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OBJECT DISTANCE DETERMINATION resource usage ( in particular reduced computational 

FROM IMAGE resource usage ) , improved distance determination and / or 
improved performance would be advantageous . 

CROSS - REFERENCE TO PRIOR 
APPLICATIONS SUMMARY OF THE INVENTION 5 

15 

This application is the U.S. National Phase application Accordingly , the Invention seeks to preferably mitigate , 
under 35 U.S.C. § 371 of International Application No. alleviate or eliminate one or more of the above mentioned 
PCT / IB2012 / 055010 , filed on Sep. 21 , 21012 , which claims disadvantages singly or in any combination . 
the benefit of U.S. Provisional Patent Application No. 10 According to an aspect of the invention there is provided 
61 / 540,045 , filed on Sep. 28 , 2011. These applications are an apparatus for determining a distance to a scene object , the 
hereby incorporated by reference herein . apparatus comprising : a receiver for receiving a first image 

of a scene from an image sensor of an image capture device FIELD OF THE INVENTION having a coded aperture , the image sensor being positioned 
out of a focus plane for the scene object ; a detector for The invention relates to determination of a distance to an 

object based on a single image , and in particular , but not detecting at least two image objects in the image corre 
exclusively to determination of a distance to a person based sponding to ghost images of the scene object resulting from 
on a bright pupil image . different openings of the coded aperture in response to an 

20 optical characteristic of the scene object , the optical char 
BACKGROUND OF THE INVENTION acteristic being a radiation characteristic of the object 

towards the image capture device ; and a distance estimator 
Determination of distance to objects based on images for determining a distance to the scene object in response to 

captured by an image capture device such as a still or a displacement in the image of the at least two image objects . 
moving image camera has become of increasing importance . 25 The invention may provide improved and / or facilitated 

For example , with the advent of autonomous systems distance determination to an object based on an image from 
capable of adapting functionality and characteristics to their an image capture device . The distance to the object can be 
environment , information about the presence of humans and determined from a single image . 
their precise location is often highly desirable . Examples The computational resource may be particularly low as a 
include monitoring systems for elderly or hospital wards , 30 low complexity detection of image objects correspond to 
adaptive lighting systems capable of dimming locally to ghost images of the object can be achieved based on the 
save energy or change beam shapes and spectral signatures optical characteristic . In particular , the detection does not 
to increase comfort . The precise position of human eyes , in require complex modeling or assumptions about the scene , 
particular , can be of interest for display purposes where the and furthermore does not necessitate complex image pro 
view provided is adapted to the detected eye position , for 35 cessing to separate contributions from overlapping defocus 
example to provide optimal views to both eyes for 3D blurring kernels . The system may be aimed at using sparse 
imaging or to create a private view in the direction of the data images wherein specific image objects corresponding to 
nearest pair of eyes while shielding the view in other the ghost images are identifiable . In particular , rather than 
directions . performing a complex image analysis considering the inter 

It has been proposed to determine scene depth informa- 40 ference / detailed blurring effect caused by an out of focus 
tion by locally analyzing the defocus blur since this is image sensor , a substantial data processing reduction can be 
dependent on the distance from the lens to the object . achieved by detecting only specific image objects corre 
However , conventional lens apertures introduce defocus sponding to ghost images of the same easily identifiable 
blur which is mathematically irreversible and not very object . In particular , rather than evaluating the whole image 
discriminative to depth . Accordingly such approaches tend 45 and scene only a very low number of identifiable image 
to be complex and result in relatively unreliable depth data . objects need to be processed . The system may be particu 

In the article “ Image and Depth from a Conventional larly suitable to scenarios wherein sparse data images can be 
Camera with a Coded Aperture ” , by A. Levin , R. Fergus , F. captured or generated , and thus in particular to scenes and 
Durand , W. T. Freeman ; SIGGRAPH , ACM Transactions on images wherein specific targets stand out . 
Graphics , August 2007 it has been proposed to alleviate this 50 The approach may allow distance determination in 
shortcoming by introducing a coded aperture in the lens of devices with low computational resource such as mobile 
an image sensor thereby shaping the spectral properties of devices , or may for example allow a faster distance deter 
the resulting defocus blur . This system is based on a coded mination thereby e.g. allowing real time distance determi 
aperture having a broadband pattern and a statistical model nation . 
of images to recover depth and reconstruct an all - focus 55 The optical characteristic is a characteristic of the object 
image of the scene . However , the approach results in a which may allow the scene object to be discernible in the 
system with high complexity requiring a high computational image when the properties of the image are analyzed ( e.g. a 
resource . Furthermore , the approach may result in depth bright object in dark surroundings , a dark object in bright 
measurements that are less reliable and accurate than surroundings ; or a red object in green surroundings ) . The 
desired . Indeed , the method is particularly difficult in the 60 radiation characteristic may for example be an emission 
presence of depth contrasts for objects with similar intensi characteristic and / or a reflection characteristic . The optical 
ties . In this case , the resulting images represent a superpo characteristic may thus be a characteristic of light from the 
sition of two differently blurred planes . scene object reaching the image capture device . 
Hence , an improved system for determining distances to The coded aperture may for example be provided by a 

