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(57) Abregée/Abstract:

A mobile gas detector comprising a laser transmitter and signal analyser carried on a vehicle, the vehicle having an exterior, a
laser absorption cell carried on the exterior of the vehicle, a light guide connecting light from the laser transmitter into the laser
absorption cell, a photo-detector mounted with the laser absorption cell exterior to the vehicle to convert light that has traversed
the laser absorption cell into electrical signals, and a cable connecting the photo-detector to the signal analyser.
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ABSTRACT OF THE DISCLOSURE

A mobile gas detector comprising a laser transmitter and signal analyser carried on a
vehicle, the vehicle having an exterior, a laser absorption cell carried on the exterior of the
vehicle, a light guide connecting light from the laser transmitter into the laser absorption cell, a
photo-detector mounted with the laser absorption cell exterior to the vehicle to convert light that

has traversed the laser absorption cell into electrical signals, and a cable connecting the photo-

detector to the signal analyser.
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TITLE OF THE INVENTION
Vehicle Mounted Gas Detector

FIELD OF THE INVENTION

This invention relates to vehicle mounted gas detectors using laser absorption cells.

BACKGROUND OF THE INVENTION

01 Vehicle mounted gas sensors pose difficult problems not found with stationary sensors.
In particular, for aircraft mounted gas sensors the difficult environmental conditions make
accurate and reliable measurement difficult. Aircraft and other fast moving vehicles are subject
to mechanical disturbance such as from rapid temperature variations, from -50°C to 30°C, high
wind speed, high vibrations and impact from fast moving objects, including birds, flies, ice
pellets, rain and snow. Aircraft, other fast moving vehicles and in particular helicopters are also

subject to electrical interference. The design of a robust and sensitive mobile gas sensor poses a

difficult design challenge.

02 Canadian patent application no. 2,219,335 published November 24, 1997 shows a prior
art laser absorption cell for a gas detector. The gas detector 1s designed for use with aircraft and
has a laser absorption cell of the Herriot type carried on the exterior of the aircraft. This laser
absorption cell was used for example to detect methane leaks from pipelines. A laser transceiver
and analyser module mounted on board the aircraft is coupled to the laser absorption cell
through multi-mode fiber optics. Use of multi-mode fiber optics caused optical noise and
reduced detection sensitivity. To reduce optical noise, detection of methane took place in the
1300 nm absorption wavelength since that wavelength was less affected by the
telecommunication fiber optic. However, since absorption of light in the methane absorption

band at 1300 nm is relatively weak, multiple passes of the Herriot cell were required to obtain a

suitable strong signal. Due to the multiple passes of light across the Herriot cell, and the

necessity of collimating the light into an optical fiber for delivery of light to the laser receiver,

the gas detector was sensitive to thermal and mechanical misalignment that decreased the
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detector’s reliability and required high maintenance. Reduced reliability and high maintenance

of the gas detector restricted its use to the rental market.

SUMMARY OF THE INVENTION

03 To overcome problems of the prior art gas detector, a gas detector 1S now proposed
according to an aspect of the invention that uses a photo-detector mounted with the laser

absorption cell exterior to the vehicle to detect light that has made at least one pass of the laser

absorption cell.

04 Therefore, there is provided, according to an aspect of the invention, a laser transmitter
and signal analyser carried on, and preferably within, a vehicle, the vehicle having an exterior, a
laser absorption cell carried on the exterior of the vehicle, a light guide connecting light from the
laser transmitter into the laser absorption cell, a photo-detector mounted with the laser

absorption cell exterior to the vehicle to convert light that has traversed the laser absorption cell

into electrical signals, and a cable connecting the photo-detector to the signal analyser.

05 According to a further aspect of the invention, there is provided a method of detecting a
target gas, the method comprising the steps of:
traversing a target area with a vehicle having an exterior;

passing air through a laser absorption cell carried on the exterior of the vehicle;

directing light through the laser absorption cell,

converting light that has made at least one pass through the laser absorption cell into
electrical signals using a photo-detector mounted with the laser absorption cell exterior to the

vehicle; and

analysing the electrical signals for a signal indicative of the presence of the target gas.

06 According to a further aspect of the invention, a laser absorption cell, in which light
emitted from a light guide traverses the cell and is collected by a photo-detector, is provided

with a retro-reflector to reflect light that has entered the light absorption cell from the light guide
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towards the photo-detector. The retro-reflector accommodates misalignment of the light guide

and photo-detector in the high vibration environment of a fast moving vehicle.

