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(57) Abstract: In determining whether an object (3) contains a substance or molecules of a specific kind such as a hazardous sub-
stance of some kind, for example an explosive or a component of such a substance, the object is illuminated with light of a definite
wavelength from a light source (1) and the light scattered by the object is analysed to obtain a Raman spectrum. The light scat-
tered by the object is then collected and concentrated using an optical system (7) and analysed by a spectrometer (5). To obtain a
high selectivity, sensitivity and /or accuracy in the determination, light is emitted from the light source with a plurality of ditferent
wavelengths around a wavelength that agrees with an absorption wavelength of the substance or the molecules of said one kind.
Raman spectra are produced for each such wavelength and the spectra are then analysed (19) to determine whether the object con-
tains the substance or molecules of said one kind. The wavelength of the emitted light can be changed with a predetermined step
around the absorption wavelength.



5

10

15

20

25

30

WO 2009/105009 PCT/SE2009/000097
1
STAND-OFF DETECTION OF HAZARDOUS SUBSTANCES SUCH AS EXPLOSIVES

AND COMPONENTS OF EXPLOSIVES

RELATED APPLICATIONS

This application claims priority and benefit from Swedish patent application No. 0800374-1,
filed February 19, 2008, and U.S. provisional patent application No. 61/029,698, filed February 19,
2008, the entire teachings of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to detection of substances or molecules of one kind, in
particular of hazardous substances such as explosives and components of explosives.

BACKGROUND

Substances of different types such as hazardous substances, for example explosives and
substances dangerous to the environment can be detected using Raman-spectroscopy, for
example see the published International patent application No. WO 2007/008151.

When monochromatic light such as from a laser hits a quantity of a substance, for example
a hazardous substance such as an explosive or a component thereof, most of the light is scattered.
Most of the scattered light has the same wavelength as the incoming light whereas a small part of
the scattered light have other wavelengths. The illuminating light can be entirely elastically
scattered, so called Rayleigh scattering. The light can also be scattered in other ways and one
way is Raman scattering. The Raman spectrum obtained by Raman scattering contains a number
of sharp bands/lines which together are unique to molecules of every individual kind of the sub-
stance. Every line in the Raman spectrum corresponds to a vibrational mode of the molecules of
the respective kind. The fact that the Raman spectrum is unique to molecules of the same kind
can be used to identify the molecules which are contained in the quantity of the substance that
has been illuminated.

Thus, a homogeneous substance, i.e. a substance that consists of molecules of one kind,
has one or more unique light absorption wavelengths. When the wavelength of the light, with
which the substance is illuminated, is tuned to, i.e. substantially agrees with to or is relatively
close to such an absorption wavelength, an enhancement, so called resonance, of the Raman
spectrum is obtained. The enhancement effect increases the sensitivity of detection using Raman
spectroscopy, which can allow detection of small quantities of the substance. Also, the tuning of
the wavelength to an absorption wavelength provides an improvement in selectivity, i.e. the sub-
stance can by analysis of recorded Raman spectra more easily be distinguished from other sub-
stances. Application of light of wavelengths tuned to absorption wavelengths in Raman spectro-

scopy is referred to as resonance enhanced Raman spectroscopy RRS (also abbreviated as
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RERS).

Using Raman spectroscopy to discover substances located at a distance is previously
known from for example Ming Wu et al., "Stand-off Detection of Chemicals by UV Raman
Spectroscopy”, Appl. Spectr., Vol. 54, No. 6, 2000, A. J. Sedlacek III and M. D. Ray, "Short
Range Noncontact Detection of Surface Contaminants Using Raman LIDAR", Brookhaven
National Laboratory BNL-69445, published in Proc. SPIE 4577, 95 (2001), T. H. Chyba et al,,
"Laser Interrogation of Surface Agents (LISA) for Stand-off Sensing of Chemical Agents",
Brookhaven National Laboratory BNL-69444-AB, presented at the 21st Internat. Laser Radar
Conf. (ILRC), Quebec, Canada, July 8-12, 2002, and U.S. patent 6,608,677. In the procedures
described in these documents equipment is used which includes a laser that emits light of a fixed
wavelength in the UV range towards the object to be examined. Light from the object is
collected, using a reflecting telescope, from the same direction as that of the laser light. The
collected light is filtered using a notch filter for the emitted wavelength and is thereafter fed to a
spectroscope. Thus, the collected light can be provided to a grating based spectroscope using a
bundle of optical fibres, which at its output end has the fibres arranged in a row along the input
slot of the spectroscope.

