REMOTE OPTI CAL GAS DETECTI ON DEVI CE The invention relates to a
renote optical gas detection device, which is applicable, in
particular, to the nonitoring of industrial sites such as chem ca
plants, refineries, gas storage facilities, etc. 5 A device of this
type is known from docunents EP-A-0 544 962 and WO 03/ 044499, which
includes a thermal canera or an infra-red i magi ng devi ce associ at ed
with a neasuring filter and a reference filter which, by turns, are
pl aced on the sighting axis of the camera or the 10 inagi ng device,
the measuring filter having a transm ssion band which includes at

| east one specific absorption line of a sought-after gas and being
sensitive to the presence of this gas, the reference filter having a
transm ssi on band conparable to that of the nmeasuring 15 filter but
not including the absorption Iline or lines of the sought-after gas,
and therefore being insensitive to the presence of this gas. The
measuring principle consists in using the background of the observed
scene as an infrared source 20 and in highlighting the presence of

t he sought-after gas on the line of sight and in cal culating the
concentration 2 thereof by differential processing of the infrared
i mges, spatially in order to process the fluxes derived from
different tenperature points of the observed region, spectrally so as
to distinguish the sotgRTRfPRTIGAS ¢ADNPETEGEIGMCcRGY 6URd, and
tenporally to elimnate false alarns and untinely detections.

The invention relates to a remote optical gas
detection device, which is applicable, in particular, to
the monitoring of industrial sites such as chemical
plants, refineries, gas storage facilities, etc.

5 A device of this typé is known from documents EP-A-0
544 962 and WO 03/044499, which includes a thermal camera
or an infra-red imaging device associated with a
measuring filter and a reference filter which, by turns,
are placed on the sighting axis of the camera or the

10 imaging device, the measuring filter having a
transmission band which includes at least one specific
absorption line of a sought-after gas and being sensitive
to the presence of this gas, the reference filter having
a transmission band comparable to that of the measuring

15 filter but not including the absorption line or lines of
the sought-after gas, and therefore being insensitive to
the presence of this gas.

The measuring principle consists in using the
background of the observed scene as an infrared source

20 and in highlighting the presence of the sought-after gas

on the line of sight and in calculating the concentration



This device preferably operates in the IR 111 band (from8 to 14 pm,
which is broader than the IR Il band (from3 to 5 pm, and which
enables nore flux to be 10 absorbed, atxrospheric absorption
additionally being weaker in the IR 11l band than in the IR 11l band.
In this known device, the canera used is a cooled canera which is
housed in a suitable housing together with the cooling neans thereof,
and whi ch Fkeemhdey edt f6eusnbiehbpheteevhtrai af nghal indfarde images,

el ectrical neans, ra_ a ' r nt kol a nd ean
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characterised in_that it includes a detection housing 30 connected to
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camera and filter control means and means for processing
the signals obtained, this assembly being heavy, bulky
and requiring permanent installation.
The purpose of this invention, in particular, is to
20 improve this known device, to improve the performance of
same and to increase the possibilities for use thereof.
To that end, the invention proposes a remote optical
gas detection device, comprising an infrared camera
associated with measuring and reference filters mounted
25 successively on the sighting axis of the camera, and
means for processing the signals supplied by the camera
and corresponding to the fluxes of at least two areas of
different temperature of an observed region,
characterised in that it includes a detection housing
30 connected to an electrical power supply unit, the
detection housing comprising an infrared detector with a

matrix of photodetectors, and a filter assembly carried



10 detection housing and for applying gas detection algorithnms to the
signals supplied by the detector. In conparison with the
above-descri bed known device the devicesaccording to the invention
has t he advantage of being conpact, self-contained and easily
transportable, 15 of being nore easily set up on site and of having a
mul ti-gas detection capability, in particular owing to the
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10 detection housing and for applying gas detection
algorithms to the signals supplied by the detector.

In comparison with the above-described known device
the device according to the invention has the advantage
of being compact, self-contained and easily transportable,

15 of being more easily set up on site and of having a
multi-gas detection capability, in particular owing to
the integration into the detection housing of the various
electronic control and processing boards and the
processor for processing the signals supplied by the

20 detector for detecting one or more sought-after gases and
the concentration of same on the line of sight.

