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Harvard College Observatory has ~ 600,000
Astrophotographic plates, by far the World S Iargest

col Iectlon*

This-collection represents the accumulated output of©
hundreds of thousands of man hours, by myriad devoted
and skilled astronomers, over more than a century .

*The world’s collection of astronomical photographic images
is estimated at 2 million glass plates



| The plates contain a 110+ years of “Sky
Hlstory that is an invaluable, |rreplaceable
A database

The data SO palnstaklngly coIIected and reduced
by hand from these plates laid the foundatlons of
modern astronomlcal suencé'

Harvard’s plate collection contains the most complete sky coverage of both

the northern and southern sky over the longest time period — 1872 to 1989



Harvard’s collection, and other collections around the
world, are already nominally in the public domain. But

as a resource they are serrously under- explorted The
' | e marn reasons are: |
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e a) Lack of catalog |nformat|on in drgltal form about the :
| plates | | <

b) Lack of drgrtrzed data from the plates

The modern tools of astronomy require digita datal




Until now, despite the desire to convert the plates to a
digital form, it was not techniCaIIy or economically
fea3|ble to either dlgltlze the plates or store the resultmg

| | | data onllne

Now both are possible! '

| ‘The :"‘ana'log” storage of data on Har\)ar"d S
photographic plates represents 200 500 Terabytes of
\ | d|g|tal data.



To scan Harvard s library of historic plates ina~5
year timeframe, we need a machine that can digitize
~ 200 t|mes faster than prewous machines
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To meet HC]
' goals the machine needs sub-micron

posmonal accuracy, ~10um pixels-digitized to 12 S

bits, and an average plate digitizing speed of
- ~Iminute (most plates are 8 x 10).



Automating the Measurements
*The Grant 2 _ : : 3
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Using technology common to semiconductor wafer
and flat panel display inspection stations, a machine
can be bunt today that can do ultra-fast, ultra- premse

dlgltlzmg
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~ The goal is to digitize two 8 x 10 inch plates or a 14 x 17 inch i)

" plate in alittle over a minute of machine time, generating =~

~enough data in that time to fill a DVD (5.8 Gigabytes-2 scans
14 x 17 plate). .



qumzer Subsvstems

«CCD Camera

-Lens

-X Y (Z) table e .
-Isolaﬁah stagd%, i n

-IIIummatlon

-leture to hold plates

| -Computer/storag_e o



' -solutions” _7'o T

CCD - Issues

*What size pixels capture all
of the information on the film?.
\What speed readout?

What sizes are available? |
- sHow Iarge IS pra.oticallaffordable?_. o=
*Dealing Wlth defects G [

Best candidate —ATMEL ch|p AT71201M (old Thompson group)
~,-4K x 4K, 11 um pixel, 7 frames/sec, 4 quadrant @40MHz
~ *No commercially available camera........ -but ;
*Generous Donor supplied a camera with a nearly perfect chip!!
«12 bit Digitizing -32Megabytes/frame 2
«Scan pattern plan- 1/2 frame overlappi-hg picturés-

In X di'reotion, -64 pixel overlap in y direction



Capturmg all of the
data on the plates

Begmnlng to deveIOp ]
expased grams L



Grains develop into 3|Iver
fllaments

~The developed grains turn mto
; “srlver wool” blobs



MTF analy3|§'tells_ us the 11um pixel = 2309dpi
needed pixel size .
Smallest star image ~ 30um

A 8 x 10 plate at this
resolution Is 764 Mbytes

{ =50 c/mm
D=0.012 mm

% i " '_*-i-::'-'"'xl:'-' .
R R

& Film Equivalent Pixel Sizes

ISO Speed Pixel Size
100 12um
200 14um
400 19um

Spatial frequency

1000 26um
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Lens —

Issues

- Double telecentric desired
. Wlde fleld il
~ 6lmm dlagonal on 45mm square CCD)

ey 1magn|f|cat|on e i f \
e Iargefrontl‘% 4 ,»'#.gp ﬁ \
ST - No d@fﬁﬂlon ' e P |

. .,- Custom deSIgn?

Solutlon —Iucky flnd commerually avallable Iens e B
J -Slll Optlcs double telecentriclens f e
» 1:1 magnification | '
. 70mm max object size ¥ o
.« .01% distortion- still to be verified — thls may be the Iargest error source
« 180mm working distance '



X-Y Table -Issues

 Accuracy in not well controlled environment
» Speed of move and settling with fixture weight
» Size of the plates/size of the table

. Gettlng it into the building, access limited to a 4 foot by 4 foot wmdow and
|nter|or limited by.~50 “ steel support grld'

« Table conflguratlon impact on |IIum|nat|on system
__-Solutlons U kel e VL TINE

« Chose Aerotech ABL :9000 380mm X 460mm customlzed table e
| *Air bearing, Imear motor — 75Kg load max (45-50 Ib expected)

“» 22.5 mm move to +/-.1um final position in ~280 ms (light load)
. Z,erodur' linear encoders, 4um multiplied to 10nm/encoder count. ¢

