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SYSTEM AND METHOD FOR IMAGING USING MULTI APERTURE CAMERA

The present invention relates to a system and method for capturing an image

using a digital cameras that consist of multiple imaging lens assemblies (hereinafter:

imaging channels) and at least one sensor incorporating an electronic rolling shutter

(hereinafter 'ERS') that can be divided in to two or more regions. The final processed

image is composed of details obtained by two or more imaging channels.

The present invention relates generally to a system and method for capturing an

image, and more particularly to an advanced imaging systems having more than one

aperture in which the imaging sensor incorporates an ERS.

BACKGROUND OF THE INVENTION

In an image sensor array of a CMOS APS device, the integration time,

alternately termed the exposure time, is the interval between a reset of a given row of

pixels that begins an exposure and a subsequent read or readout of that row that ends

the exposure. Since only one row can be selected at a time, the reset/read routine is

sequential (that is, row by row). This constraint is at the basis of the reading technique

referred to as a "rolling electronic shutter" or, more simply, "rolling shutter" mode and is

well known in the imaging art. A few examples of variations on rolling shutter time

sequencing are given in U.S. Patent No. 6,1 15,065 entitled "Image Sensor Producing at

Least Two Integration Times from Each Sensing Pixel" to Yadid-Pecht et al. and in U.S.

Patent No. 6,809,766 entitled "Look-Ahead Rolling Shutter System in CMOS Sensors" to

Krymski et al..

International application WO 2010/059182 discloses a portion of sensor array in

which two component subsets form a partition of the array. One component subset can

be reset, exposed, and read independently of other component subset. This

arrangement of pixels into separately addressable component subsets allows imaging to

capture two separate images of the same scene content, each captured over a different

time interval, using rolling readout timing. Thus, two successive rolling shutter readout

sequences are needed to read the complete image sensor, one for reading one

component subset, the other for reading other subset.

US 2008/0240508 relates to a motion detection imaging device comprising: plural

optical lenses for collecting light from an object so as to form plural single-eye images

seen from different viewpoints; a solid-state imaging element for capturing the plural



single-eye images formed through the plural optical lenses; a rolling shutter for reading

out the plural single-eye images from the solid-state imaging element along a read-out

direction; and a motion detection means for detecting movement of the object by

comparing the plural single-eye images read out from the solid-state imaging element by

the rolling shutter.

US 7,151 ,259 relates to a method for operating an opto-electronic spatial-

resolution sensor device with a sensor surface comprising a large number of

photosensitive sensor elements and with a photographic lens system which reproduces

a spatial light distribution in surroundings it captures on the active sensor surface,

wherein a subset of sensor elements activated in each case for the duration of an

assigned activation interval for the integration of incident light to produce a

corresponding field of the surroundings, and with a lighting device which is synchronized

with the activation intervals to illuminate the surroundings captured by the photographic

lens system at least in time and area with light of a wavelength range that can be

integrated by the sensor elements.

An object of the present invention is to overcome the problems that occur due to

the ERS which introduces a time difference between the exposure of the different

imaging channels.

Another object of the present invention is to allow in line processing of images

captured by the said camera while minimizing number of rows in a memory buffer

needed for processing the final image.

The term multi aperture digital camera as referred to means a camera that

consists of more than one imaging lenses each having its aperture and lens elements.

The present inventors found that the problems, that occur due to the ERS which

introduces a time difference between the exposures of the different imaging channels,

can be solved by modification of the ERS. When different imaging channels are exposed

with a time difference, ant object in the scene which is moving will appear at a different

position in the images with respect to the surrounding static scene. The said difference

of position may introduce artifacts to the final processed image. If some of the imaging

channels incorporate chromatic filters for enabling color photography, then the said

artifacts can have a chromatic nature.

The present inventors also found that to enable in-line creation of the final

imaging the ERS must be modified so that information from a given part of the scene is



read out of the sensor from all imaging channels sequentially allowing a processing unit

to process the part of the final image corresponding to said part of the scene.

By using multiple apertures in the present system it may be smaller in size, have

a larger depth of field and may have better image quality depending on chromatic

filtering and design.

