:
e Advice asto optimaldisplayconditians.

¢ Information on imagecreation(for examge, what
gammacorrection,if ary, wasapplied. This canbe
addressethrough metactaprovision.

It mustbe remenberedthatfuture usersof digital im-
agedatabasemay have techndogy and/a techniqiesbe-
yond whatwe canhoge to achiese today but theinforma-
tion we have presered mustbe availablefor themto use
in the bestformat possible.By striving for perceptual fi-
delity, digitally archivedimagescanbecone a usefulpart
of culturalheritagewhereanimagecanbeusedwith more
faithin its integrity.
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