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Abstract

A multispectral digitization workflow that uses a uniform distribution of spectral bands across the visible
spectrum can significantly improve results and provide reliable documentation of heterogeneous
archival color film stocks. It also enhances versatility for innovative renderings compatible with future
projection technologies. Reducing subjective interventions in film digitization remains a cornerstone of
restoration ethics. Multispectral scanning directly leverages the information embedded in historical film
stocks, enabling a robust, material-based technology that respects the unique properties of each film
element. An integrated multispectral digitization and post-processing chain supports physically accurate
rendering of scans by including measurements from various cinema projection illuminants. The goal of
this workflow is to represent the color appearance as it would have been perceived on the cinema
screen. Building on more than a decade of research into the technology and aesthetics of historical film
colors and scanning, we have integrated this knowledge into a practical solution.

Over the last two decades, developments in film scanners have been largely incremental, even as the
business model and areas of application have changed fundamentally.

Most professional film scanners in use today were conceived for chromogenic negative stocks intended
for the Digital Intermediate Workflow of the early 2000s. When film production shifted fully to digital,
scanner manufacturers repurposed their systems for archival use, making only minor modifications to
their mechanical and optical designs. As digital technologies advanced and cinema projection also
transitioned to digital, the dissemination of archival films became fully digital as well. This created a still
ongoing prolific field: Millions of hours of archival film require digitization, supported by both national
initiatives and private funding schemes.

Yet despite the demand, awareness of the specific requirements of historical color film stocks—by
which we mean all the film color processes invented and in use before the mid-1990s—has remained
limited.

The vast majority of the hundreds of color processes developed throughout film history differ
fundamentally from chromogenic negatives. Their dyes and pigments exhibit idiosyncratic spectral
characteristics that current scanners cannot comprehensively capture. Some of these colors are located
outside of current standard color spaces (DCI-P3, BT.709, BT.2020). As a result, scans often fail to
provide a complete and uncompromised representation suitable as a starting point for post-processing

(Fig 1).

A new approach is therefore essential—one that spans the full spectral range of historical films and
pays special attention to their illumination. In film projection, the material composition of a film and the
optical light path of the projector, combined with a specific illuminant, together define a film's unique
appearance on the cinema screen.
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FIGURE 1. (a) illustrates how a single pixel of a CMY-based film is captured by a film scanner with typical RGB spectral
sensitivities. Each dye layer contributes to the recorded signal according to its optical density and the scanner's RGB
sensitivity curves. Within each channel, the individual dye contributions are summed to produce the final response.
Because these scanner sensitivities differ significantly from the human eye's color-matching functions, the captured
colors cannot accurately reproduce those perceived by a human observer. (b) Certain early applied colors used in
tinting and toning, hand-and stencil coloring can even fall between the spectral sensitivities of RGB scanners
completely.

Multispectral scanning addresses this challenge by recording the spectral characteristics of historical
color films using a condensed illumination beam and providing the foundation for rendering the resulting
scans with different projection illuminants used throughout film history. The ultimate aim of digitization is
to recreate, as closely as possible, the appearance of the film as experienced in theatrical projection.

Equally important, every digitization must adhere to the core principles of restoration ethics:
documentation, transparency, and reversibility.1'3 Subjective interventions should be minimized. A
rigorously science-backed workflow—combining multispectral scanning with coherent, well-documented
post-processing stored in a human-readable form within the metadata file—is essential to meet these
ethical requirements. It also provides the only path to producing future-proof digital elements capable of
adapting to emerging standards in color management and new display technologies.

Configuration of Multispectral Scanning Hardware and Systems
Control

Basic Requirements

What are the ideal properties of scanner hardware developed specifically for historical color film stocks?

In one of our previous studies, we investigated the most established traditional scanners interacting with
various color film stocks.* As a result, we established a catalog of parameters for scanning devices
optimized for archival films, with particular emphasis on accurate color representation.

Mechanical layout: The transport system should prevent physical damage by operating with low tension
and precise optical control. A sprocketless, pinless film path is required to ensure gentle handling while
enabling frame-by-frame capture with a series of spectral bands.

lllumination: The system must include an array of spectral bands spanning the entire visible range, with
an additional infrared channel for detecting scratches and dust in silverless color film stocks. To
replicate cinema projection, the optical path should provide collimated illumination and a uniform light
path.

Spatial resolution and image geometry: Resolution should be high enough to capture local details, i.e., =
2K for 16 mm film and = 4K for 35 mm film. Full edge-to-edge scanning is mandatory to include precious
color information and analog metadata present in the perforation area. Once the film is digitized without
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