SUMMARY

It is an object of the present invention to provide a method for detection of substances,
which can be carried out with high selectivity, sensitivity and/or accuracy.

Thus generally, a procedure based on Raman spectroscopy can be used. As is known, a
Raman spectrum for a homogeneous substance is recorded using ordinary Raman spectroscopy
by illuminating with light of a wavelength, which is so much separated from the resonance
wavelengths of the substance that resonance effects are totally negligible. Such a similar
"ordinary" Raman spectrum is then in principle obtained by illumination with light having
another wavelength, which also is distant from the wavelengths of resonance. An RRS spectrum,
i.e. a spectrum recorded using resonance effects, i.e. using resonance enhanced Raman spectro-
scopy, is on the contrary unique also to the illuminating light and thus separated from the RRS
spectrum which is obtained by illumination with light of another wavelength. The differences
can include that intensities and widths of lines in recorded RRS spectra differ and also which
lines that are discernable therein.

Furthermore, it has turned out that the change of RRS spectra for different wavelengths
around an absorption wavelength of a substance is unique for the substance and for a chosen
absorption wavelength. To determine whether a substance or molecules of a given kind exist/s/

in a sample, RRS spectra can thus be recorded for a plurality of wavelengths around an absorp-
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3
tion wavelength of the substance or generally for molecules of a given kind and thereafter be

analysed. In such an analysis for example the change of the magnitude of the light intensity for a
certain wavelength can be used, for example for the absorption wavelength or for a multiple of
the corresponding wave number or frequency, such as for the double frequency. Thus generally,
the intensity for all these frequencies can be used. The analysis can also include the intensity at
one or more other absorption wavelengths of the substance, as intensities at such other
wavelengths can also become discernible and measurable when the wavelength of the
illuminating light is near the chosen absorption wavelength.

Raman and in particular RRS spectra for different wavelengths of the illuminating light of
one or more substances, which one desires to identify, can be recorded and analysed in advance,
for example as has been indicated above. They can also or alternatively be stored in a database.
Light scattered by a sample or an object is thereafter collected, for example using a telescopic
system, and the corresponding Raman spectrum is in conventional way obtained by dividing the
light in wavelengths in a spectrometer. To identify one or several substances in the sample or the
object the recorded spectrum can then be compared to spectra in the database or it can be ana-
lysed in some other way.

Generally thus, in a procedure of determining whether an object contains a substance or
molecules of some specific kind, in particular a hazardous substance such as an explosive or a
component of an explosive, the object can be illuminated with light of a definite wavelength
from a light source and the light scattered by the object be analysed to obtain a Raman spectrum.
The light scattered by the object can be collected and concentrated using an optical system, in
particular an optical system of telescopic type, to be analysed by a spectrometer. The light
emitted from the light source is chosen to be of a plurality of different wavelengths around a
wavelength agreeing with an absorption wavelength of said substance or molecules of the
specific kind. A Raman spectrum is recorded for each such wavelength and the obtained Raman
spectra are thereafter analysed to determine whether the object contains said substance or
molecules of the specific kind. The different wavelengths with which the light is emitted can be
chosen so that they are larger than said absorption wavelength or so that they are smaller than
said absorption wavelength or so that they are both larger and smaller than said absorption wave-
length. The wavelengths can be evenly distributed, i.e. have a constant distance between adjacent
wavelengths either taken in wavelengths, wave numbers or frequencies. The wavelengths should
be at small distance from said absorption wavelength compared to the distance between adjacent
absorption wavelengths, for example at most 10 nm, and the distance between adjacent wave-

lengths can for example be in the range of less than 0.5 nm and typically be around 0.1 nm.
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Such a procedure, using the change of RRS spectra at wavelengths relatively near an

absorption wavelength, can with a relatively high sensitivity and selectivity decide whether a
substance or molecules of the specific kind exist/s/ in an object or a sample.

