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(57) ABSTRACT

A method of acquiring an image of a scene illuminated by a
first beam, by means of a sensor including at least two pixels,
including the steps of: a) for each pixel, reading a first output
value of the pixel representative of the intensity of the radia-
tion received by the pixel during a first integration period

(22) Filed: Mar. 4, 2014 - A - .
during which the sensor is illuminated by a second beam
(30) Foreign Application Priority Data coherent with the first beam; and b) for each pixel, reading a
second output value of the pixel representative of the intensity
Mar. 5,2013  (FR) oo 1351922 of'the radiation received by the pixel during a second integra-
L. . . tion period during which the sensor is not illuminated by the
Publication Classification second beam, wherein steps a) and b) are repeated a plurality
(51) Int.CL of times by changing, between two successive iterations, the
HO4N 5/30 (2006.01) angle of incidence or a phase parameter of the second beam.
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IMAGE ACQUISITION METHOD AND
SYSTEM

[0001] This application claims the priority benefit of
French patent application number 13/51922, filed on Mar. 5,
2013, the contents of which is hereby incorporated by refer-
ence in its entirety to the maximum extent allowable by law.

BACKGROUND

[0002] The present disclosure relates to image acquisition
methods and systems.

Discussion of the Related Art

[0003] So-called “active” image acquisition systems are
known, which comprise:

[0004] an electromagnetic wave emission source arranged
to illuminate or irradiate a scene to be observed; and

[0005] animage sensor comprising an array of detectors or
pixels sensitive to waves emitted by the source, arranged to
receive the waves emitted by the source after reflection or
transmission by transparency by the scene.

[0006] In an image acquisition phase, the scene is illumi-
nated by the source, and the intensity of the radiation received
by each sensor pixel is measured.

[0007] Active image acquisition methods and systems
using sources emitting in terahertz or far infrared frequency
ranges, for example, in the frequency range from 100 giga-
hertz (GHz) to 100 terahertz (THz), are more particularly
considered herein.

[0008] An example of a laser spectrometer operating in the
terahertz range 1is described in patent application
GB2458802.

[0009] A problem which arises is due to the fact that detec-
tors or pixels sensitive to terahertz or infrared waves have
relatively large dimensions. Indeed, terahertz and infrared
waves are characterized by wavelengths in the range from a
few micrometers to a few millimeters, and the pixels should
accordingly have dimensions of the same order. To limit their
cost and/or to respect bulk constraints, terahertz or infrared
image sensors thus generally have relatively low resolutions,
which raises an issue when high-definition images are desired
to be acquired.

SUMMARY

[0010] Thus, an embodiment provides a method of acquir-
ing an image of a scene illuminated by a first electromagnetic
wave beam, by means of a sensor comprising at least two
pixels sensitive to said waves, comprising the steps of: a) for
each pixel, reading a first output value of the pixel represen-
tative of the intensity of the radiation received by the pixel
during a first integration period during which the sensor is
illuminated by a second electromagnetic wave beam coherent
with the first beam; and b) for each pixel, reading a second
output value of the pixel representative of the intensity of the
radiation received by the pixel during a second integration
period during which the sensor is not illuminated by the
second beam, wherein steps a) and b) are repeated a plurality
of times by changing, between two successive iterations, the
angle of incidence or a phase parameter of the second beam.
[0011] According to an embodiment, at each iteration, for
each pixel of the sensor, a third value representative of the
difference between the first and second output values of the
pixel is calculated.
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[0012] According to an embodiment, the sensor comprises
an even number of pixels arranged in a circle, the pixels of the
circle being distributed in pairs at diametrically opposite
points of the circle.

[0013] According to an embodiment, at each iteration, for
each pair of diametrically opposite pixels of the circle, a
fourth value representative of the sum of the third values
calculated for each of the pixels in the pair is calculated.
[0014] According to an embodiment, the second beam
comprises first waves polarized along a first direction, and
second waves polarized along a second direction different
from the first direction.

[0015] According to an embodiment, the first and second
directions are orthogonal.

[0016] According to an embodiment, at each iteration, a
value ofthe phase shift between the first waves and the second
waves is modified.

