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ture within a same frame at least two simultaneously views of a scene under differ-
ent viewpoints and with different capture conditions having the same exposure
time, to capture successively such frames, and to distribute the different capture
conditions for those views and frames such that, in any two successive frames, two
views that are captured under the same viewpoint are captured with said different
capture conditions; an image processing module configured to process the captured
views of at least one frame, such as to generate one HDR view of said scene under
each of said different viewpoints.
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3D High Dynamic Range image capture system

Technical Field

The invention concerns the 3D capture of video images of a scene under
High Dynamic Range (“HDR”) or Wide dynamic Range (“WDR”).

Background Art

The 3D capture or stereoscopic image of a scene usually requires at least
a left view (L) and a right view (R) of this scene.

For a usual HDR capture of a scene, it is known to use bracketing, i.e. to
take several simultaneous or time-shifted shots of the same scene using
different exposure times. The result of these different shots or views is then
combined to get the HDR image of this scene. Such a combination is called
“fusion”. In case of time-shifted shots, the fusion that should be implemented to
get the HDR images is temporal, whereas, in case of simultaneous shots, the
fusion that should be implemented to get the HDR images is spatial.

In the known temporal stereoscopic HDR first mode of video capture
illustrated on figure 1, a left (L) and a right (R) video stream is generated that is
synchronously bracketing the exposure. In this mode, the dynamic range is
expanded by fusing a low exposure frame and a temporally adjacent high
exposure frame into the fused frames Fip, Fip, ... for the right channel and into
the fused frames Fy(, FroL, ... for the left channel, separately within each of the
left (L) and right (R) channel. Such a fusion is then temporal. But changing the
exposure time in this way is time consuming and limits the range of illumination
differences. The second drawback of this mode is that the dynamic range is
expanded by fusing frames taken at different instants, i.e. through temporal
fusion ; hence motion artifacts will be disturbing or would need complex motion
compensation.

In the known spatial stereoscopic HDR second mode of video capture
illustrated on figure 2, in each of the left (L) and a right (R) channel, there is
simultaneously a fixed but different exposure : here, simultaneously, we have a
low exposure in the right channel and a high exposure time in the left channel.
In this mode, the dynamic range is expanded by fusing a left view and a right
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view of a same frame, namely a left view captured under high exposure and a
right view captured under low exposure, into the fused frames F'y, F'y, ... . Such
a fusion is then spatial. In this mode, there are two major drawbacks. The most
serious one is the necessity to spatially compensate for the differences between
the left viewpoint and the right view point, using for instance disparity maps. But
computing disparities requires to identify spatial correlations between the pixels
of the left view and the pixels of the right view, i.e. to bring into correspondence
left pixels of the view captured by the left channel (L) and right pixels of the view
captured by the right channel (R). Disparity estimation is an ill posed problem
and here the images are also taken with different exposures which make the
correspondence problem even more complicated. Moreover, in occluded
regions of the scene, it will not be possible to generate a HDR content. The
second problem is that there will be a different amount of motion blur between
the left and right views because of different exposure times.

Paragraphs [0032], [0033] and [0039] of US2010/128108 (Song et al.),
discloses a stereoscopic HDR mode of video capture illustrated on figure 3
where, in each channel, the exposure time is changed alternatively, from low to
high, such that, simultaneously, the exposures are different in the left (L) and
the right channel (R). In this document, in reference to its figure 3 and
paragraph [0042], the exposure strategy is called “zigzag exposure”.

Paragraphs [0049] to [0054] of this document disclose the preferred fusing
strategy, based on spatial correlation between simultaneous shots, i.e. spatial
fusion. Such a spatial fusion is preferred “because correlations between
different images in the same frames are greater than between different images
in different frames” (see § [0049]). Using images “in the same frames” is also
emphasized in § [0050], line 2 and in § [0054], line 2.

