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(57) L’imvention concerne un détecteur optique

comprenant une source laser (1) de classe B émettant un
faisceau (3) a une premiere fréquence optique; un moyen
(4) interagissant avec le faisceau (3) pour fournir un
rayonnement (5) a fréquence optique modifice, le
décalage entre la premiere frequence et la fréquence
modifice €tant voisin d une fréquence de relaxation du
laser; un moyen (6) pour urradier une zone choisie d un
milieu a ¢tudier par le rayonnement a la fréquence
modifice; un moyen (6; 6°, 12°") pour mjecter dans le
laser de la lumiere renvoyee par la zone choisie; et un
movyen (9, 14, 15, 16) pour detecter la perturbation
apportce a 1’émission laser par la lumiere reinjectee.
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(57) The 1nvention concerns an optical detector
comprising a class B laser source (1) emitting a beam (3)
at a first optical frequency; means (4) interacting with the
beam (3) to supply a radiation (5) at modified optical
frequency, the phase shift between the first frequency
and the modified frequency being close to the laser
relaxation frequency; means (6) for irradiating a selected
zone of a medium to be studied by means of radiation at
the modified frequency; means (6; 6°, 12") for injecting
1into the laser the light sent back by the selected zone: and
means (9, 14, 15, 16) for detecting the disturbance 1n the
laser output brought about by the re-injected light.
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ACTIVE OPTICAL SENSOR

Abstract

The present 1invention relates to an optical sensor
including a class B laser source emitting a beam at a first
optical frequency; means interacting with the beam to provide a
radiation at a modified optical frequency, the shifting between
the first frequency and the modified frequency being close. to a
relaxation frequency of the laser; means for irradiating a
selected area of a medium to be studied with the radiation at the
modified frequency; means for injecting into the laser light sent
back by the selected area; and means for detecting the distur-
bance brought to the laser emission by the reinjected light.
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ACTIVE OPTICAL SENSOR

The present invention relates to an optical sensor and
more specifically to an active optical sensor emitting a light
beam in an area to be studied and analyzing the light sent back
or transmitted by thilis area.

A more specific object of the present invention is to
provide such a sensor that operates even when an area of a medium
to be studied only sends back or transmits a very small portion
of the received light.

Thus, the present invention especially applies to the
detection of obstacles or interfaces in diffusing mediums, for
example in organlic mediums.

The present invention aims at the cases where the
reemitted light 1s difficult to detect by conventional methods
using for example chopper and synchronous detection systems.

The present invention provides relnjecting into a laser
a light reemitted at a frequency shifted with respect to the
laser emission frequency, by using a specific type of laser, that
is, a class B laser that, when light 1s reinjected therein at a
frequency shifted by a wvalue substantially corresponding to a
natural frequency or relaxation frequency of this laser, gener-

ates a modulated laser beam, the modulation amplitude correspond-
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ing to a factor on the order of 103 to 10° with respect to a
conventional heterodyne detection.

More specifically, the present invention provides an
optical sensor including a class B laser source emitting a beam
at a first optical frequency,; means interacting with the beam to
provide a radiation at a modified optical frequency, the shifting
between the first frequency and the modified frequency being
close to a relaxation frequency of the laser; means for irradiat-
ing a selected area of a medium to be studied with the radiation
at the modified frequency; means for 1i1injecting into the laser
light sent back by the selected area; and means for detecting the
disturbance brought to the 1laser emission by the reinjected
light.

According to an embodiment of the present invention,
the sensor includes means for scanning the area to be studied.

According to an embodiment of the present invention,
the sensor includes means of frequency scanning of the radiation
emitted by the laser.

According to an embodiment of the present invention,
the irradiation means are formed of a lens.

According to an embcodiment of the present invention,
the detection means include a photodetector followed by a
synchronous detection system.

