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Abstract
In this paper we present the design and testing of an ultra precision scanning system
used for the digitisation of photographic glass plates, film sheets, and film rolls. This
program is intended to digitise, archive, and provide access to a large library of
photographic glass plates and films (up to 350 mm wide). The fundamental motion
system is a two-axis open-frame XY air bearing table with useable travels of 335 mm
in each axis. In-position stability errors are between 10-20 nm for a geometrically
correct blur-free image. Images taken of the same media at multiple orientations
show repeatability better than 70 nm in calculated values for the feature locations.
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Introduction

In this paper we present the detailed design and testing of an ultra precision
positioning system used for the digitisation of photographic glass plates, film sheets,
and film rolls. This scanning system is part of the Digital Access to Aero and Astro
photographic Archives (D4A) initiative at the Belgian Royal Observatory, National
Geographic Institute and Royal Museum of Central Africa and with AGFA-Gevaert
as industrial partner [1]. This project digitises, archives, and provides access to large
archives of photographic glass plates and films. The project has been extended to
also digitise photographic glass plates and film of the Belgian Royal Institute of
Cultural Heritage and photographic glass plates of the planetary moons taken at the
United States Naval Observatory [2]. Similar astronomical digitisation projects are
operational at the United States Naval Observatory [3], and at the Harvard College
Observatory [4]. Commercially-available flatbed scanners were considered for this
project, but could not meet the geometric or image accuracy requirements due to
limitations in their mechanics, optical systems, and image processing software.
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Machine Design and Realization

The unique, and very specific, purpose of this system required that we maintain close
cooperation between the scientists, the designers and engineers during the machine
development process. The entire scanning system, shown in Figure 1, consists of a
welded machine frame, granite base and bridge, pneumatic isolators, air-bearing XY
table, focus axis, and material handling system.

The entire system stands in a

climate-controlled room on an isolated 1.5 m thick concrete slab.

Figure 1: These illustrations show the primary air bearing scanner at the top of the
granite surface plate, the bridge mounted optical assembly, the plate holder and
transport mechanism, and the storage tower for the plates.
2.1

Mechanical Structure and Bearings

The strongest performance requirements for the scanner system apply to the two-axis
open-frame table, based on an Aerotech ABL3600 system. Useable travel in the XY
plane is 335 mm by 335 mm with a minimum open aperture of 110 mm through the
granite. As shown in Figure 3, the lower axis is a large frame supported on the
bottom by air bearings, guided by a pair of parallel granite reference rails. The top
surface of the granite is the reference plane for the stage system. The upper axis
straddles the lower, guided this time by air bearings referenced to the sides of the
lower frame.

The structural elements are all made from cast hard-anodized

aluminium alloy. The typical payload for the system is 66 kg, which includes the
photographic plateholder and film roll transport system.
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Figure 2: This photograph of the scanning system as installed at the Royal
Observatory of Belgium shows the XY open-frame air bearing stage, the camera
system, the diffuse illumination and the film roll transport system.

Figure 3: The motion system of the ultra precision scanner is built around an
Aerotech ABL3600 open-frame air bearing table. Travel is 335 mm by 335 mm.
2.2

Sensors and Actuators

Two pairs of ironless linear motors drive the XY stage system while four Zerodur
encoders (1 nm resolution) measure the positions of the upper and lower axes frames
at their outside edges. Four scales are used in order to measure both translation and
yaw, and because the open aperture in the middle of the system prevents us from
placing any sensors inline with the imaging camera. The servo system controls the
XY axes in a coordinated manner. The operator commands motions in only the two
translational axes while the servo algorithms regulate any linear and rotational errors.
Cable systems designed for continuous flexing are used throughout.
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2.3

Control Electronics

The Aerotech A3200 automation platform provides the overall servo control
architecture. The system contains seven motion axes: four for the XY air bearing
scanner, one for the bridge-mounted focus axis, a rotary axis for film roll handling,
and a linear axis to translate the glass plates from their storage cartridge to the
measurement area.

Further ancillary axes (pneumatics and vacuum for media

transport and chucking primarily) are controlled via Ethernet-based IO. The entire
user-interface is through a standard Windows-based personal computer.
3

Testing Results and Conclusion

We performed critical performance tests at Aerotech prior to shipment, and again at
the Royal Observatory of Belgium after installation. At the manufacturing facility we
were able to verify the geometric accuracy to within the ±0.1 µm (1σ) requirement,
zero-to-peak motion of 10-20 nm, and a position repeatability of 20 nm. As a final
system-level test, the full scanner and imaging system measured the location of
astronomic objects on a test plate in multiple orientations. The calculated location of
the center of the objects repeated to within 70 nm in a 7µm x 7µm pixel space [2].
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