Summary of invention

Basically, in order to avoid at least some of the aforementioned
drawbacks, the invention proposes to capture all views under the same
exposure time, but to change by other ways the capture conditions between the
different views used for spatial and/or temporal fusion. Such other ways are for
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instance different apertures of the stop of the objective(s) of the system to
capture the views, different luminous intensities obtained for instance by using
different optical filters with neutral densities on the optical path of the light used
for the capture of views, and/or different electronic gains of the image sensors
used in the system to capture the views.

The subject of the invention is a notably a 3D High Dynamic Range (HDR)
image capture system for delivering at least one 3D HDR image of a scene,
comprising:
an image capture device configured to capture within a same frame at least two
simultaneously views of said scene under different viewpoints and with different
capture conditions, to capture successively such frames, and to distribute the
different capture conditions for those views and frames such that, in any two
successive frames, two views that are captured under the same viewpoint are
captured with said different capture conditions ;
an image processing module configured to process the captured views of at
least one frame, such as to generate one HDR view of said scene under each
of said different viewpoints,
the combination of said generated HDR views forming the at least one said 3D
High Dynamic Range (HDR) image of the scene,
wherein, within each frame, the different capture conditions have all the same
exposure time.

Preferably, said different capture conditions comprises different apertures,
and/or different luminous intensities, and/or different electronic gains of the
image sensors used in the system to capture said views. The different apertures
generally concern the aperture of the stop of the objective(s) of the image
capture device. The different luminous intensities may be obtained for instance
by using different optical filters on the optical path of the light used for the
capture of views. Preferably, these optical filters have a neutral density. The 3D
image capture system may comprise a rig of at least two mono-view cameras,
or may be a multilens camera or a monolens camera configured to capture

simultaneously different views of a scene under different viewpoints.
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Preferably, said image capture device comprises one objective lens for the
capture of each of the at least two simultaneously views of a same frame and at
least one rotating disc comprising different sectors made of different neutral
optical filters mounted such as to filter the light entering in each objective lens
and such as to rotate at a period which is a multiple of the frame duration, the
different neutral filters being adapted to provide, with said filtering and said
rotating, the different capture conditions with said distribution.

Preferably, in a first general variant, the image processing module is
configured to process the captured views of only one frame such as to generate
one HDR view of said scene under each of said different viewpoints, wherein
said generation of HDR views is obtained, for each given viewpoint, by fusion of
the view of said one frame which is captured under said given viewpoint with its
given capture conditions, with an estimated view of said frame under the same
given viewpoint which is estimated from another view of the same frame. This
other view is then captured under a viewpoint different from said given view
point and with capture conditions that are different from said given capture
conditions.

Preferably, in this first general variant, the 3D HDR image capture system
comprises also a module configured to estimate said estimated view of a frame
under a given view point by applying an estimation of disparity to said another
view of the same frame, wherein said estimation of disparity is obtained
between said view of this frame captured under said given view point and said
another view of the same frame. Such estimation of disparity is known per se
and generally based on the difference of horizontal spatial positions between
pixels that correspond one with the other in the two views captured under
different viewpoints.

Preferably, in a second general variant, the image processing module is
configured to process the captured views of a plurality of successive frames
such as to generate one HDR view of said scene under each of said different
viewpoints, wherein said generation of HDR views is obtained, for each given
viewpoint, by fusion of the views of said successive frames which are captured

under said given viewpoint.
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Preferably, in this second general variant, the 3D HDR image capture
system comprises also a module configured to motion compensate said views
of successive frames before fusion of said views.

The proposed solution may have notably the two following advantages :

5 - Limitation of exposure difference between the difference channels. This
exposure is not limited anymore and can be for instance configured with
optical filters with different neutral densities.

- Removal of differential motion blur due to the same exposure time on all
images (either temporally or spatially). This improves and makes easier
10 the motion compensation.