.+ 2D laser correction to .2u over table surface, our frame p9§itioné each laser mapped
« Table size ~4 x the largest blate size ~min 28 in by 34 in (33.2 x 44.6{54.6})
* Table and stand must be'modular_ized' to go in through this window. -
*H configuration chosen, No illumination through granite



._--.Solutlon,, G

Isolation stand -

Issue
*The table is lightweight for the |
load and.speed.' |
' '-Testing:s',ho'WedaSHz
;o horlzontal 5um rlnglng :
D e

ik -Exten3|on brackets for the 4 corners of the table

F

\ -Brackets allow Iowermg the center of gravity for the |solators and extends
the. effectlve table size. :

sAdded veIOC|ty control dampener devices to control x and y movement of

-

the granite base.



lllumination System

Issues |
+llluminate only CCD or whole plate
-How much Ilght needed for

© 20-30ms exposure’7 il
T -Dlﬁuse Vs. colllmated Ilght
'-Strobe Ilght or shutter?

(it bt S

Solutlons

-IIIumlnate only the CCD —light system statlonary whlle flxture moves

] " £

' : ---L|m|ted Ilght source and support to Y2 inch high 3 |nch W|de strlp ;
" -Strobe high power 525nm Green LED and have narrow BP filter in camera

& -||3|ﬁ‘u)se the light Wlth multlple Iayers of flash opafglass (also supports
plates |

« After much experimentation, chose 4- Lamlna linch LED arrays (234
LED’s per array, 936 total). LED arrays strobed with 225W constant
current —20amp pulse!



Plate Holding Fixture

Issues:
Holding the plates flat, emulsmn Slde up
*Some old plates are not square
and haveconmderable.,wedge
- sPrevent Newton ring problems . AT
-Support the plates above |IIum|nat$n S| stem &
'-'---'-Make it easy te»’luﬁ‘d and unload plafés i i
' -Allow modular chan@é%‘ for d er' t%siz plates' i
-leture must move around light system

Solutlons
' . Pneumatlcally hold plate agamst a kmematlc
~mounted top plate i
«Use glass support on Im:oving'platform to ease loading
Support this above light system e | |
e Use tub'ing under the support glass to equalize pressure for uneven plates




The dlgltlzer prowdes

and_phote accuracy while
generating (0 digital .

el : _ ' A camera can scan two
data. 8x 10 inch plates or a

single 14 x 17 inch plate -

Special fixtures to hold
14 x 17, 14 x 14,10 x
#8210, 2(8 x 10),and
smaller plates as needed

Camera is capable of ~7 =
frames per second. We ﬂ}& !
..-alm for3fps -h! g i et ¥

Camera takes " 161
pictures in 60 seconds (2
- exposures for each of
~80 S|tes)

;'

f .
Table accurate to .2um
over the working
surface

11um pixels



Computer System
*Dual 3.2Ghz Xeon server motherboard
-ZGbyte ECC memory |
«Coreco (now Dalsa) Video eapture X64-CL Dual card
2 - 400 MHz Camera link ba'se'-ll'inks (2-4 bits wide)

-Aerotech PCI 500 UItra m0troncontrol card &

. *PCI-X 133/SATA Raid IeveI 10 wrth 1Terabyte of fuIIy redundant i
dlsk ;

o3 frames/ sec generates need to write 96 Mbytes/sec to dISkS

'-Data movement by physically changing disks! Even the Iocal
network with Gigabit Ethernet is too slow.



Online storage IS the onIy praotrcal -and the
- most useful Way to store thls deluge of data. -

% -"Hard disk storage has become a more cost effectrve.-.._ i
| storage medium than photographrc film or paper.

It Is now less than $1 per redundant Grgabyte



Status _ |
*The table and camera are functional
*The lens system needs thorough testlng
*The fixture Is in constructlon

-Prototype light system functions — full light system and exposure
time expected to be | In the 30- 50 ms reglon
e L BT R T e 0 L SR
* «The original computer disk (single"IDE drive) is too slow to collect ,
~data. We have upgraded the storage system to a raid 10 system '
(1Terabyte fully redundant). Time to write a frame ~380 ms.

& gt
i, A

olt IOoks like we can achieve system throughput of a frame every
350ms by allowing write to disk to fall behind and then catch up
when unloading and loading plates.

*At this rate we should be able to dlgltlze ag8x 10 Inch plate in ~ 20
seconds and a 14 x 17 inch in about a minute.



The worldwide astronomical community naturally looks

to Harvard to lead the way in the effort to make 100+
years of collected “Historic Sky” available in digital
.format and online. This d|g|t|zer IS the first step towards |
| that goal '

s SN 3 : :
s A e 3 i
:.:. "i.l' |r.l g o .. .."j_-'., : i L . - * E ﬂ’r %
il "4 i an L . _ ERIREL 5
B, dapy i Nl .

‘Much of What is on these plates has not been “mined”, because i
prevmus data reduction was done by hand with S|mple
| measurmg machlnes

Perhajos 30% of the plates have not really even been examined !



The “Virtual _Observa‘tory”-- envisioned for
archiving current and future observational
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 data. hopefully will have as a foundatlon the data ofa,:-- :
e the “Historic Sky from Harvard”. i



But there is a lot to do to make it happen!
o ~ Thanks for listening
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Questions?
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