According to an embodiment of the present invention,
the means for providing a radiation at a modified optical
frequency consist of a medium having an electro-optical or
acousto-optical effect excited by an oscillator at a frequency
corresponding to the difference between the modified optical
frequency and the first optical frequency or one of 1its sub-

multiples.
The foregoing objects, features and advantages of the

present invention will be discussed 1in detail in the following

non-limiting description of specific embodiments 1in connection

with the accompanying drawilngs.
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Fig. 1 1s a schematic block diagram of a first
embodiment of the present invention;

Fig. 2 1s a schematic block diagram of a second
embodiment of the present invention; and

Fig. 3 1s a schematic block diagram of a third
embodiment of the present invention.

As shown in Fig. 1, the present invention uses an opti-
cally or electrically pumped class B laser 1. In the embodiment
shown, an optlcal pumping symbolized by an optical pump 2 1is
used. Beam 3 emitted by the laser crosses an optical modulator 4,
which provides at 1its output a laser beam 5 including at least a
portion of the incident energy, frequency-shifted by a frequency
F and/or one or several of its integer multiples. Laser beam 5,
with 1ts shifted frequency or frequencies, 1s sent onto an
optical system 6 that provides a redirected beam 7 focused on a
point 8 of a medium 9. The return light reemitted by reflection
and/or back scattering from the focusing point is transformed
back by lens 6 1nto a beam that returns to laser 1, the operation
of which 1s affected in a way described hereafter.

Modulator 4 1s controlled by an oscillator 11 operating
at a frequency F. A portion of the beam emitted by the laser is
sent by a beam splitter 12 to a photodetector 13, preferably
followed by an amplifier 14, the output of which is preferably
detected by a synchronous detection signal 15 that enables
detecting the signal received at frequency F (and/or at a
multiple of this frequency). Synchronous detector 15 is connected
to an 1information supply device 16, for example, a display
system.

The operation of the sensor according to the present
invention 1s based as previously 1ndicated on the use of a class
B laser. Such a laser, the scientific definition of which is that
1t 1s a laser for which the lifetime of the population inversion
of the amplifying medium 1s greater than the lifetime of the

laser cavity, may be a semiconductor laser or a solid laser.
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The laser may be equipped with one or several optical
elements that enable selecting and/or scanning the optical
frequency or frequencies. The laser may emit a single optical
frequency (monomode laser) or several optical frequencies (multi-
mode laser). The laser emission may be polarized or not. This
laser may be pumped by a so-called pump laser if the pumping must
be optical. The pumping may also be electric as is generally the
case for semiconductor lasers. The optical frequency range
emitted by laser 2 1s adapted to the optical responses of the
mediums to be analyzed or to be detected.

A class B laser has the specificity that, when light is
reinjected therein at a modified frequency shifted by a frequency
F (or by a multiple of a frequency F) close to a natural
frequency or relaxation frequency of the laser, a modulation of
the light intensity occurs at frequency F. This amounts to an
amplification of the reinjected power by a factor that may,
according to the laser and according to the setting of the
shifting frequency, be on the order of 103 to 106.

Optical frequency shifter 4 enables generating from a
light beam emitted by the laser at an optical frequency, called
the carrier frequency, one or several optical beams 5 at one or
several frequency-shifted optical frequencies. This frequency
shifting occurs at a frequency F and/or at its integer multiples.
The frequency shift may be positive and/or negative.

The optical frequency shifting may occur by means of an
amplitude modulation or a frequency or phase modulation of the
wave emitted by the laser. The amplitude modulation may be
performed by means of a modulator having an electro-optical or
acousto-optical effect. The frequency or phase modulation may be
performed by means of a medium having an electro-optical effect.

One or several of these optical elements may be mobile
Or enable a deviation or a translation of the optical beam.

The optical system may include one or several optical
filters enabling filtering or attenuating the 1light reinjected

into the laser.
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Beam splitter 12 has the purpose of sampling a portion
of beam 3 sent onto the object to be measured to deviate it
towards a photodetector 13. It should be noted that this beam
splitter may be selective 1in optical frequency or in optical
polarization.

Figs. 2 and 3 show alternatives of the device of Figqg.
1. In these alternatives, same elements are designated by same
references.

Fig. 2 shows a system which 1s very similar to that of
Fig. 1 but in which beam splitter 12 (placed between the laser
and modulator 4 in Fig. 1) 1s replaced with a beam splitter 12°
placed on the other side of the laser, for example between the
laser and the optical pump in Fig. 2.

