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A novel technique to remove/repair scratch and dust damage
on film images.

Applicable to all motion picture material: Colour, Black and White, Negative and Positive

Many methods exist for concealing, replacing and repairing scratch and dust damage on motion picture film.
This paper explains a novel technique developed by Cintel International and its application to their 35/16mm
diTTo scanner when fitted with their Dirt & Scratch Correction Option (D/SCO).

The problem:

Motion picture film, despite its previous, present and future reputation as an ideal image acquisition material,
has always suffered from the effects of physical surface damage. This results in spots or scratches showing on
the image, white from negative and black from print material. The majority of the spots are due to dust particles,
either particulate from the film itself or, as strange as it may seem, human skin cells. Yes, a great deal of dust in
relatively clean environments is actually us! While cleaning the film will often remove a proportion of this dust,
the smaller pieces of dust can become very tenuous, sticking to the film surface or even partially embedding
themselves into the emulsion. Similarly, the oils from finger prints are very difficult to remove.
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Scratches on film comprise two main types, “tramline” scratches from top to bottom over several or many
frames; these are caused by film transports where the image area is inappropriately in contact with a fixed part
of the transport or where some hard dust has caught on the transport. Other scratches tend to be shorter, such
as vertical scratches appearing at the same location in several frames, these are typical of projection damage
where a part of the mechanism or a hard dust particle protrudes such that each pull down motion forces the
image surface to make contact with it. Horizontal, diagonal and short random vertical scratches are usually
caused by mishandling of the film or loose winds.

Scratches do not necessarily block the light, however they scatter the light such that it reduces the amount of
illumination seen through the film image by normal detection or printing systems.

All of these defects detract from the image quality, and some are easier than others to remove, dependent on
the methods used.

For all scratch and dust elimination procedures it is important to remember that the real image remains largely
intact within the film emulsion as can be seen from this illustration.



Film structure
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The film is a sandwich of material comprising a supporting base, the image sensitive layer or layers and a
protective emulsion layer. As the base is relatively thick its prime use is to support the image layer and act as a
surface that can be used to transport the film. However most transport systems attempt to avoid any contact
with the base material except at the edges and around the transport perforations.

Of significant importance in this paper is the understanding that most dust, fingerprints and scratch damage is
on the film’s surface and has not damaged the actual image dye or silver layers in the film. (See illustration
above). Likewise most dust and fingerprint defects do not totally block image illumination, they just reduce it.
However as will be seen, the novel approach used by Cintel allows for subsequent repair of even the deepest
dye / silver layer scratch and totally opaque dust.

The requirement:
To restore the film images to their intended quality requires that all the scratch and dust “damage” be replaced
with the correct image information.

The traditional Film Lab methods:

Several film lab methods exist based on ultrasonically cleaning the film and then printing using a wet gate. This
is where the liquid, perchloroethylene, has the same refractive index as the film so filling in the scratches.
Alternatively coating the film with a hard protective layer of material with the same refractive index as the film or
rewashing the film thus softening the base and emulsion layers to remove dust and “smooth out” scratches.
Another older method, softening the emulsion and rolling it flat using a polished glass drum; a tricky procedure
is now little used.

While the wet gate method is very effective for “removing” scratches it does nothing to conceal dust, indeed if
the dust gets into the liquid it can cause more problems than it cures. For Film scanning, use of wet gates is a
messy business, as, unlike film printers, it is not practical to immerse the whole scanning head in a tank of
liquid, therefore liquid application has to be precise at the gate, involving pumps, tubing and means to
evaporate the liquid immediately after the scan. Also perchloroethylene is regarded as an “undesirable”
chemical. As labs move over to Digital Intermediates these traditional means of dust & scratch repair are fast
being superseded by digital methods.



Film Scanning methods

A method used widely in film scanning, especially the photo industry relies on Infrared (I.R.) scanning of the film
material. The principle relies on the fact that colour film dyes are transparent to Infrared light, whereas dust and
scratches will disturb such light. Therefore applying an I.R. scan, in addition to a normal R, G, B scan, provides
an |.R. image showing the location of dust and scratches on the film. This image, often referred to as a MAP,
for it maps the image damage, can be used to subsequently repair the damage.

