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Digital Color T ransformations applied to Fine Art Reproductions

JohnJ. McCann-

Polaroid Vision Research Labora tory, Cambridge, MA 02178, USA

This paper reviews the photographic and digital image processing of Polaroid Replicas. This process
combines the best and most practical features of instant photography and color image processing to make
reproductions that look like the original art. This paper describes the technology and provides examples
of masterpiece reproductions such as lAdies Preparing Newly WOVCI SilJc. by Emperor Hui ch:ln5.

Introduction
The Pola roid Replicas project is the resul t of
working for many years with the Museum of
fine Arts, Boston. Ini tial ly , we made actual-size
reproductions by direct instant photography.
W e bui lt a ro om-size camera in side the
Museum. We made sp ecial long foca l-len g th,
large-aperture lenses to form l:t im<leps of thp
original art. We made ac tua l stae repr oduc tions
and compared them to the original.

Response Characteristics of Fi lm,
PhvtvjSraphic film i3 an ideal material fo r
reprod ucing fine art m asterp ieces. It is

ccnnnuous tone. There a re no a rtifacts
introduced by the rep rod uction p rocess. It has a
very high resolution to record minute details so
rmportant in analyzing and appreciating the art
and its history. The image dyes are very stable
when exposed to light. The limitation of
photography is tha t one can perfectly match
only one color in an image. One can make thp
pnti re print light~ or darker. One can make the
e n t ire print re d der or greener. Any
improvcmcnt in one part of the image will affect
a ll other p.u~ of the image . The in p ul -outpul
cha racterts ttc cu rve for film Is otten called an
H &D curve. It is nam ed af ter Hurter and
Driffe ld, two English photograp hic scientists.J
It is the p lot of log exp osur e verses optical
rlPTl!':ity (O n ) of the' resu lting photograph.
O ptical density is log of the recip rocal of
reflec tance. If a film w ere designed to exactly
rep roduce th e original scene, it w ould I""v l;' d

slope 1.0 H&D curve. Input light would equal
output reflec tanc e for all values. Wh en the slope
is higher than 1.0, the image ha s m ore contrast
be tween simila r exposu res than the ori~inai.

Here, th ere a re bigger d iffe rences in d ens ity
compared to the Original. When the slope is less

than 1.0, the image has more compressed gray
values than the original. Here there are smaller
differences in s imi lar d ensit ies compa red to the
original.

All color p rint film m anufactu rers use very
similar H& 0 curves. In the region of light gray,
or Caucasian and Asian skin tones, the slope is
1.0. Colors in th is region are reproduced
accura tely, com piUcd with the original. Colors
lighter than,kin to nes have a mu ch lower elope.
Whites and s~ul<U' hjgiili~;hb ;0.(1: l,;OUlpr~

together in the color print. Middle grays are
expanded. The print makes middle graysdarker
than the original. D ark grays have a s lope of 1.0.
Blacks are comp ressed. The high slope in the
middle-tone is key to making very colorful
pictures. A red has a very light tone in long
wave , or red li)?;ht. Red is middle-to-dark gray
in green and blue light. High-slope films that
increase the darkness of the middle tones
in.-rP"'~ the saturati on of colors The 1I!':If:\Ct slope
of eclor film H&D curves have been determined
by many consumer =ceptnncc tests. Consumers
never se lect slope 1.0 fil~ A1l thei r favo rite.
Nevertheless, s lope 1.0 without any loss of
saturation Is the Ideal film for an rep roduction.

H . deRidde r, et al recent measurements show
that observers p refe r images tha t a re more
saturated th an realis t ic imagcs.2 Their
experiments show ed observers a Ileque nce of
images that varied from low saturation, through
actual tv high sa tu ration . They asked observers
to selec t the most "natural" image and In a
separate experiment they ask ed obse rv ers to
select the preferred image. The d ata showed
that observers preferred a mo re saturated image
than th e one tha t they selected as most "natural".
The se ex periments show th at people seleet
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pictures of sli ghtly hi ghe r saturation than
realistic pic tu res. Although p eople p refer a
boost in saturation for pictures, the same boost
distorts a reproduction of fine art. The problem
for making the most accurate reproduction is to
remove the film 's boost in saturation p u t in at
th e factory .

Photo and-Electronic Imaging
The most powerful tool of electronic imaging is
that each picture element is independ en t of all
other pixels. Electronic imaging breaks the
constraints of the H&D curve. Computer image
processing controls the output to be any
function of the input. The bigg est problem w ith
high quality images is the massive number of
pixels. Replicas use 100 million pixels. Any fast
computer calculation takes a long time w hen
repeated 100 million times. Printing very large
format images from very lar ge p ixel arrays is
slow and expensive.

Po laroid 's Vision Research Labora to ry
developed a digital calibration system for
reproductions. It captures an image as a digital
array. It applies a color transform that makes a
reproduction with slope 1.0. It calculates a
distorted tone-scale image that anticipates and
corrects the factory-made film properties. The
"Master" has a tone-scale curve designed in
combination with the print film tone-scale
curves. This combination is slope 1.0 at full
saturation. The "Master" has in it corrections
that remove the characteristic properties of the
print film. The difficult part of this is to control
color saturation, throughout the entire color
space, while changing the high-slope part of the
response curve from 1.6 to 1.0. The "Master"
image has a very unusual appearance. The
purpose of the image is not for viewing by
humans. It is designed to be viewed by a film
and to compensate for the film's factory-made
properties.

Color Calibration
The process begins by creating a digital di splay
in a computer. This test target has 512 different
patches. This breaks down to all combinations
of 8 levels of red , 8 levels of green and 8 levels of
blue. These 512 patches cover the entire 3-D
volume of d igital color space. We make a print
on Polacolor film from this test target. Digits are
converted to color film patches. These test
targets are used to calibrate the Image Capture,
Image Scanning, and Image Printing.