Additional objects and advantages of the invention will be set forth in the description
which follows, and in part will be obvious from the description, or may be learned by practice of
the invention. The objects and advantages of the invention may be realized and obtained by
means of the methods, processes, instrumentalities and combinations particularly pointed out in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

While the novel features of the invention are set forth with particularly in the appended
claims, a complete understanding of the invention, both as to organization and content, and of
the above and other features thereof may be gained from and the invention will be better
appreciated from a consideration of the following detailed description of non-limiting
embodiments presented hereinbelow with reference to the accompanying drawings, in which:

- Fig. 1a is a schematic of equipment for performing Raman spectroscopy,

- Fig. 1b is a picture corresponding to Fig. la for Raman spectroscopy concerning a sample
located at a distance from the measuring equipment,

- Figs. 2a and 2b are schematics illustrating the principles of Raman spectroscopy and resonance
enhanced Raman spectroscopy, respectively,

- Fig. 3 is a diagram showing the Raman spectrum of a substance chosen as an example,

- Figs. 4 - 7 are diagrams corresponding to Fig. 3 for cases where the illuminating light has a
much larger wavelength than an absorption wavelength of the substance, where the wavelength
is closer to the absorption wavelength, where the wavelength is very close to the absorption
wavelength and where the wavelength corresponds to the absorption wavelength, respectively,
and

- Figs. 8 and 9 are schematics showing components of an installation for Raman spectroscopy.

DETAILED DESCRIPTION

In Fig. 1a a setup for Raman spectroscopy is schematically shown. Monochromatic light
from a laser 1 is directed towards an object of measurement or a sample 3. When the light hits
the object, most of the light is scattered. The scattered light has for the most part the same wave-
length as the incoming light. However, a small part of the scattered light will have shifted wave-
lengths. The scattered light is received and detected by a spectrometer 5. The spectrometer can,
using suitable signal processing, display or in some other way output a spectrum, which can be

displayed as a diagram. The spectrum of the wavelength shifted light is called a Raman spec-
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trum. The Raman spectrum contains a number of sharp bands/lines or peaks, which project from

an underlying more evenly varying background level, compare Fig. 3. The bands, lines or peaks
are characteristic of the molecules included in the object of measurement. Every line of a Raman
spectrum actually corresponds to a vibrational mode in the bonds of the molecules of one kind.

If the wavelength of the light emitted from the exciting laser 1 agrees with an absorption
wavelength of molecules of one kind that are included the object 3 of measuring, an enhanced
Raman spectrum can be obtained. This effect is used in so called resonance enhanced Raman
spectroscopy (RRS). The resonance enhancement is very useful both for increasing the sensi-
tivity and for increasing the selectivity using Raman spectroscopy in identifying molecules of
different kinds, i.e. for distinguishing molecules of one kind from molecules of other kinds. The
increased sensitivity can also be used for detection at relatively large geographic distances
("stand-off detection") as will be described below. Simple Raman spectroscopy and RRS are
schematically illustrated in Figs. 2a and 2b, respectively.

An installation for performing measurements of an object located at a distance from the
measuring equipment is schematically illustrated in Fig. 1b. The installation mainly differs from
the installation of Fig. 1a in the larger distance between the laser 1 and the object 3 of measure-
ment and between the spectrometer 5 and the object of measurement and in the fact that the
spectrometer 5 is provided with telescope optics 7, i.e. an optical system of the type used in a
telescope except the ocular thereof. The optical system focuses light incoming from the object 3
of measurement towards the spectrometer and in particular towards a frequency dividing device,
not shown, included therein, from which the frequency divided light is provided to a light
sensitive surface of a light detector, not shown.