[0017] According to an embodiment, the electromagnetic
waves are at a frequency in the range from 100 GHz to 100
THz.

[0018] According to an embodiment, the pixels are non-
coherent pixels.
[0019] According to an embodiment, the second beam

originates from a branching of the first beam.

[0020] Another embodiment provides a system for acquir-
ing an image of a scene, comprising: a source emitting a first
electro-magnetic wave beam capable of illuminating the
scene; a sensor comprising at least two pixels sensitive to said
waves; a source emitting a second electromagnetic wave
beam coherent with the first beam capable of illuminating the
sensor; and a control device capable of implementing the
steps of: a) for each pixel, reading a first output value of the
pixel representative of the intensity of the radiation received
by the pixel during a first integration period during which the
sensor is illuminated by the second beam; and b) for each
pixel, reading a second output value of the pixel representa-
tive of the intensity of the radiation received by the pixel
during a second integration period during which the sensor is
not illuminated by the second beam, and repeating a plurality
of times steps a) and b) by changing, between two successive
iterations, the angle of incidence or a phase parameter of the
second beam.

[0021] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a cross-section view very schematically
illustrating an example of an active image acquisition system;
[0023] FIG. 2 is a front view schematically illustrating the
arrangement of the pixels of an image sensor of the system of
FIG. 1;

[0024] FIG. 3 is an enlarged cross-section view of a portion
of the image acquisition system of FIG. 1, illustrating in
further detail the operation of this system;

[0025] FIGS. 4A to 4F and 5 are diagrams illustrating an
operating principle of the image acquisition system of FIGS.
1t03;

[0026] FIG. 6 is a cross-section view schematically and
partially illustrating an embodiment of an active image acqui-
sition system;
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[0027] FIG. 7 schematically illustrates an operating prin-
ciple of an alternative embodiment of the system of FIG. 6;
and

[0028] FIG. 8 is a cross-section view of an embodiment of
a pixel of an image sensor of the system of FIG. 6.
[0029] For clarity, the same elements have been designated
with the same reference numerals in the various drawings
and, further, the various drawings are not to scale.

DETAILED DESCRIPTION

[0030] In an active terahertz or infrared image system, to
obtain an image of the scene having a resolution greater than
that of'the sensor, it may be provided to mechanically displace
the sensor with respect to the scene, to successively scan a
plurality of portions of the scene. As an example, a partial
image of the scene having a resolution equal to that of the
sensor may be acquired at each step of the scanning, and the
partial images may be combined to restore a full image of the
scene having a resolution greater than that of the sensor. Such
an image acquisition method however requires means of
mechanical actuation of the sensor which may result being
relatively complex.

[0031] FIG. 1 is a cross-section view schematically illus-
trating another example of an active image acquisition system
enabling, without displacing the sensor, to obtain an image of
a scene having a resolution greater than that of the sensor.

[0032] The system of FIG. 1 comprises a source 101 emit-
ting coherent electromagnetic waves, for example, having a
frequency in the range from 100 GHz to 100 THz. In this
example, source 101 is capable of generating a parallel beam
105 of planar coherent waves capable of illuminating a scene
or an object 107 to be observed. The system of FIG. 1 further
comprises an image sensor 109 comprising a plurality of
detectors or pixels 111 sensitive to the waves emitted by
source 101. In the shown example, scene 107 to be observed
is located between electromagnetic wave emission source
101 and sensor 109, the waves received by sensor 109 being
transmitted through scene 107. In this example, the acquisi-
tion system comprises an optical system 113 arranged
between scene 107 and sensor 109, capable of focusing the
waves transmitted by scene 107 on sensor 109. Optical sys-
tem 113 is such that the waves originating from each point in
the scene to be observed are transmitted in a parallel beam, a
planar wave, illuminating all the sensor pixels, the beam
propagation direction depending on the position of the point
on the scene. In other words, in the acquisition system of FIG.
1, the angle of incidence of the rays received by sensor 109
enables to discriminate waves originating from different
points of the scene. To acquire an image of the scene, an
angular filtering enabling the acquisition system to discrimi-
nate the signals received by the sensor by angles of incidence
is used.