The filter assembly and the infrared lens are
advantageously removable and replaceable by a filter
assembly and a lens having different characteristics,

25 which widens the field of use of the device and enables
same to be adapted to very specific tasks.

According to other characteristics of the invention:

- the detection housing includes power-driven means
for covering and closing the infrared lens with a flap

30 comprising a black body, for protecting the lens during
the transport and storage thereof and for periodic re-

uniformisation of the infrared image supplied by the



4 detector, for purposes of conpensating for thermal drifts and for
adapting to the thernmal variations of the scene observed; the
detection housing |likew se includes a CCD or 5 CMOS-type matri x array
canera, e.g., for observing the targeted regi on under visible |ight;

t he detection housing |ikew se includes neans for connecting to a
hurman- machi ne interface of the screen-keyboard type, and neans for
connect i ngdebeatast wbPKk POTPREREIPAgCABAABSRBENEORABCENAGMED Or héEs

det ecti on sicngs - e I, i nf.or [
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housings of the same type and to a central information
processing system;

- 1lnside the detection housing, the infrared
detector 1is attached to a power-driven movable support

15 enabling adjustment of the optical focus;

- the detector includes an un-cooled matrix of
microbolometers;

- the detection housing likewise includes means,
e.g., such as a 3-axis compass, for locating the

20 orientation of the sighting axis with respect to
elevation, relative bearing and azimuth;

- the detection housing is double-walled, at least
on the top and sides, and comprises a protective front
visor for the infrared lens;

25 - the detection housing is mounted on a manually
oriented platform or on a power-driven turret.

The invention will be better understood, and other
characteristics, details and advantages thereof will
become more apparent upon reading the following

30 description, which 1is given for i1llustrative purposes

with reference to the appended drawings, in which:



30 description, which is given for illustrative purposes with

reference to the appended drawi ngs, in which: 5 Figure 1 is a
schematic representation of a known rempte optical gas detection
device; Figure 2 is a graph illustrating the principle of detecting

a gas by nmeans of this device; 5- Figure 3 is a schematic
representation of a detection device according to the invention;
Figure 4 is an axfabusecti ds W aglsmatie dars@ador aioust et of khpwen

devi ce. Flggégté bﬁgﬁc%ev§%§tHgtéggiggegég{égn of a known 10 renpote

opti cal gas detect rirsin hfrared canera 10, which
is preferably of thuneerdstypgpxand:wmuﬁtnatﬂngmﬁmb|p@imhnp&e of

heat-insulgt%ng housi n | i kewi se %OWFrISIn a wheel 14 carrying a
measuri ng fTFEEF11% an a% BIEFRACECFi FieF 48V1GHi ch, by 15 turns,
can be sorought ontg; e sighting Axisghehathe C@@EE@ségtatlon Z[he a
device |ikew se includes an electrical power supply, control and

proceSS|ngd%é%ﬂhé@nz@evmh¢C%C¢@r@bﬂ%et©e@hQcﬂm%@UEHWEIa 10 and to the
cool I ng means 20 pheieoly 2s Ye! Lo to.meANs ofcfOLAtLAG he.ubeel

14 carrying the fiTters, "and udes neans Connect ing to
an i nf or mhoosipyocesshhy Ssysiem e.g., such as a portable conputer
24, the cabinet Eguéék%m‘se beg% é%%@T%“éﬁ%f%ééﬁégéfgﬁrgk egogggﬁéng
unit.

10 remote optical gas detection device, comprising an
infrared camera 10, which is preferably of the cooled
type, and which 1is housed inside a heat-insulating
housing 12 likewise comprising a wheel 14 carrying a
measuring filter 16 and a reference filter 18, which, by

15 turns, can be brought onto the sighting axis of the
camera 10.

The device likewise includes an electrical power
supply, control and processing cabinet 20, which is
connected to the camera 10 and to the cooling means

20 thereof, as well as to means of rotating the wheel 14
carrying the filters, and which includes means 22 of
connecting to an information processing system, e.qg.,
such as a portable computer 24, the cabinet 20 likewise
being connectable to a central processing unit.