objects based on an image from an image capturing device 65 fixed mask comprising a number of openings in an opaque 
would be advantageous and in particular a system allowing element covering the lens of the image capture device . As 
for increased flexibility , reduced complexity , reduced another example , the opaque element may be created by a 
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controllable element , such as e.g. a mask formed by a Liquid criterion . For example , a simple detection criterion based on 
Crystal ( LC ) element positioned in front of the lens . brightness and e.g. color may be used . 

The invention may allow distance determination from a The dark pupil image may specifically be one where no 
single image thereby avoiding a necessity for a plurality of simultaneous illumination is provided by a light source 
image sensors , image capture devices etc. 5 positioned substantially on the optical axis of the image 

The optical characteristic may be a predetermined or capture device . For example , the bright pupil image may be 
assumed optical characteristic . captured with no illumination of the scene from a light 

In accordance with an optional feature of the invention , source positioned within 5 ° of the optical axis of the image 
the image is a bright pupil image and the optical character when measured from the pupil . 

In accordance with an optional feature of the invention , istic is a characteristic of light retroflected by a retina 
towards the image capture device . the apparatus further comprises a light source for illuminat 

ing the scene , the light source being positioned substantially The invention may provide an improved and / or facilitated on an optical axis of the image capture device ; and a light determination of a distance to a pupil and thus a distance to source controller arranged to switch on the light source for a human or animal . Specifically , the invention may in many 15 the first image and to switch off the light source for the 
scenarios allow reduced determination of a distance to a second image . 
person . This may provide improved and / or facilitated detection of 

The use of a bright pupil image may specifically result in the image objects and may specifically result in a controlled 
an optical characteristic in the image corresponding to the generation of bright and dark pupil images . Thus , the system 
pupil being easier to detect and / or allowing an easier dif- 20 may itself illuminate the scene to generate detectable objects 
ferentiation to other captured elements of the scene . Indeed , that stand out from other objects in the scene . 
the image objects corresponding to the pupil may be The switching off ( or on ) may be a partial switching . 
detected using a low complexity criterion . Specifically , an Thus , when switched on the light source will be brighter 
increased difference between image contributions from the than when switched off . However , some light may still be 
pupil and from other elements of the scene may be increased 25 radiated when the light source is switched to the off state , 
thereby facilitating detection and allowing reduced com and the light output in the on state may be less than the 
plexity detection . For example , a simple detection criterion maximum possible output from the light source . 
based on brightness and / or e.g. color may be used . Further In many embodiments the light source may advanta 
more , a bright pupil image may typically be characterized by geously be an infrared light source . 
the pupil being substantially brighter than surrounding areas 30 In accordance with an optional feature of the invention , 
thereby allowing the contribution from the pupil to the the at least two image objects correspond to a first pupil of 
image to dominate contributions from other positions ( parts ) a person and the detector is further arranged to detect a 
of the scene . further at least two image objects of the image correspond 

The bright pupil image may specifically be one where ing to ghost images of a second pupil of the person resulting 
simultaneous illumination is provided by a light source 35 from different openings of the coded aperture ; and wherein 
positioned substantially on the optical axis of the image the distance estimator is further arranged to determine the 
capture device . For example , the bright pupil image may be distance in response to a displacement in the image of the 
captured with an illumination of the scene from a light further at least two image objects . 
source positioned within 5 ° of the optical axis of the image This may provide improved distance determination in 
when measured from the pupil . 40 many scenarios . For example , individual distances to the 

In accordance with an optional feature of the invention , two pupils may be determined and the distance to the head 
the receiver is arranged to receive a second image of the may be determined as the average of these distance esti 
scene from the image sensor , the second image being a dark mates . 
pupil image ; and wherein the detector is further arranged to In accordance with an optional feature of the invention , 
compensate the first image for the second image prior to 45 the at least two image objects correspond to a first pupil of 
detecting the at least two image objects . a person ; and the detector is further arranged to detect a 

The invention may provide an improved and / or facilitated further at least two image objects of the image correspond 
determination of a distance to a pupil and thus a distance to ing to ghost images of a second pupil of the person resulting 
a human or animal . Specifically , the invention may in many from different openings of the coded aperture ; and wherein 
scenarios allow reduced determination of a distance to a 50 the distance estimator is further arranged to determine an 
person . orientation of a head of the person in response to a difference 