The system may include one or more color filters integrated to the system. The

system may include one or more polarized filters integrated to the system. The system

may include one or more neutral density filters integrated to the system. In an

embodiment of the invention at least one of the imaging channels includes a filter as

mentioned before. In an embodiment of the present system the imaging channels form

an image on a single imaging detector. Two or more initial images may have lower light

intensity signal as compare to the other initial images. Two or more initial images may

have higher light intensity signal as compare to the other initial images. In an

embodiment of the present invention the at least two of the imaging channels include a

chromatic filter and in which at least one additional imaging channel has a broader

spectral transmission than the said chromatic filter. This will result in the ability to create

a color or monochrome image having special characteristics.

The system may include an algorithm for adding initial images to form a final

image having higher dynamic range. The system may include at least two lenses which

have a different F-Number. The system may also include least two lenses are focused to

the same distance or two lenses which are focused to a different distance.

According to the present invention there is provided a method for imaging which

includes the steps of transmitting reflected or emitted light collected from a scene to a

detector via at least two lenses, forming at least two images on different locations of the

detector and processing at least two images received on the detector to form a complete

image.

According to the present invention there is provided a system in which the

sequence of the exposure of each line in a sensor is set according to the position of the

images formed by each imaging channels.

According to an embodiment of the present invention a multi aperture digital

camera having a plurality of imaging channels in which the timing difference between the

images of the different imaging channels is minimized by exposing corresponding areas

of the different imaging channels with a minimized time difference.



This will minimize the artifacts and allow construction of the final image

immediately after read out of one or few rows eliminating the need to store large number

of rows in a memory buffer.

According to another embodiment the aforementioned multi aperture camera has

a row count of 2n in which n is an integer >= 4 in which the exposure is sequenced as

follows: { 1 , n+1 ,2,n+2,3,n+3..., n, 2n}. Such a readout sequence will minimize the

artifacts and allow construction of the final image immediately after read out of one or

few rows eliminating the need to store large number of rows in a memory buffer. The

sequence described above refers to a multi aperture camera having 2xM apertures

where M can be any integer greater 0 in which the images of the imaging channels on

the top part of the sensor and the images of the imaging channels on the bottom part of

the sensor are the same size or at least have the same vertical dimension. A more

general case where the top and bottom images of the imaging channels are not the

same size, then the exposure sequence would be set so that the time difference

between corresponding areas in the top and bottom images are minimal.

According to another embodiment the aforementioned multi aperture camera has

a row count of 2n in which n is an integer >= 8 in which the exposure is sequenced as

follows:{1 , 2,n+1 ,n+2,3,4,n+3,n+4...n-1 , n, 2n-1 ,2n}. Such a readout sequence will allow

faster readout and will be more suitable for binning applied to the readout data in order

to reduce the size of the final image for purposes of video in which the resolution of the

images forming the sequence are lower than the resolution of the sensor used for

capturing still images.

According to another embodiment the aforementioned multi aperture camera of

has a row count of 2n in which n is an integer >= 6 and x is an integer >=3 and <n in

which the exposure is sequenced as follows:

{ 1 , 2 . ..x,n+1 ,n+2,n+x,x+1 ,x+2,x+3,n+1 +x,n+2+x,n+2x n-x,n-2,n-1 ,n,2n-x„2n-2,2n-

1,2n}. Such a readout sequence will allow faster readout and will be more suitable for

binning applied to the readout data in order to reduce the size of the final image for

purposes of video in which the resolution of the images forming the sequence are lower

than the resolution of the sensor used for capturing still images.

According to another embodiment the aforementioned multi aperture camera has

a row count of 2n in which the sensor includes two or more exposure mechanisms for

exposing corresponding areas of the different imaging channels simultaneously. The

advantage of such a sensor is that the timing difference between the images of the



different imaging channels is minimized by exposing corresponding areas of the different

imaging channels with a minimized time difference. The said minimization could

theoretically be reduced to zero seconds.

According to another embodiment of the aforementioned multi aperture camera

the exposure time set by the multiple exposure mechanism is different. The advantage of

using the aforementioned multiple mechanisms is that each imaging channels can have

a different exposure time. In the case of color imaging when 3 or more of the imaging

channels incorporate a chromatic filter, the different exposure times set to different

imaging channels can allow White Balance compensation by exposing some imaging

channels differently the others according to predefined values of according to the actual

signals in the different images captured prior to the exposure such as an image captured

in preview mode. Another advantage of using the aforementioned multiple mechanisms

is that the different images can be exposed differently and by using information from

more than one imaging channels it is thus possible to increase the dynamic range of the

image.

