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Description

Field of the Invention

[0001] The present invention relates to imaging appa-
ratus and to a method for investigating an internal struc-
ture of an article. The invention relates to apparatus and
method for imaging concealed objects.

Background

[0002] Existing technologies such as x-ray imaging
systems have been used to investigate the internal struc-
ture and properties of a range of objects including food
products and the human body. However, systems em-
ploying X-rays (or other ionizing radiation) suffer from a
range of health and safety concerns. Ionizing radiation
is known to be capable of causing damage to tissue and
other materials. Consequently, equipment employing x-
ray radiation must be provided with sufficient screening
to ensure operating and other personnel are not exposed
to the radiation.
[0003] In addition, the size of an x-ray system is large,
and consequently not appropriate in certain manufactur-
ing situations. A further drawback of X-ray systems is the
relatively high cost of an X-ray imaging system.
[0004] Terahertz imaging systems have also been em-
ployed for imaging an internal structure of an article. How-
ever, imaging water-containing samples using these sys-
tems is challenging due to the high attenuation of tera-
hertz frequency signals by water molecules.
[0005] US6542772 B2 in the embodiment of Figure 2
including the details of lock-in detection described with
reference to Figs. 1, 1A which applies equally to the em-
bodiment of Fig. 2 defines an apparatus and method in
which a plurality of transmission measurements between
source points 31, 33, 35, 37 and detector points 39, 41,
43, 45 are made. In this way a concealed object 9 in a
scattering article 8 may be detected whereby the detec-
tion signals are enhanced by using an autocorrelation
detector function, in particular a lock-in detector function,
comprising periodic amplitude variation of the sources
and a periodic reference signal applied to the detectors
to obtain a heterodyned signal with an improved signal
to noise ratio.
[0006] In a first aspect of the present invention there
is provided apparatus for inspecting an article as claimed
in claim 1.
[0007] Apparatus according to embodiments of the in-
vention has the advantage that it is capable of providing
an image of an internal structure of an article without
exposing the article to Ionizing radiation. Furthermore,
apparatus according to embodiments of the invention
does not require ionizing radiation shields or other pre-
cautions associated with prior art techniques such as X-
ray imaging.
[0008] Furthermore, apparatus according to embodi-
ments of the invention has the advantage of being less

costly than X-ray imaging systems. Embodiments of the
invention have the further advantage that they require
less power than X-ray imaging systems and are substan-
tially more portable.
[0009] Preferably, the reference signal is a periodic
signal having the same frequency as the drive signal.
Preferably the amplitude of the reference signal corre-
sponds to the amplitude of the drive signal.
[0010] The apparatus may be configured to implement
a homodyning function between the reference signal and
the detector signal thereby to generate the difference val-
ue.
[0011] Preferably the reference signal corresponds
substantially to the drive signal.
[0012] In embodiments of the invention, the detector
signal is combined with a reference signal corresponding
to the drive signal thereby to generate a signal corre-
sponding to the difference in amplitude between the drive
signal and the detector signal.
[0013] The apparatus is configured to implement an
autocorrelation function or other lock-in function between
the reference signal and the detector signal thereby to
generate the difference value. Use of a reference signal
having the same frequency as the drive signal has the
advantage that any variations in the frequency of the drive
signal are exactly mirrored in the variation of the refer-
ence signal. Thus, the difference value may be made
substantially independent of variations in the drive signal
frequency. Variations in the drive signal frequency may
arise for example due to variations in temperature of the
electronics associated with the apparatus.
[0014] Alternatively or in addition the reference signal
may be a periodic reference signal having a frequency
different from the drive signal.
[0015] The apparatus may be configured to implement
a heterodyning function between the reference signal
and the detector signal thereby to generate the difference
value.
[0016] Thus, in embodiments of the invention, the de-
tector signal is combined with a reference signal having
a different frequency to the drive signal. In embodiments
of the invention the combined signal is passed through
a low pass filter arranged to pass a signal of a beat fre-
quency corresponding to the difference between the fre-
quency of the reference signal and the frequency of the
detector signal.
[0017] Preferably the beam of electromagnetic radia-
tion corresponds to electromagnetic radiation having a
wavelength in the range 700 to 2000nm. This range will
also be referred to hereinafter as ’near infrared’ or ’NIR’
radiation.
[0018] This range of wavelength corresponds to a
range in which many materials are relatively transparent
to electromagnetic radiation. In other words, this range
of wavelength corresponds to range in which a sufficient
amount of radiation may be transmitted through a sample
to enable inspection of an internal structure of the sample
to be made in a reasonable length of time.

1 2 



EP 2 049 885 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0019] This range of wavelength also corresponds to
wavelengths to which water is relatively transparent to
electromagnetic radiation. Thus, imaging of the internal
structure of water-containing materials such as biological
materials is possible. Thus, apparatus according to em-
bodiments of the invention have the advantage over prior
art techniques such as terahertz (THz) imaging tech-
niques that water-containing materials can be imaged.
Electromagnetic signals in the THz range of frequencies
are strongly absorbed by water, rendering the imaging
of the internal structure of biological materials difficult.
Whilst THz systems have demonstrated an ability to pro-
vide contrast between dry materials, such as between
paper without an ink thereon and paper with an ink ther-
eon, they have not been able to demonstrate an ability
to provide contrast in biological materials.
[0020] Conversely, X-ray imaging systems have dem-
onstrated an ability to provide contrast in biological ma-
terials, but have not been able to provide contrast in sam-
ples with relatively small concentrations of a different ma-
terial. For example, X-ray imaging systems are unable
to distinguish between paper with an ink thereon and
paper without an ink thereon.
[0021] The range of frequencies from 700 to about
2000nm has the advantage that heating of a sample as
the electromagnetic radiation passes through the sample
does not occur to a significant extent.
[0022] Embodiments of the invention have the advan-
tage of being able to distinguish (i.e. provide contrast
enabling discrimination between) cysts and tumours in
biological materials.
[0023] In the case of a cyst, being essentially a water-
filled sack, the cyst does not scatter the electromagnetic
signal, but rather attenuates the signal. In the case of a
tumour or cancer, having a cellular structure on a scale
of the order of 1Pm, scattering of the electromagnetic
signal occurs. This difference in interaction between the
sample and the incident radiation enables more accurate
determination of the nature of a feature (such as a cyst
or a tumour) in a biological sample to be made. Thus,
apparatus according to embodiments of the invention
may be used in the detection and characterisation of
cysts, tumours and other biological features of a body.
The importance of being able to distinguish between
cysts and tumours is important in enabling medical prac-
titioners to determine the nature and relative urgency of
a medical procedure in respect of a given patient.
[0024] Embodiments of the invention are therefore of
great potential utility in clinical screening and investiga-
tion of patients.
[0025] The beam of electromagnetic radiation may
correspond to electromagnetic radiation having a wave-
length in the range 700 to 1000nm. In some embodiments
the beam of electromagnetic radiation corresponds to
electromagnetic radiation having a wavelength in the
range 800 to 900nm.
[0026] Preferably the periodic amplitude variation cor-
responds to a square wave signal.

