Using New Photo Technology to
Restore Legibility of Cultural Assets

[Hanging scrolls » Transom pictures » Documents ¢ Sliding screen paintings * Votive

tablets « Stone monuments * Deity images * Buddhist images « Solid objects « Etc.]







Without altering awork in any way, our original technology will restore
its legibility with photographic images of what it looked like long ago.

[Introduction]

It is often said that as cultural works with important histories grow aged, weathered and dirtied, they
will reach the end of their useful existence. But photographic images approximating what a work was
like in the distant past can now be made, without any alteration of the work, thanks to new software
that that extracts additional data from black-and-white images made with established photo
techniques (ultraviolet, infrared or high-contrast photography), and melds that data into color
photographs. This technology has contributed to the historical verification of
cultural works.

Legibility through Photo Technology

* The Visible and the Invisible

People get various kinds of data through the five senses. Yet light, the basis for vision, includes a great
deal of data beyond that which is visible to the eye. Light is a type of electromagnetic wave which the
eye can see within the wavelength range of 400 to 700 nanometers. We perceive light of different
wavelengths as different colors. In broad terms it shifts through the spectrum of purple, blue, green,
yellow, orange and red. Among the electromagnetic waves that we call light, those with wavelengths
somewhat shorter than purple (beyond the purple end of the visible spectrum) are known as
ultraviolet, and those with wavelengths somewhat longer than red are known as infrared.

* Infrared Photography

Infrared radiation, or light with wavelengths longer than red, can be recorded using special infrared
photographic film. For some time, infrared light has proved useful to archaeologists for viewing ink
inscriptions that are otherwise illegible, especially on mokkan, the wood strips used for official records in
ancient Japan. There is no reaction to wood or dye, but mineral pigments including India ink absorb
infrared rays and therefore show up in black. Though an India ink inscription is no longer visible on the
surface of a wood strip, there are still residues of the ink inside the wood fiber. Infrared rays can pass
through a thin piece of wood and reveal an image of the remaining ink. But while that is true for
residue that has permeated a material such as wood or paper, in the case of paper that is inscribed or
painted and then pasted to a piece of wood, if the paper eventually peels away, the probability of a
residue in the wood is extremely small.

* Example of India ink writing made legible with infrared radiation

Viewed with the eye Image with legibility restored




Restoration of an India-Ink Painting using mainly Infrared Light
-Comparison of monochrome and infrared images

Color Image
As seen with the naked
eye. Ink is faded.
Serious staining,
blotting, discoloration

Restoration of a
Painter's Seal

Condition of Seal

Barely discernible to the
naked eye

Restored Seal Image
Seal restored through image
processing based on color
image

Monochrome Image
Like the color image with the
hues removed. Similar staining,
blotting, discoloration.

Present Condition

Infrared Image Filter eliminates
data visible to the naked eye. Less
staining, blotting, discoloration.
Previously invisible inking of
background ridge line and clouds

Legibility Restored through
Image Processing
The ridgeline at upper left, and the
moon among clouds at right above the
figure, are discernible.




-Ultraviolet Photography

Ultraviolet radiation, or light with wavelengths shorter than purple, is invisible to the human eye (as is
infrared radiation). Ultraviolet photography is often used when restoring paintings and verifying writings,
as it brings out subtle differences that the eye cannot distinguish. It does not react to India ink, but reacts
well with thickly applied whitish pigments. Ultraviolet light is captured with ordinary photographic film,
but only when light in the visible spectrum is eliminated, so a special filter is used to make a
photograph of only the ultraviolet range. The range of light with wavelengths even shorter than ultraviolet
includes X rays and gamma rays.

-‘Restoration with Ultraviolet and Infrared Light

Viewed with the eye Image with legibility restored Infrared light

brings out black inking, ultraviolet light brings out
white pigment.

* High Contrast Photography

There are some writings and pictures that are so far gone as to be only faintly visible and impossible to
understand. Infrared photography usually works well, but infrared film has the disadvantage of being
coarse-grained, and there are cases where fine brush lines are not captured. From another approach,
increasing the contrast in a faint image can make the contents legible. High-contrast photography
requires special film and a special developing process.