Brief description of drawings

The invention will be more clearly understood on reading the description
which follows, given by way of non-limiting example and with reference to the
15 appended figures in which:
- Figure 1 illustrates a first mode of stereoscopic HDR video capture according
to the prior art, based on temporal fusion;
- Figure 2 illustrates a second mode of stereoscopic HDR video capture
according to the prior art, based on spatial fusion;
20 - Figure 3 illustrates a third mode of stereoscopic HDR video capture according
to the document US2010/128108, based again on spatial fusion;
- Figure 4 illustrates a rotating disc included in the 3D HDR image capture
system according to the first and second general embodiment of the invention ;
- Figure 5 illustrates the distribution of the different capture conditions on the left
25 andright channels of the 3D HDR image capture system according to a first
general embodiment ;
- Figure 6 is a flowchart illustrating how the 3D HDR image capture system
according to the first general embodiment provides 3D HDR images ;
- Figure 7 illustrates the distribution of the different capture conditions on the left
30 andright channels of the 3D HDR image capture system according to a second
general embodiment ;

- Figure 8 is a flowchart illustrating how the 3D HDR image capture system
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according to the second general embodiment provides 3D HDR images ;
- Figure 9 illustrates an example of fusion of views that can be embodied in the
3D HDR image capture systems according to the first and/or second general

embodiment.

Description of embodiments

The 3D HDR image capture system of the invention comprises an image
capture device and an image processing module connected in a manner known
per se to the image capture device in order to be able to process views
provided by the image capture device.

It is to be understood that the invention may be implemented in various
forms of hardware, software, firmware, special purpose processors, or
combinations thereof. The invention may be notably implemented as a
combination of hardware and software. The hardware would generally include
the image capture device configured notably to capture different views of a
scene under different view points and the image processing module. Such an
image capture device may include several cameras grouped on a rig, or only
one camera. The software may be implemented as an application program
tangibly embodied on a program storage unit included notably in the image
processing module. The application program may be uploaded to, and
executed by, the image processing module with any suitable architecture.
Preferably, the image processing module generally comprise a central
processing unit (“CPU”), a random access memory (“RAM”), and input/output
(“1/O”) interfaces, notably for connection with the image capture device of the
system. The image processing module may also include an operating system
and microinstruction code. Some various processes and functions described
herein may be either part of the microinstruction code or part of the application
program, or any combination thereof, which may be executed by a CPU. In
addition, through the input/output (“I/O”) interfaces, other peripheral units may
be connected to the image processing module and the image capture device
such as an additional data storage unit and a printing unit.
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It will be appreciated by those skilled in the art that block diagrams, flow
charts, and the like presented herein represent conceptual views of illustrative
circuitry embodying the invention. They may be at least parily represented in
computer readable media.

In both general but non limiting embodiments described below, the image
capture device of the 3D HDR image capture system comprises a left camera
and a right camera sufficiently close one to another and having each a main
objective lens, respectively O; and Og, as represented on figure 4. Each

camera has its own image sensors. This image capture device comprises a

rotating disc D comprising two sectors Sq and Sy, each corresponding to half

the disc and both made of an optical filter with neutral density. This disc D is
mounted on a rotating axis rotated by a motor such that each sector Sq , Sy

filters successively the light entering each objective lens Oy, Og. The optical
filter of the sector Sq is adapted to absorb for instance 50% of the light
illuminating the scene to capture, and the optical filter of the sector Sy is

adapted not to absorb significantly the light illuminating the scene. The motor is
controlled in a manner known per se such that the rotating period of the disc
corresponds to the duration of two successive frames. Advantageously, such a
rotating disc provides the distribution of level of illuminations on the image
sensors of the left camera and of the right camera that is represented on figure
5 : afirst frame where the level of illumination for the left channel (L) is high
whereas the level of illumination for the right channel (R) is low, a second frame
where the level of illumination for the left channel (L) is low whereas the level of
illumination for the right channel (R) is high, and so on. Instead of varying the
exposure time of both cameras as in the prior art, both cameras are set at the
same exposure time, same aperture and same ISO level, and the level of light
that enters the cameras is modulated by the rotating two-sector neutral density
disc D, the camera exposure being in synchronization with the rotating disc. If
both cameras are further apart as part of a rig, one can use synchronized LCD
shutters or even two different rotating discs.