[0027] Alternatively or in addition the periodic ampli-
tude variation may correspond to a sine wave signal.
[0028] The apparatus may be operable to move the
detector with respect to the article to be inspected.
[0029] Alternatively or in addition, the apparatus may
be operable to move the article to be inspected with re-
spect to the detector.
[0030] This has the advantage that inspection of a plu-
rality of areas of a sample may be performed without the
need to provide a corresponding plurality of detectors.
Thus, the detector may be moved to an area of the sample
where it is desirable to inspect the sample, and a meas-
urement made of a signal transmitted by the source.
[0031] In some embodiments of the invention, the rel-
ative position of the source with respect to the detector
remains substantially unchanged whether the detector
is moved with respect to the sample or the sample is
moved with respect to the detector.
[0032] Preferably the detector comprises a photode-
tector element.
[0033] More preferably, the detector comprises an ar-
ray of photodetector elements.
[0034] This feature has the advantage that parallel col-
lection of data may be performed. In other words, detec-
tion of electromagnetic radiation from the source that has
interacted with the article to be inspected may be made
at a plurality of spatially separate locations at substan-
tially the same time. This has the advantage that it ena-
bles data to be collected from a plurality of spatially sep-
arate locations more quickly that in the case of serial
collection of data. By serial collection of data is meant
that data is collected from one spatial location, and sub-
sequently from a second spatial location.
[0035] The array may be a linear array. Alternatively
the array may be a planar array.
[0036] A planar array has the advantage that data may
be obtained over a two dimensional area without a re-
quirement to move the detector or the article under in-
spection.
[0037] The apparatus may be configured to operate in
a transmission mode whereby the detector is arranged
to detect a beam of electromagnetic radiation transmitted
through the article to be inspected from one side of the
article to the other, the detector being provided on a side
of the sample substantially opposite a side wherein the
source is provided.
[0038] Alternatively or in addition the apparatus may
be configured to operate in a reflection mode whereby
the detector is arranged to detect a beam of electromag-
netic radiation reflected by the article to be inspected,
the detector being provided on substantially the same
side of the article as the source.
[0039] By reflected is included reflection from an outer
surface of the article as well as reflection from an inner
volume of the article such as an interface between a ma-
trix and an embedded particle. It will be understood by
those skilled in the art that the reflection mode of opera-
tion therefore includes detection of electromagnetic ra-
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diation that has been transmitted through at least a por-
tion of the article under inspection, and is not limited only
to detection of electromagnetic radiation reflected from
an outer surface of the article.
[0040] In a variation of the reflection mode of operation,
in some embodiments of the invention one or more re-
flective elements are provided to reflect electromagnetic
radiation transmitted through the specimen back through
the specimen to a detector provided on substantially the
same side of the specimen as the source.
[0041] The apparatus may be configurable to operate
in either a reflection mode or a transmission mode.
[0042] The apparatus may be configurable to operate
in a reflection mode and a transmission mode simulta-
neously.
[0043] The source may be configured to emit electro-
magnetic radiation of a plurality of wavelengths.
[0044] The detector may be configured to detect elec-
tromagnetic radiation of a plurality of wavelengths.
[0045] A plurality of detectors may be provided, each
detector being configured to detect electromagnetic ra-
diation of a different respective wavelength or range of
wavelengths.
[0046] This feature has the advantage that the appa-
ratus may be used to measure an amount of radiation
absorbed by a sample as a function of wavelength of the
radiation substantially simultaneously.
[0047] The detector may comprise a tuneable filter.
[0048] This has the advantage that the same detector
may be used to measure the amount of radiation incident
upon the detector of each of a plurality of wavelengths
or range of wavelengths. That is, by performing a plurality
of measurements of an amount of electromagnetic radi-
ation detected by the detector, and changing the char-
acteristics of the filter between measurements, the rela-
tive amounts of attenuation of a signal by the sample as
a function of wavelength may be determined.
[0049] At least one of said wavelengths may corre-
spond to a characteristic absorption wavelength of a
sample.
[0050] This feature has the advantage that analysis of
a chemical or other composition of a material may be
performed. That is, the apparatus may be used to assist
in a determination as to whether a particular material,
element or compound is present in an article under in-
spection.
[0051] The source may be a laser source. Laser sourc-
es have the advantage that collimation of a beam of ra-
diation from the source is not required. In embodiments
of the invention a laser beam in the form of a line is pro-
vided, the line being scanned across the sample thereby
to obtain an image of a cross-sectional area of the sam-
ple, in a similar manner to laser barcode scanning tech-
nology.
[0052] In some embodiments of the invention a single
source such as an LED or solid state laser is employed,
in combination with a cylindrical lens in order to generate
a linear beam with a relatively flat intensity distribution.

In other words, the intensity distribution is substantially
non-Gaussian.
[0053] At least one of the source and the detector may
comprise a fibre optic cable.
[0054] The source may be provided with a fibre optic
cable, the cable being arranged to direct the beam of
electromagnetic radiation onto the article to be inspected.
[0055] Alternatively or in addition the detector may be
provided with a fibre optic cable arranged to direct elec-
tromagnetic radiation from the sample onto the detector.
[0056] In a second aspect of the invention there is pro-
vided a method of inspecting an article as claimed in claim
12.
[0057] Preferably the source beam corresponds to
electromagnetic radiation having a wavelength in the
range 700 to 2000nm.
[0058] More preferably, the source beam corresponds
to electromagnetic radiation having a wavelength in the
range 700 to 1000nm.
[0059] Embodiments of the invention will now be de-
scribed with reference to the accompanying figures in
which:

FIGURE 1 shows a schematic illustration of appara-
tus according to a first embodiment of the invention;

FIGURE 2 shows a schematic illustration of appara-
tus according to the first embodiment of the inven-
tion;

FIGURE 3 shows a schematic illustration of appara-
tus according to a second embodiment of the inven-
tion;

FIGURE 4 shows a schematic illustration of appara-
tus according to a third embodiment of the invention;

FIGURE 5 shows (a) an image obtained from a sam-
ple using apparatus according to an embodiment of
the invention and (b) pixel values corresponding to
an area of the image;

FIGURE 6 shows (a) an image obtained from a dif-
ferent sample using apparatus according to an em-
bodiment of the invention and (b) pixel values cor-
responding to an area of the image;

FIGURE 7 is a schematic illustration of a reflection
mode of operation of apparatus according to the sec-
ond embodiment;

FIGURE 8 shows a series of images corresponding
to a first example;

FIGURE 9 shows a series of images corresponding
to a second example;

FIGURE 10 shows a series of images corresponding
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to a third example;

FIGURE 11 shows a series of images corresponding
to a fourth example; and

FIGURE 12 shows a series of images corresponding
to a fifth example.