According to another embodiment of the aforementioned multi aperture camera

the readouts of the sensor areas are combined in to one readout lane. The advantage of

such combining is one output channel can be used to transmit information from the

sensor.

According to another embodiment of the aforementioned multi aperture camera

the aforementioned combining mechanism includes one or more memory buffers

capable of storing information of a row of pixels. The advantage of including a memory

buffer is that the two or more readouts of two or more imaging channels can be

combined in to one longer readout lane.

According to another embodiment of the aforementioned multi aperture camera

each imaging channel includes a separate single sensor in which sensors of the

respective imaging channels are synchronized for exposure. This will minimize the

artifacts and allow construction of the final image immediately after read out of one or

few rows eliminating the need to store large number of rows in a memory buffer.

According to another embodiment of the aforementioned multi aperture camera

at least one of the imaging channels includes a neutral density filter. The advantage of

including a neutral density filter is that when using the same exposure time for all

imaging channels a better dynamic range increase is possible using images of more

than one imaging channel.



According to another embodiment at least one of the imaging channels of the

aforementioned multi aperture camera includes a polarizing filter. The advantage of

including such a filter is that reflection from smooth surface such as bodies of water,

automobiles, windows and alike is reduced or removed. It is also possible to include a

chromatic filter in at least one of the imaging channels.

The present invention further relates to a micro lens for a usage in a multi lens

camera for increasing the light collection efficiency of the pixels having more than one

center of symmetry. It is preferred that in such a micro lens the number of said centers of

symmetry depends on the number of lenses. Each center of symmetry is preferably

created opposite a center of an opposite lens, the lens is associated with a sub image

which includes the corresponding center of symmetry. In an embodiment the

arrangement of said micro lens array is associated with the arrangement of sub images.

In an imaging system containing multi apertures as described above we will

address herein after each lens and the area of the sensor in which the lens forms an

image on as an imaging channel.

The digital camera is composed of two or more imaging channels where the

imaging lens of each channel can be different than the imaging lens of other channels.

The focal length of a lens is defined by the distance in which the lens will form an image

of an object that is positioned at infinity.

The lens F-Number is defined as the focal length divided by the entrance pupil

diameter which is set by the lens aperture.

An ideal multi aperture digital camera would incorporate a global electronic

shutter which sets the exposure time of all the pixels in a sensor to be the same.

It is also proposed to use lenses that have varying F-Number across the field of

view in which for each lens the area that has higher modulation has also a lower F-

Number and therefore the limitation of the modulation is higher.

Most low cost digital cameras as used in phones, tablet computers, laptops and

other devices include a CMOS sensor having an electronic rolling shutter which enables

higher exposure length with respect to a global shutter.

Known ERS start by exposing the first line in the sensor followed by the second

one, then the third and so forth. After the exposure of the first line is over, the signal

values of the said first line is read out of the sensor following by the second line and so

forth.



According to the present invention the ERS will be design to read the rows of the

sensor in a non sequential order, in which the first row is exposed followed by another

row that corresponds to the same part of the scene as images by a different imaging

channel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a system and method which may be applied to a

variety of imaging systems. This system and method provide high quality imaging while

considerably reducing the length of the camera as compared to other systems and

methods.

Specifically, the object of the present invention is to provide a system and a

method to improve image capturing devices while. This is accomplished by using a 2 or

more apertures each using a lens. Each lens forms a small image of the scene. Each

lens transfers light emitted or reflected from objects in the scenery onto a proportional

area in the detector. The optical track of each lens is proportional to the segment of the

detector which the emitted or reflected light is projected on. Therefore, when using

smaller lenses the area of the detector which the emitted or reflected light is projected

on, referred hereinafter as the active area of the detector, is smaller. When the detector

is active for each lens separately, each initial image formed is significantly smaller as

compare to using one lens which forms an entire image. One lens camera transfers

emitter or reflected light onto the entire detector area.

Most CMOS sensors have a rolling shutter resulting is time difference between

the exposures of rows on the sensor.