25 The measuring principle is illustrated by the graph
of figure 2, which shows the wvariation in the
transmittance T of a sought-after gas in relation to the
wavelength A, as well as the transmittance T1 of the
measuring filter and the transmittance T2 of the

30 reference filter over a range of wavelengths

corresponding to the IR-III band (8 to 14 um).



25The nmeasuring principle is illustrated by the graph of figure 2,
whi ch shows the variation in the transmttance T of a sought-after
gas in relation to the wavelength A asgwell as the transmttance T1
of the nmeasuring filter and the transmittance T2 of the 30
referencefilteroverarangeofwavel engt hs corresponding to the IR 111
band (8 to 14 n%. The gas transm ttance curve T has an
absorption |inef28 Q@Sat%aVéméhQ@hcﬁlcurﬁ@ Anbebt adeabporpigon line
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mar kedlyy ggpeatgr-ihancthgumbhdihsofsthihs 10 absorption |ine. The
transmttance curve T2 of the reference filter is sonewhat

conpl enentary tB8heherabsoipthroael chevee Idf dthetlpasnednuconpafiisonrs
with the t a Tl syrd f| ter, .since it extends
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absor ption I|ne 26 Whien the neasuring filter 16 is placed on

the opticala%?s 6? t Rer&sheYa BESARE 1 I eddiSed’ Btk hief this

10 absorption line.

The transmittance curve T2 of the reference filter
is somewhat complementary to the absorption line 26 of
the gas, in comparison with the transmittance T1 of the
measuring filter, since it extends over substantially the

15 same band of wavelengths as the transmittance Tl of the
measuring filter, but does not include the absorption
line 26.

When the measuring filter 16 1s placed on the

optical axis of the camera 10, the flux received by this

20 camera 1s based on the presence or absence of a cloud of
the sought-after gas in the region observed, and on the
concentration of this gas on the line of sight of the
camera.

When the reference filter 18 1is placed on the

25 optical axis of the camera 10, the flux received 1is
independent of the presence or absence of the sought-
after gas on the line of sight.

The ratio of the fluxes successively received by the
camera 10, through the measuring filter 16, and then

30 through the reference filter 18, provides a quantity

which is based on the concentration of the sought-after



20 canera is based on the presence or absence of a cloud of the
sought-after gas in the region observed, and on the concentration of
this gas on the line of sight of the cajrera. Wen the reference
filter 18 is placed on the 25 optical axis of the canera 10, the flux
received is independent of the presence or absence of the
sought-after gas on the line of sight. The ratio of the fluxes
successi ve§gsr égeithed 13gidre chperwedn, anfr obgleht hiss nbadepéndefit | bEr

16, and th 3 h_th eference filter_1 provides a quantity
which is bgg%dg%%g%ﬁgg%ﬁ%cg%ﬁrg FORTOF St R %%u%ﬁ?-%??é?a§7sﬁg °T'h the
regi on observedruatlewhoes, i $hendependentupbltibe tigppernat Wei g or
transm ssion of the optical system: Furthernore, the fluxes
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the measurpaigsfbhliéeto by thiehdid fefienhbathngesame ithr ghcidiecioud
reference filter, and by next establishing the ratio of these
di fference’f gas, by differentiating the™ fluxes coming from these
10 two points or these two areas through the measuring
filter, by then differentiating same through the
reference filter, and by next establishing the ratio of
these differences.
As described, 1in particular, in the document WO
15 03/044499, 1in order to detect several gases, it 1is
likewise possible to use a filter assembly the
transmission bands of which are determined relative to
one another on the basis of the absorption lines of the
gases to be detected, so that a filter which is usable as
20 a reference filter for detecting a gas 1s usable as a
measuring filter for detecting another gas, or vice versa,
the filters being combined in pairs or groups, each pair
or group being intended for detecting one or more gases.
It is also possible to use a filter assembly having
25 transmission bands which are spread over a band of
observation wavelengths and which possibly overlap, in
order to obtain an image of the region observed in each
transmission band, the resulting images next being called
upon to reconstitute images viewed through the broadband

30 measuring filters and images viewed through the broadband

reference filters.



