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Abstract.

There are over 500,000glassphotographicplates in the Harvard Plate
Stacks,exposedin both the northernand southernhemispheresbetween
1885and1993. This 100yearcoverageis a uniqueresourcefor studying
temporalvariationsin theuniverse.Werealizedthatit wouldbeevenmore
usefulif theimageswereall availablein digital form over theInternet.We
reportonprogressin thedesignandconstructionof ahighresolution,large
field scanner, which we arebuilding afterdiscovering thatno commercial
modelcouldadequatelydealwith our largest,mostusefulplates.In addi-
tion to platescanning,wediscussourprogresstowarddigitizing thecatalog
of plates,constructingan automaticpipelineto make the scannedimages
useful,andthescanningof thehandwrittenobservinglogswhich provide
themostcompleteinformationabouttheconditionsunderwhich theplates
weretaken.

1 What We Have

Harvard College Observatory hasover 500,000photographsof the sky, taken
by a varietyof telescopesin both thenorthernandsouthernhemispheres.The
earliestplatesin the collectionaresomeof the oldestglassastronomicalpho-
tographicplates,1100 of them, taken by BenjaminApthorp Gould, Jr. from
1872to 1882,mostly on a collodion (wet) plates[1]. Harvard hasby far the
largestcollectionof astronomicalplatesin the world, 25% of the world's to-
tal. Telescopesin the United States,SouthAmerica,New Zealand,andSouth
Africa gave completesky coverageover muchof the long time period,1872to
1989,during which the platesweretaken. Over 350,000shouldbe useful for
photometryandastrometry. Table1 shows themajorseriesof plates,with plate
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Table1. HarvardPlateCollection

Series Ap Scale +-dec +-ra N/S Total Years Limit Q
(in.) ”/mm dec=0

A 24 60 2.9 14.3 N-S 27504 1893-1950 18 5
ADH 30 68 2.4 9.6 S 7067 1950-1963 18-19 4

AM,AC 1.5 600 21.1 67.7 N/S 75000 1898-1957 13-14 3
B 8 179 6.3 20.2 S 76874 1885-1954 17 4

BR 8 209 S 4176 1938-1944 17 4
C 11 84 2.4 5.9 N 23270 1886-1947 – 2

DNB,DSB 1.6 580 20.5 65.4 N/S 9000 1962-1989 15 5
FA,AI 1.5 1200 —- —- N 70000 1901-1958 – 2

H 24 60 0.9 3.6 N 6644 1906-1953 – 3
I 8 163 5.7 18.2 N 59246 1889-1946 17 4

IR 8 162 5.6 18.0 N 12798 1934-1976 17 4
J 24 98 2.7 10.8 N 4770 1942-1957 – 3

MA 12 97 3.4 10.9 N 11737 1905-1983 17-18 5
MB 4 193 6.8 22 N 2722 1914-1932 – 2
MC 16 98 2.7 13.6 N 40596 1909-1992 17-18 5
MD 4 193 6.8 21.7 N 30000 1911- 11 2
MF 10 167 5.8 18.7 N¡ S 40897 1915-1955 17 4

RH,RB 3 391 13.8 44.2 N/S 33000 1928-1963 15 3
RL 4 290 8.2 32.8 N 5062 1933-1962 – –

SH,SB 60 26 .36 .45 N-S 20000 1934-1989 – –
Schmidt 12 1200 27 108 N 30000 1953-1968 – –

X 13 42 1.2 5.8 S 19090 1888-1951 – –

scales,field sizesin degrees,hemisphere,numberof plates,durationof series,
magnitude,andplatequalityonascaleof 1 through5, with 5 beingbest.

Figure1 showsthetemporaldistributionof thethreeplatesserieswhichhave
beencompletelycataloguedsofar.

2 What We Have Done

Over the past 10 years,we have manually createddigital catalogsof about
135,000platesfrom five of the mostusefulplateseries. Thosefor the A se-
ries (mostly 14x17-inch,primarily southernhemispheres),MC (mostly 8x10-
inch plates,northernhemisphere),andMF (mostly 8x10-inchplates,southern
hemisphere)aresearchableonline(SeeFigures2, 3, and4)

We have testedtwo commercialscannersusing8x10-inchplates.TheCre-
oScitex EverSmart,which costsbetween$35,000and$50,000,hasa very high
resolution(4800dpi). Becauseof its high native resolution,thescannermakes
severalpassesandstitchesthescanstogetheratuomatically. We scanneda plate
at 1200dotsper inch andweresatis£edwith the resultingimage,thoughthe
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20 minutesit took waslongerthanour limits andthesystemcrashedaftereach
imageacquisition.