Fig. 3 shows another altermative of the system in which
the light back-scattering or reflection system 1s replaced with a
transmission system. The light 1s sent to the studied medium in
the same way as previously discussed by a laser 1, a modulator 4,

and a lens 6. Light 7' having crossed the medium is received by a

lens 6' that provides an image of the focus point and this light
is reinjected into the laser by a beam splitter 12".

SENSOR USE

The use of the sensor according to the present inven-
tion 1in the back-scattering or reflection mode such as
illustrated in relation with Figs. 1 and 2 will more specifically
be described hereafter. Those skilled in the art can easily adapt
these explanations to the transmission operating mode such as
1llustrated in Fig. 3.

If, for example, 1t 1s desired to identify (see Fig. 1)
a body 20 having with a diffusing medium 9 an interface with a
diffusion/reflection coefficient distinct from that of the
diffusing medium, lens € 1s set 1n distance until a peak of
reemitted light is observed, 1ndicating that the interface level
has been reached. Various shifting means may be provided along

directions X, y, and z and 1n rotation to provide an image of
body 20.
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Interfaces or 1inhomogeneities of a medium may also

exhibit particularly marked diffusion/reflection variations at

certain wavelengths. A variable-wavelength laser 1 may then be
provided and the laser setting may be modified to adapt to the
wavelength at the level of which the detection 1s likely to be
the highest. This can 1in particular be used to detect the
presence or the absence of a gas in a medium, for example to form
a gas leak sensor.

Of course, the present 1invention 1is 1likely to have
various alterations and modifications which will occur to those
skilled in the art. In particular, the radiofrequency generator
may provide two frequencies Fl and F2 and the demodulation may be
performed on a combination of these two frequencies, for example,
F1l - F2.

Further, the various optical paths, especially between
laser 2 and lens 6, may follow optical fibers and the present

invention may be adapted to endoscope-type systems.
The detection by selective reinjection with a class B

laser may be made multiplex by for example using:
- several units connected by optical fibers to optical

system 6;

- a one- or two-dimensional array of class B lasers
shifted by the same optical frequencies and a one- or two-dimen-
sional array of photodetectors;

- a one- or two-dimensional array of class B lasers
shifted by different optical frequencies, and a photodetector
followed by a demcdulator ensuring a demodulation at the various
frequencies.

THEORETICAL EXPLANATION
Although this does not belong to the present invention,

various calculations and equations enabling a better understand-
1ing of the phenomenon i1mplemented by the present invention will

be given hereafter as an indication. However, this must not be

considered as limiting the present invention.
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The principle of the method can be understood in terms
of laser gain modulation, which modulation is induced by the
reinjecting of a frequency-shifted portion of the laser. This
gain modulation results from an interaction between oscillating
electric field E;, 1n the laser cavity and reinjected electric
field E, g shifted by a frequency F.

The most general equations to describe the system
dynamics are the injected laser equations (see for example A.E.
Siegmann, Lasers, ed. University Science Books, 1986).

In the case where the laser 1s a class B laser, the
following equation system i1s obtained:

aN _ SN BEFN (1)
dt T

dE, :“BE__‘_LN _}..3._L_+_1.ELS cos(\F, (t) + D, (1)) (2)

dt 2 2T T
dv 1 E. .
dtL =0~ g~ E"'S sin(\P (1) + @ (1)) - (3)

L
where:
N 1is the pbpulation inversion,
Tq1 1s the lifetime of the population inversion,
Y1, 1s the phase difference between electric fields Ep, and Ep, g,
®p, ¢ is the phase fluctuation of the reinjected light in the
cavity,
wr, 1s the optical frequency of electric field E; in the cavity,
wr,, s 1s the optical frequency of reinjected electric field Ef, g
in the laser cavity,
T 1s the photon lifetime in the cavity,
B 1s the Einstein coefficient.
Order of magnitude

