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Abstract
Adescriptionis given of a laser scanning system for the acquisition of the three- dimensional surface data from objects as well as
their color properties. The digitized data can be stored In compact
data files that can serve for the reconstruction of any vlew of the
object or scene on currently available graphic workstations. Threedimensional hard reproductions are also possible from the same
data. Examplesare given of applications inthe museum world. Key
words: Computer color vision, computer imaging, range measurements, scientlic examination.

Introduction
During the past few years, conservation scientists at the Canadian Conservation Institute
have been working with engineers of the National Research Council Canada (NRCC) for
the development of a system that would capture the 3-D shape and color appearance of
museum artifacts. A prototype of the system now exists and has already been used for
specific tasks in art conservation. The results obtained so far prove that the system can serve
as a powerful input device in multimedia and telematic technologies (Figure I), allowing
not only the passive 2-D color representation of artifacts, but also complete 3-D color
reconstruction, with full depth realism and ease for the user to select any point of view and
illumination conditions.
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This paper describes the system currently being developed and some of the results obtained so far.

Background: 2-Dand 3-D Imaging
A 2-D camera essentially captures brightness measurements for each visible point in a
scene. In early systems that made use of film, the mapping of points in the scene with points
of the picture was continuous and so involved an infinity of points. With the advent of computer image processing, images had to be decomposed into a mosaic of small rectangular
patches called "pixels" (picture elements). A 2-D digitized image is thus a mapping of brightness values to pixels. In black-and-white imaging, one grey value is assigned to each pixel
while in color imaging, values of brightness in the blue, red and green are assigned to each
pixel.
2-D imaging is so widely used mainly because a 2-D image is easily interpreted by
humans through visual examination. One weakness of a 2-D image however is that it does
not accurately define the object it represents and provides no precise dimensional or
colorimetric information. For example, objects of different 3-D shapes can lead to the same
image by choosing a proper perspective. Also, the same object can produce different brightness values when the lighting conditions are changed. Finally, a 2-D image provides only a
static view of the scene, as it stood during acquisition; if N points of view of a scene are
needed, then N images must be taken.
A 3-D camera provides a means to acquire the (x,y,z) coordinates of the surface of an object or scene. If an xyz reference frame is defined with the z axis pointing toward the
camera, then one can think of a 3-D image, also called "range image", as a mapping of z
values to surface elements ("surfels") of lateral coordinates (x,y).
The advantage of the 3-D approach is that the data provided is directly connected to the
object and bears some form of device independence. For example, the diameter of a vase
can be determine from its range image, irrespective of the attitude and distance of this object with respect to the recording device. For this reason, 3-D systems are finding more and
more applications in the area of industrial inspection, robot vision and computer aided
manufacturing.
Many tools have been designed for the visualisation of 3-D data by humans. Low cost
software for "wire mesh" representation is available on most low end computers. At the
other extreme, graphics work stations are specially designed to synthesize at high speed
stereo pairs of any view of a scene, to be observed simultaneously for full depth and color
realism.
Many 3-D cameras are currently available (see Besl for a survey). The performance of a
system can be measured in terms of the accuracy of the data, sampling density achieved,
and time for acquisition. The one presented here rates quite high according to these criteria
and also offers the possibility of simultaneous color measurements.
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Range Measurements
Basically, the NRCC laser sensor works by projecting a laser beam on the object and by
measuring the angle of the reflected light, as detected by a solid state device located near
the laser source. The know angle of the returning light and the known projection direction
serve to calculate the ( X J ) position of reference laser spot on the object, with an accuracy as
good as 10 micrometers. A mirror scanning arrangement (Figure 2) sweeps the laser spot in
the transverse x direction while its position is being sampled at very high rate. Two acquisition modes are possible: cartesian and cylindrical. In cartesian mode, the camera is
mounted on a translation stage that moves continuously in the y direction, thus allowing to
raster scan the scene. In cylindrical mode, the camera is stationary, but the object lies on a
rotation stage that rotates 360 degrees during measurement, allowing panoramic acquisition of objects (Figure 3). Whatever mode is selected, the time to acquire a 512 by 512 high
definition range image is less than one minute.

Color Reflectance Measurements
The color appearance of an object depends on its spectral reflectance properties as well
as on the spectral content of the source that provides illumination. For documentation,
analysis and multimedia applications, it is important that the spectral reflectance alone be
isolated since it is an intrinsic object property.
In the system described here, the laser beam that serves for range measurements
originates from a HeCd laser designed to emit simultaneously at three wavelengths in the
red, green and blue parts of the spectrum. The solid state position sensor, inside the
camera, also measures simultaneously the amount of light returned at each of the three
wavelengths. Spectral reflectance values can be assigned to surface elements by comparing
the brightness signals from these surfel to that from a white standard kept near the border
of the field of view during acquisition. The calculation involves a compensation for the
orientation effect: surface elements have the tendency to appear darker as the angle between the laser beam and the normal to the surface increases. This phenomena called "shading" follows a known mathematical law and can be compensated using the range data
provided by the very same sensor.