[0033] FIG. 2 is a front view of sensor 109 of FIG. 1,
schematically illustrating the arrangement of pixels 111 on
the sensor. In the shown example, sensor 109 comprises nine
pixels 111 arranged in a same plane, eight of these pixels,
which will be called peripheral pixels hereafter, being
arranged in a circle, and the ninth pixel, which will be called
central pixel hereafter, being at the center of the circle of
peripheral pixels. In this example, the peripheral pixels are
distributed in pairs, the pixels of a same pair being located at
diametrically opposite points of the circle of peripheral pix-
els.
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[0034] Inthe example of FIG. 1, sensor 109 is arranged so
that the central pixel of the sensor is substantially located at
focal point F of optical system 113.

[0035] FIG. 3 is an enlarged cross-section view of a portion
of the image acquisition system of FIG. 1, illustrating in
further detail the operation of this system. FIG. 3 shows a
diametrical line of three pixels 111 of sensor 109, comprising
the central pixel and two peripheral diametrically opposite
pixels of the sensor. Only considering radiation re reaching
sensor 109 with an angle of incidence e relative to the dia-
metrical pixel line, the sum of the signals received by the three
pixels of FIG. 3 is equal to:

2nrdcost
(1 +Zcos( il ;OS ]]Eoe’“”

where E, 0, A, and o respectively designate the amplitude,
the angle of incidence, the wavelength and the pulse of radia-
tion re, and where d designates the radius of the pixels circle,
j designates the imaginary unit, and t designates time.

[0036] The absolute value of term

2ndcosd
K=1+ Zcos( ;) ]

varies according to the value of angle of incidence 1. Thus, if
it is considered that the three pixels of FIG. 3 form an elemen-
tary detection assembly providing an output signal equal to
the sum of the signals received by the three pixels, this detec-
tion assembly intrinsically has a certain angular selectivity,
that is, it is more sensitive to certain angles of incidence e than
to others. Such an angular selectivity particularly depends on
the wavelength of the radiation and on interval d between
neighboring pixels of the alignment.

[0037] FIGS. 4A to 4F are diagrams respectively showing,
for different values of distance d between pixels of the pixel
alignment of FIG. 3, the absolute value of term K according to
angle of incidence 0, for a wave having a frequency equal to
300 GHz (A=1 mm in vacuum).

[0038] FIG. 4A shows the case where distance d is equal to
210 um. In this case, it can be observed that the absolute value
of'term K is practically independent from angle 6, that is, the
intrinsic angular selectivity of the pixel alignment is relatively
low.

[0039] FIGS. 4B to 4F show the cases where distance d is
respectively equal to 420 um, 630 um, 840 um, 1,050 pm, and
1,260 um. Among these examples, the larger distance d, the
larger the variations of the absolute value of term K according
to angle 0, and the higher the intrinsic angular selectivity of
the pixel alignment. As an example, in FIG. 4F, it can be
observed that when distance d is equal to 1,260 um, the
absolute value of term K is relatively high for angles 6 close
to 90 degrees, and practically zero for angles 6 between 0 and
60 degrees and between 120 and 180 degrees. As a result, the
detection assembly formed by the diametrical pixel line of
FIG. 3 is relatively sensitive to waves arriving with an angle of
incidence 6 in the order of 90 degrees, and is little sensitive, or
even insensitive, to waves arriving with angles of incidence 6
ranging between 0 and 60 degrees and between 120 and 180
degrees.
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[0040] In FIGS. 4A to 4F, it can be seen that, whatever
distance d separating the pixels of the alignment, the intrinsic
angular selectivity cone of the detection assembly is always
centered on an angle of incidence 6 equal to 90 degrees, that
is, the rays which are best seen by the pixel alignment are
those arriving with an angle of incidence 6 equal to 90 degrees
with respect to the alignment, that is, under normal incidence.