Examples of components which can be included in the installation appear from Fig. 8. A
laser 1 outputs light pulses towards a mirror 11, which reflects the light pulses in the direction of
object 3. In the figure the object is said to be located at a distance of 55 m. However, the in-
stallation can of course be used for detection at distances within a wide range, for example
within a range between 5 and 2000 m. Light from the object is collected by an optical system 7
of telescopic type, correspohding to that is used in a Schmidt-Cassegrain telescope in this
embodiment of the installation, but other optical systems can of course be used. The mirror 11
can be placed so that the light that is directed towards the object 3 is parallel to and directed
opposite the light, which is collected by the optical system, compare the prisms 12 in Fig. 9. The
collected light is provided to a unit 13, which includes filters and a device, such as one or more
lenses, for coupling with an optical fibre 15. The optical fibre conducts the filtered, collected

light to a spectrometer 5, including a wavelength dividing device, for example of the grating
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6
type, and a light detector, here shown as an ICCD ("Intensified gated Charge Coupled Device")

17. The output signal of the ICCD is conducted to an analysis and image processing module 19
of a computer 21. The result of the image processing can be displayed on the monitor 23. A con-
trol unit or control module 25, suitably arranged in or coupled to the computer 21, controls the
laser 1 and in particular the times when light pulses will be emitted. The control module also
controls the ICCD unit 17, so that the unit can read received light during a time window, which
has a chosen delay relative to each emitted light pulse and which has a suitably chosen length to
achieve an optimum detection of the scattered light of interest.

In resonance enhanced Raman spectroscopy the peaks in the original Raman spectrum are
enhanced in various degrees, i.e. the mutual relationship between the heights of peaks is
changed. Moreover, peaks can appear at multiples of the corresponding wave number or fre-
quency, when the wavelength of the by the laser emitted light is at or near the considered
absorption wavelength. If there is a peak at the wave number 1000 cm” there can accordingly
appear peaks at the wave numbers 2000 cm™, 3000 cm! etc.

RRS spectra captured for illumination with monochromatic light of wavelengths around an
absorption wavelength of one or more homogeneous substances/molecules of one or more kinds
of interest can first be determined in measurements. Measured spectra can be analysed to obtain
characteristics of different types such as a characteristic change of a line intensity for illumina-
tion with light pulses of wavelengths near an absorption wavelength. As an alternative or in
addition measured spectra can be stored in a database. Thereupon, RRS spectra are in the cor-
responding way recorded for a sample or a quantity 3 of an unknown substance for a plurality of
different wavelengths around an absorption peak of a homogeneous substance, the RRS spectra
of which already have been recorded according to the description above. The recorded spectra
are analysed as by determining whether they have the previously determined characteristics of a
homogenous substance. If there is a sufficiently good correspondence between one or more such
characteristics, it can be decided that the unknown sample or quantity contains the homogeneous
substance. Alternatively, the Raman spectra recorded for the unknown sample or quantity can be
compared to the already determined spectra which are stored in the database. If there is a
sufficiently large agreement between the now recorded spectra and the stored spectra for a
homogeneous substance, it can with a relatively high accuracy be decided that the other sub-
stance exists in the sample or quantity of the unknown substance. This gives the determination
method a high selectivity.

To be capable of performing such a determination the sample 3 of the unknown substance

has to be illuminated with light of a plurality of different wavelengths. This can in the easiest
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7
way be achieved if the exciting laser 1 is tunable or is provided with a wavelength modulator,

not shown. Then, the control module 25 also controls the wavelength of the light pulses output
from the laser. A plurality of exciting lasers can also be used, for example if so required for dif-
ferent wavelength regions, compare Fig. 9.

Thus, the Raman spectrum of a substance is changed in relatively high degree and in a way
specific to the substance, when the wavelength of the light, with which the substance is illumina-
ted, approaches an absorption wavelength of the substance. An RRS spectrum of a substance can
for example look as in the diagram of Fig. 3 for a good signal-to-noise ratio. This spectrum has
been obtained by illumination with light of a wavelength, that corresponds to the wave number 0
in the diagram and that agrees with to a chosen or considered absorption wavelength of the
substance. The displayed spectrum shows the result of so called anti-Stokes scattering, for which
the Raman scattering results in a light of higher energy, i.e. light having a shorter wavelength.
The Raman spectrum of the substance here has two peaks, one at the wave number 1000 cm™
and one at 3200 cm™, the wave numbers given relative to the wave number of the illuminating
light.