Image Format
The laser sensor captures a collection of (x,y,z) and (R,G,B) values associated to surface
elements This information can be kept in 4 compact computer files. The first file contains
an ordered list of the depth values (2). The other three files contain the corresponding R,
G, and B values. Because these data refer to the surface as sampled on a rectangular grid
with equal spacing in the x and y directions, the (x,y) coordinates of a given surfel are easily
recovered from the address of the data in the file.
With the current system, each z value is digitized into 12 bits and each R, G or B value is
digitized into 8 bits. For a typical 512 by 512 image, 394 kilobytes are needed for the z file,
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and 263 kilobytes are required for each of the three color channels. The z file thus occupies
only 33% of the total data storage. This is very little price to pay considering that the z file
allows the calculation of any view of the scene from any point of view and for any lighting
condition. Such small volumes of data can be easily transferred through existing computer
communication links. Cataloguing of huge collections of objects is also possible since after
data compression, about 2000 different objects can be recorded on a standard CD-ROM.

Data Display
With the present system, visualisation of the data is done mostly on a IRIS graphics work
station, from Silicon Graphics Inc., equipped with a stereo display option that allows depth
rendering to users wearing 3-D viewing glasses.
Software has been designed to ease data visualisation, and the user is given a menu of options. These can be grouped into three main categories:
0

0
0

1.Geometric display. With this option, only geometric information is displayed.
Scenes can be synthesized from the z file alone into point, wire frame, and shaded
forms.
2. Intensity mapping. This option is similar to the first one except that the sensed raw
color brightness values are mapped on the corresponding screen pixels.
3. Color shading. Here, the brightness of each screen pixel is calculated using the
recorded color reflectance data and taking into account the angles chosen by the
user for the observation and source directions.

For each category, the user can perform rotations (Figure 4) and translations of the object
represented as well as zooms. All of these are controlled through a "dial-and-button" box, and
the computer reacts in real time.
A recent investigation of two paintings by canadian artist Tom Thomson provides a good
example of the powerfulness of the 3-D approach. In this particular case, the task was to
compare estate stamp impressions on each paintings with the metal stamp itself. Threedimensional data were recorded by the laser sensor from the metal stamp and impressions.
The synthesized images of the stamp and impressions were carefully oriented and displayed
together on the computer monitor, and the superimposed data could be examined for determination of any discrepancies.

Image Reproduction
Any synthesized view of an object, as displayed on the graphics work station, can be
recorded on a 35 mm color film recorder. In the present configuration, this recorder is controlled by a personal computer, to which any image can be transferred through the local
computer network. A commercial image processing software also runs on this computer
and allows further image enhancement prior to recording. Solid reconstruction of 3-D ob-
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jects can also be performed using the range data. So far, three solid reproduction techniques have been tried: numerically controlled machine milling, stereolithography and laser
sintering. Accurate reproductions have been obtained in the case of a stone mask (Figure 5)
collected at Tsirnshian village of Kitkatla (property of Canadian Museum of Civilisation),
and a lead plaque that marked the burial place of Jesuit martyr Jean de Brebeuf.
With the rapid evolution of color reproduction techniques such as laser color printing
and robot painting, it should be possible in the near future to obtain accurate color and
shape reproduction of objects at any scale.

Museum Applications
There are a variety of museum applications for the system just described. These include:
0
0
0

0
0

The basic measurement of three dimensional color artifacts and specimens for
documentation and display purposes.
Sharing of information by telecommunications.
Comparison of the color and shape of an object at different periods of time, for
example before and after conservation treatment, before and after a loan for
exhibition, or to investigate weathering, deterioration, or changes over time.
Replication of objects at any scale, reconstruction of missing parts, fabrication of
supports.
Research related to science, artists' techniques and art history.

Conclusion
A system for the acquisition of the shape and color of objects has been described. This
technology offers some advantages compared to the more familiar 2-D imaging approach
by giving the user the same flexibility with the data file that he would have with the real objects, scenes or subjects, and even more. Application of the technology have already been
performed in the museum world.
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Figure 1.
Illustrntion of the system's architecture.

Copyright by Archives & Museum Informatics, 1991

/

I

1

I

International Conference on
Hypermedia & Interactivity in Museums

FIXED

\ MIRROR
\

\

f

SOURCE

\

I

1
I

Figure 2.
Optical geometry of the sensor head, providing synchronization of both the projection and the detection of a
the laser spot.
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Figure 3.
Acquisition of a stone mask with the laser sensor prototype.

Copyright by Archives & Museum Informatics, 1991

International Conference on
Hypermedia & Interactivity in Museums

F i y r e 4.
Reconstructed views of the stone mask, computed at 45 degrees intervals.
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Figure 5.
Hard copy of a stone mask, obtained with NC machine milling, compared with the origlnal object.
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