[0041] To modity angle of incidence 6 best seen by the
pixel alignment of FIG. 3, it may be provided, before adding
the signals provided by the three pixels of the alignment, to
phase-shift the signals provided by one or a plurality of the
pixels of the alignment with respect to the signals provided by
the other pixels of the alignment. As an example, it may be
provided to shift the phase of the signals provided by the two
diametrically opposite pixels of the alignment by respective
phase-shift values ¢ and —¢ with respect to the signals pro-
vided by the central pixel. For this purpose, in the image
acquisition system of FIGS. 1 to 3, each peripheral pixel of
the sensor may be connected to a phase-shift circuit 301 (FIG.
3) capable of shifting by a variable value the phase of the
signals provided by the pixels. Further, each diametrical pixel
line 111 may have an associated circuit 303 capable of pro-
viding a signal S representative of the sum of the signals
respectively provided by the central pixel and by the diametri-
cally opposite peripheral pixels in the line, after phase-shift-
ing of the signals provided by the peripheral pixels by circuits
301. Sum S of the signals provided by the three pixels of the
alignment after phase-shifting of the signals provided by the
diametrically opposite pixels is provided by equation:

2rdcosd

S = (1 + Zcos( - go]]Eoe’“”

[0042] Varying term ¢ enables to control the orientation of
the angular selectivity cone of the detection assembly formed
by the pixel alignment of FIG. 3, and thus its best viewing
angle (as illustrated in FIG. 5). This enables to achieve an
angular filtering of the radiation reaching the pixel alignment
of FIG. 3.

[0043] FIG.5is adiagram showing, for five different values
of phase shift ¢, the variation of the absolute value of term

2rdcosd
K’:1+Zcos( —go]

(or angular selectivity diagram) according to angle of inci-
dence 0, for a wave having a frequency equal to 300 GHz and
a distance d separating two neighboring pixels equal to 1,260
um. For a zero phase shift ¢, the angular selectivity diagram is
identical to that of FI1G. 4F, that is, the waves seen best by the
pixel alignment of FIG. 3 are those arriving with an angle of
incidence 0 equal to 90 degrees. When phase shift ¢ varies, it
can be observed that the main direction of the angular selec-
tivity cone of the pixel alignment also varies. In this example,
for phase shifts ¢ respectively equal to -0.5 rad, -0.25 rad,
0.25 rad, and 0.5 rad, the angles of incidence 0 best seen by
the pixel alignment are respectively equal to 1.95 rad (ap-
proximately 111.7 degrees), 1.76 rad (approximately 100.8
degrees), 1.38 rad (approximately 79.1 degrees), and 1.18 rad
(approximately 67.6 degrees).
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[0044] To acquire an image of scene 107, scene 107 may be
illuminated by beam 105, and, while the scene is illuminated,
the following steps may be implemented.

[0045] 1) For each of the diametrical pixel lines of sensor
109, reading an output value representative of the power of
signal S delivered by adder circuit 303 during a sensor
integration period. During the integration period, phase
shifts ¢ and -¢ applied to the diametrically opposite pixels
of the pixel lines remain constant and are for example the
same for all diametrical lines of the sensor. The output
values of the different diametrical lines of the sensor are for
example read simultaneously; and

[0046] 2) Repeating step 1) by changing, between two suc-
cessive iterations, the value of phase-shifts ¢ and -¢
applied to the diametrically opposite pixels of each dia-
metrical line of the sensor.

[0047] An angular scanning of a plurality of portions of the
scene is thus performed, which can enable to obtain an image
of the scene having a greater resolution than the sensor. The
resolution of the final image is conditioned by the incremen-
tation or decrementation step of phase shift value ¢, and by the
number of diametrical pixel lines comprised in the sensor.
[0048] A disadvantage of the image acquisition system
described in relation with FIGS. 1 to 5 is due to the fact that
pixels 111 should be coherent pixels capable of providing
output signals containing information relative to the incident
radiation phase. For this purpose, a local oscillator (specific to
each sensor pixel or common to all sensor pixels and con-
nected by interconnection wires to all sensor pixels) provid-
ing a reference signal coherent with source 101 should be
coupled with each sensor pixel. This results in relatively
complex sensors having a significant electric power con-
sumption.
[0049] TItwould be desirable to overcome all or part of these
disadvantages. In particular, it would be desirable to have
terahertz or infrared frequency image acquisition systems and
methods enabling, without displacing the sensor, to obtain an
image of a scene having a resolution greater than that of the
sensor, compatible with pixels or detectors providing output
signals which do not contain the incident radiation phase
information.
[0050] After, a pixel capable of providing an output signal
containing the incident radiation phase information will be
called coherent pixel, and a pixel providing an output signal
which does not contain the incident radiation phase informa-
tion (for example, a photodiode) will be called non-coherent
pixel.