A first general embodiment of the invention will now be described.
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As shown on figure 6, the 3D HDR image capture system is configured to

capture simultaneously, in a same frame N, a left view V'yy, and a right view
V'nr Of this scene, i.e. views under two different viewpoints, a left one and a

right one; as shown on figure 5 and explained above, with the rotating disc D or
any equivalent feature, this system is also configured to capture these two

simultaneous views V'yp, and V'yr under different level of illuminations but the
same exposure time such as to get a high light view through the filter Fg, and a
low light view through the filter Fy, i.e. respectively an under-exposed view

captured under low level of illumination adapted to capture details in the bright
areas of the scene and an over-exposed view under high level of illumination
adapted to capture details in the dark areas of the scene.

The image capture device is also configured to perform successively
several times the capture of two simultaneous views as described above.

Through these successive captures, the exposure strategy implemented
by the image capture device is organized in “zigzag” as in US2010/128108 ; in
each channel L and R, the level of captured light is changed alternatively but
with the same exposure time contrary to US2010/128108; as illustrated on
figure 5, the level of captured light is changed from a low level to a high level,
such that, simultaneously, the levels of captured light are different between the
left channel L and the right channel R. As, simultaneously, the level of exposure
light are different between the left channel L and the right channel R, each pair
of simultaneous views comprises a high-light (or under-exposed) view to
capture details in the bright areas of the scene and a low-light (or over-exposed)
view to capture details in the dark areas of the scene.

In this first general embodiment, the captured views V'yr,, V’'nr Of Only one

frame N are processed at the same time as follows.

The 3D HDR image capture system comprises a module configured to
estimate views as follows (see figure 6) :
- an estimated left view V', is estimated by applying an estimation of disparity

to the captured right view V'nR, said estimation of disparity being evaluated in a

manner known per se between the captured left view V'yy, and the captured
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right view V'yg;
- an estimated right view V' .\ is estimated by applying the same estimation of
disparity to the captured left view V'yp.. Instead of using the same estimation of

disparity, another estimation can be used instead.
Having obtained the left estimated view V', and the right estimated view

V’.nr Using this module, then:
- the estimated left view V', is fused with the captured left view V' into a

left HDR view I'n ;
- the estimated right view V' nr is fused with the captured right view V'yg into a

right HDR view I'p.

An example of such a fusion of views will be described below.

The combination of the left HDR view I'ny. and of the right HDR view I'ngr
forms a 3D HDR image of the scene 13D’gy. The capture and processing above

is repeated several times such that the 3D HDR image capture system provides
a sequence of 3D HDR images.

A second general embodiment of the invention will now be described.
In this second embodiment illustrated on figure 8, the 3D HDR image
capture system is also configured to capture simultaneously, in a same frame

N, a left view V1, and a right view Vg of this scene, i.e. views under two

different viewpoints, a left one and a right one; and, in the next frame N+1,
another left view V 1y, and another right view V , 1yr of this scene. As shown

on figure 7 which is similar to figure 5 and explained above, with the rotating
disc D or any equivalent feature, this system is also configured to capture any
simultaneous views under different level of illuminations but the same exposure
time such as to get a high light view through the filter Fg, and a low light view
through the filter Fy.

The image capture device then provides the image processing module
with successive pairs of simultaneous views.