Infra Red Scratch concealment
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It should be noted that the RGB scans produce a standard image complete with dust/scratch damage. A
subsequent repair process depends upon the material and type of damage.
In motion picture film, where multiple frames exist, it is often acceptable to replace the damage using the same
or similar area of a previous or subsequent film frame.
This of course becomes much more complex at scene change boundaries or where long vertical multi frame
scratches exist. Likewise this substitution method is not applicable to stills photography. In instances where
there can be no substitution from other frames a secondary method is to “fill” the damage by using good parts
of the image closest to the damage. This secondary method can be used “real-time” during scanning as all the
required information is in the same frame. However this secondary fill, by utilising adjacent areas, is sometimes
less than perfect as can be seen from the image on the previous page.

L.R. With Black & White Film

From an archive point of view there are at =
least two downsides to I.R. detection and
subsequent “map” information repair. Firstly
I.R. mapping does not work with black &
white film material as the silver grains
making up the image block IR. Any
damage map of B&W material would imply
an almost totally obscured frame.**

Secondly systems that do much of the
subsequent  correction  automatically,
require additional downstream processes
after the film scan.

Scratched & Dusty

Applying Infra Red Correction
to B& W Material **

** This only occurs with silver based B& W material.



Another method used within the video industry relies on digital frame by frame comparison. This method
assumes that any change frame to frame is small. Using complex motion detection to analyse how the frames
are progressing, this system can ignore real movement. However the sudden appearance in single frames of a
speck of dust or horizontal/diagonal scratch cannot, it is assumed, be real. The system will then interpolate
replacement information from a previous or subsequent frame. As with the I.R. method this system will not work
at scene boundaries or with continuous vertical scratches (tramlines) and is prone to fail with small fast motion
such as rain drops.

By far the best solutions rely on the fact that the real image remains intact within the film emulsion. But how can
the effect of scratches or dust be avoided, or at least minimised? Several scanner manufacturers, including
Cintel, use very diffuse light sources. These scatter the light that illuminates the film image.

While the illumination efficiency may drop depending upon the method used to diffuse the light, the scattered
rays will appear at the film plane at many angles, rather than as a parallel set of rays. In doing so they will
effectively find their way around most dust and the randomness of some of the incoming rays will be scattered
by scratches back into the detection system whereas with parallel rays most would be scattered away from the

detection system. Specular vs Diffuse Illumination
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This method does not require any additional processing and is efficient, but will not cater for larger dust or
deeper scratches. Some manufacturers also apply an IR scan so providing a map of scratches and dust for
subsequent dust/scratch busting. However |.R. scanning sometimes requires special lenses and optical filtering
that can add considerable complexity to scanners optical paths and as described earlier, IR repair systems
have some limitations.

A new Novel method

While diffuse light sourcing was not practical with Flying Spot scanning principles, Cintel International
developed a method of emulating the diffuse light source principle within CRT based scanners, this system is
known as “Oliver”.

With its CCD area array based scanner diTTo, Cintel has now developed this principle for use in conjunction
with a real diffuse light source. This compliments the already well known scratch and dust minimisation
advantages of diffuse illumination. This novel patented system, known as D/SCO, additionally includes a
mapping output that does not rely on I.R., making it suitable for all film types including black & white material.
The system operates effectively with all film materials be they negatives, master positives, intermediate
negatives, or prints, including older materials such as reversal stocks and archive black & white colour
separations such as Technicolor masters.



Principle and operation

The diTTo and D/SCO combination illuminates the film diffusely, overcoming a great range of surface defects.
At the same time D/SCO views the film in such a way as to deliberately find all defects, and from its scanned
information generates a map of all surface and any deeper defects. Therefore the map contains two sets of
information; defects already removed by the diffuse illumination and those defects that the diffuse illumination
could not “repair”. The D/SCO control panel enables selection of, the degree of correction while scanning,
(Gain); and the level of detail supplied on the Defects Map, (Threshold). The user may also select to look at the
corrected image, the defects map or a map overlay on the image.