-Legibility restored through high-contrast photography
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Difficulties of Special Photography

* Image Sharpness

Compared to the 2.4 x 3.6 cm fim
frame of an ordinary SLR camera, our
film is 10.0 x 12.5 cm, or 14.5 times
larger in terms of area. We sometimes
use film as large as 20 x 25 cm, which
is 58 times the area of ordinary camera
film, and delivers that much more
information. That level of detail is the
only way to make very small writing
legible or to recapture very fine ink
painting  details.  Especially  with
infrared film, which has a larger
grain than ordinary film, details
cannot be brought out unless a large
format is used.

* Exposure

Both infrared and ultraviolet radiation are included in sunlight, and can be photographed in sunlight, but the
quantity or radiation changes with the conditions. It is best to use a special lamp, but they are difficult to
obtain and expertise is required to set the proper exposure.

* Developing

Infrared film picks up invisible light, and hence great care is required in its handling and developing. Even a
professional laboratory will generally use infrared sensors, so to avoid fogging the image, the developing
cannot be entrusted to an outside service. Unlike black-and-white film, the negatives are sensitive to invisible
light, and so must be processed in absolute darkness (darkroom and developing tank).

* Digital Imaging

Digital cameras are everywhere, and they produce excellent images. In a digital camera, the infrared range
is wider than in a film camera, and because infrared light can fog the photos, most digital cameras block
out infrared light entirely, making them unsuitable for infrared photography. There are also infrared
scanners, which are expensive and deliver excellent images. But they are not suited to large works because
they can only scan a small area for each image, nor can they be used with fragile cultural assets because
they work through direct physical contact. Infrared video cameras are also available, and they are easy
to use, but despite their high cost, they generally do not have strong enough image quality for restoration
purposes.

A professional single-shot digital camera provides at best about 12 megapixels, which is still far behind the
resolution of a large-format analog camera. Even a scanning digital camera provides no more than about 100
megapixels, and requires a half hour or so per shot. For reproduction of detail, digital cameras are still far
from perfect.

* Image Processing Software

In both infrared and ultraviolet photography, the invisible parts are revealed only when visible light is
removed. Yet it is usually of litle use to reproduce the invisible parts alone, for what aids us in
understanding the original design is the overlaying of the visible and invisible components. In most
cases there is no color in infrared or ultraviolet light, hence the images are obtained in black and white.
With image processing software, the special black-and-white image can be merged into a color photograph
shot at the same time.

Onscreen, without affecting the actual cultural asset, images of the invisible remnants are combined with a
current color photograph. The image may then be retouched according to the artistic judgment and digital skill
of the operator, to provide an approximate replica of the work's original appearance.




Restoring Legibility through Image Processing

There are many situations where infrared or ultraviolet photography

do not provide good results.

It often happens that an image produced through an established special photography technique does not by
itself provide clear results. Among works where centuries of darkening has made the image all but invisible to
the naked eye, even an infrared image with its superiority to an ordinary black-and-white image frequently
provides very little new information. An ultraviolet image, on the other hand, reflects such a strong reaction
to thick, whitish pigment that it cannot be the sole basis for restoration.

Color Image Monochrome Image
Rather than the visible information it Black-and-white photography entails color
provides, color photography is often more sensitivity problems. With an image that
useful for identification of details. removes the color elements of a color image
and replaces them only with dark and light
shading, the available data is extremely
limited.

Ultraviolet Image Infrared Image
Because ultraviolet light reacts strongly to white Infrared light reacts well to faint India ink and
and other bright pigments, sometimes it slightly enhances the modulation, providing

provides better contrast than infrared and offers much more data than the eye receives, but in the
the best result. end this may not provide the best result.




* Legibility Restored through Image Processing

Special photography alone, regardless of how many skillful combinations are made, will sometimes fall
far short of revealing the original design of a work. This calls for image processing, using software that is
capable of extracting only the needed data and optimally recomposing it on the display. In the
restoration shown below, in addition to using the software program, retouching and delineating were
done according to the operator's judgment.

Current condition Legibility restored through image processing




* Restoring legibility by retouching or delineating
Even a special photography image that has been processed by computer will not always provide satisfactory restoration. If extremely faint brush tracks are detected, the

software can be manually operated to enhance the legibility by retouching and delineating.

- Legibility enhanced by delineating characters

- Comparison of image processing and delineation techniques

Restored through delineation
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