Rolling shutter refers to a method of image acquisition in which each frame is

recorded not from a snapshot of a single point in time, but rather by scanning across the

frame either vertically or horizontally. Not all parts of the sensor are recorded at exactly

the same time, even though the whole frame is displayed at the same time during

playback. This produces predictable distortions of fast moving objects or when the

sensor captures rapid flashes of light. The effect will not be noticeable when both

camera and scene are static but when relative movement is present by instability of the

photographers hand or a moving object in the scene, the rolling shutter will create a shift

in the image caused by the fact that in the time difference between exposing two

different rows on the sensor the object or the camera has changed its position and

orientation.



When using multi aperture camera the problem becomes of higher magnitude

since different rows may represent the same point in a scene but images through a

different imaging channel which may include different chromatic filter. When using

chromatic filters on all or some of the channels, the resulting image will suffer from color

smearing and image duplications at the different colors.

To address this problem it is proposed to change the row or column exposure

sequence of the sensor in such a way that the instead of exposing sequential lines

according to their physical order (for example 1,2,3 and so on) we would read line 1 and

afterwards read the line that corresponds to the same area in the scene but at the

different imaging channel which may represent different chromatic information if

chromatic filters are applied to some or all of the imaging channels and only then

continue to line 2 and its corresponding line.

An example will help better understand the proposed exposure sequence. In a 4

lenses camera having a Green filtered channel at the top left part of the sensor and a

Red filtered channel at the top right part of the sensor and a Blue filtered channel at the

bottom left part of the sensor and a white broad filtered channel at the bottom right part

of the sensor, assuming that the sensor has 1000 rows, the reading sequence would be

then 1,501 ,2,502,3,503,4,504...

The concept is not limited to one row but can be more general, for example:

reading 2 rows from the top area of the image and 2 from the bottom:

1,2,501 ,502,3,4,503,504...

Modifying the readout sequence of the sensor has another advantage which is

the minimization of the required memory buffer needed for stitching all sub-images to

form one final processed color image. If the readout sequence would not be changed the

sensor would transmit line by line, we would need a memory buffer of at least half the

sensor pixel count because we can not release a fully processed row of the final image

before we finish reading all pixels related to a specific row. In the example above, we

could not release the information of the first row since we only have the Green and Red

information after reading line one and will have the Blue information corresponding to

that same row only after reading line 501 . This will require a large memory buffer that is

at least half of the size of the full frame which is 500 rows in the example above.

It is to be noted that if a multi aperture camera is to operate in a preview mode

where all scene information is needed at lower resolutions it is possible to skip certain

pixels when reading a row or to average groups of pixels to form one cell of information



(also known as binning). According to the present invention it is therefore preferred to

use design a sensor having modified exposure sequence and read out sequence.

Designing and manufacturing a sensor with a modified rolling shutter as

described above may be achieved by modifying the circuitry of the sensor so that all

commands and read outs are mapped in a non sequential manner as described above.

The present invention will be explained with a discussion of the appended figures.

However, the present invention is not restricted to the specific embodiments disclosed

therein, and these embodiments are for illustrative purposes only.

Figure 1 illustrates a side view of a single lens camera.

Figure 2 illustrates a sensor array (201) having multiple pixels.

Figure 3 illustrates a side view of a three lens camera having one sensor and

three lenses.

Figure 4 illustrates an example of a scene as projected on to the sensor.

Figure 5 illustrates a front view of a three lens camera using one rectangular

sensor divided in to three regions.

Figure 6 illustrates a front view of a three lens camera having one sensor, one

large lens and two smaller lenses.

Figure 7 illustrates a front view of a four lens camera having a one sensor (700)

and four lenses.

Figure 8 illustrates a 16 lens camera having four regions, each containing four

lenses as illustrated in figure 7 .

Figure 9 illustrates a sensor according to the prior art.

Figure 10 illustrates a sensor according to the present invention.

Figure 1 illustrates a side view of a single lens camera having a single lens (102)

that can comprise one or more elements and a single sensor (101 ) .

Figure 2 illustrates a sensor array (201 ) having multiple pixels where the position

of the green filter, red filter and blue filter are marked by (202), (203) and (204)

respectively. The image that will be taken using this configuration needs to be processed

in order to separate the green, red and blue images.

Figure 3 illustrates a side view of a three lens camera having one sensor (310)

and three lenses (301 ) , (302) and (303). Each one of the said lens will project the image

of the same scene on to segments of the sensor marked by (31 1) , (312), and (313)

respectively. Each one of the three lenses will have different color filters integrated within



the lens, in front of it or between the lens and sensor (310). Using the described

configuration the image acquired by the sensor will be composed of two or more smaller

images, each imaging information from the scene at different spectrums.