The defects map is available in the Auxiliary Data within the created DPX files. This map alone, is useful for
downstream offline correction of the larger defects, however Cintel have incorporated localised processing of
the map for enhanced dust & scratch removal at the time of scanning. Remembering that the majority of
surface damage and dust has not destroyed the image within the emulsion offers the opportunity to recover the
entire image at scan time. While the diffusion of the general light source may not fully correct for larger
scratches or denser dust, the damage map can point to these denser defects. The D/SCO system can then be
adjusted to locally increase the scanner sensitivity at these pixel locations such as to retrieve the real image,
which “hides” behind the defects. In this mode the system is not replacing the defect image area with adjacent
information it is actually scanning the real image obscured by the dust or scratch. As such the final image is
seamless.

Ditto & D/SCO combined
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This, together with the fact that the D/SCO illumination is not I.R. limited, is the novelty of this system, for if the
correction was left to downstream offline systems the image information behind the defects would not exist in
the digital file and therefore could never be retrieved but only be replaced by adjacent information.

Of course where the scratch is so deep as to damage the image layers, or the dust is so large and dense as to
totally obscure the image, then downstream offline correction will be needed. To this end D/SCO can provide
two types of defect map.

One selection will map all defects, including those corrected by diTTo’s diffuse illumination alone as can be
seen in the example of a severely damaged negative on the previous page. Note that D/SCO has also detected
a fingerprint within the scratch area, although it cannot be easily seen on the scanned negative.

It is interesting to note that despite the apparent damage
to this frame, diTTo and D/SCO can recover a vast
amount of information to provide a scan time repair as can
be seem from this defects corrected frame. The remaining
damage is due to scratches cutting into the image layer
itself.

Such damage can be indicated directly by selecting the
image Defects Map threshold to show only the
uncorrected damage. As can be seen in the next
illustrations

The second map type shows only defects that the diffuse illumination could not conceal. Such a map would be
used as shown in the illustration below. Most of the defects have been automatically restored 100% by the
diTTo/D/SCO combination, however a very large vertical scratch that has damaged not only the surface but the
buried image, cannot be restored by scanning. Therefore the defect map threshold has been set to provide a
map of this scratch. A subsequent process can then be used to replace the scratched area with a substituted
image, either adjacent area fill, or, if the scratch is single frame, from another frame. Then frames A & B can be
combined.



This system provides an ideal means for archives and all disciplines requiring film scanning in obtaining the
best quality images from film in the fastest time, regardless of the film’s dust and scratch defects. As the basis

of D/SCO does not rely on L.R. illumination archivists and those involved with colour separation material can
now recover much more information from both colour and black & white materials.



As diTTo & D/SCO can, unlike I.R. based systems, “repair” dust and scratch damage to black & white material,
it is significant to bear in mind that the combination can operate around 9 fps in 2K mode and maintain 7 fps in
4K mode

The restricted use of ICE Technology associated with I.R. defect detection systems is not used or required in
the diTTo D/SCO combination or operation.

ImageMill complements diTTo/D&SCO

While diTTo is based on an ultra-stable Pin Registration transport system, there are cases where the film image
can be unsteady, either due to wear or inaccuracies in the film itself, or indeed the shoot may have been
unsteady. Cintel has developed a stabilising system for its ImageMill product. This system accepts both SD &
HD video as well as 2K & 4K digital images. With this product in mind Cintel has ensured that the DiTTo
scanner is set to scan the entire active film frame area, essential when using an image stabilising system that
needs to marginally reposition film frames, frame by frame without losing significant information at the frame
edges.

The ImageMill stabiliser will operate over a wide range of unsteadiness conditions including a novel method of
operation that removes the common effect of splice jumps, or hops, often seen in continuous motion film
scanners. A window can be set to determine the area of the frame that is to be the reference for stabilsation.
The stabiliser caters for both slow cyclic and non cyclic motion in any direction, such as unsteadiness in shots
from vehicles travelling over rough ground. In most instances it can be set to recognise the difference between
unwanted motion and real pans, tilts ands zooms. Differential motion can be ignored, so real movement within
the scenes is maintained without distortion. At scene changes the gross change of image is detected and
therefore not used to stabilise the preceding frame/s.

The combination of diTTo & D/SCO with the stabilisation system on ImageMill can provide the heart of any film
restoration system for archive facilities covering all motion picture 35/16mm formats and all film emulsion types.
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