[0060] According to a first embodiment of the inven-
tion, apparatus 100 for inspecting a sample is substan-
tially as shown schematically in FIG. 1. The apparatus is
configured to operate in a homodyne mode. In other
words, the drive signal and the reference signal are pro-
vide by the same signal generator.
[0061] The apparatus 100 comprises a computing de-
vice 105, a reference (drive) signal generator 110, a ref-
erence (drive) signal amplifier 115, a radiation source
120, a radiation detector 125, a detector signal amplifier
and conditioner 130 and a signal processing module 135.
[0062] The reference signal generator 110 is config-
ured to generate a periodic square wave having a fre-
quency of 10MHz. It will be appreciated that other fre-
quencies are also useful. In some embodiments the
square wave has a periodic frequency of between 1 MHz
and 500MHz.
[0063] In some embodiments of the invention the com-
puting device 105 is configured to generate the reference
signal instead of a separate reference signal generator
110.
[0064] The radiation source 120 according to the first
embodiment is a solid state light emitting diode (LED)
device configured to emit electromagnetic radiation with
a wavelength of around 900nm. Other wavelengths are
also useful.
[0065] The radiation detector 125 is a solid state de-
tector having a two dimensional array of detector ele-
ments. According to the first embodiment the detector
elements are solid state diodes.
[0066] Other detector elements are also useful. In
some embodiments the detectors are CMOS detectors.
In other embodiments of the invention CCD detectors are
used. In some embodiments of the invention, any suitable
commercially available infra-red camera is used.
[0067] In the case that two dimensional arrays of de-
tector elements are used, a lens may be provided to
project an image of the sample onto the detector ele-
ments.
[0068] The detector 125 has an optical bandpass filter
arranged to allow only radiation having a wavelength of
substantially 900nm to be incident upon the array of di-
odes. Bandpass filters corresponding to other wave-
lengths are also useful.
[0069] Variable optical bandpass filters arranged to
transmit wavelengths of a different value or range of val-
ues are also useful. A diffraction grating is also useful.
An adjustable diffraction grating is also useful.
[0070] The detector 125 is configured to generate a
detector signal corresponding to the amplitude variation

of the electromagnetic radiation detected by each of the
elements of the detector 125.
[0071] The amplifier and conditioner 130 is arranged
to process the signal generated by the detector 125 be-
fore it is passed to the signal processing module 135.
[0072] The amplifier and conditioner 130 performs a
precursor function to the signal processing module 135
and is configured to remove extraneous noise.
[0073] The amplifier and conditioner 130 is an electri-
cal bandpass filter tuned to the reference signal gener-
ated by the reference signal generator 110. The amplifier
and conditioner 130 has two mainfunctions.
[0074] Firstly, it performs a relatively coarse filtering of
the detector signal prior to the main signal recovery proc-
ess (autocorrelation) performed by the signal processing
module 135.
[0075] Secondly, the amplifier and conditioner 130 re-
moves harmonics that would otherwise interfere with the
autocorrelation performed by the signal processing mod-
ule.
[0076] The signal processing module 135 is provided
with a feed of the signal generated by the reference signal
generator 110 and a feed of the detector signal following
processing by the amplifier and conditioner 130. The sig-
nal processing module 135 is configured to perform an
autocorrelation of the two signals and to produce an out-
put corresponding to a difference in amplitude of the two
signals for each of the elements of the detector 125. In
other words, the signal processing module 135 is config-
ured to provide an output that varies in a manner corre-
sponding to variations in the amplitude of the electromag-
netic signal passed through a portion of the sample from
the source.
[0077] Autocorrelation and other lock-in detection
techniques have the advantage of enabling substantially
noise free data to be obtained. That is, the apparatus is
able to filter out of the detector signal frequencies that
do not correspond to the reference signal. This enables
a more precise comparison of the relative amplitudes of
the reference signal and detector signal to be made.
[0078] Since the difference in amplitude between the
reference signal and the detector signal is small, small
signal recovery techniques such as autocorrelation and
other lock-in detection techniques provide a valuable
means for determining the difference in amplitude be-
tween the signals, and thereby recording of a variation
in the amplitude of the electromagnetic signal passed
through a portion of the sample.
[0079] It will be appreciated that the reference signal
and the detector signal are signals of the same frequency,
and therefore other homodyning techniques are also use-
ful in determining a difference in amplitude of the two
signals.
[0080] In some embodiments of the invention, hetero-
dyning techniques are used. In some embodiments of
the invention a reference signal of a different frequency
to the source signal is used.
[0081] In some embodiments of the invention, the ref-
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erence signal is mixed with the detector signal to gener-
ate a beat signal. Variations in the amplitude of the beat
signal may then be used to measure variations in the
amplitude of the detector signal.
[0082] In some embodiments of the invention, a refer-
ence signal corresponding to harmonic frequencies of
the drive signal is used. This enables harmonic analysis
to be performed. This enables further information about
an article under inspection to be determined.
[0083] In some embodiments of the invention employ-
ing homodyne techniques the reference (drive) signal is
configured to provide a swept frequency signal. That is,
the periodic frequency of the reference signal (whether
the reference signal corresponds to a square wave sig-
nal, a sine wave signal or any other suitable signal) is
varied as a function of time. In some embodiments of the
invention the reference signal is chirped. Other tech-
niques may also be employed to improve the quality of
the comparison of the relative amplitudes of the reference
and detector signals.
[0084] According to the first embodiment of the inven-
tion autocorrelation is performed using single frequency
lock-in by means of an analogue circuit. Analogue circuits
may be constructed having very high sensitivity to small
differences in the amplitudes of the reference and detec-
tor signals, enabling high quality images of an internal
structure of an article to be obtained.
[0085] It will be appreciated that in some embodiments
of the invention autocorrelation is performed digitally.
Digital performance of autocorrelation has the advantage
that it may be performed using a computer running a
software program. However it has the disadvantage that
analogue to digital (A/D) conversion of the detector signal
is required before autocorrelation may be performed. The
process of quantization of the detector signal in conver-
sion from an analogue to a digital signal inherently results
in a loss of information and therefore a reduction in the
quality of data resulting from the autocorrelation process.
[0086] In other embodiments of the invention the ap-
paratus is configured to employ other types of small sig-
nal recovery techniques including a variety of other lock-
in detection techniques. For example, standard multi
channel analysers could be employed, or free-running,
highly tuned filters that are unconnected and independ-
ent of the source. Heterodyning techniques could also
be employed as discussed above, or software based sig-
nal threshold triggering and averaging techniques used.
[0087] FIG. 2 is a schematic diagram of the first em-
bodiment of the invention arranged to analyse articles
190 passing through the apparatus on a conveyor belt
192.
[0088] According to the first embodiment the reference
signal generator 110, reference signal amplifier 115 and
radiation source 120 are provided in a single housing
122. Similarly, the radiation detector 125, radiation de-
tector signal amplifier and conditioner 130 and signal
processing module 135 are also provided in a single
housing 127.