07 According to a further aspect of the invention, a mirror is mounted on the frame to

reflect light from the light guide across the light absorption cell in at least two back and forth

passes before the light reaches the photo-detector.

08 According to a further aspect of the invention, the gas detector further comprises a

protective window mounted on the frame over the retro-reflector to protect the retro-reflector

from airborne contaminants.

09 In one optical arrangement, light from the light guide traverses the laser absorption cell

reflected off a mirror across the cell, and 1s directed onto the photo-detector, for example by a

collecting mirror such as an oftset parabolic mirror.

10 In another optical arrangement, light from the light guide traverses the laser absorption

cell to a retro-reflector and reflected from the retro-retlector onto a photo-detector.

11 The mobile gas detector is primarily used for airborne detection. Use of a photo-detector

allows detection of methane using light within the methane absorption band at 1650 nm. The
photo-detector is preferably a photo-diode operating in photo-voltaic mode to avoid the need

for an external power supply for the photo-detector.

12 These and other aspects of the invention are described in the detailed description of the

invention and claimed in the claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

13 There will now be described preferred embodiments of the invention, with reference to

the drawings, by way of illustration only and not with the intention of limiting the scope of the

invention, in which like numerals denote like elements and in which:
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Fig. 1 is a diagram showing an exemplary installation of a léser absorption cell according
to the invention;

Fig. 2 is a schematic showing the principles of operation of an exemplary laser
absorption cell according to the invention; and

Fig. 3 is a schematic showing the principles of operation of a second exemplary laser

absorption cell according to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

14 In this patent document, “comprising” is used in its inclusive sense, and does not eXclude
other elements being present. In addition, the use of the indefinite articles “a” or “an™ does not
exclude more than one of the elements referred to being present. “Light” means electromagnetic
radiation having a wavelength that is suited to the detection of gas. A “hight guide” 1s any device
suitable for guiding light, such as a waveguide, optical fiber or lens arrangement. A “retro-

reflector” is a reflector that reflects light back to its source.

15 The gas detector of the invention is intended for mounting on a vehicle, such as a motor
vehicle, aircraft or ship. The gas detector is formed of a laser absorption cell 10, a laser
transmitter, receiver and analyser module 12 and a light guide 14 and coaxial cable 44
connecting the module 12 and cell 10. Advantageously, the laser absorption cell 10 of the gas
detector is mounted on the exterior of the vehicle, for example using a frame 18 slung under the
belly 20 of a helicopter 22, while the laser transmitter, receiver and analyser module 12 is carried
on the vehicle, and preferably in the vehicle 22 as shown in Fig. 1 for access by an operator. The
frame 18 defines a passageway through which air flows as the aircraft flies, for example, along a
pipeline. The module 12 incorporates a laser transmitter 24, receiver 26 and analyser 28. The

laser transmitter 24 may be for example a conventional telecommunications diode laser with

output at 1650 nm, such as are available from NEL (Nippon Electro-optical Lasers) of Japan.

16 The laser transmitter 24 is optically coupled to the laser absorption cell 10 by a light
guide 14, which delivers light to the laser absorption cell 10. The receiver 26 and analyser 238

each incorporate conventional electronics for receiving and analysing electrical signals that are
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indicative of light that has passed through a target gas. Use of the stronger 1650 nm absorption
band of methane permits the cell 10 to have a shorter path length than the prior art absorption
cell described in Canadian patent application 2,219,335, with the width of the cell 10 between

the retro-reflector 32 and the mirror 34 being in the order of 60 cm for example.

17 As shown in Fig. 2, an exemplary laser absorption cell 10 is formed of retro-reflector 32,

such as made from retro-reflective tape, mounted on one side of the frame 18, a mirror 34 on the
other side of the frame 18, a collecting mirror 36 and protective windows 38 for each of the

retro-reflective tape 32 and mirrors 34 and 36. Air flows between the mirrors 38 as indicated by

the arrow. The retro-reflector 32 is preferably of the type typically used by construction crews
and has the property that light incident on the tape 32 is retlected back along the incident ray
path. A light guide 14 connects light from the laser transmitter 24 into the laser absorption cell
10. Use of the photo-detector 42 permits use of a single mode optical fiber as the light gumde 14
such as is available from Corning Inc. of Corning, NY, instead of the multi-mode return fiber
used in the prior art. A photo-detector 42 is mounted on the frame 18 with the laser absorption
cell 10 and exterior to the vehicle to convert light that has traversed the laser absorption cell 10
into electrical signals. Light from the cell 10 is focused onto the photo-detector 42 with
collecting mirror 36. A coaxial cable 44 connects the photo-detector 42 to the signal analyser 28

through the receiver 26. Light is input to the laser absorption cell 10 through a collimating lens

46 also mounted with the laser absorption cell 10 on the frame 18.