[0051] FIG. 6 is a cross-section view schematically and

partially illustrating an embodiment of an active image acqui-

sition system. The system of FIG. 6 comprises elements com-
mon with the image acquisition system described in relation
with FIGS. 1 to 3. Such common elements have not been
shown in FIG. 6 and will not be detailed hereafter. In particu-

lar, coherent electromagnetic wave emission source 101,

which will be called main source hereafter, and optical system

113 are common to both systems and have not been shown in

FIG. 6.

[0052] The image acquisition system of FIG. 6 comprises,

instead of coherent image sensor 109 of the system of FIGS.

1 to 3, a non-coherent image sensor 609. Sensor 609 com-

prises a plurality of non-coherent detectors or pixels 611

sensitive to the waves emitted by source 101. In this example,

sensor 609 comprises eight pixels 611 arranged in a same
plane along a circle centered on the focal point of optical
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system 113, pixels 611 being arranged in pairs of diametri-
cally opposite pixels. In this example, pixels 611 are capable
of providing an output value proportional to the square of the
module of the sum of the waves received during a pixel
integration period. Pixels 611 are for example pixels of the
type described in article “A broadband THz imager in a low-
cost CMOS technology” by Schuster et al., or in article “A
CMOS focal-plane array for terahertz imaging” by Pfeiffer et
al. Another embodiment of a non-coherent terahertz pixel
compatible with the image acquisition system of FIG. 6 will
be described hereafter in relation with FIG. 8. More generally,
the system of FIG. 6 is compatible with any type of non-
coherent pixels, for example, a simple infrared photodiode in
the case where source 101 emits infrared waves.

[0053] Theimage acquisition system of FIG. 6 further com-
prises a secondary source 613 emitting electromagnetic
waves coherent with waves emitted by main source 101. In
this example, source 613 is capable of emitting a secondary
parallel beam 615, a planar wave coherent with the waves
emitted by source 101. Source 613 is arranged so that, when
it emits, beam 615 illuminates all the pixels of sensor 609
directly, that is, without passing through scene 107. In a
preferred embodiment, sources 101 and 613 are confounded,
and secondary beam 615 is generated by branching (via an
optical system, not shown) part of the waves emitted by main
source 101. This particularly enables to limit the electric
consumption of the image acquisition system, and further
enables to more easily ensure the coherence between the
waves of main beam 105 and the waves of secondary beam
615. The described embodiments are however not limited to
this specific case. As a variation, an image acquisition system
where sources 101 and 613 are separate may be provided.

[0054] Considering, for simplification, that pixel 611 of
sensor 609 receives an integral number n greater than 1 of
planar waves of same pulse w originating from n different
points of scene 107 and reaching the pixel with different
angles of incidence, the sum of the waves received by the
pixel of these n points may be written as:

Z Ut

0<i

whereiisaninteger from 1 ton, and where U, and ¢, designate
the respective amplitudes and phases of the waves seen by the
pixel.

[0055] The output signal of the pixel is proportional to the
square of the module of the sum of the received waves, that is,
after development, to:

g UIZZ 2U;Uycos(pr — ¢1)

o0 O<i<k

where k is an integer from 1 to n and different from 1.

[0056] When secondary beam 615 of the acquisition sys-
tem of FIG. 6 is present, the pixel further receives an addi-
tional planar wave of amplitude U, and of phase ¢,. The
signal delivered by the pixel is then proportional to:
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DL URE Y 2Uilkcosign — g) + Y 2UiUocos(; - o).