As described, in particular, in the docunent WO 15 03/044499, in
order to detect several gases, it is |likew se possible to use a
filter assenbly the transm ssion bands gf which are determ ned

rel ative to one another on the basis of the absorption |ines of the
gases to be detected, so that a filter which is usable as 20 a
reference filter for detecting a gas is usable as a nmeasuring filter
for detecting aﬁb@héﬁmg§§ Oﬁthﬁéegaér§ate$heOﬁlﬁeensebecngrdmnblned

in pairs o ro graqu t ended fo detectin
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m crobol oneter matrix infrared detector (which enables continuous
moni t or i ngtRYERTEInGSHEGtOds ¥t £RE) 2% hkrar eAdl s idid g the

po“erﬂ@r'vﬁﬂfféfé§rs@%%%ﬂgJyé%ﬁﬁﬁlé&k% ﬁsSQEtQEtSkeCtrgp Sohpagds

for controlling the infrared tector nd or acquiring an
di gi tizi ngtehecootirnfiangd Wignahsisupplicedaby stisi scaeteiiat , iaatde

boards for contrglllﬁg t he variou? mechani sns contglneﬁé:f si de th%
housi ng, a5 el | 8ris &° 1 ol&ling Fthe BF &t abifon BF° %i ghtfng

axis, a cobowsntCCh of EWOScaneight ofigobsekyi ng thec@pseryed ¥ eguos
under visible 15 |ight, an operation processor for controlling all of

the means TRERFandOForoRFRI VMY §§§(ﬂ§%ﬁ%?%ﬁléFgéPPtMﬁﬁQQ)Vhélble
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the distribution and rotectlo e internal power pﬁly CIreuits
of the houst¢ags 30seflr am2(X drtheageheiad ghecidatealt ijpowesrl gupipdhyms to

provi ded by an external E usin 32 conn cted to a battery 34 or_an
electrlcaﬂﬁﬁfsﬁﬁlﬁﬁﬁlon g?ﬁBFE faelectronic’ efredits” utirfty

systems ensuring the distribution and protection of the
internal power supply circuits of the housing 30, from
20 the general -electrical power supply provided by an
external housing 32 connected to a battery 34 or an
electrical distribution network.
The detection housing 30 is connected to a human-
machine interface 36 and to a network 38 comprising means
25 of connecting to other detection housings 30 of the same
type and to a remote central information processing unit
40. The detection housing 30 can be mounted on a
manually-oriented platform held by a tripod 42 or on a
power-driven turret 44 controlled and powered from the
30 detection housing 30.
In one particular embodiment of the invention, the

detection housing 30 has dimensions of the order of 670



The detection housing 30 is connected to a human- nmachine interface
36 and to a network 38 conprising neans 25 of connecting to other
detecti on housings 30 of the sane type @and to a renote central

i nformation processing unit 40. The detection housing 30 can be
mounted on a manual ly-oriented platformheld by a tripod 42 or on a
power-driven turret 44 controlled and powered fromthe 30 detection
housi ng 300 x 280 HnoRe3par iicandr 2eboehrenf eprrhsinavedyi bh, kghe

det ection S S S 6 0
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preserVInQn5Q§t§§a£Sh§H9 g%gc e%lm4%(gntgu%ower driven support 52,

which is guided inside the housing 30 on a frame 54 which
holds the detection housing components, the axial

15 movement of the detector 50 support 52 enabling optical
focussing based on the operating conditions (lens
characteristics 46, operating temperature, configuration
of the filter assembly, etc.). This arrangement has the
advantage of preserving the scale and exact field of the

20 camera shot 1in the event of a modification in the
focussing due to a thermal drift, and of therefore
compensating for this drift without any spatial
modification of the scene observed, in terms of field and
analysis resolution.

25 A disk 56 carrying filters 58 is placed between the
rear end of the lens 46 and the detector 50 and is
mounted removably in a support 60 which comprises power-
driven means for rotating the disk 56 and indexing means
for locating the angular position of the disk about the

30 axis of rotation thereof and of the filter placed on the
axis of the lens 46, the number of filters 58 being

carried by the disk 56 being 6, for example.