We thentestedandboughta UMAX PowerLook 3000for $5,000. It had
adequateresolution(1200dpi), wasreliable(for a while), andscannedan8x10
platein under10 minutes. As a trial run, we scannedabout100 plates,40 of
them from the MC seriescontainingthe M44 cluster. Thoseplatesare now

Figure1. Distributionof platesin theA, MC, andMF seriesby decade

Figure2. Accessto imagesover theWorld WideWeb
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accessibleover theWorld WideWebandcanbedisplayedasin Figure5.

3 What We Are Doing

To scanHarvard'sarchiveof historicplatesin a3-5yeartime frame,weneeded
amachinethatcanscan200timesfasterthanmachinesdesigned20+yearsago,
suchastheUSNOPMM [3] , which took 1- 4 hoursto scana single14 x 14
inch plate. To meetastrometric,photometric,andarchival goals,the machine
needssub-micronpositionalaccuracy, at least12 bits of photometricdensity

Figure3. Webpagefor searchingtheMC Seriesplatecatalog

Figure4. Resultof MC Seriessearchfor M44
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range,anda scanspeedthat allows humanhandlingto limit the averageplate
processingtime.

Using technologycommonto semiconductorwafer and flat paneldisplay
inspectionstations,a machinecan be built today that can do ultra fast, ultra
precisescanning.A drawing of the machinewe areputting togetheris shown
in Figure6. The 4Kx4K digitizing camerawith 16bit, 11 ¹m pixels will be
movedacrosstheimage,takingslightly overlappingexposures.A single8 x 10
inchplatewill bescannedin about20seconds(thoughwewill probablydo2 at
once).A 14 x 17 inch platewill bescannedin a little over a minute,generating
enoughdatain that time to fill a DVD (3 Gigabytes). Figure7 shows a plate
beingdigitized.

Figure8 showshow thedigitizedimageswill beprocessedfor archiving. As
eachplateis scanned,thepositionsof sourcesin the imagewill becatalogued
anda world coordinatesystemwill be fit to theentireplateby matchingthem
to a catalogusingtheIMWCS programfrom theWCSTOOLSpackage[2]. An
imageof eachplate will be saved, binnedso that it can be displayedat full
resolutionover theWorld Wide Webasa JPEGor FITS file. Sky positionsand
photometricinformationwill thenbeattachedto theimagepositioncatalogand
theresultingcatalogwill beaccessibleover theWeb,too. A databaseof sources
will bedevelopedsothatindividualobjectscanbetrackedover time.

To easeplateprocessing,we needto have digital catalogsbeforewe scan
plates. Existing digital catalogshave beencreatedvery slowly over the past
15 yearsby part-timeplatestackstaff. Digital catalogsarenecessaryfor the
platedigitizing pipeline.We have a 135,000-plateheadstart,but therestof the
collectionneedsto bedigitally cataloguedin amoretimely way.

Figure5. Imageof M44 platedisplayedover theweb
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To outsourcecatalogtranscription,we will needto convert existing observ-
ing log booksto digital images. At the Centerfor Astrophysics,we have the
staff andequipmentto quickly scansinglesheetlogs,but lessthanone-thirdof
our910log booksarein bindersfrom whichpagescanbeextracted,andmostof
thosearefrom theless-interestinglasthalf of thetwentiethcenturywhenother
imagecollectionsaremore likely to overlapwith Harvard's. We plan to start
in-houselog bookscanningwhile wearedevelopingournew platescanner.

Figure6. Drawing of digitizerbasedonsemiconductorscanningtechnology

Figure7. Positionof anastronomicalplatebeingscannedondigitizer
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4 What We Plan to Do

As money becomesavailable,we will continueto scanour plates,producingan
onlineimagearchive anda catalogof objectsfoundin thoseimages.After sev-
eralyearsof scanning,ourdigital archivewill totalapproximately500terabytes.
However, weareexpectingdiskpricesto dropanddiskcapacitiesto increaseas
wescansothatwecanincrementallyincreaseourhardwareover time.

We arelooking at additionallocationsto duplicatethe300Terabytesof im-
ageswewill generate,thoughwe intendto serve it all, too.

Sincemany of theolder log booksaretoo fragile to travel andtranscription
in Cambridgeis likely to betoo expensive, they shouldbeimagedinto a digital
format.Weareapplyingfor agrantto setupandstaff ahighresolutioncamerato
turntherestof thelog booksinto digital images.Log bookscontaininformation
which maynot fit or beprocessedinto existing digital catalogs,soall scanned
log bookpageswill beput onlinelinkedto theimagesthey describe.Log book
imagescanthenbetranscribedanywhere.Weareapplyingfor asecondgrantto
fund thetranscriptionof handwrittenlogsinto digital text.
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Figure8. Thepipelinefor processingdigitizedplateimagesproducesacatalogof objects,
too.
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