[0089] The apparatus shown in FIG. 1 is arranged to
operate in a transmission mode. In other words, the ap-
paratus is configured such that the detector is arranged
to detect a beam of electromagnetic radiation transmitted
through the article to be inspected. Consequently, the
detector 125 is provided on an opposite side of the article
to be inspected with respect to the source 120.
[0090] In other embodiments of the invention a differ-
ent arrangement of the relative locations of the source
120 and the detector 125 may be envisaged.
[0091] In apparatus 200 according to a second em-
bodiment of the invention, the apparatus is arranged to
operate in a reflection mode (FIG. 3). In other words, the
apparatus is configured such that the detector is ar-
ranged to detect a beam of electromagnetic radiation re-
flected from the article to be inspected.
[0092] Thus, the reference signal generator, reference
signal amplifier, radiation source, radiation detector, ra-
diation detector signal amplifier and conditioner, and the
signal processing module may be provided in a single
housing 222. The source and detector are arranged to
be located on the same side of the article 290 that is to
be inspected with respect to each other.
[0093] It will be appreciated that in some embodi-
ments, detectors are provided at locations on both sides
of a sample to be inspected, allowing either or both of a
transmission mode or a reflection mode of operation to
be performed.
[0094] Apparatus 300 according to the third embodi-
ment of the invention (FIG. 4) is in the form of a handheld
device. The apparatus 300 is arranged to allow a sample
to be inserted into a sample chamber 380. Inspection of
a sample in the chamber 380 is performed in substantially
the same manner as in the case of the first embodiment
of the invention. In some embodiments in the form of a
handheld device the device is configured to operate in a
reflection mode.
[0095] FIG. 5 (a) shows an image of a portion of a food
sample obtained by means of apparatus according to the
first embodiment of the invention. FIG. 5(b) is a schematic
illustration of a portion of an array of pixels of the image
corresponding to the area circled in FIG. 5(a). Each pixel
corresponds to a detector element of the detector 125.
Overlaid on each pixel is a number corresponding to the
amplitude of the signal generated by the detector element
corresponding to that pixel.
[0096] FIG. 6 (a) shows an image obtained by the same
apparatus of a portion of a porous food sample. It can be
seen from FIG. 6(b) that the values of amplitude of the
signals generated by the detector elements are generally
higher than those generated in the case of the more
dense sample of FIG. 5. This is because in the case of
a more porous sample, a smaller volume of food material
constitutes the food sample thereby reducing a volume
of food with which the radiation signal can interact, for a
given thickness of sample.
[0097] Embodiments of the invention operating in a re-
flection mode or a variation of the reflection mode such
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as that described hereinbefore may be configured ac-
cording to the arrangement shown schematically in FIG.
7. In the embodiment of FIG. 7, it can be seen that the
reflective path length of a beam generated by the source
220 is employed to determine the position of particles
295 embedded in a matrix 296 of a sample 290 under
inspection.
[0098] The apparatus of FIG. 7 is configured to deter-
mine a path length of the reflected beam using a detector
225 having an array of detector elements 226 spatially
separated with respect to one another.
[0099] Apparatus according to embodiments of the
present invention does not use a time-resolved technique
in order to determine spatial position of the particles.
Rather, embodiments of the present invention are con-
figured to determine an amplitude variation of the source
signal passed through a portion of a sample. The ampli-
tude of the source signal decreases as the path length
of the signal through the article increases.
[0100] However, it will be appreciated by those skilled
in the art that time-resolved techniques may also be used
in some embodiments of the invention.
[0101] Apparatus according to embodiments of the in-
vention may be used to inspect a wide range of materials
samples including organic and inorganic materials such
as glass, plastic, wood, living and dead tissue, living and
dead organisms, and biological materials.
[0102] Applications include detection of foreign bodies
in articles such as food items. Properties of articles can
also be inspected, such as porosity, and density changes
variations within a sample may be characterised. Deter-
mination of the quality of an article can also be made, for
example of food items such as snacks and other items
including crisps, cereal bars, biscuits and breads.
[0103] Inspection of body parts can also be performed.
In some embodiments the apparatus is configured to
measure bone size, and provide images of one or more
bones of a body. Inspection of bone fractures is also pos-
sible, the quality of images obtained using embodiments
of the invention being comparable with x-ray imaging
techniques. For example, fractures in areas such as fin-
gers, arms, knees, legs, the chest, heels etc may be in-
spected.
[0104] In a factory environment, packaged goods may
be inspected to determine characteristics of a packaged
food such as a quantity of food contained in a package,
fill height, food quality, and whether or not one or more
contaminants of a given type are present.

Example 1

[0105] FIG. 8(a) shows a portion of a sample to be
inspected in the form of a sheet of paper having text print-
ed thereon. Two bags made of a plastics material and
containing a substance in powder form are overlaid on
the paper. FIG. 8(b) shows the sheet of paper folded
once, during a process of insertion into an envelope. FIG.
8(c) shows the envelope after sealing.

