The
United
States

m

erica

The Director of the United States
Patent and Trademark Office

Has received an application for a patent for a
new and useful invention. The title and descrip-
tion of the invention are enclosed. The require-
ments of law have been complied with, and it
has been determined that a patent on the in-
vention shall be granted under the law.

Therefore, this

United States Patent

Grants to the person(s) having title to this patent
the right to exclude others from making, using,
offering for sale, or selling the invention
throughout the United States of America or im-
porting the invention into the United States of
America for the term set forth below, subject
to the payment of maintenance fees as provided
by law.

If this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventeen years from the date of grant of this
patent or twenty years from the earliest effec-
tive US. filing date of the application, Subjecf
to any statutory extension.

If this application was filed on or after June §,
1995, the term of this patent is twenty years from
the U.S. filing date, subject to any statutory ex-
tension. If the application contains a specific
reference to an earlier filed application or ap-
plications under 35 US.C. 120, 121 or 365(c),
the term of the patent is twenty years from the
date on which the earliest application was filed,
subject to any statutory extensions.
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Director of the United States Patent and Trademark Office




NOTICE

If the application for this patent was filed on or after December 12, 1980, maintenance fees
are due three years and six months, seven years and six months, and eleven years and six
months after the date of this grant, or within a grace period of six months thereafter upon
payment of a surcharge as provided by law. The amount, number of timing of the mainte-
nance fees required may be changed by law or regulation. Unless payment of the applicable
maintenance fee is received in the United States Patent and Trademark Office on or before
the date the fee is due or within a grace period of six months thereafter, the patent will
expire as of the end of such grace period.
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(57) ABSTRACT

The invention relates to a method of recording an image of
an object (103) using an electronic camera (102), one or
more light sources (104), and means for light distribution
(105), where light emitted from the light sources (104) is
distributed to illuminate the object (103), light being
reflected to the camera (102). In the light distribution, an
integrating cavity (106) is used to whose inner side (107) a
light reflecting coating has been applied, and which is
provided with first and second openings (109, 110). The
camera (102) is placed in alignment with the first opening
(109) so that the optical axis of the camera extends through
the first and second openings (109, 110). The object (103) is
received in the second opening (110), and the interior of the
integraling cavity is iliuminated using the one or more light
sources (104). The invention also relates to an apparatus for
performing the method.

16 Claims, 3 Drawing Sheets
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1
APPARATUS AND A METHOD OF
RECORDING AN IMAGE OF AN OBJECT

The invention relates to an apparatus for recording an
image of an object, said apparatus comprising an electronic
camera, one or more light sources, and means for light
distribution adapted to distribute light emitted from the light
source and hereby to illuminate the object, light being
reflected to the camera. The invention also relates to a
method of recording an image of an object.

According to the prior art it is known to record an image
of an object by using an electronic camera, such as a video
camera, and by using one or more light sources which are
used for illuminating the object. In connection with the use
of light sources, it is likewise known to use means for light
distribution so that light emitted from the light source is
distributed to achieve a given light distribution when the
object is illuminated.

For example, it is known to record an image of an object
by using a video camera and hereby achieve a reproduction
of the spatial distribution of spectral components in a large
number of points in the image. The spectral components
reflect e.g. colour and intensity in the individual image point.
It is noted that, for convenience, wavelengths in as well as
out of the visible wavelength range of the human eye are just
called colours below.

On the basis of the images recorded it is desirable to
extract information on objects of which images have been
formed, through analyses of the visual properties of the
objects. Such analyses may e.g. include an analysis of the
colour in selected image points or an analysis of texture, i.e.
colour variations, in selected regions in recorded images.

Analysis of objects using such a prior art apparatus,
however, has the limitation of setting bounds to how small
differences in shade can be registered and how well they can
be traced to knmown colour references. This results in a
restriction in the possible uses of these apparatuses. When
recording images within a limited wavelength range, e.g.
illumination variations are critical. This results in measure-
ment unreliability and makes the reproduction of image
recordings difficult and at worst impossible. This means that
prior art apparatuses in many cases cannot be used in
connection with analysis of objects.

From the prior art, it is known to use an apparatus of the
above-mentioned type, wherein

the means for light distribution comprise an integrating

cavity to whose inner side a reflecting coating has been
applied, said integrating cavity being provided with
first and second openings,

the camera is placed in alignment with the first opening so

that the optical axis of the camera extends through the
first and second openings,

the second opening is adapted to receive the object, and

that

the one or more light sources are mounted so as to

illuminate the interior of the integrating cavity.

For example, U.S. Pat. No. 5,519,513 A shows an appa-
ratus of this type.

An object of the invention is to provide an apparatus for
recording images of objects, where the recorded images
have well-specified and constant spectral properties over the
entire image field. Another object is to provide an apparatus
for recording images having a high spectral resolution.

This object is achieved according to the invention by an
apparatus of the above-mentioned type, characterized in that
said apparatus further is arranged to perform a calibration
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using one or more calibration objects having known visual
properties which are placed in the field of vision of the
camera.

Such an apparatus provides a well-defined homogeneous
and diffuse illumination which brings out shades of colour
rather than topographical nuances—variations in the surface
of the object—and allows the camera to record images
having well-specified constant spectral properties over the
entire image field. This means that information on colours
and thereby on texture may be extracted from the images
with a much higher quality and even for objects for which
this has not been possible before.

According to the invention, calibration of the apparatus
may be carried out.

Hereby a homogeneous sensitivity over the entire image
field for all spectral bands, and a transformation of pixel
values to the desired spectral co-ordinates can be achieved.
It is additionally ensured that analyses performed on the
basis of this are reproducible.

In expedient embodiments, one or more of the calibration
objects are constructed for use in spectral and geometrical
calibration of the apparatus.

In an expedient embodiment, one or more calibration
objects are positioned on the same or approximately the
same plane as the object. This gives the advantage that the
calibration of the apparatus is performed in the plane in
which the object is positioned.

An expedient embodiment of an apparatus according to
the invention is characterized in that the integrating cavily is
symmetrical about a first axis, and that the camera is placed
such that the optical axis of the camera coincides or at least
approximately coincides with the first axis. In another expe-
dient embodiment the integrating cavity is ball-shaped.

In an expedient embodiment, one or more of the light
sources are placed at the integrating cavity so that the light
sources emit light directly into the integrating cavily. A
particularly simple structure of the apparatus is achieved
hereby.

In an advantageous embodiment, one or more of the light
sources are placed outside the integrating cavity and light is
passed into the integrating cavity via light guides. This
results in reduced heating of the integrating cavity because
of emitted power from the light sources. Collected position-
ing of the light sources outside the integrating cavity more-
over allows central spectral calibration of the light sources.

In an expedient embodiment, the camera is adapted to
supply a representation of recorded images to a calculating
unit, and the calculating unit is adapted to perform calcula-
tions on the basis of one or more of the representations. It is
ensured hereby that an image analysis may be performed,
and that information on the object may be extracted by using
the calculating unit.

In an expedient embodiment, the camera is fixed relative
to the integrating cavity. This provides a well-defined spac-
ing between the camera and the second opening and hereby
a well-defined focal plane.

In an expedient embodiment, the apparatus comprises a
carrier plane on which the object may be placed, and the
integrating cavity and the carrier plane are arranged mov-
ably relative to each other. This ensures that the object may
casily be inserted into the apparatus.

Additional expedient embodiments of an apparatus
according to the invention are defined in claims 12 to 14.

As mentioned, the invention also relates to a method of
recording an image of an object using an electronic camera,
one or more light sources, and means for light distribution,


