0<i O<i<k 0<i

[0057] Difference A between signal 11 detected by the pixel
in the presence of secondary beam 615 and signal 12 detected
by the pixel in the absence of secondary beam 615 is propor-
tional to term:

Z 2U;Ugcos(gi — ¢o)-

0<i

[0058] Considering two diametrically opposite pixels pl
and p2 of the sensor, and calling ¢#* and ¢/ (with i varying
from 1 to n) the phases of above-mentioned waves U, respec-
tively seen by pixels pl and p2, ¢£* and ¢p#> the phases of
above-mentioned wave U, respectively seen by pixels pl and
P2, and A(pl) and A(p2) the respective differences between
signal I1 (p1) detected by pixel p1 in the presence of beam 615
and signal 12 (p1) detected by pixel p1 in the absence of beam
615, and between signal I1 (p2) detected by pixel p2 in the
presence of beam 615 and signal 12 (p2) detected by pixel p2
in the absence of beam 615, sum I, of values A(pl) and
A(p2) is proportional to term:

Z 2U; Uo(cos(golp1 - gogl) + cos(gof’z - ¢§2)).

0<i

[0059] Calling 0, (i varying from 1 to n) the angles of
incidence of above-mentioned waves U, relative to the line
formed by pixels p1 and p2, terms ¢p*, 7> may respectively
be written as:

2ndsinb;

and ¢ = ¢~ —

1
o =¢

N 2ndsind;
A

where ¢ is a constant term corresponding to the phase of all
the waves incident on the focal plane of optical system 113,
and where d is the radius of the sensor pixel circle. By work-
ing under Gauss’s stigmatism conditions, where the rays form
small angles with the focal axis, it can be observed that sum
Ioprofintermediate values A(p1) and A(p2) is proportional to
term:

Z 4U; Uocos(gﬁ)cos(n;(a- - 00)]

0<i

[0060] Thus, considering that pixels p1 and p2 of FIG. 6
form an elementary detection assembly providing an output
signal 1, equal to the sum of values A(pl) and A(p2), this
detection assembly intrinsically has a certain angular selec-
tivity, that is, it is more sensitive to certain angles of incidence
than to others. Such an angular selectivity depends not only
on distance d and on wavelength A of the considered radia-
tion, but also on angle of incidence 6, of secondary beam 615.
In particular, the main direction of the angular selectivity
cone, thatis, the best viewing angle of the detection assembly,
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varies according to angle of incidence 8, of secondary beam

615. More specifically, in this example, the best viewing

angle of the detection assembly is equal to angle of incidence

0, of secondary beam 615.

[0061] In this example, the image acquisition system com-

prises a device, not shown, enabling to mechanically vary

angle of incidence of secondary beam 615 on sensor 609. As
an example, the device may comprise a pivoting mirror and/or

a pivoting lens, and an associated actuation system, for

example comprising a motor.

[0062] To acquire animage of scene 107, scene 107 may be

illuminated by beam 105, and, while the scene is illuminated,

the following steps may be implemented by means of a con-
trol device, not shown.

[0063] 1) For each of the diametrical pixel lines of sensor
609, reading, for each of'the line pixels, a first pixel output
value I1 at the end of a first pixel integration period during
which secondary beam 615 is present. Output value 11 read
for each pixel is for example stored in a memory 617
associated with the pixel, for example, via a multiplexer
619. Values 11 of all the sensor pixels are for example read
simultaneously.

[0064] 2) For each of the diametrical pixel lines of sensor
609, reading, for each of the line pixels, a second pixel
output value 12 at the end of a second pixel integration
period during which secondary beam 615 is absent (for
example, by means of a shutter, not shown). Output value
12 read for each pixel is for example stored in a memory
621 associated with the pixel, for example, via a multi-
plexer 619. As an example, values 12 of all the sensor pixels
are for example read simultaneously.

[0065] 3) For each of the diametrical pixel lines of sensor
609, calculating, for each of the line pixels, an intermediate
value A equal to the difference between output values 11
and 12 of the pixel read at steps 1) and 2). As an example, a
subtraction circuit 623 is associated with each of the sensor
pixels, this circuit receiving values 11 and 12 stored in
memories 617 and 621 of the pixel, and delivering value A.