[0106] FIG. 8(d) is an image of the sample of FIG. 8
(c) obtained using apparatus according to the first em-
bodiment of the invention. Despite the fact that the paper
is sealed inside an envelope opaque to visible light, the
lettering on the paper is clearly visible and readable in
the image.
[0107] In apparatus according to embodiments of the
invention, the image produced is subsequently proc-
essed using further image processing technology such
as optical character recognition (OCR) in order to enter
the text into a database.
[0108] Embodiments of the invention find a wide range
of applications relating to security of persons and prop-
erty. For example, embodiments of the invention may be
utilised in mailrooms where scanning of mail passing
through the mailroom may be performed.
[0109] Scanning of the mail may involve searching for
keywords associated with activities of concern to an or-
ganisation, such as the words ’bomb’ or ’anthrax’ etc.
[0110] Apparatus according to embodiments of the in-
vention may be associated with existing systems config-
ured to scan mail for address and sort code information.
[0111] Apparatus according to embodiments of the in-
vention may be used to identify the presence of chemical
substances such as illegal drugs and other prohibited
articles such as firearms, in packages such as envelopes,
handbags or suitcases, or being carried on or in the hu-
man or animal body.

Example 2

[0112] FIG. 9(a) shows a tooth prior to imaging using
apparatus according to the first embodiment of the in-
vention. FIG. 9(b) shows a lock-in near infraread (NIR)
image of the same specimen taken from the same direc-
tion of view as the photograph of FIG. 9(a). FIG. 9(c)
shows a corresponding contour plot generated from the
data of FIG. 9(b).
[0113] A region A of relatively high contrast to the sur-
rounding portions of the tooth is apparent in the NIR im-
ages. This area corresponds to a relatively low difference
between the amplitudes of the reference signal and de-
tector signal. This indicates that the area A corresponds
to a region of relatively low density. It can also be seen
that a boundary B between enamel and dentine of the
tooth appears relatively dark also. The boundary region
is also known to be a region of relatively low density.
[0114] FIG. 9(d) is a photograph showing a cut-away
portion of the tooth of FIG. 9(a). It can be seen that a
cavity exists in the tooth. The position of the cavity cor-
responds to the position of the region of relatively low
density of the tooth as revealed in FiGs. 9(b) and (c).

Example 3

[0115] FIG. 10(a) is a photograph of four articles (pen
lid A, cotton swab on a wooden stick B, paper clip C and
watch battery D) made of a range of materials including
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either metal, plastics, cotton and wood. The articles are
shown prior to packaging inside a cardboard box shown
in FIG. 10(b).
[0116] FIG. 10(c) is a NIR image of the articles using
apparatus according to the first embodiment of the in-
vention. FIG. 10(d) shows the image of FIG. 10(c) with
reverse contrast. The articles are clearly visible in the
images of FIG. 10(c), (d).
[0117] It can be seen that NIR imaging is capable of
imaging materials that are normally radiolucent to x-rays
(such as plastics, wood and cotton) in addition to metals.
[0118] The image of FIG. 10(c) was obtained using a
NIR source generating near infrared radiation of less than
1 mW of power.

Example 4

[0119] FIG. 11 (a) is a photograph showing two pieces
of lean meat (pork) with a section of pork rind R overlaid
on one of the pieces (the lower piece) shown in the pho-
tograph.
[0120] FIG. 11 (b) is a photograph taken with the upper
piece of pork overlying the lower piece. The pork rind is
thereby ’sandwiched’ between the two pieces of meat.
[0121] FIG. 11 (c) is a lock-in NIR image of the structure
shown in FIG. 11 (b). The presence of the pork rind can
be clearly seen in the image. The region in which the rind
is located is revealed as a region of relatively large dif-
ference in amplitude between the reference signal and
the detector signal. The pork rind, being of a relatively
high fat content, contains a larger proportion of water
which attenuates the NIR signal to a greater extent than
portions of the sample having a relatively low fat content.
[0122] Also apparent in the image are variations in the
structure of the pork rind itself. Furthermore, portions of
the pork sample that are thinner than other portions also
show a variation in contrast compared with the remainder
of the pork sample, such as region ’P’ of FIG. 11(c).

Example 5

[0123] FIG. 12(a) shows a NIR image of a chocolate
bar made by the Hershey™ Company. The bar has a
thickness variation corresponding to the word "HER-
SHEY’S". The bar also contains almond nuts embedded
within the bar.
[0124] Apparatus according to the first embodiment is
sufficiently sensitive to distinguish the thickness varia-
tions of the bar corresponding to the word "HERSHEY’S".
The letters show up as dark lettering on a bright back-
ground in the image. The letters "H" are labelled in FIG
12(a) as a guide to the eye.
[0125] The almond nuts embedded in the bars are also
clearly visible in the image. The nuts are labelled "N" in
FIG. 12(a).
[0126] By way of comparison, FIG. 12(b) shows an im-
age of a similar Hershey chocolate bar obtained using a
THz imaging system. The system includes a femtosec-

ond pulsed laser Terahertz source and supercooled de-
tector.
[0127] The presence of almonds within the chocolate
bar, together with the letters "HERSHE" are discernible
in the image of FIG. 12(b). The letters "H" are labelled in
FIG. 12(b) as a guide to the eye, and nuts are labelled "N".
[0128] It is noted that apparatus according to the first
embodiment of the invention is approximately three or-
ders of magnitude lower in cost than the THz imaging
system used to obtain the image of FIG. 12(b). Further-
more, apparatus according to the first embodiment is sev-
eral hundred times smaller and substantially less costly
to maintain.
[0129] Some embodiments of the invention have the
advantage that optical elements such as lenses are not
required. This has the advantage of reducing a cost of
constructing a system according to some embodiments.
[0130] In apparatus according to some embodiments
of the invention, the source is arranged to emit NIR ra-
diation of a plurality of wavelengths. The source is simi-
larly arranged to detect NIR radiation of a plurality of
wavelengths and to measure an intensity of radiation of
a given wavelength or range of wavelengths.
[0131] Apparatus according to some embodiments is
provided with electronically configurable filter elements.
The electronically configurable filter elements are ar-
ranged to allow a user to control a wavelength of radiation
permitted to pass into the detectors of the apparatus.
[0132] In some embodiments of the invention a source
configured to emit a range of wavelengths of NIR radia-
tion is employed.
[0133] In embodiments of the invention the system is
configured to record the amplitude of a signal detected
by the detector as a function of wavelength by varying
the wavelength of radiation passed by one or more filter
elements associated with the detector. In some embod-
iments one or more filter elements are associated with
the source instead of or in addition to the detector.
[0134] In some embodiments, a plurality of detectors
having different respective filters are provided, to enable
simultaneous or near-simultaneous detection of different
wavelengths of NIR radiation. In such embodiments, a
source configured to emit radiation of a plurality of wave-
lengths or a range of wavelengths is used. Such embod-
iments have the advantage of enabling more rapid im-
aging of an article. Rapid imaging of an article can be
particularly important when analysing articles travelling
at speed along a conveyor belt, or when imaging living
objects.
[0135] In some embodiments of the invention the
source is configured to scan a beam over a portion of a
sample. The beam may be in the form of a point, a line,
or a broad area beam. A line source may be generated
by means of a cylindrical lens and the line scanned over
a portion of a sample.
[0136] It will be appreciated that embodiments of the
present invention may be used at modulation frequencies
considerably lower than those used in time of flight anal-
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ysis systems.
[0137] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of the words, for example "comprising" and
"comprises", means "including but not limited to", and is
not intended to (and does not) exclude other moieties,
additives, components, integers or steps.
[0138] Throughout the description and claims of this
specification, the singular encompasses the plural unless
the context otherwise requires. In particular, where the
indefinite article is used, the specification is to be under-
stood as contemplating plurality as well as singularity,
unless the context requires otherwise.