20 canera shot in the event of a nodification in the focussing due to
a thermal drift, and of therefore conpensating for this drift wthout
any spatial nodification of the scene gbserved, in terns of field and
anal ysis resolution. 25A disk 56 carrying filters 58 is placed
between the rear end of the lens 46 and the detector 50 and is

mount ed renovably in a support 60 which conprises power-driven neans
for rotating tHeafitsioEe afgarddexialy fAeahsolbinpoddtd ngethetangdiCar
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order to tgke_ i S e er sce nder wvisible light.
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protecting the 1lens 46, which are held by the upper
portion of the front face 48 of the housing and which can
pivot betweén an operating position of the detector 50,
shown in figure 4, and a turned-down position on the

20 front end of the lens 46, these means 70 comprise a flap
72 carrying a black body 74 on the face thereof which is
intended to cover the front end of the lens 46, and
driving means 76 mounted on the inside of the housing 30
and enabling the flap 72 to be pivoted about a transverse

25 axis between the two aforesaid positions of same.

The flap 72 enables the front end of the lens 46 to
be covered and closed off, in order to protect same
during periods of' non-use of the detector 50, in
particular during the transport and storage of the

30 housing 30, the black body 74 placed on the front end of
the lens 46 enabling periodic re-uniformisation of the

infrared image for adapting to thermal variations of the



25 axis between the two aforesaid positions of sane. The flap 72
enables the front end of the lens 46 to be covered and closed off, in
order to protect same during periods ofiinon-use of the detector 50,
in particular during the transport and storage of the 30 housing 30,
the bl ack body 74 placed on the front end of the |Iens 46 enabling
periodic re-uniformsation of the infrared i nmage for adapting to
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uni t 40 %g%eath the power-driven support 52 for the detector 50,
15 for locating the orientation of the sighting axis, with
respect to relative bearing, elevation and azimuth, these

means comprising a 3-axis compass, for example.
Inside the housing, the rear face of the housing 30
holds a processor 82 responsible for controlling all of
20 the components of the detection housing, and for applying
the gas detection algorithms to the signals supplied by
the detector 50, the processor also being responsible for
communications with external means (human-machine
interface 36, network 38, central processing unit 40) and
25 for controlling the power-driven turret 44 onto which the
housing 30 can be fastened. The processor 82 is situated
in a rear compartment of the housing 30, which 1is
separated from the infrared detector 50 situated at the
front of the housing and which is also in contact with
30 cooling means 84 comprising radiators and fans enabling
the heat to be discharged via the rear face of the

housing 30.



25 for controlling the power-driven turret 44 onto which the housing
30 can be fastened. The processor 82 is situated in a rear
conpartnent of the housing 30, which ig2separated fromthe infrared
detector 50 situated at the front of the housing and which is also in
contact with 30 cooling neans 84 conprising radiators and fans
enabling the heat to be discharged via the rear face of the housing
30. 12 Fiimally, Sleatraiilc means 86 mommted of the firare =4,
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25The detection is active throughout the entire i
corresponding to the six disks of the filter being used

for signal acquisition.

15 Alternatively, an operator can select certain gases
from amongst those which are detectable by means of the
combinations of the six filters of the disk 56, and to
limit the signal acquisitions to the filters
corresponding to the selected gases. Based on the number

20 of required spectral paths, this enables the analysis
cycle to be accelerated. This selection can be carried
out either 1locally, by means of the human-machine
interface 36, or remotely, from the central processing
unit 40 via the network 38.

25 The detection is active throughout the entire image
formed by the lens 46 on the detector 50. The first
analysis of the imagined scene requires approximately 30
to 40 seconds in order to arrive at optimal detection
performance. Next, the measurements taken and the display

30 can be refreshed at a frequency of the order of 2 seconds.