If the substance in this example is illuminated with monochromatic light of a wavelength,
which sufficiently deviates from all absorption wavelengths and in particular from the wave-
length, which has been used in recording the spectrum of Fig. 3, for example for a deviation of at
least 10 nm from this wavelength, a Raman spectrum without any peaks is obtained as shown in
Fig. 4.

When the wavelength of the light, with which the substance is illuminated, has a smaller
deviation and accordingly is nearer the absorption wavelength of the substance, an RRS spec-
trum is obtained, which has a peak corresponding to the wave number deviation 1000 cm™, and
in addition peaks can be obtained at multiples of this wavelength, i.e. at wavelengths
corresponding to the wave number deviations 2000 cm™ and 3000 cm™ calculated relative to the
wave number corresponding the considered absorption wavelength of the substance. On the other
hand, the peak at the second Raman line corresponding to the wave number deviation 3200 cm’!
is not visible in this spectrum, see Fig. 5.

In the case where the wavelength of the light, with which the substance is illuminated, is
still closer to the considered absorption wavelength of the substance, an RRS spectrum is ob-
tained, in which the peaks at the wave number deviation 1000 cm™ and possible multiples
thereof are still more enhanced. In addition the peak at the wave number deviation 3200 cm™ is
also visible in the spectrum, see Fig. 6.

When the wavelength of the light, with which the substance is illuminated, completely
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corresponds to the actual absorption wavelength, the Raman lines at the wavelength correspond-

ing to the wave number deviation 1000 cm’ and at multiples of this wave number deviation have
their maximum heights, see Fig. 7.

In the diagrams of Figs. 3 - 7 only spectra resulting from anti-Stokes scattering are shown,
for which Raman scattering results in light having higher energy. The corresponding spectrum
for so called Stokes scattering can be recorded, for which Raman scattering results in light
having a lower energy, i.e. light having longer wavelengths. Both or either of these spectra can
be used in the methods described below for stand-off-detection.

Generally, the method briefly described above can for example be used to monitor whether
an unknown object, which can be available in a solid phase, in a liquid or gaseous phase and
which can be located at a distance, contains one of the substances, for example explosives, which
can be found in a database together with their associated Raman and RRS spectra. An
installation for carrying out the method can then include one or more tunable lasers 1, which are
tunable to emit light of different wavelengths, for example within a range between 200 nm and
400 nm, in which many substances of interest have absorption wavelengths. The analysis and
image processing unit 19 is coupled to a database stored in a memory 27 and analyses Raman
spectra recorded by the spectrometer 5, for example compares them to stored Raman spectra for
different substances of interest and presents the result of the comparison for example on the
monitor 23.

The method can include the following steps:

1. The laser 1 is set so that it emits light of a wavelength corresponding to an absorption
wavelength of a first one of the substances in the database stored in the memory 27.

2. The laser 1 is directed towards the unknown object 3 or towards a point in the neighbourhood
of the object.

3. The object 3 is illuminated with light pulses emitted by the laser 1.

4. Light scattered by the object 3 is collected by the optical system 7 and forwarded to the
spectrometer 5.

5. The spectrometer 5 divides the light in different wavelengths and the detector 17 detects the
light for recording an RRS spectrum.

6. The recorded RRS spectrum is compared to RRS spectra for different substances of interest, in
particular the first substance mentioned above. If the object 3 contains the substance which has
the absorption line for which the wavelength of laser 1 has been set, the recorded spectrum
becomes resonance enhanced, but it can also using "ordinary" (i.e. not RRS) Raman spectro-

scopy, by analysis of the recorded spectrum, be determined whether there are other substances of
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interest in the substance, in particular whether such substances are present in high concentrations

in the object.

7. The wavelength of the light that is emitted from the laser 1 is changed by steps near or close
to, for example around, i.e. on both sides of said absorption wavelength, and an RRS spectrum is
recorded for each step.

