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SPECTRALLY-ENCODED LABELING AND
READING

BENEFIT CLAIMS TO RELATED
APPLICATIONS

This application is a continuation of U.S. non-provisional
App. No. 10/704,019 filed Nov. 4, 2003 (now U.S. Pat. No.
7,063,260), which claims benefit of U.S. provisional App.
No. 60/452,010 filed Mar. 4, 2003 and U.S. provisional App.
No. 60/453,115 filed Mar. 6, 2003. Each of said non-
provisional and provisional applications is hereby incorpo-
rated by reference as if fully set forth herein.

BACKGROUND

The field of the present invention relates to optically
encoded labels and label systems. In particular, spectrally-
encoded labels and label systems are disclosed herein.

The identification of objects via mechanical, electronic,
and optical means rather than direct visual inspection is an
important function. The familiar spatial bar codes that are
imprinted on many packaged products, for example, allow
opto-mechanical-electronic readers/scanners to identify
products while rapidly forwarding identification information
to inventory computers or other record keeping devices. Bar
codes are typically read by a spatially scanning laser beam
which passes successively across a series of lines of various
thicknesses. An optical detector receptive to light scattered
or transmitted by the label sees a series of temporal changes
in the light level and acts to convert the temporally varying
optical signal to an electronic facsimile comprising tempo-
rally modulated voltage or current. Identification informa-
tion is extracted electronically from the temporally struc-
tured electronic signal.

In order for a spatial bar coding system to function, it is
necessary that the scanning optical beam, typically a laser
beam, be of a suitably small diameter where it strikes the bar
code so as to be capable of serially illuminating the label’s
constituent spatial elements. If the beam diameter is too
large, the temporal structure of the scattered or transmitted
optical signal will be washed out. The more distant a label
is relative to a scanning device, the more difficult it becomes
to ensure that the scanning optical beam will have a suffi-
ciently small diameter to adequately resolve spatial structure
encoded on the label.

SUMMARY

A spectrally-encoded label comprises a spectrally-selec-
tive optical element having a label spectral signature. The
label spectral signature is determined according to a spec-
tral-encoding scheme so as to represent predetermined label
information within the spectral encoding scheme. The label
emits output light in response to input light selected by the
label spectral signature of the optical element. A spectrally-
encoded label system further comprises an optical detector
sensitive to the output light emitted from the label, and a
decoder operatively coupled to the detector for extracting
the label information according to the spectral encoding
scheme, and may also include a light source providing the
input light for illuminating the label.

Objects and advantages pertaining to spectrally-encoded
labels and label systems may become apparent upon refer-
ring to the exemplary embodiments as illustrated in the
drawings and/or disclosed in the following written descrip-
tion and/or claims.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically a spectrally-encoded
label.

FIG. 2 illustrates schematically illumination of and emis-
sion from a spectrally-encoded label.

FIG. 3 illustrates chosen and non-chosen spectral bands of
a spectrally-encoded label.

FIG. 4 illustrates a temporal waveform arising from
reading a spectrally-encoded label.

FIGS. 5A and 5B illustrate schematically a spectrally-
encoded label.

FIGS. 6A and 6B illustrate schematically a spectrally-
encoded label.

FIG. 7 illustrates schematically a reader for a spectrally-
encoded label.

FIG. 8 illustrates schematically a reader for a spectrally-
encoded label.

FIG. 9 illustrates schematically a spectrally-encoded
label.

FIG. 10 illustrates schematically a spectrally-encoded
label.

FIG. 11 illustrates schematically a dynamically spectrally-
encoded label.

FIG. 12 illustrates schematically a spectrally-encoded
label.

The embodiments shown in the Figures are exemplary,
and should not be construed as limiting the scope of the
present disclosure and/or appended claims.

