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Abstract.

There are over 500,000glass photographicplatesin the Harvard Plate
Stacks,exposedin both the northernand southernhemispherebetween
1885and1993. This 100yearcoverageis a uniqueresourcefor studying
temporalvariationsin theuniverse.We realizedthatit would beevenmore
usefulif theimageswereall availablein digital form over the Internet.We
reporton progressn thedesignandconstructiorof a highresolution Jarge
field scannerwhich we arebuilding after discovering thatno commercial
modelcould adequatelyealwith our largest,mostusefulplates.In addi-
tion to platescanningyve discusour progressowarddigitizing thecatalog
of plates,constructingan automaticpipelineto make the scannedmages
useful,andthe scanningof the handwrittenobservinglogs which provide
themostcompletenformationaboutthe conditionsunderwhichthe plates
weretaken.

1 What We Have

Harvard College Obsenatory hasover 500,000photographsf the sky, taken
by a variety of telescopedn both the northernand southerrhemispheresThe
earliestplatesin the collectionare someof the oldestglassastronomicapho-
tographicplates,1100 of them, taken by Benjamin Apthorp Gould, Jr. from
1872to 1882, mostly on a collodion (wet) plates[1]. Harvard hasby far the
largestcollection of astronomicabplatesin the world, 25% of the world's to-
tal. Telescopesn the United States,SouthAmerica,New Zealand,and South
Africa gave completesky coverageover muchof thelong time period,1872to
1989, during which the platesweretaken. Over 350,000shouldbe usefulfor
photometryandastrometry Table1 shavs the major seriesof plates,with plate
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Tablel. Harvard PlateCollection

Series Ap Scale +-dec +-ra N/S Total Years Limit Q
(in.)  "/mm dec=0
A 24 60 2.9 143 N-S 27504 1893-1950 18 5
ADH 30 68 2.4 9.6 S 7067 1950-1963 18-19 4
AM,AC 1.5 600 211 677 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 16 580 205 654 N/S 9000 1962-1989 15 5
FA,Al 15 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 5.8 187 Nj S 40897 1915-1955 17 4
RH,RB 3 391 13.8 442 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 — -

scalesfield sizesin degreeshemispherenumberof plates,durationof series,
magnitudeandplatequality on a scaleof 1 through5, with 5 beingbest.

Figurel shavsthetemporalistribution of thethreeplatesseriesvhichhave
beencompletelycataloguedofar.

2 What We Have Done

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

We have testedtwo commercialscannersising8x10-inchplates. The Cre-
oScitex EverSmartwhich costshetweer$35,000and$50,000,hasa very high
resolution(4800dpi). Becauseof its high native resolution the scannemakes
severalpassesndstitchesthe scangogetheratuomatically We scanned plate
at 1200dots per inch and were satisEedwith the resultingimage,thoughthe
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20 minutesit took waslongerthanour limits andthe systemcrashedaftereach
imageacquisition.

We thentestedand boughta UMAX PowerLook 3000for $5,000. It had
adequateesolution(1200dpi), wasreliable(for a while), andscannedn 8x10
platein under10 minutes. As a trial run, we scannedabout100 plates,40 of
themfrom the MC seriescontainingthe M44 cluster Thoseplatesare now
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accessiblevertheWorld Wide Webandcanbe displayedasin Figure5.
3 What We Are Doing

To scanHarvard's archive of historicplatesin a 3-5yeartime frame,we needed
amachinethatcanscan200timesfasterthanmachinesiesigne®0+yearsago,
suchasthe USNO PMM [3] , which took 1- 4 hoursto scanasingle14 x 14
inch plate. To meetastrometric photometric,andarchival goals,the machine
needssub-micronpositionalaccurag, at least12 bits of photometricdensity
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range,anda scanspeedthat allows humanhandlingto limit the averageplate
processindime.

Using technologycommonto semiconductomwafer andflat paneldisplay
inspectionstations,a machinecan be built today that cando ultra fast, ultra
precisescanning.A drawing of the machinewe are putting togetheris shavn
in Figure 6. The 4Kx4K digitizing camerawith 16bit, 11 *m pixels will be
movedacrossheimage takingslightly overlappingexposuresA single8 x 10
inch platewill bescannedn about20 secondgthoughwe will probablydo 2 at
once).A 14x 17 inch platewill bescannedn alittle over a minute,generating
enoughdatain thattime to fill a DVD (3 Gigabytes). Figure 7 shavs a plate
beingdigitized.

Figure8 shavs how thedigitizedimageswill beprocessedbr archiving. As
eachplateis scannedthe positionsof sourcedn theimagewill be catalogued
anda world coordinatesystemwill befit to the entire plate by matchingthem
to a catalogusingthe IMWCS programfrom the WCSTOOLS packagd?2]. An
image of eachplatewill be saved, binnedso that it can be displayedat full
resolutionover the World Wide Webasa JPEGor FITSfile. Sky positionsand
photometrianformationwill thenbeattachedo theimagepositioncatalogand
theresultingcatalogwill beaccessibl@vertheWeb,too. A databasef sources
will bedevelopedsothatindividual objectscanbetrackedovertime.

To easeplate processingwe needto have digital catalogsbeforewe scan
plates. Existing digital catalogshave beencreatedvery slowly over the past
15 yearshy part-timeplate stackstaf. Digital catalogsare necessaryor the
platedigitizing pipeline. We have a 135,000-platéneadstart,but the restof the
collectionneedgo bedigitally cataloguedn a moretimely way.
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Figure5. Imageof M44 platedisplayedover theweb
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To outsourcecatalogtranscriptionwe will needto corvert existing observ-
ing log booksto digital images. At the Centerfor Astrophysics, we have the
staf andequipmento quickly scansinglesheetogs, but lessthanone-thirdof
our910log booksarein bindersfrom which pagesanbe extracted andmostof
thosearefrom the less-interestindgast half of the twentiethcenturywhenother
imagecollectionsare morelikely to overlapwith Harvard's. We planto start
in-housdog bookscanningwvhile we aredevelopingour new platescanner

Figure6. Drawing of digitizer basecdn semiconductoscanningechnology

Figure7. Positionof anastronomicaplatebeingscannean digitizer
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4 What We Plan to Do

As mong/ becomesvailable,we will continueto scanour plates,producingan
onlineimagearchive anda catalogof objectsfoundin thoseimages.After sev-
eralyearsof scanningpurdigital archive will totalapproximately600terabytes.
However, we areexpectingdisk pricesto dropanddisk capacitiego increases
we scansothatwe canincrementallyincreaseour hardwareover time.

We arelooking at additionallocationsto duplicatethe 300 Terabyteof im-
ageswe will generatethoughwe intendto seneit all, too.

Sincemary of the olderlog booksaretoo fragile to travel andtranscription
in Cambridgeis likely to betoo expensve, they shouldbeimagedinto a digital
format. We areapplyingfor agrantto setup andstaf ahighresolutioncamerao
turntherestof thelog booksinto digital images.Log bookscontaininformation
which may not fit or be processednto existing digital catalogssoall scanned
log book pageswill be putonlinelinkedto theimagesthey describe Log book
imagescanthenbetranscribedarywhere.We areapplyingfor a secondyrantto
fund thetranscriptionof handwrittenlogsinto digital text.
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Figure8. Thepipelinefor processingligitizedplateimagesroduces catalogof objects,
too.
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