In this second embodiment, the image processing module is configured to
receive images captured by the image capture device and to group successive
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captures of simultaneous views into groups of views : for instance, views of the
pair corresponding to the frame N and views of the pair corresponding to the
frame N+1 are grouped into a group. It means that the image capture device is
also configured to distribute the high and low exposures such that successive
views of a group formed by two successive pairs and captured under the same
viewpoint have different exposures, low and high. The image processing
module is also configured to motion compensate the successive views of the
group that are captured under the same viewpoint and then to fuse the motion
compensated views obtained under each viewpoint into a HDR view : for

instance, the left views Vi, Vv 1y, Of the first and second pairs are motion

compensated and then fused into a left HDR view lnn.1)L @s shown at the top of
figure 8, and the right views Vg, Vn,1)r Of the first and second pairs are

motion compensated and then fused into a right HDR view Inn.1)r @s shown at
the bottom of figure 8. The combination of the left HDR view .1 and of the
right HDR view Ii.1)r forms a 3D HDR image of the scene [3Dpyav41y- The

motion compensation of successive views captured under the same viewpoint is

performed in a way know per se.

The capture and processing above is repeated several times such that the
3D HDR image capture system provides a sequence of 3D HDR images. In this
second general embodiment, the obtained 3D HDR images are half rate
compared to the first general embodiment.

An example of implementation of the fusion of views as disclosed above in
the first and the second general embodiment is detailed below.

In order to fuse a low light view with a high light view of a same channel
(left or right) and of successive pairs, the basic idea is to select the best
exposed pixels of each view, i.e. the pixels of the low light view for the dark
areas and the pixels of the high light view for the bright areas. For all
intermediate pixels that are well exposed on both views a blending between the
pixels of the two views is realized for this fusion.

More precisely, two thresholds are defined:
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- Threshold_v1: defined as a percentage of the low light view saturation
value, that defines the limit below which the pixels of the low light view
are always selected, because well exposed in the dark areas.

- Threshold_v2: also defined as a percentage of the low light view
saturation value, and defines the limit above which the pixels of the high
light view are always selected, because well exposed in the bright areas.

As an example illustrated on figure 9 :

Threshold _v1 = 0.60 * saturation_value;

Threshold v2 = 0.85 * saturation_value;

It should be noted that these thresholds depend on the relative exposure
difference between the two views and on the degree of over-exposure selected
for the low light view.

For all the pixels with values between those two thresholds, a weight for
each view (low light and high light) is computed as follow:
weight_v1 = (Threshold_v2 —lum_low_light_view)/(Threshold_v2 - Threshold_v1)
weight_v2 =1 - weight_vT1;

In this formula, lum_low_light_view represents the luminance of the
current pixel of the low light view. Those weights are then used to blend the
pixels of the high light view and the low light view as follow:
rgb_fusion = (weight_v1 *pix_low_light_view + weight_v2 *pix_high_light_view
* exposure_ratio)

The exposure_ratio used in the preceding formula is used to rescale the
low light view values in the same order of magnitude than the high light view
values. Figure 9 details the principle using —bits precision per view and an
exposure_ratio of 1 F-stop:

To summarize, an example of a fusion algorithm can be expressed as
follow:
lum_low_light view =0.213 * pix_r_low_light view + 0.715*
pix_g_low_light view + 0.072 * pix_b_low_light_view ;

Any other luminance formula can be used :

if (lum_low_light_view < threshold_v1), { weight_v1 = 1.0; weight_v2 = 0.0;}
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else if (lum_low_light_view >= threshold_v2), { weight_v1 = 0.0; weight_v2 =
1.0;}

else {weight_v1 = (weight_v2 - lum_low_light_view )/( weight_v2-threshold_v1);
weight_v2 =1 - weight_v1;}

The fused view is then defined, for each pixel, by the following values:

r_fusion = weight_v1 * pix_r_low_light_view + weight_v2 *
pix_r_high_light_view * exposure_ratio;

g_fusion = weight_v1 * pix_g_low_light_view + weight_v2 *
pix_g_high_light_view * exposure_ratio;

b_fusion = weight_v1 * pix_b_low_light_view + weight_v2 *
pix_b_high_light_view * exposure_ratio;

For each of the left and right channels, the fusion of the low light view with
the high light view of a same channel and of successive pairs provides then a
left fused HDR view and a right fused HDR view. The combination of this left
fused HDR view and of this right fused HDR view forms a 3D HDR image of the
scene.