18 Since the laser absorption cell 10 is intended to be operated in hazardous areas, and
could be moved through a cloud of explosive gas, the photo-detector 42 should be electrically
safe, and for example should not require an external power source. One manner of operating the
photo-detector 42 in an electrically safe manner is to operate the photo-detector 42 in photo-
voltaic mode, which produces very small, but detectable, electrical signals in the coaxial cable.
The photo-detector 42 may be for example a commercially available Indium-Gallium-Arsenide
photo-diode. To avoid capacitance between the photo-detector 42 and the receiver 24, the

photo-detector 42 is connected with a parallel 50 ohm resistor to the coaxial cable 44. This
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reduces electrical interference from the vehicle and helps make the electrical arrangement

electrically safe.

19 Windows 38 may be used to protect the reflector 32 and mirrors 34, 36 from
contamination from material carried by air passing through the cell. The windows 36 are secured
on the frame 18 adjacent the reflector 32 and mirrors 34, 36. The windows 38 are preferably
made of scratch resistant low interference material such as 0.5 mm thick sapphire sheets, as are
typically used with lasers at checkout counters of retail stores. The frame 18 may be made of
steel rods arranged at three of the four corers of a square. The collecting mirror 36 1s preferably
an offset parabolic nearly 100% reflecting mirror, and may be obtained from Jason Optics. An
offset parabolic mirror has the desirable property that it is insensitive to misalignment. An
equivalent lens could be used for the collecting optic, but a lens is less desirable due to greater
optical noise. The mirror 34 is a plane nearly 100% reflecting mirror. Mirror 36 has a hole or
opening 48 in it for allowing light from the collimating optic 46 into the cell 10. The mirror 36
should be large enough to accommodate any beam misalignment and direct the light onto the

photo-detector over a range of incident angles of the light traversing the cell caused for example

by misalignment of the optical components and vibrations.

20 The frame 18 is arranged with two upper rods located close to the vehicle, one being
forward of the other in the direction of movement of the vehicle during gas detection. The third
rod is mounted below the rearward rod. The rods are spaced apart, and together with the mirrors,
form a passageway through the cell 10 as indicated by the arrow. A conduit is not required to
supply air to the laser absorption cell, and the passageway thus preferably provides direct flow of
air through the cell 10 without alteration of the predominant flow direction of the air shown by
the arrow. The entire cell 10 may be wrapped in a porous fabric that is attached by zips or
Velcro™ fasteners like a sock around the cell 10. The fabric may for example be made of a
nylon mesh outer shell and % inch low density foam rubber inner shell. At both ends of the cell
10, the sock may be made of a stiffer and non-porous fabric such as canvas to protect the optical

components. The fabric keeps birds and flies out of the cell and reduces maintenance, without

impeding air flow to an extent that it affects the response time of the detector.
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21 The light path through the cell 10 shown in Fig. 2 passes across the cell in two double
passes. The first double pass runs from the collimating optic across to the mirror 34 and then to
the tape 32. The second double pass returns approximately along the path of the first double

path, with divergence of the returning beam being accommodated by the collecting mirror 36.

22  The laser transmitter, receiver and analyser module 12 may be any of several laser
transmitters, receivers and analysers known in the art. The inventor prefers to use the design for
the receiver and analyser shown in his own United States patent no. 5,637,872 using the second

harmonic. There are numerous other designs that could be used for the laser transceiver and

analyser module, such as are referred to 1n patent no. 5,637.,872.

23 In operation, an aircraft or other vehicle 22 traverses a target area, for example by flying
along a pipeline, with a laser absorption cell 10 carried on the exterior of the helicopter, such
that air passes through the passageway in the direction of the arrow. Light 1s transmitted by the
laser transmitter 24 through the laser absorption cell 10 and returns to the photo-detector 42. The
light that has passed through the laser absorption cell is then analysed in analyser 28 for

absorption at one of the absorption bands of the target gas, which indicates the presence of the

target gas.

24 The laser absorption cell disclosed here is stable, economical and requires very little
maintenance. Since there are only two passes and the retro-reflector is independent of
misalignment, no thermal correction means are required and protective windows may be used,
which are easy to clean. The cell is not vulnerable to air turbulence misalignment so 1t 1S not

necessary to protect the beam path, thus avoiding the drag created by the prior art laser

absorption cell.