In the system according to the present invention, 1in
which the reinjection is low and ratio mg = 2EL,S/EL 1s small,
the second term of equation (3) can be neglected. In the case of
a laser 1njected by an external source, this amounts to saying

that the laser i1s outside the bonding area defined by:
Ao | E s
2 T E,

' A L P vaa
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Integrating equation (3) provides:
VY(t) = (o, —o Ht+C=2nkFt+C
where C is an integration constant.
The electric field reinjected in the laser cavity is

obtained by writing:

m
E, (1) = 'E'S'EL(t —t,)

where t3 1s the time taken by the wave emitted and reinjected in
the laser to leave and return. Time tg belng short as compared to
the inverse of frequency F, thilis pure delay is neglected. In
these conditions, with a 1light intensity I =‘EL|z in the laser
cavity and using the following reduced variables:

T = t/Tl; n = BIN; a = NpBT;

s = BT1I; y = T1/T,
the following equation system 1s obtained:

_g% = y(n —1)s + ysm, cos(2nFt + @, (1)) (4)
dn

— =0 —1N—nS (5)
dt |

s describes the laser intensity and n the population inversion.
This system effectively describes a laser for which the gain or
losses are modulated.

In the absence of a reinjection, the stationary values
of the intensity and the population inversion respectively are:
s, =a—1 and ngt = 1

S

For a very low reinjection (mg<<l), equations (4) and

(5) become:
g-én-- = —0An — As
dt
%{i = ys,An +ym,s, cos(2nFt + @ (1))

where An and As respectively are the variation of the population

inversion and of the light intensity in the vicinity of station-

ary values ngy and Sgt .
By suppressing the population inversion, the equation

describing the modulation of the light intensity emitted by the

laser 1s obtained:
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d‘As  dA , .
d¢? + —-El-ti +y(a —1)As = y(a - 1)m, [o. cos(2nFt + @ ()~ 2nFsin(2nFt + @, )]

Solving this equation provides the expression of the
modulation amplitude of the light intensity emitted by the
reinjected laser according to frequency shift F.

VO +a’
—  v(a - Dm,
J(@,2 = Q%) +a’Q?

with Q = 2nF and o, =y(a-1).

|As(QQ)| =

\/ o —1
This function has a resonance for F=—Y(2——)-.
TC

The 1light modulation rate then transits through a
maximum, which is:

As(Q = w,) _ N, +a’ y

ym, % —m,_ .
S oW, o

st

This modulation signal is on the order of 103 times
greater than for the signal obtained by means of a conventional
hetercdyne detection (without amplification by the laser) in the
case where the laser is a laser diode, and of 109 for a solid
laser of microlaser type. These very high amplification coeffi-
cients (103 to 10%) are the advantage of the system according to

the present inventionmn.




10

15

20

25

30

CA 02305202 2000-03-29

10

CLATIMS

1. An optical sensor, characterized in that it
1ncludes:

a class B laser source (1) emitting a beam (3) at a
first optical frequency;

means (4) 1nteracting with the beam (3) to provide a
radiation (5) at a modified optical frequency, the shifting
between the first frequency and the modified frequency being
close to a relaxation frequency of the laser;

means (6) for irradiating a selected area of a medium
to be studied with the radiation at the modified frequency;

means (6; 6', 12") for injecting into the laser light
sent back by the selected area; and

means (9, 14, 15, 1le) for detecting the disturbance
brought to the laser emission by the reinjected light.

2. The optical sensor of claim 1, characterized in
that it 1ncludes means for scanning the area to be studied.

3. The optical sensor- of claim 1, characterized in
that 1t 1ncludes means for scanning the frequency of the
radiation emitted by the laser.

4. The optical sensor of claim 1, characterized in
that the i1rradiation means (6) are formed of a lens.

5. The optical sensor of claim 1, characterized in
that the detection means include a photodetector (9) followed by
a synchronous detection system (15).

6. The optical sensor of claim 1, characterized in
that the means (4) for providing a radiation at a modified
optical frequency consist of a medium having an electro-optical
or acousto-optical effect excited by an oscillator at a frequency
corresponding to the difference between the modified optical
frequency and the first optical frequency or one of its sub-

multiples.
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