8. The RRS spectra that are obtained in this way and recorded for light of wavelengths near the
considered absorption wavelength are analysed in the analysis and image processing unit 19 and
they can in particular be compared to the Raman spectra of different substances of interest for
the same wavelengths stored in the database. The latter procedure means that a set of spectra is
compared to another set.

9. A decision whether the object contains any of the sought-after substances is made by the
analysis and image processing unit 19 based on the results of the comparisons made in the points
6. and 8. above and are presented on the monitor 23.

10. The points 1 - 9 are repeated for the other substances of interest.

To achieve additional accuracy in the determination whether a substance exists near or in
the object 3 the examination can be performed using illumination with light of wavelengths
corresponding to two or more absorption wavelengths for the same substance. The light source
can then alternately be tuned to these two wavelengths. The light source can for example first
emit a sequence of light pulses of a wavelength near or close to a first absorption wavelength,
thereafter another sequence of light pulses of another wavelength near or close to a second
absorption wavelength, then yet another sequence of light pulses of another wavelength near or
close to the first absorption wavelength, etc.

The light source 1 can in such an examination procedure include a plurality of light
emitting units as shown in Fig. 9 and they can then simultaneously emit light pulses of two or
more wavelengths, which are tuned in regard of two or more absorption wavelengths for the
substance. Of course, this procedure can be used for a simultaneous examination in regard of
different substances. The light pulses from the at least two light emitting units then have
wavelengths tuned to the absorption wavelengths for two or more different substances. The light
from the laser units 1 can be deflected using prisms 12, which are placed, so that the light rays
which directly hit the object 3 have a path which is the same as the path for the light, which is
collected by the optical system 7. In Fig. 9 it is also shown how the unit 13 for coupling and
filtering instead can include a coupling lens 13' at the optical system and a filter 14 arranged at

the input of the spectrometer 7.



10

15

20

25

30

WO 2009/105009 PCT/SE2009/000097

10
Example: Dustbin by a road

As an example the use of the procedure for determining whether a dustbin located by a
road contains any hazardous substance, such as some explosive, will now be briefly described.
The equipment according to the description above, mainly including laser, telescopic optics,
spectrometer including a CCD, calculating unit and presentation unit, can be assembled on/in a
vehicle such as truck or private car, not shown. The laser 1 and the telescopic optics 7 can be
mounted to the roof of the vehicle and the spectrometer 5 including the CCD unit, control unit,
analysis and image processing unit and presentation unit inside the vehicle and an operator in the
car issues commahds to and supervises the different included components.

Generally, such a vehicle can be used to monitor that e.g. no bombs are placed along a
road. When using the vehicle and its equipment the following steps may be performed:

1. The operator sets the equipment to search for TNT (Trotyl), TATP (triacetontriperoxide,
common home-made explosive used by terrorists) and hydrogen peroxide (common component
in home-made bombs), for example by input to the computer 21 using the keyboard or computer
mouse thereof, not shown.

2. The operator discovers a dustbin standing by the road 100 meters further ahead. There is a risk
that the dustbin contains an explosive and therefor it will be checked using the equipment
whether the dustbin contains TNT or TATP.

3. The operator directs using a VCR sight, compare the unit 29 in Fig. 8, which can be provided
with hairlines, not shown, the laser 1 and the telescopic optics 7 towards a handle of the dustbin.
4. The operator pushes a button, not shown, to perform the measurement.

5. The result "None of the sought-after substances found" is presented to the operator by the
analysis and image processing unit 19 such as on a monitor 23 inside the vehicle.

6. The operator directs using the VCR sight with hairlines the laser 1 and the telescopic optics 7
towards a place located above the dustbin.

7. The operator again pushes the button to perform a measurement.

8. The result "TNT found" is displayed on the operator's monitor 23.

9. The operator communicates that TNT has been found in the dustbin and a decision about
action is made.

In the different steps the following is performed in the equipment:

1. The database in the memory 27 contains data for Raman and RRS spectra according to the
description above for a number of substances that the equipment can recognize. In the example
this unit is configured to search only for TNT and TATP.