DETAILED DESCRIPTION OF EMBODIMENTS

Optical signals can be encoded spectrally as well as
spatially. In FIG. 1, a spectral label 100 is shown divided
into multiple spatial regions 107 (i.e., label areal segments).
Each label area is configured (by incorporation of a suitable
spectrally-selective optical element or portion thereof) to
emit output light in response to input light within an areal
spectral signature. In a simple example, each spatial region
is configured to backscatter light within a single spectral
band. In other cases, each spatial region may be configured
to backscatter over a certain set of spectral bands with each
constituent band having controlled relative backscatter
amplitude. Such exemplary labels may be provided with a
unique label spectral signature, which includes contributions
from the areal spectral signatures, by varying one or more of
the following attributes of the label: the number of spectral
bands, the nominal center wavelengths of the spectral bands,
the relative amplitudes and/or relative spectral widths of the
backscattered spectral bands, and/or the relative spectral
separations of the backscattered spectral bands. The set of
chosen spectral bands and the relative configuration of those
bands (i.e., the label spectral signature) backscattered or
otherwise emitted by a spectral label comprises the label’s
information content. The label spectral signature shown in
FIG. 1 is exemplary; any other set of spectral bands may be
chosen to produce a label spectral signature for spectrally-
encoding corresponding label information within a given
spectral encoding scheme. For purposes of enhancing back-
scatter and/or to provide structural stability, the elements
employed to implement spectrally controlled backscatter
may be mounted on an underlayer 101.

The label areas may be configured to backscatter or back
reflect (i.e., emit) output light of a chosen label spectral
signature using a variety of means, including but not limited
to use of dielectric thin film filters and/or gratings as
spectrally-selective optical elements. If dielectric thin film
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filters are employed in the design of the spectral label, the
filters may be designed to transmit light according to the
desired label spectral signature. Input light will then pass
through the filter, strike a reflecting or scattering underlayer,
and return through the filter for collection and detection (for
example, back toward a source of input light such as a
reading optical beam). In situations where wavelength-
dependent transmissive optical filters are employed to define
the label spectral signature, it is desirable to use an under-
layer having reflectivity or scattering strength that is rea-
sonably invariant over the label spectral signature. Further-
more, it may be desirable for the underlayer to be directional
in its reflectivity or scattering, so as to concentrate light in
the backscattered direction, i.e. strongly retro-reflective.
Suitable underlayers include reflective films with molded
corner-cubes or related structures known in the art to provide
highly directional back reflection. The underlayer may also
comprise discrete mirrors or other focusing elements utilized
to collimate or otherwise control the character of backscat-
tered or back reflected light. Wavelength-dependent dielec-
tric thin film filters operating in a reflective mode can also
be employed in the spectral label. In some cases a diffusive
overlayer or surface roughening or other similar adaptation
over reflective filters may be advantageous for avoiding
specular reflection; specular reflection may be advantageous
in other cases. Aside from dielectric thin film devices, the
backscattering spectrum of the label (or areal segments
thereof) can be controlled using absorptive or interferomet-
ric filters passing only certain designed spectral bands,
which are backscattered or back reflected by an underlayer.
Interferometric structures directly overlaid on a strongly
backscattering or back reflecting substrate may also serve as
a spectrally-encoded label.

In FIG. 2 is shown a spectral label 215 illuminated by an
input reading optical beam 203. The reading beam illumi-
nates all areal segments 223 on the label. If the reading
optical beam has a sufficiently broad spectral bandwidth
(i.e., spans the spectral signature of the label 215), the
spectral label will backscatter light at each of the spectral
bands comprising its spectral signature. Each areal segment
223 may emit output light of a corresponding areal spectral
signature, which may comprise a single spectral band or
multiple spectral bands of the label spectral signature. A
device for reading the spectrally-encoded label, which
accepts a portion of the output light emitted from the label,
may be positioned anywhere in the backscatter cone 207 of
the label. In other words, spatial separation of reading beam
and label signal detector is permissible provided that the
detector is located within the region of backscattered or back
reflected output light. A portion of the output light from the
label will reach an optical detector (typically, but not nec-
essarily, near the source of the reading beam), where it is
detected and analyzed by a decoder for extracting the
spectrally-encoded label information. In the case of a spec-
trally broad reading optical beam, the spectral label reader
includes a spectrally-resolved detector (a spectrometer, opti-
cal spectrum analyzer, or other such device) that may collect
the label spectral signature (by scanning or by multi-channel
detection). The spectral resolution of the detector is suffi-
cient to resolve the label spectral signature. Signal output
from the spectrally-resolved optical receiver may comprise
a temporal waveform representing the label spectral signa-
ture.