The operator can likewise select particular regions

in the image formed on the detector 50, which will be



formed by the lens 46 on the detector 50. The first analysis of the

i mgi ned scene requires approximately 30 to 40 seconds in order to
arrive at optinmal detection performance3 Next, the neasurenents taken
and the display 30 can be refreshed at a frequency of the order of 2
seconds. The operator can |ikew se select particular regions in
the image fornmed on the detector 50, which will be 13 processed as
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possi ble to ensure continuous nonitoring of an observed site over 5
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spectral 10 selectivity thereof. 14 CLAIMS 1. A transportable and
sel f - cont &Né&@ ferst @ fopticc AL fgad @t sariiat 9w dé frempesmttuiro s
moni tor i ng of an-ebserued s te ddhe deviice GIPIUSidAg & dateat ign
housi ng connected to an el ectrical power supply unit, the detecti on
housing the gases detected, to reduce false alarms, and to

improve the response time of the device and the spectral

10 selectivity thereof.



5 conprising an infrared detector with a matrix of photodetectors, an
infrared lens nounted in front of the detector, a filter assenbly
held by a rotating disk, this assenbly being arranged between the
infrared | ens and the detector and includi ng power-driven neans for
10 successively bringing each filter onto the sighting axis of the
infrared | ens and detector, the detector being attached to a

power -driven support guided in nove ipsi de the detection housing
for adjusting the optical focus basggﬂ%#hgﬁe operating conditions for
conpensating 15 a thernal drift without any spatial nodification of a

scene observed,, i e a WETRS r.esol ution
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conpensating_ for thernal drifts and for adapting to the therma
vari ati ons dieiasdagite I er végeluding power-driven means for

10 successively bringing each filter onto the sighting axis
of the infrared 1lens and detector, the detector being
attached to a power-driven support guided in movement
inside the detection housing for adjusting the optical
focus based on the operating conditions for compensating

15 a thermal drift without any spatial modification of a
scene observed, in terms of field and analysis resolution,
the detection housing further including electronic
boards for contrelling the detector, for acquiring and
digitizing the infrared signals and for controlling the

20 means of rotating the disk carrying the filters, and a
processor responsible for controlling the operation of
the detection housing and for applying gas detection

algorithms to the signals supplied by the detector.

25 2. A device according to claim 1, characterised in that
the detection housing includes power-driven means for
covering and closing the infrared lens with a flap
comprising a black body, for protecting the lens during
the transport and storage thereof and for periodic re-

30 uniformisation of the infrared image supplied by the



5 3. Adevice as clained in claiml, characterised in that detection
housi ng further includes a CCD or CMOS-type matrix array canmera, for
observing the targeted site under visible light. 10 4. A device as
claimed in claiml, characterised in that the detection housing
further includes neans for connecting to a human-machi ne interface of
t he screen-keyboard type. 15 5. A device as clained in claiml,
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connecting to a network including nmeans of connécting to other

det ecti on hRist nfRr ofdpREIBEANEC e dipningla wen@talonienfad ngt onite
processi ng sydsP£0 6. A device as clained in claiml,
characterised in that the detector further includes an uncool ed
matri x of mcroboloneters. 25 7. A device as claimed in claim1,
characteri s i t_the infr. J e nd.the filter_ assenbly are
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t hat the detwcldrorrikRdwdiengibhtdoubl e-wal |l ed, at |east on the top and
sides thereof, and includes a protective front visor for the infrared
lens. 10. A device as clainmed in claim1l, characterised in that the
detecti @ housin@dws JOWY ed amed MTaNakhy ori eRbedcpbatfoa mEreg: a
power -driven turret.

the detecticn housing further includes means for
connecting to a human-machine interface of the screen-

keybecard type.

15 5. A device as claimed in claim 1, characterised in that
the detection housing includes means for connecting to a
network including means of connecting to other detection
housings of the same type and to a central information

procesging system.

20
6. A device as claimed in claim 1, characterised in that
the detector further includes an uncooled matrix of
microbolometers.

25

7. A device as claimed in claim 1, characterised in that

the infrared lens and the filter assembly are removable.

8. A device as claimed in claim 1, characterised in that
30 the detection housing includes wmeans for locating the
orientation of the sighting axis with respect to

elevation, relative bearing and azimuth.
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9. A device as claimed in claim 1, characterised in that
the detection housing is double-walled, at least on the
top and sides thereof, and includes a protective front

visor for the infrared lens.

10. A device as claimed in claim 1, characterised in that
the detection housing is mounted on a manually oriented

platform or on a power-driven turret.