2. The operator uses a VCR with zoom, not shown, belonging to the equipment for searching for
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suspicious objects. In the example the operator discovers a dustbin by the road that will be

checked regarding whether it contains TNT and/or TATP.

3. The operator aims at a detail of the dustbin, on which he believes there may be particles of
explosives, for example the handle of the dustbin, using the VCR sight 29, which is possibly
provided with zoom and hairlines and which is mechanically coupled to the laser 1 and the
telescopic system 7.

4. When the operator pushes the button to execute measurement the following is performed:

i. The tunable laser 1 is set to an absorption wavelength of TNT.

ii. 10 light pulses having a length of 10 ns are emitted towards the handle of the dustbin.

iii. The light scattered by the handle when the light pulses hit it, is collected by the telescopic
system 7.

iv. The wavelength of the light emitted by the laser 1 is shifted by steps of 0.1 nm within a range
around the absorption wavelength, which extends 1 nm in both directions from the absorption
wavelength and the points i. and ii. are repeated. 21 RRS spectra are obtained in a series of
measurement around the absorption wavelength of TNT.

v. The 21 RRS spectra obtained are by of analysis and image processing module 19 compared to
corresponding spectra of TNT, which can be found in the database in the memory 27, for
example using different known methods of signal processing.

vi. The points i. - v. are repeated for TATP.

5. The result of the analysis, for example "None of the sought-after substances found", is
displayed on the operator's monitor 23.

6. The operator now instead aims at a position just above the dustbin to try to find fumes of TNT
or TATP which may be found inside the dustbin.

7. Step 4 is repeated.

8. The result of the analysis such as "TNT found" is displayed on the operator's monitor 23.

In the point iv. above, measurements may, as been indicated, be performed for a number of
separate wavelengths positioned on both sides of the absorption wavelength. Measurements for a
number of separate wavelengths within a one-sided interval taken from the absorption wave-
length can alternatively be performed, for example when it is known that the highest significance
or at least enough significance will be obtained by measurements for smaller wavelengths or for
larger wavelengths. The interval of measurement can as been indicated be at most 2 nm corre-
sponding to an one-sided interval of 1 nm. The interval of measurement taken from the absorp-
tion wavelength can generally be for example at most 10 nm or still better have a length of at

most 5 nm or less than 2 nm, calculated from the absorption wavelength, which for a double-
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sided measurement corresponds to a total interval of measurement of 20, 10 and 4 nm. The

number of measurements in each one-sided interval can be chosen considering the desired
accuracy of measurement or more strictly considering the security that is desired in determining
whether the sought-after substance or molecules of the specific kind exist/s/ in the object being
examined. Even for such a small number as measurements for one or two separate wavelengths
on either side of the absorption wavelength, for example at a wavelength distance of 0.5 nm
between adjacent wavelengths, a significantly increased security in such a decision can be
obtained. However, obviously measurements at more than ten separate wavelengths in each one-
sided interval may be used when required or suitable.

While specific embodiments of the invention have been illustrated and described herein, it
is realized that numerous other embodiments may be envisaged and that numerous additional
advantages, modifications and changes will readily occur to those skilled in the art without de-
parting from the spirit and scope of the invention. Therefore, the invention in its broader aspects
is not limited to the specific details, representative devices and illustrated examples shown and
described herein. Accordingly, various modifications may be made without departing from the
spirit or scope of the general inventive concept as defined by the appended claims and their equi-
valents. It is therefore to be understood that the appended claims are intended to cover all such
modifications and changes as fall within a true spirit and scope of the invention. Numerous other

embodiments may be envisaged without departing from the spirit and scope of the invention.
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CLAIMS

1. A method of determining whether an object contains a substance or molecules of one
kind, in particular a hazardous substance such as an explosive or a component of an explosive,
the object being illuminated with light of a definite wavelength from a light source and the light
scattered by the object being analysed for obtaining a Raman spectrum, the light scattered by the
object being collected and concentrated using an optical system, in particular an optical system
of telescopic type, to be analysed by a spectrometer, characterized in that the light from the
light source is emitted with a plurality of different wavelengths around a wavelength which cor-
responds to an absorption wavelength of said substance or molecules of said one kind, that a
Raman spectrum is produced for each such wavelength and that the obtained Raman spectra are
analysed for determining whether the object contains said substance or molecules of said one
kind.