[0066] 4) For each of the diametrical pixel lines of sensor
609, calculating an output value I, equal to the sum of
the intermediate values A calculated for each of the line
pixels. As an example, an adder circuit 625 is associated
with each of the diametrical sensor pixel lines, such a
circuit receiving the intermediate values A calculated by
subtraction circuits 623 of the line, and delivering value
lopz Value 1, calculated for each diametrical line of
sensor pixels is representative of the intensity of the radia-
tion transmitted by a point in the scene, and may be used to
determine the value of a point of the final image.

[0067] 5) Repeating steps 1) to 4) by changing, at each
iteration, angle of incidence 00, of secondary beam 615 on
sensor 609.

[0068] An angular scanning ofthe scene is thus particularly

easily carried out, and is capable of enabling to obtain an

image of the scene having a greater resolution than the sensor.

The resolution of the final image is conditioned by the incre-

mentation or decrementation step of angle of incidence 6, of

beam 615 between two successive iterations, and by the num-
ber of diametrical pixel lines comprised in the sensor.

[0069] FIG. 7 illustrates an alternative embodiment of the

image acquisition system of FIG. 6. In this alternative

embodiment, angle of incidence 6, of secondary beam 615 on
sensor 609 is fixed, which especially enables to do away with

a system of mechanical actuation of beam 615. In the example
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of FIG. 7, beam 615 comprises coherent parallel planar waves
of same pulse ¢ 615a and 6155, polarized along different
directions. In the shown example, waves 615a and 6155 have
crossed polarities, that is, orthogonal polarization directions.
It is provided to place a polarizer (not shown) in front of each
sensor pixel, the polarizers being selected so that, in each pair
of diametrically opposite pixels of the sensor, one of the
pixels receives from beam 615 waves 615q only, and the other
pixel receives from beam 615 waves 6155 only.
[0070] By varying the phase shift between waves 615a and
61554, an effect similar or identical to that obtained by varying
angle of incidence 8, of beam 615 in the image acquisition
system described in relation with FIG. 6 is obtained. Thus,
without modifying angle of incidence 8, of beam 615, an
angular scanning of the scene capable of enabling to obtain an
image of the scene having a resolution greater than that of the
sensor, can be performed. As an example, to acquire an image
of scene 107, a method comprising steps 1) to 4) of the
method described in relation with FIG. 6 may be imple-
mented, where step 5) of the method described in relation
with FIG. 6 is replaced with the following step.

[0071] 5') Repeating steps 1) to 4) by changing, for each
iteration, the phase shift between waves 615a and 6155 of
secondary beam 615.

[0072] The resolution of the final image is conditioned by
the incrementation or decrementation step of the phase shift
between waves 615a¢ and 6156 of beam 615, and by the
number of diametrical pixel lines comprised in the sensor.
[0073] FIG. 8 is a cross-section view of an embodiment of
anon-coherent terahertz pixel 800 capable of being used in an
image acquisition system of the type described in relation
with FIGS. 6 and 7. In this example, pixel 800 comprises a
MOS transistor 801, and an antenna 803 symbolized in the
drawing by a terahertz signal generator. Antenna 803 is con-
nected between the gate (G) and the source (S) of transistor
801. When a terahertz signal is received by the pixel, this
signal is applied to the transistor in the form of a gate-source
voltage, and the transistor provides, between its drain and its
source, a D.C. output voltage V proportional to the envelope
or amplitude of the incident terahertz radiation.
[0074] An advantage of the active image acquisition meth-
ods and systems described in relation with FIGS. 6 to 8 is that
it is possible to obtain a high-definition image of a scene to be
observed while using a sensor comprising a small number of
pixels, and this, without displacing the sensor with respect to
the scene. This enables to significantly limit the complexity,
the cost, and the electric power consumption of the acquisi-
tion system with respect to known active image acquisition
systems.

[0075] Another advantage of the image acquisition meth-

ods and systems described in relation with FIGS. 6 to 8 is that

they are compatible with non-coherent pixels or detectors,
which have the advantage of being simpler and less expensive
than coherent pixels used in image acquisition systems of the

type described in relation with FIGS. 1 to 5.

[0076] Specific embodiments have been described. Various

alterations, modifications, and improvements will readily

occur to those skilled in the art.