25 An alternative embodiment is shown in Fig. 3, in which a single double pass is used.
The lens 46 is placed to direct light across the cell 50 to the mirror 34, thence to the mirror 36,

which directs light onto the photo-detector 42. The retro-reflector 32 is omitted. The figure
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shows two slightly misaligned paths, the divergence of which is accommodated by the collecting

mirror 36.

26 Due to the need to precisely locate leaks when moving at high speed, readings should be

taken at rates in the order of 100 times per second. To reduce the 1/f noise associated with these

rates; the system should operate at high frequency, for example at 20MHz.

27 A person skilled in the art could make immaterial modifications to the invention

described in this patent document without departing from the essence of the invention that is

intended to be covered by the scope of the claims that follow.
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WHAT IS CLAIMED IS:

1. A mobile gas detector, comprising:

a laser transmitter and signal analyser carried on a vehicle, the vehicle having an exterior;
a laser absorption cell carried on the exterior of the vehicle;
a light guide connecting light from the laser transmitter into the laser absorption cell;

a photo-detector mounted with the laser absorption cell exterior to the vehicle to convert

light that has traversed the laser absorption cell into electrical signals; and

a cable connecting the photo-detector to the signal analyser.

2. The mobile gas detector of claim 1 in which the laser absorption cell comprises:

a frame attached to the exterior of the vehicle, the frame having a passageway passing

through the frame; and

a retro-reflector oriented to reflect light that has entered the light absorption cell from the

light guide towards the photo-detector.

3. The mobile gas detector of claim 2 in which a mirror 1s mounted on the frame to reflect

light from the light guide across the light absorption cell in at least two back and forth passes

before the light reaches the photo-detector.

4. The mobile gas detector of claim 2 further comprising a protective window mounted on

the frame over the retro-reflector to protect the retro-reflector from airborne contaminants.

. The mobile gas detector of claim 1 in which the vehicle 1s a helicopter.

6. The mobile gas detector of claim 1 in which the laser transmitter transmits light in the

1650 nm absorption band of methane.

7. The mobile gas detector of claim 1 in which the photo-detector is operated in an

electrically safe manner for explosive operating conditions.
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8. The mobile gas detector of claim 1 in which the photo-detector is a photo-diode
configured to operate in photo-voltaic mode.
9. The mobile gas detector of claim 1 in which the light guide and photo-detector are

mounted on one side of the laser absorption cell, a mirror is mounted on an opposed side and the

light guide is oriented to direct light across the laser absorption cell, retlect off the mirror, onto

the photo-detector.

10. The mobile gas detector of claim 9 further comprising an offset parabolic mirror

mounted on the frame to collect light that has traversed the laser absorption cell and direct the

light onto the photo-detector.

11. A method of detecting a target gas, the method comprising the steps of:

traversing a target area with a vehicle having an exterior;

passing air through a laser absorption cell carried on the exterior of the vehicle;

directing light through the laser absorption cell;

converting light that has made at least one pass through the laser absorption cell into

electrical signals using a photo-detector mounted with the laser absorption cell exterior to the

vehicle; and

analysing the electrical signals for a signal indicative of the presence of the target gas.

12. The method of claim 11 in which the step of analysing the light is carried out in a signal

analyser carried inside the vehicle.
13. The method of claim 11 in which the laser absorption cell is carried on an aircratft.

14. The method of claim 11 in which the light directed through the laser absorption cell 1s in

the 1650 nm absorption band of methane.
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15.  The method of claim 11 in which the photo-detector operates in an electrically safe

manner for an explosive operating environment.

16.  The method of claim 11 in which the photo-detector is a photo-diode operating in photo-

voltaic mode.

17. A mobile gas detector, comprising:

a laser transmitter and signal analyser carried on a vehicle, the vehicle having an exterior;
a laser absorption cell carried on the exterior of the vehicle, the laser absorption cell

having a frame attached to the exterior of the vehicle, the frame having a passageway passing

through the frame;

a light guide connecting light from the laser transmitter into the laser absorption cell;

a photo-detector mounted on the vehicle to convert light that has traversed the laser

absorption cell into electrical signals;
a cable connecting the photo-detector to the signal analyser; and

a retro-reflector oriented on the frame to reflect light that has entered the light absorption

cell from the light guide towards the photo-detector.

18.  The mobile gas detector of claim 17 in which the retro-reflector 1s mounted on a side of

the passageway opposed to the photo-detector.

19.  The mobile gas detector of claim 17 in which the retro-reflector and the photo-diode are

on the same side of the passageway.

20.  The mobile gas detector of claim 17 in which the photo-detector is a photo-diode

operating in photo-voltaic mode.
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