Claims

1. Apparatus (100) for imaging an object concealed in
an article (190), the apparatus comprising:

a controller (110) configured to generate a drive
signal having a periodic amplitude variation;
a source (120) operable by the controller to emit
a source beam thereby to irradiate the article,
the source beam comprising a beam of non-ion-
ising electromagnetic radiation having a periodic
amplitude variation corresponding to that of the
drive signal; and
a detector (125) being configured to detect a por-
tion of the source beam that has been transmit-
ted through at least a portion of the article, and
to generate a detector signal having the periodic
amplitude variation corresponding to the period-
ic amplitude variation of the source beam,
wherein the controller is further configured to
perform an autocorrelation or other lock-in de-
tector function between a reference signal relat-
ed to the drive signal and the detector signal to
generate a value corresponding to an amplitude
of the portion of the source beam that has been
transmitted through at least a portion of the ar-
ticle and to image any object concealed in the
article in the path of the source beam solely from
the amplitudes of detector signals.

2. Apparatus as claimed in claim 1 wherein the refer-
ence signal is a periodic signal having a same fre-
quency as the drive signal, optionally wherein the
reference signal corresponds substantially to the
drive signal, further optionally the amplitude of the
reference signal corresponds to the amplitude of the
drive signal.

3. Apparatus as claimed in claim 1 or claim 2 configured
to implement a homodyning function between the
reference signal and the detector signal thereby to
generate the value.

4. Apparatus as claimed in any preceding claim where-
in the beam of non-ionising electromagnetic radia-
tion corresponds to electromagnetic radiation having
a wavelength in the range 700 to 2000nm, optionally
in the range 700 to 1000nm, further optionally in the
range 800 to 900nm.

5. Apparatus as claimed in any preceding claim where-
in the periodic amplitude
variation of the drive signal and the reference corre-
sponds to either a square wave signal or a sine wave
signal.

6. Apparatus as claimed in any preceding claim oper-
able to move the detector with respect to the article
or to move the article with respect to the detector.

7. Apparatus as claimed in any preceding claim where-
in the detector comprises at least one selected from
amongst a photodetector element, an array of pho-
todetector elements, a linear array of photodetector
elements and a planar array of photodetector ele-
ments.

8. Apparatus as claimed in any preceding claim con-
figured to operate in at least one selected from
amongst a transmission mode whereby the detector
is arranged to detect a beam of electromagnetic ra-
diation transmitted through the article, the detector
being provided on a side of the sample substantially
opposite a side wherein the source is provided, and
a reflection mode whereby the detector is arranged
to detect a beam of electromagnetic radiation reflect-
ed by the article, the detector being provided on sub-
stantially the same side of the article as the source.

9. Apparatus as claimed in any preceding claim where-
in the source is configured to emit non-ionising elec-
tromagnetic radiation of a plurality of wavelengths or
ranges of wavelength.

10. Apparatus as claimed in any preceding claim where-
in the detector is configured to detect non-ionising
electromagnetic radiation of a plurality of wave-
lengths or ranges of wavelength, and wherein the
detector optionally comprises a tunable electromag-
netic radiation filter arranged to filter electromagnetic
radiation before detection thereof, the apparatus op-
tionally further comprising a plurality of detectors,
each of said plurality of detectors being configured
to detect a respective different wavelength, wherein
optionally at least one of said wavelengths corre-
sponds to a characteristic absorption wavelength of
a sample.

11. Apparatus as claimed in any preceding claim where-
in the source is provided with a fibre optic cable ar-
ranged to direct the beam of non-ionising electro-
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magnetic radiation onto the article or the detector is
provided with a fibre optic cable arranged to direct
electromagnetic radiation from the sample onto the
detector.

12. A method of imaging an object concealed in an article
(190) comprising the steps of:

generating a drive signal having a periodic am-
plitude variation;
generating a source beam of non-ionising elec-
tromagnetic radiation having a periodic ampli-
tude variation corresponding to that of the drive
signal;
passing a portion of the source beam through
at least a portion of the article and to a detector
(125);
the detector generating a detector signal having
an amplitude variation corresponding to the am-
plitude variation of the portion of the source
beam passed to the detector; and
performing an autocorrelation or other lock-in
detector function between a reference signal re-
lated to the drive signal and the detector signal
to generate a value corresponding to an ampli-
tude of the portion of the source beam that has
been transmitted through the at least a portion
of the article and to image an object therein in
the path of the source beam solely from the am-
plitudes of the detector signals, wherein option-
ally the source beam corresponds to non-ionis-
ing electromagnetic radiation having a wave-
length in the range 700 to 2000nm, further op-
tionally the source beam corresponds to non-
ionising electromagnetic radiation having a
wavelength in the range 700 to 1000nm .