Figure 4 illustrates an example of a scene as projected on to the sensor (401 ) , in

each region of the sensor (402), (403) and (404) the same scene is projected but each

region will contain information for light at different wavelengths representing different

colors according to the filters integrated within the lens that forms the image on each

region.

The described configuration does not require the use of a color mask and

therefore the maximal spatial frequency that can be resolved by the sensor is higher, on

the other hand using smaller lens and smaller active area per channel necessarily

means that the focal length of the lens is smaller and therefore the spatial resolution in

objects space is decreased. Overall the maximal resolvable resolution for each color

remains same.

The image acquired by the sensor is composed of two or more smaller images,

each containing information of the same scene but in different colors. The complete

image is then processed and separated in to 3 or more smaller images and combined

together to one large color image.

The described method of imaging has many advantages:

1. Shorter lens track (height) as each one of the lens used is smaller in size

than the single lens covering the same field of view, the total track (height) of each

lens is smaller allowing the camera to be smaller in height, an important factor for

mobile phone cameras, notebook cameras and other applications requiring short

optical track.

2 . Reduced Color artifacts- Since each color is captured separately, artifacts

originating from spatial dependency of each color in a color mask will not appear.

3 . Lens requirements: each lens does not have to be optimal for all

spectrums used but only for one spectrum, allowing simplifying the lens design and

possibly decreasing the amount of elements used in each lens as no color correction

is needed.

4 . Larger Depth of Focus: the depth of focus of a system depends on its

focal length. Since we use smaller lenses with smaller focal lengths, we increase the

depth of focus by the scale factor squared.



5 . Elimination of focus mechanism: focus mechanisms change the distance

between the lens and the sensor to compensate for the change in object distance

and to assure that the desired distance is in focus during the exposure time. Such a

mechanism is costly and has many other disadvantages such as:

a . Size

b. Power consumption

c . Shutter lag

d . Reliability

e. Price

Using a fourth lens in addition to the three used for each color red, green and

blue (or other colors) with a broad spectral transmission can allow extension of the

sensor's dynamic range and improve the signal-to-noise performance of the camera in

low light conditions.

All configuration described above using a fourth lens element can be applied on

other configurations having two or more lenses.

Another configuration that is proposed is using two or more lenses with one

sensor having a color mask integrated or on top of the sensor such as a Bayer mask. In

such a configuration no color filter will be integrated in to each lens channel and all

lenses will create a color image on the sensor region corresponding to the specific lens.

The resulting image will be processed to form one large image combining the two or

more color images that are projected on to the sensor.

Three lens camera:

Dividing the sensor's active area in to 3 areas, one for each color Red, Green

and Blue (or other colors) can be achieved by placing 3 lens one beside the other as

described in the drawing below: The resulting image will consist of 3 small images were

each contains information of the same scene in different color. Such a configuration will

comprise of 3 lenses where the focal length of each lens is 4/9 of an equivalent single

lens camera that uses a color filter array, these values assume a 4:3 aspect ratio sensor.

Figure 5 illustrates a front view of a three lens camera using one rectangular

sensor (500) divided in to three regions (501), (502) and (503). The three lenses (51 1),

(512) and (513) each having different color filters integrated within the lens, in front of

the lens or between the lens and the sensor are used to form an image of the same

scene but in different colors. In this example each region of the sensor (501), (502) and



(503) are rectangular having the longer dimension of the rectangle perpendicular to the

long dimension of the complete sensor.

Other three lens configuration can be used, such as using a larger green filtered

lens and two smaller lenses for blue and red, such a configuration will results in higher

spatial resolution in the green channel since more pixels are being used.

Figure 6 illustrates a front view of a three lens camera having one sensor (600),

one large lens (613) and two smaller lenses (61 1) and (612). The large lens (613) is

used to form an image on the sensor segment marked (603) while the two smaller

lenses form an image on the sensor's segments marked with (601) and (602)

respectively. The larger lens (613) can use a green color filter while the two smaller

lenses (61 1) and (612) can use a blue and red filter respectively. Other color filters could

be used for each lens.