Illumin ation on the origina l is d irect ional,
projected light. Th e test target is in front of the
or iginal art and ph otographed wi th 20 by 2S em,
hi gh -resolution film . Usually we use negative
film because of the extended range of film
sensitivity . After th e test target, we photograph
the original art , Both the calibration target and
original film s are processed at the same time.
The developed films are scanned on a drum
scanner at 1200 dpt, 24 bit . This makes a 300
megabyte file.

Start with RGB triolet number
T

Write Tareet (tr iplets) to film
T

Place Target in front of Original
T

Photograph Target & Origtnal
T

Scan Tareet to t new RGB tri lets
T

Correct for s stem effects
T

Scan obotoeraob of Ortctnal
T

Anclv corrections to Original
T

Print "Master" on film recorder
T

tical rint of "Master"
Tab le 1. ThIS IS the lis t of operations used to
make a Replica, It begins with creating a tr iplet
of RGB numbers, later compares those w ith
scanner triplets to calculate the color transfonn..
That transform is applied to the scan of the
"Original " to make the "Master" positive
transparency used to optically print the Replica
image on print film.

Color Transform
Automated software se lects the test target pixels
within patches and averages the scanned pixel
va lues. These scanner readings are averaged as
well. The computer created these color patches
from triplets of digits. Th e output from the
scanner average is a second trip let of d igits . The
color transform program calculates the 3-D
transform necessary to co nvert the scanner
output va lu es back to the original target values.
The printer can repeat the process to make the
cal ibration target. By definitio n the 3-D
transform has corrected the scanned digits back
to th e original values. The second print of the
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calib ra tion target will be an exact mat ch within
experimen ta l error. The photogra ph of the
painting is p rocessed with the same transform as
the calibration target. The printing process first
makes a 25 by 25ern positive transparency of the
original pa inting. The transp ar ency is p rinted
using the room-size camera as an enlarger on
positive Polaroid film . The 3-D color correction
is calcuJated in a hardwar e bo ard resident in the
film reco rde r. A computer p rogram uses the 512
input calib ra tion target data and the 512
averaged scanner ou tp ut d ata to calcu late 60,000
coefficients that are load ed into the hard ware
transform board . The board then can calculate
the output valu es for each p ixel in real time as
the scanned data is read from the scanner file for
the orig inal. The trans parency film reco rd er
exposes the "M aster" transparency.

Printing the Replica
The next step is to use the roo m-size camera as
an enlarger. The "Master" is imaged onto the
light-sensitive film (negative). Usually the 25 by
25 em Master is enlarged to the same size as the
original. The light so u rce is a p ho tograp hic
st robe wi th tungsten "modeling" light. The
incandescen t lamp is used for focusin g the
"Mester" on the image plane. The strobe lamp is
used for exposing the negative. A giant Polaroid
processor is in a room-size camera. T he
!negative is spooled at the top. 3 m off the Boor .
The positive print paper is at the bottom, 0.7 m
o ff th e floo r. The chemical reagent, or
develope r, is applied between the positive and
the negati ve. After the sh utter opens, the strobe
behind the transparent master disc harges, and
the shutter closes, the operato r tu rns on a motor
that drives a pair of titaniu m rol ls that marries
the positive and negative shee ts and meters a
p recise amount of reagent between the sheets .
The operat or turns o n the lights insid e the
ca mera, while the combined p ositive and
negative are held in th e air. The technicians
p lace the prin t on the floor, and wait 90 seconds
for the d yes to transfer from the negative to the
positive. They then peel away the black-backed
negative leaving a fin ished ac tu al-size
rep roduction of the painting.

Framing and Disp lay
The p rint is mounted on a stiff archival board. It
is then sprayed w ith a matte-surface, ultr av iolet
light absorbing protect ive sp ray. The prints are
then framed as appropriate for the or iginal.

An Example
One of the first mas terpieces we reproduced was
a Chinese sc roll lAdit!S Prqmring Newly Woven
Silk . It was pa inted by Empero r Hut-tsung,
1082-1135. This hand scroll is ink, with colors
and go ld on silk. This Chinese figu re painting is
the result of combining two of the emperor's
hobb ies, painting and collect ing . The pa inting
carries an inscription by Emperor Chang-tsan g
of the Chin d ynasty (1l 88-12OS) ca lling this
painting a copy of an eigh th century painting by
Chang Hsuan. The painting shows ladi es of the
cou rt in formal dress performing the various
s teps in making silk. These same figu res are in a
much later scroll, Scholars of the Northern Ch'i
Dynasty Collating theCIJIsSu.s..

SumDUJ)'
This p aper d escribes a combined d igital and
photographic techniqu e. D igital im age
processing co rrects the color boost built into
films at the factory. The digital co rrection makes
pcsaible exact re produc ti ons because each
squ are mill imeter of print has an in d ividually
computed exposure, inde pendent of every of the
pixel in the p ictu re. This allows images to look
exactl y like the originals .

Using a "Master " to print the final image has
three dist inct ad vantages: First, photog raphs
have very high res olution, ro ughly 25 t imes
more data pe r square area than digital thermal
p rinters . Second, all the da ta is transmi tted in
p arallel by a printing lens. A strobe light can
p rint 100 megapixels in 1/ 100 th of a second. A
t hermal p ri nt e r ta kes 200 seconds for 10
megaplxels. That is 2O,lXX) times fas ter to write
10 times more data.. The room-size camera with
strobe has a data transmission rate of 1 terabit
per second. Third , the p rints can be very large.
The room-s ize camera makes up to 1m by 2m
prints.
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