Patentansprüche

1. Vorrichtung (100) zur bildlichen Darstellung eines in
einem Artikel (190) verborgenen Objekts, wobei die
Vorrichtung folgendes umfasst:

eine Steuereinrichtung (110), die so konfiguriert
ist, dass sie ein Steuersignal mit einer periodi-
schen Amplitudenschwankung erzeugt;
eine Quelle (120), die durch die Steuereinrich-
tung betrieben werden kann, um einen Quellen-
strahl zu emittieren, um dadurchden Artikel zu
bestrahlen, wobei der Quellenstrahl einen Strahl
nicht-ionisierender elektromagnetischer Strah-
lung umfasst, mit einer periodischen Amplitu-
denschwankung, die der des Steuersignals ent-
spricht; und
einen Detektor (125), der so konfiguriert ist, dass
er einen Abschnitt des Quellenstrahls detektiert,
der durch zumindest einen Abschnitt des Arti-

kels übermittelt worden ist, und um ein Detek-
torsignal mit einer periodischen Amplituden-
schwankung zu erzeugen, die der periodischen
Amplitudenschwankung des Quellenstrahls
entspricht;
wobei die Steuereinrichtung ferner so konfigu-
riert ist, dass sie eine Autokorrelation oder eine
sonstige Lock-in-Detektorfunktion zwischen ei-
nem Referenzsignal in Bezug auf das Steuersi-
gnal und dem Detektorsignal ausführt, um einen
Wert zu erzeugen, der einer Amplitude des Ab-
schnitts des Quellenstrahls entspricht, der durch
zumindest einen Abschnitt des Artikels übertra-
gen worden ist, und um jedes in dem Artikel in
dem Pfad des Quellenstrahls verborgene Objekt
ausschließlich anhand der Amplituden der De-
tektorsignale bildlich darzustellen.

2. Vorrichtung nach Anspruch 1, wobei es sich bei dem
Referenzsignal um ein periodisches Signal mit der
gleichen Frequenz wie das Steuersignal handelt,
wobei das Referenzsignal optional im Wesentlichen
dem Steuersignal entspricht, wobei die Amplitude
des Referenzsignals optional ferner der Amplitude
des Steuersignals entspricht.

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei die Vorrichtung so konfiguriert ist, dass sie eine
homodynisierende Funktion zwischendem Refe-
renzsignal und dem Detektorsignal implementiert,
wodurch der Wert erzeugt wird.

4. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei der Strahl der nichtionisierenden elektro-
magnetischen Strahlung elektromagnetischer
Strahlung mit einer Wellenlänge im Bereich von 700
bis 2000 nm entspricht, optional im Bereich von 700
bis 1000 nm und ferner optional im Bereich von 800
bis 900 nm.

5. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die periodische Amplitudenschwankung
des Steuersignals und des Referenzsignals entwe-
der einem Rechteckwellensignal oder einem Sinus-
wellensignal entspricht.

6. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei diese so funktionsfähig ist, dass sie den
Detektor im Verhältnis zu dem Artikel bewegen kann,
oder dass sie den Artikel im Verhältnis zu dem De-
tektor bewegen kann.

7. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei der Detektor mindestens eine Einrichtun-
gumfasst, die aus folgender Gruppe ausgewählt
wird: einem Fotodetektorelement, einer Anordnung
von Fotodetektorelementen, einer linearen Anord-
nugn von Fotodetektorelementen und einer plana-
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ren Anordnung von Fotodetektorelementen.

8. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei diese so konfiguriert ist, dass sie in min-
destens Modus betrieben wird, der aus den folgen-
den Modi ausgewählt wird:

einem Übermittlungsmodus, wobei der Detektor
so angeordnet ist, dass er einen Strahl elektro-
magnetischer Strahlung detektiert, der durch
den Artikel übermittelt wird, wobei der Detektor
auf einer Seite der Probe im Wesentlichen ge-
genüber einer Seite, an der die Quelle vorgese-
hen ist, bereitgestellt ist; und einem Reflexions-
modus, wobei der Detektor so angeordnet ist,
dass er einen Strahl elektromagnetischer Strah-
lung detektiert, der von dem Artikel reflektiert
wird, wobei der Detektor im Wesentlichen auf
der gleichen Seite des Artikels wie die Quelle
vorgesehen ist.

9. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Quelle so konfiguriert ist, dass sie
nicht-ionisierende elektromagnetische Strahlung ei-
ner Mehrzahl von Wellenlängen oder Wellenlängen-
bereiche emittiert.

10. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei der Detektor so konfiguriert ist, dass er
nicht-ionisierende elektromagnetische Strahlung ei-
ner Mehrzahl von Wellenlängen oder Wellenlängen-
bereiche detektiert; und wobei der Detektor optional
einen einstellbaren Filter für elektromagnetische
Strahlung umfasst, der so angeordnet ist, dass er
elektromagnetische Strahlung vor deren Erkennung
filtert, wobei die Vorrichtung ferner optional eine
Mehrzahl von Detektoren umfasst, wobei jeder De-
tektor der genannten Mehrzahl von Detektoren so
konfiguriert ist, dass er eine entsprechende unter-
schiedliche Wellenlänge detektiert, wobei optional
zumindest eine der genannten Wellenlängen einer
charakteristischen Absorptionswellenlänge einer
Probe entspricht.

11. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Quelle mit einem faseroptischen Ka-
bel versehen ist, das so angeordnet ist, dass es den
Strahl nicht-ionisierender elektromagnetischer
Strahlung auf den Artikel leitet, oder wobei der De-
tektor mit einem faseroptischen Kabel versehen ist,
das so angeordnet ist, dass es elektromagnetische
Strahlung von der Probe auf den Detektor leitet.

12. Verfahren zur bildlichen Darstellung eines in einem
Artikel (190) verborgenen Objekts, wobei das Ver-
fahren die folgenden Schritte umfasst:

das Erzeugen eines Steuersignals mit einer pe-

riodischen Amplitudenschwankung erzeugt;
das Erzeugen eines Quellenstrahls nicht-ioni-
sierender elektromagnetischer Strahlung mit ei-
ner periodischen Amplitudenschwankung, die
der des Steuersignals entspricht;
das Leiten eines Abschnitts des Quellenstrahls
durch zumindest einen Abschnitt des Artikels
und zu einem Detektor (125)
wobei der Detektor ein Detektorsignal mit einer
Amplitudenschwankung erzeugt, die der Ampli-
tudenschwankung des Abschnitts des Quellen-
strahls entspricht, der durch den Detektor gelei-
te wird; und
das Durchführen einer Autokorrelation oder ei-
ner sonstigen Lock-in-Detektorfunktion zwi-
scheneinem Referenzsignal in Bezug auf das
Steuersignal und dem Detektorsignal ausführt,
um einen Wert zu erzeugen, der einer Amplitude
des Abschnitts des Quellenstrahls entspricht,
der durch zumindest einen Abschnitt des Arti-
kels übertragen worden ist, und um jedes in dem
Artikel in dem Pfad des Quellenstrahls verbor-
gene Objekt ausschließlich anhand der Ampli-
tuden der Detektorsignale bildlich darzustellen,
wobei der Quellenstrahl optional nicht-ionisie-
render elektromagnetischer Strahlung mit einer
Wellenlänge im Bereich von 700 bis 2.000 nm
entspricht, wobei der Quellenstrahl optional fer-
ner nicht-ionisierender elektromagnetischer
Strahlung mi einer Wellenlänge im Bereich von
700 bis 1.000 nm entspricht.