Four lens camera:

Figure 7 illustrates a front view of a four lens camera having a one sensor (700)

and four lenses (71 1), (712), (713) and (714). Each lens forms an image on the

corresponding sensor region marked with (701 ) , (702), (703) and (704) respectively.

Each one of the lenses will be integrated with a color filter in side the lens, in front of the

lens or between the lens and the sensor. All four lenses could be integrated with

different color filter or alternatively two of the four lenses could have the same color filter

integrated in side the lens, in front of the lens or between the lens and the sensor. For

example using two green filters one blue filter and one red filter will allow more light

collection in the green spectrum.

MxN lens camera:

Using M and /or N larger than 2 allows higher shortening factor and higher

increase in depth of focus.

Figure 8 illustrates a 16 lens camera having 4 regions (801), (802), (803) and

(804) each containing four lenses as illustrated in figure 7 .

Figure 9 illustrates a sensor according to the prior art (900) having a standard

ERS divided in to four quadrants, a triangle object (906) is imaged through the four

imaging channels on to each quadrants (901-904), an arrow (905) represents the

direction of movement of the said triangle (906). As a result of using a standard ERS the

position of the triangle object (906) in the top two quadrants (901) and (902) is different

than the position of the triangle (906) at the bottom two quadrants (903) and (904).



Figure 10 illustrates a sensor according to the present invention having an

exposure and read out sequence. In this example the multi aperture camera consists of

four imaging channels. A standard ERS will expose in the order of

1,2,3...n,n+1 ,n+2...2n-1 ,2n. According to the present invention the exposure will be set

to be: 1,n+1 ,2,n+2,3,n+3 2n.

First Embodiment

In a first embodiment a system having four apertures having a Green filtered

channel at the top left part of the sensor and a Red filtered channel at the top right part

of the sensor and a Blue filtered channel at the bottom left part of the sensor and a white

broad filtered channel at the bottom right part of the sensor, assuming that the sensor

has 1000 rows, the reading sequence would be then

1,501 ,2,502,3,503,4,504. ..500, 100.

Second Embodiment:

In a first embodiment a system having nine apertures assuming that the sensor

has 1500 rows, the reading sequence would be then

1,501 ,1001 ,2,502„1 002,3,503, 1003. ..500, 100,1500.



CLAIMS

1. A multi aperture digital camera having a plurality of imaging channels in which the

timing difference between the images of the different imaging channels is minimized by

exposing corresponding areas of the different imaging channels with a minimized time

difference.

2 . The multi aperture camera of claim 1 having a row count of 2n in which n is an integer

>= 4 in which the exposure is sequenced as follows:

{ 1 , n+1 ,2 n+2 3,n+3... n, 2n}.

3 . The multi aperture camera of claim 1 having a row count of 2n in which n is an integer

>= 8 in which the exposure is sequenced as follows:

{ 1 , 2,n+1 ,n+2,3,4,n+3,n+4...n-1 , n, 2n-1 ,2n}.

4 . The multi aperture camera of claim 1 having a row count of 2n in which n is an integer

>= 6 and x is an integer >=3 and <n in which the exposure is sequenced as follows:

{ 1 , 2 . ..x,n+1 ,n+2,n+x,x+1 ,x+2,x+3,n+1 +x,n+2+x,n+2x n-x,n-2,n-1 ,n,2n-x„2n-2,2n-1 ,2n}.

5 . The multi aperture camera of claim 1 having a row count of 2n in which the sensor

includes two or more exposure mechanisms for exposing corresponding areas of the

different imaging channels simultaneously.

6 . The multi aperture camera of claim 5 in which exposure time set by the multiple

exposure mechanism is different.

7 . The multi aperture camera of claim 5 in which the readouts of the sensor areas are

combined in to one readout lane.

8 . The multi aperture camera of claim 7 in which said combining mechanism includes

one or more memory buffers capable of storing information of a row of pixels.

9 . The multi aperture camera of claim 1 in which each imaging channel includes a

separate single sensor in which sensors of the respective imaging channels are

synchronized for exposure.



10 . The multi aperture camera of claim 1 in which at least one of the imaging channels

includes a neutral density filter.

11. The multi aperture camera of claim 1 in which at least one of the imaging channels

includes a chromatic filter.

12. The multi aperture camera of claim 1 in which at least one of the imaging channels

includes a polarizing filter.
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