While the present invention is described with respect to particular
examples and preferred embodiments, it is understood that the present
invention is not limited to these examples and embodiments. The present
invention as claimed therefore includes variations from the particular examples
and preferred embodiments described herein, as will be apparent to one of skill
in the art. While some of the specific embodiments may be described and
claimed separately, it is understood that the various features of embodiments
described and claimed herein may be used in combination. Reference numerals
appearing in the claims are by way of illustration only and shall have no limiting
effect on the scope of the claims.



WO 2016/008786 PCT/EP2015/065627

10

15

20

25

30

13

CLAIMS

1.- A 3D High Dynamic Range (HDR) image capture system for delivering
at least one 3D HDR image of a scene, comprising:
an image capture device configured to capture within a same frame at least two
simultaneously views of said scene under different viewpoints and with different
capture conditions, to capture successively such frames, and to distribute the
different capture conditions for those views and frames such that, in any two
successive frames, two views that are captured under the same viewpoint are
captured with said different capture conditions ;
an image processing module configured to process the captured views of at
least one frame, such as to generate one HDR view of said scene under each
of said different viewpoints,
the combination of said generated HDR views forming the at least one said 3D
High Dynamic Range (HDR) image of the scene,
characterized in that, within each frame, the different capture conditions have all

the same exposure time.

2.- A 3D HDR image capture system according to claim 1 characterized in
that said different capture conditions comprises different apertures, and/or
different luminous intensities, and/or different electronic gains of the image
sensors used in the system to capture said views.

3.- A 3D HDR image capture system according to claim 1 or 2
characterized in that said image capture device comprises one objective lens
(Or, Og) for the capture of each of the at least two simultaneously views of a

same frame and at least one rotating disc (D) comprising different sectors (Sgq,
Sy made of different neutral optical filters mounted such as to filter the light

entering in each objective lens and such as to rotate at a period which is a
multiple of the frame duration, the different neutral filters being adapted to
provide, with said filtering and said rotating, the different capture conditions with
said distribution.
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4.- A 3D HDR image capture system according to any one of claims 1 to 3
characterized in that the image processing module is configured to process the
captured views (V'yr,, Vinr) Of only one frame (N) such as to generate one

HDR view (I'mni; 'eng) Of said scene under each of said different viewpoints,
wherein said generation of HDR views (I'qyr,, I'yr) IS Obtained,
for each given viewpoint, by fusion of the view (V' ; V'nr) Of said one frame

(N) which is captured under said given viewpoint with its given capture
conditions,

with an estimated view (V' o1 V'onr) Of said frame under the same given
viewpoint which is estimated from another view (V'nr; V'ng,) Of the same frame

(N).

5.- A 3D HDR image capture system according to claim 4 comprising a
module configured to estimate said estimated view (V'onp; Viengr) Of @ frame (N)

under a given view point by applying an estimation of disparity to said another
view (V'ng; Vng) of the same frame (N), wherein said estimation of disparity is

obtained between said view (V' ) of this frame captured under said given view

point and said another view (V'yg) of the same frame.

6.- A 3D HDR image capture system according to any one of claims 1 t0 3
characterized in that the image processing module is configured to process the

captured views (VNr,, Vine L Var: Ve 1yr) Of @ plurality of successive frames
(N) such as to generate one HDR view (Ipyyav+ 1y Imvane1)r) Of said scene under

each of said different viewpoints, wherein said generation of HDR views

(Imnav+ 1)L Imvana1yR) IS obtained, for each given viewpoint, by fusion of the views
(Vnrs Vinenns Vg, Vave1)r) Of said successive frames which are captured

under said given viewpoint.
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7.- An image capture system according to claim 6 comprising a module

configured to motion compensate said views (Vnr,, Vinens Vs Vaver) Of

successive frames before fusion of said views.
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