REMOTE DETECTION OF VAPOUR WITH ENHANCEMENT OF
EVAPORATION BY HEATING The present invention relates generally
to methods for vapor detection and particularly to methods for increasing
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SUMMARY OF THE NVENTION Embodiments of the present
invention seek to provide methods for increasing vapor concentrations of
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properties of the material and relies mainly on the light absorption of the vapor which is
characteristic for each material. When dealing with the vapor phase, all methods are
dependent on the natural vapor concenirations evaporating from the hazardous source.
When frying to detect materials with a very low intrinsic vapor pressure the task is very
demanding. The conventional way to increase vapor concentrations would inctude heating
of the suspicious object, or collection/preconcentration of the vaporftracss in order tc
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remote detection system was developed for the detection of low vapor pressure materials.
SUMMARY OF THE INVENTION
Embodiments of the present invention sesk to provide methods for increasing

vapor concentrations of substances to a level hitgh enough to be detected, as is described



Fig. I is a simplified block diagram of a method and system for increasing
h Vﬁ#ﬁ r concentration for vapor detection, in accordance with an
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BRIEF DESCRIPTION OF THE DRAWINGS

The present vention will be understood and appreciated more fully from the
follewing detailed description, taken in corjunction with the drawings in which:

Fig. 1 is a simplified block diagram of & method and system for increasing vapor
concentration for vapor detection, in accordance with an embodiment of the present
invention; and

Figs. 2A and 2B are simplified graphs showing 2 comparison of detection signals
from 2.4,6-trinitrotoluene vapor at ambient conditions from a distance of 2.5 meters,
wherein Fig. 2A shows wiilizing CO, evaporation compared to signal without evaporation
assistance and Fig. 2B shows an enlarged view of signal without CO, svaporation.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Fig. 1, which illustrates a method and system for
increasing vapor concentration for vapor detectior, 1n accordance with an embodiment of
the present invention.

A light or heat source (referred to alternatively herein either as the lighi source or
the heat source) may be meorporated with a vapor detection system in order io evaporate
and thus enhance the vapor concentrations to be detected. The heat source can be
incorporated with the remote detection system in order to scan the examined region or

objects,



The heat source may evaporate or ablate the material. The heat source
can be wavelength tunable to improve evaporation according to resonant
absorption features of the detected material. The heat source can be used
to heat the cover of the concealed material. 4 The heat source can be
used with all spectroscopic detection methods, such as DIAL, Raman, LIF
(laser-induced fluorescence), LIBS (laser induced breakdown
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26l in ) lon yith.a kn PLR/LIF pulsedﬂlgser L )
D otisobia e assr il oo TibreAceltef TEviors detebabirayeiasr be
COTRISPIAIE = FEHTSte ]'@ét@@%io}ﬂwgﬁemm@mmmm@ﬁd%@ﬁﬂﬂtaneous 1o
dcsensitivitiold:5ppOm{ar he detection of standard explosives (see T.
Arusi-Parpar, P. Heflinger and R. Lauvi, "Photociissoueition followed by
laser-iHdticE o ftiSie SN &30 A MSS pRaAE pheswareriahd 24 Cieatunigue can be
wasehente fondematedptectionpbexplosives :ApRl OpL 40, B:6677:6881 .
the( thégegrggm%.aﬁefﬁnger, T. Arusi-Parpar, Y. Ron and R. Levi, " ppﬁca lon™
of a'unique Sthame for remote detection of explosives", Opt. Comr.n.un.
204, Tr=327:381r¢2002)): used ho aceofiganseMithmesheds.of the-present
invention, the inventors successfully demonstrated. detection of
2,4,6-trinitrotoluene front a distance of 2.5 meters at room temperature
and ambient conditions, obtaining a measurable signal while averaging
over 1000 pulses per step (see Fig. 2B).



At similar conditions with additional increased evaporation by a 2W CO2
laser, which was directed at grazing incident at the solid material, the

inventors obtained a PLP/LIF detection signal which was more than two
Wt S agnitude higher than before while averaging only?6V8F-A(/600681
pulses (see Fig. 2A). During, this experiment nearly no heating of the bulk
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distance therefrom, said vapor detection system comprising a, heat source
(200 L) pppsterdt {9 HeREHN LRI SERTERR of thEGBiRdt S0 t6:RRlTeAeE of & umque
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In accordance with methods of the present invention, the inventors successfully
demonstrated dstection of 2,4.6-trinitrotoluene from a distance of 2.5 meters at room
temperature and ambient conditions, obtaining & measurable signal while averaging over
1000 pulses per step (see Fig. 2B).

At similar conditions with additional increased evaporation by a 2W CO;, laser,
which was directed at grazing incident at the sohid material, the inventors obfained a
PLP/LIF detection signal which was more than two orders of magnitude higher than
before while averaging only over 100 pulses (see Fig. 2A). During this experiment nearly
no heating of the bulk explosive was obtained. Therefore, it is clear that the evaporation
process occurred only on the upper layer of the material.

A signal enhancement of about 2-3 orders of magnitude is obtained by using the
CO; laser source. Taling into account that the CO, laser wavelength is not the optimal
wavelength for maximal evaporation, larger enhancement can be expected using a tunable
evaporation source. In any case, this experiment proves the significant enhancement in
available explosive vapor concentration due to the CO, evaporation process.

The scope of the present invention includes both combinations and
subcombinations of the features described hereinabove as well as modifications and
variations thereof which would occur to a person of skill in the art upon reading the

foregoing description and which are not in the prior art.



2. The system according to claim 1, wherein said heat source does not
appreciably heat the object other than the upper surface thereof. 3. The
system according to claim 1, wherein said heat source comprises a laser
W%W"&‘l?éﬁted coaxially with said vapor detection system. Z-HHeE 4t

according to claim 1, wherein said heat source. comprises a laser source
directed parallel with said vapor gdetegtien system. 5. The system
according to claim 1, wherein said heat source comprises a laser source

WhahidsHiteHiverged laser beam. 6. The system according to claim 1,

1. wherein:saiddeptisadrce comprises a laser source that emits a pulsed
laser beam., 7. The system according to claim 1, wherein said heat source

corfipiT688 HTHEEFBoURE A Eiits h LOREUBRI Witk AlsEFIGELA, 2giemote
distafive Systémmaceoddmpotoictadrivil sydneneionsaithingat SoHeeeomPHsesta heat
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source comprises a CO) laser source and said vapor detection system
beat dBrpRiRe PRI B pOIse 8 A% s dissociation/laser-induced
3. fluoresceree) remaiasdetection-systemadapted i deleGivaponfiam » laser
somgt)z( %&?@S&/e%’séoaxiaﬂy with said vapor detection system.
4, The system according to claim 1, wherein said heat source comprises a laser
source direcied parallel with said vapor detection system.
5. The system according to claim I, wherein said heat source comprises a laser
source that emits a diverged laser beam.
6. The system according to claim 1, wherein said heat source comprises o laser
source that emits a pulsed laser beam.
7. The system according to claim 1, wherein said heat source comprises z laser
source that emits a continuous wave laser beam.
8. The system according to claim 1, wherein said heat source comprises a laser
source that is wavelength tunable to improve evaporation according to resonant
absorption features of the substances,
g The system according to claim 1, wherein satd heat source is adapted to heat a
cover of the object.
10, The system according to claim 1, wherein said heat source comprises a CO» laser
source and said vapor detection system comprises a PLP/LIF (pulsed laser

photodissociation/laser-induced fluorescence) remote detection system adapted to detect

vapor from explosives.