[0077] In particular, the described embodiments are not

limited to the above-described examples of arrangement of

the pixels on the sensor. It will be within the abilities of those
skilled in the art to implement the desired operation while
providing other pixel arrangements on the sensor. As an
example, the sensor may comprise a plurality of concentric



US 2014/0253734 Al

circles of pixels centered on the focal point of optical system
113. Further, the described embodiments are not limited to
the example described in relation with FIGS. 6 and 7 where
the sensor comprises eight pixels.

[0078] Further, the described embodiments are not limited
to the above-described example where the waves illuminating
the scene to be observed are seen by the sensor by transmis-
sion. The described embodiments are compatible with image
acquisition systems where the waves emitted by the source
are seen by the sensor by reflection on the scene.

[0079] Further, the described embodiments are not limited
to terahertz or infrared image acquisition systems in the
above-mentioned frequency range from 100 GHzto 100 THz.
Other operating frequencies may be provided.

[0080] Such alterations, modifications, and improvements
are intended to be part of this disclosure, and are intended to
be within the spirit and the scope of the present invention.
Accordingly, the foregoing description is by way of example
only and is not intended to be limiting. The present invention
is limited only as defined in the following claims and the
equivalents thereto.

What is claimed is:

1. A method of acquiring an image of a scene illuminated
by a first electromagnetic wave beam, by means of a sensor
comprising at least two pixels sensitive to said waves, com-
prising the steps of:

a) for each pixel, reading a first output value of the pixel
representative of the intensity of the radiation received
by the pixel during a first integration period during
which the sensor is illuminated by a second electromag-
netic wave beam coherent with the first beam; and

b) for each pixel, reading a second output value of the pixel
representative of the intensity of the radiation received
by the pixel during a second integration period during
which the sensor is not illuminated by the second beam,

wherein steps a) and b) are repeated a plurality of times by
changing, between two successive iterations, the angle
of'incidence or a phase parameter of the second beam.

2. The method of claim 1, wherein, at each iteration, for
each pixel of the sensor, a third value representative of the
difference between the first and second output values of the
pixel is calculated.

3. The method of claim 1, wherein the sensor comprises an
even number of pixels arranged in a circle, the pixels of the
circle being distributed in pairs at diametrically opposite
points of the circle.

4. The method of claim 1, wherein, at each iteration, for
each pixel of the sensor, a third value representative of the
difference between the first and second output values of the
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pixel is calculated, wherein the sensor comprises an even
number of pixels arranged in a circle, the pixels of the circle
being distributed in pairs at diametrically opposite points of
the circle, and wherein, at each iteration, for each pair of
diametrically opposite pixels of the circle, a fourth value
representative of the sum of the third values calculated for
each of the pixels in the pair is calculated.

5. The method of claim 1, wherein the second beam com-
prises first waves polarized along a first direction, and second
waves polarized along a second direction different from the
first direction.

6. The method of claim 5, wherein the first and second
directions are orthogonal.

7. The method of claim 5, wherein, at each iteration, a value
of the phase shift between the first waves and the second
waves is modified.

8. The method of claim 1, wherein said electromagnetic

waves are at a frequency in the range from 100 GHz to 100
THz.

9. The method of claim 1, wherein the pixels are non-

coherent pixels.

10. The method of claim 1, wherein the second beam

results from a branching of the first beam.

11. A system for acquiring an image of a scene, compris-

ing:

a source emitting a first electromagnetic wave beam
capable of illuminating the scene;

a sensor comprising at least two pixels sensitive to said
waves;

a source emitting a second electromagnetic wave beam
coherent with the first beam capable of illuminating the
sensor; and

a control device capable of implementing the steps of:

a) for each pixel, reading a first output value of the pixel
representative of the intensity of the radiation received
by the pixel during a first integration period during
which the sensor is illuminated by the second beam; and

b) for each pixel, reading a second output value of the pixel
representative of the intensity of the radiation received
by the pixel during a second integration period during
which the sensor is not illuminated by the second beam,
and

repeating steps a) and b) a plurality of times by changing,
between two successive iterations, the angle of inci-
dence or a phase parameter of the second beam.
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