2. A method according to claim 1, characterized in that the obtained Raman spectra are
compared to Raman spectra for the same wavelengths for said substance or molecules of said
one kind and that it is determined that the object contains said substance or molecules of said one
kind in the case where the result of the comparison indicate that there is enough agreement.

3. A method according to claim 1, characterized in that the wavelength of the light
emitted by the light source is changed in steps of a predetermined lengths, in particular steps
having a length of 0.1 nm, around the absorption wavelength, in particular in an interval of 2 nm
centred around the absorption wavelength.

4. A method according to claim 1, characterized in that the light from the light source is
emitted with wavelengths which alternately are close to two or more absorption wavelengths of a
substance or molecules of said one kind in the object.

5. A method according to claim 1, characterized in that the light from the light source is
simultaneously emitted with two or more wavelengths being near two or more absorption wave-
lengths, respectively, of a substance or molecules of said one kind in the object.

6. A method according to claim 1, characterized in that the light from the light source is
simultaneously emitted with two or more wavelengths near the absorption wavelengths of two or
more substances or molecules of two or more kind, respectively, in the object.

7. A method according to claim 1, characterized in that the light is emitted as pulses
having controlled starting times and lengths and that the Raman spectra are recorded during a
time window having a controlled start time and length after the light source having emitted every
light puise.

8. A system for determining whether an object contains a substance or molecules of one
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kind, in particular an explosive or components of an explosive, including

- a light source for illumination of the object with light of a definite wavelength,

- an optical system, in particular an optical system of telescopic type, for collection and concen-
tration of the light scattered by the object, and

- a spectrometer for analysis of the light collected by the optical system to obtain a Raman spec-
trum,

characterized in that the light source is arranged to emit light of a tunable wavelength, in
particular that the light source includes at least one tunable laser.

9. A system according to claim 8, characterized by a control unit coupled to the light
source in order to make it emit light of a plurality of wavelengths around and/or relatively near a
wavelength, that agrees with an absorption wavelength of said substance or molecules of said
one kind.

10. A system according to claim 9, characterized by
- a detector coupled to or included in the spectrometer to output signals representing recorded
Raman spectra, and
- an analysis and image processing unit coupled to the detector and arranged to analyse the
Raman spectra, which are represented by the signals received from the detector ,to detect
whether the object contains said substance or molecules of said one kind.

11. A system according to claim 10, characterized in that the analysis and image
processing unit is arranged
- to compare the Raman spectra, that are represented by the signals received from the detector, to
Raman spectra for the same wavelengths for said substance or for the molecules of said one kind,
and
- to decide that the object contains said substance or molecules of said one kind in the case where
the result of the comparison indicates that there is a sufficient agreement.

12. A system according to claim 9, characterized by a detector coupled to or included in
the spectrometer to output signals representing recorded Raman spectra, the control unit being
arranged to make the light source emitting the light as pulses having controlled starting times and
lengths and also being coupled to the detector to make it record signals representing recorded
Raman spectra during a time window having a controlled start time and length after the light
source has emitted every light pulse.

13. A system according to claim 8, characterized in that the light source is arranged to
emit light of wavelengths which alternately are close to two or more absorption wavelengths for

a substance or molecules of said one kind in the object.
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14. A system according to claim 8, characterized in that the light source includes two or

more units which simultaneously or alternately emit light of two or more wavelengths, respec-
tively, which are close to two or more absorption wavelengths, respectively, for a substance or
molecules of said one kind in the object.

15. A system according to claim 8, characterized in that the light source includes two or
more light emitting units which simultaneously or alternately output light of two or more wave-
lengths, which are close to absorption wavelengths for two or more substances, respectively, or

molecules of two or more kinds, respectively, in the object.
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