Revendications

1. Appareil(100) pour l’imagerie d’un objet dissimulé
dans un article (190), l’appareil comprenant :

un contrôleur (110) configuré pour générer un
signal d’entraînement ayant une variation d’am-
plitude périodique;
une source (120) pouvant être actionnée par le
contrôleur pour émettre un faisceau source pour
ainsi irradier l’article, le faisceau source com-
prenant un faisceau de rayonnement électroma-
gnétique non ionisant ayant une variation d’am-
plitude périodique correspondant à celle du si-
gnal d’entraînement; et
un détecteur (125) configuré pour détecter une
partie du faisceau source qui a été transmise à
travers au moins une partie de l’article, et pour
générer un signal de détecteur ayant la variation
d’amplitude périodique correspondant à la va-
riation d’amplitude périodique du faisceau sour-
ce,
dans lequel le contrôleur est en outre configuré
pour effectuer une autocorrélation ou une autre
fonction de détecteur de phase entre un signal

19 20 



EP 2 049 885 B1

12

5

10

15

20

25

30

35

40

45

50

55

de référence associé au signal d’entraînement
et le signal de détecteur pour générer une valeur
correspondant à une amplitude de la partie du
faisceau source qui a été transmise à travers au
moins une partie de l’article et pour imager un
quelconque objet dissimulé dans l’article dans
le chemin du faisceau source uniquement à par-
tir des amplitudes des signaux de détecteur.

2. Appareilselon la revendication 1, dans lequel le si-
gnal de référence est un signal périodique ayant une
même fréquence que le signal d’entraînement, en
option dans lequel le signal de référence correspond
sensiblement au signal d’entraînement, en outre en
option l’amplitude du signal de référence correspond
à l’amplitude du signal d’entraînement.

3. Appareilselon la revendication 1 ou 2, configuré pour
mettre en oeuvre une fonction d’homodynage entre
le signal de référence et le signal de détecteur pour
générer ainsi la valeur.

4. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le faisceau de rayonne-
ment électromagnétiquenon ionisant correspond à
un rayonnement électromagnétiqueayant une lon-
gueur d’onde dans la plage comprise entre 700 et 2
000 nm, en option dans la plage comprise entre 700
et 1 000 nm, en outre en option dans la plage com-
prise entre 800 et 900 nm.

5. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel la variation d’amplitude
périodique du signal d’entraînementet du signal de
référence correspond soit à un signal d’onde carrée
soit à un signal d’onde sinusoïdale.

6. Dispositif selon l’une quelconque des revendications
précédentes, capable de déplacer le détecteur par
rapport à l’article ou de déplacer l’article par rapport
au détecteur.

7. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le détecteur comprend au
moins un élément choisi parmi un élément photodé-
tecteur, une matrice d’éléments photodétecteurs,
une matrice linéaire d’éléments photodétecteurs et
une matrice planaire d’éléments photodétecteurs.

8. Dispositif selon l’une quelconque des revendications
précédentes, configuré pour fonctionner dans au
moins un mode choisi parmi un mode de transmis-
sion moyennant quoi le détecteur est agencé pour
détecter un faisceau de rayonnement électromagné-
tiquetransmis à travers l’article, le détecteur étant
prévu sur un côté de l’échantillon sensiblement op-
posé à un côté dans lequel la source est fournie, et
un mode de réflexion moyennant quoi le détecteur

est agencé pour détecter un faisceau de rayonne-
ment électromagnétique réfléchi par l’article, le dé-
tecteur étant prévu sur sensiblement le même côté
de l’article que la source.

9. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel la source est configurée
pour émettre un rayonnement électromagnétique
non ionisant d’une pluralité de longueurs d’onde ou
plages de longueur d’onde.

10. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le détecteur est configuré
pour détecter un rayonnement électromagnétique
non ionisant d’une pluralité de longueurs d’onde ou
plages de longueur d’onde, et dans lequel le détec-
teur comprend en outre un filtre de rayonnement
électromagnétique réglable agencé pour filtrer le
rayonnement électromagnétiqueavant sa détection,
l’appareil comprenant en outre en option une plura-
lité de détecteurs, chacun de ladite pluralité de dé-
tecteurs étant configuré pour détecter une longueur
d’onde différente respective, dans lequel en option
au moins l’une desdites longueurs d’onde corres-
pond à une longueur d’onde à absorption caracté-
ristique d’un échantillon.

11. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel la source est pourvue d’un
câble à fibre optique agencé pour diriger le faisceau
de rayonnement électromagnétiquenon ionisant sur
l’article ou le détecteur est pourvu d’un câble à fibre
optique agencé pour diriger le rayonnement électro-
magnétique provenantde l’échantillon sur le détec-
teur.

12. Procédé d’imagerie d’un objet dissimulé dans un ar-
ticle (190) comprenant les étapes consistant à :

générer un signal d’entraînement ayant une va-
riation d’amplitude périodique ;
générer un faisceau source de rayonnement
électromagnétique non ionisant ayant une va-
riation d’amplitude périodique correspondant à
celle du signal d’entraînement;
faire passer une partie du faisceau source à tra-
vers au moins une partie de l’article et à un dé-
tecteur (125) ;
le détecteur générant un signal de détecteur
ayant une variation d’amplitude correspondant
à la variation d’amplitude de la partie du faisceau
source passé au détecteur ; et
effectuer une autocorrélation ou une autre fonc-
tion de détecteur de phase entre un signal de
référence associé au signal d’entraînement et
le signal de détecteur pour générer une valeur
correspondant à une amplitude de la partie du
faisceau source qui a été transmise à travers
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l’au moins une partie de l’article et à imager un
objet à l’intérieur dans le chemin du faisceau
source uniquement à partir des amplitudes des
signaux de détecteur, dans lequel en option le
faisceau source correspond à un rayonnement
électromagnétiquenon ionisant ayant une lon-
gueur d’onde dans la plage comprise entre 700
et 2 000 nm, en outre en option le faisceau sour-
ce correspond à un rayonnement électromagné-
tiquenon ionisant ayant une longueur d’onde
dans la plage comprise entre 700 et 1 000 nm.
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