If the reading beam comprises input light having a spec-
tral bandwidth sufficiently narrow to resolve the label spec-
tral signature, light will only be emitted by the label when
the input light is selected by the label spectral signature.
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When the spectrally narrow reading beam illuminates the
entire spectral label (i.e., all label areal segments) and is
scanned in frequency across the label spectral profile, the
decoder receives a time varying optical signal such that the
information contained in the spectral label is manifest in the
time-dependent intensity profile of the backscattered or back
reflected signal. Thus either spectrally broad or spectrally
narrow optical reading beams (i.e., input light) may be
employed to read spectrally-encoded labels. In the former
case, a spectrally-resolved receiver (scanned or multi-chan-
nel) produces a temporal signal representative of the label
spectral signature (i.e., spectrally-encoded label informa-
tion). In the latter case, a spectrally-resolved reading beam
is scanned in wavelength to produce a temporal signal
representative of the spectrally-encoded label information.

In FIG. 3 is depicted a representative label spectral
signature 301 produced by the spectral label shown in FIGS.
1 and 2 in the case where each label area emits a single
distinct spectral band. In the spectral signature format (i.e.,
spectral encoding scheme) shown in FIG. 3, 38 adjacent
spectral bands are defined. A single spectral label, like that
shown in FIG. 1, backscatters up to 12 of the spectral bands,
thereby providing for several billion distinct label spectral
signatures. In this exemplary case, each spectral channel has
essentially the same width and the channels collectively
span a continuous frequency range. The cross-hatched peaks
303 represent spectral channels emitted (backscattered, back
reflected, or otherwise) while the white peaks 305 represent
available spectral channels not used in the particular label
spectral signature represented in FIG. 1. In this example all
of'the areal spectral signatures present in the label contribute
to the label spectral signature.

FIG. 4 may represent the temporal waveform produced by
detecting light backscattered from spectrally narrowband
(narrower than the narrowest feature of the label spectral
signature) reading beam as it is wavelength-scanned across
the spectral label of FIG. 1. Alternatively, FIG. 4 may
represent the temporal waveform of a spectrometer (with
resolution sufficient to resolve the narrowest spectral label
feature) scanned across the spectrum of label backscatter
generated by a broad bandwidth reading beam. The temporal
waveform derived from scanning (i.e. reading) the label
spectrum as depicted schematically in FIG. 4 contains the
unique label information and is decoded for extracting the
label information. This might be done in a manner similar to
decoding of spatial bar code signal, and a spectral encoding
scheme might be contrived in a manner completely analo-
gous to spatial bar-coding schemes. Barcoding schemes or
protocols already recognized for encoding information in
spatial barcodes may be directly implemented for analo-
gously encoding information in spectrally-encoded labels. It
should be noted that the label signature temporal waveform
shown in FIG. 4 does not change substantially in form when
the emitted wavelengths are shifted together to either higher
or lower optical frequency. This invariance facilitates use of
thin film filters in the spectral label as the spectrally-
selective element, since transmissive/reflective spectral fea-
tures of such thin film structures tend to shift as a function
of input angle of incidence. As long as all thin film filters are
constructed so as to have an substantially similar angular
tuning rate and the reading process encompasses a suitably
wide wavelength range, the temporal waveform of FIG. 4
(and therefore the label information extracted therefrom) is
substantially unchanged as one varies the incidence angle
(hence the term “nominal center wavelength™: the actual
center wavelengths of emitted spectral bands may vary in
some cases without substantially changing the encoded label





