The use of a dark pupil image together with a bright pupil between the displacement in the image of the at least two 
image allows a significant emphasis of the image objects image objects and a displacement in the image of the further 
corresponding to pupils . In particular , the compensation of at least two image objects . 
the bright pupil image by the dark pupil image may remove 55 The invention may provide an improved and / or facilitated 
or reduce the contribution from other objects than the pupil . determination of not only a distance to a person's head but 
The compensation may result in data reduction in the image also of the orientation of the person's head . 
that is processed and may facilitate and / or improve the In accordance with an optional feature of the invention , at 
detection of the image objects corresponding to the pupil . least two of the at least two image objects are disjoint image 
Typically , the difference between the image objects corre- 60 objects . 
sponding to the bright pupils and other areas of the image This may improve and / or facilitate distance determination 
will be emphasized . Thus , computational requirements may in many scenarios . In particular , the coded aperture may be 
be reduced and a more reliable detection may be achieved . generated such that openings of the coded aperture results in 

Thus the approach may result in an optical characteristic non - overlapping image objects for an object within a speci 
corresponding to the pupil being easier to detect in the 65 fied distance interval . 
image . Indeed , the image objects corresponding to the pupil In accordance with an optional feature of the invention , 
may in many scenarios be detected using a low complexity the apparatus further comprises a light source for illuminat 
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ing the scene , the light source having a characteristic receiver for receiving a first image of a scene from the image 
arranged to emphasize the optical characteristic of the scene sensor ; a detector for detecting at least two image objects in 
object . the image corresponding to ghost images of the scene object 

This may in many scenarios improve and / or facilitate the resulting from different openings of the coded aperture in 
distance determination . The system may introduce lighting 5 response to an optical characteristic of the scene object , the 
which is specifically adapted to increase differentiation optical characteristic being a radiation characteristic of the 
between the object and other components in the scene . object towards the image capture device ; and a distance The system may thus actively introduce optical differen estimator for determining a distance to the scene object in tiation between objects in the real world thereby allowing 
the subsequent image processing to more easily identify 10 response to a displacement in the image of the at least two 

image objects . image objects of ghost images for a desired object . The 
increased differentiation combined with ghost images cre According to an aspect of the invention there is provided 
ated by the coded aperture may substantially improve and / or a method of determining a distance to a scene object , the 
facilitate the determination of distance from a single image . method comprising : receiving a first image of a scene from 

In accordance with an optional feature of the invention , 15 an image sensor of an image capture device having a coded 
the characteristic is at least one of : a position of the light aperture , the image sensor being positioned out of a focus 
source ; a frequency distribution of light radiated from the plane for the scene object ; detecting at least two image 
light source ; a spatial distribution of light radiated from the objects in the image corresponding to ghost images of the 
light source ; and a polarization of light radiated from the scene object resulting from different openings of the coded 
light source . 20 aperture in response to an optical characteristic of the scene 

This may in various scenarios provide particularly advan object , the optical characteristic being a radiation character 
tageous performance by emphasizing specific optical char istic of the object towards the image capture device ; and 
acteristics . determining a distance to the scene object in response to a 

In accordance with an optional feature of the invention , displacement in the image of the at least two image objects . 
the coded aperture is formed by a number of disjoint 25 These and other aspects , features and advantages of the 
openings , each opening resulting in a ghost image of the invention will be apparent from and elucidated with refer 
scene object . ence to the embodiment ( s ) described hereinafter . 

This may provide an improved and / or facilitated distance 
determination . It may further allow for facilitated and / or low BRIEF DESCRIPTION OF THE DRAWINGS 
cost implementation . 

In accordance with an optional feature of the invention , Embodiments of the invention will be described , by way 
the number is less than five . of example only , with reference to the drawings , in which 

This may provide an improved and / or facilitated distance FIG . 1 illustrates an example of elements of an apparatus 
determination in many embodiments . for determining a distance to an object in accordance with 

In many embodiments , it may be particularly advanta- 35 some embodiments of the invention ; 
geous to have only two openings in the coded aperture as FIG . 2 illustrates an example of an aperture of an image 
this may be the lowest number of openings allowing a capture device in accordance with prior art ; 
distance determination based on displacement between FIG . 3 illustrates an example of light ray distribution from 
ghost images . Thus , it may minimize complexity of both an object for the aperture of FIG . 2 ; 
processing and hardware implementation in many embodi- 40 FIG . 4 illustrates an example of light ray distribution from 
ments . an object for the aperture of FIG . 2 ; 

In many embodiments , it may be particularly advanta FIG . 5 illustrates an example of a coded aperture of an 
geous to have openings in the coded aperture which are image capture device in accordance with some embodiments 
substantially vertically aligned . This may be particularly of the invention ; 
advantageous when detecting ghost images corresponding to 45 FIG . 6 illustrates an example of light ray distribution from 
a being's eyes as it may reduce or eliminate the probability an object for the coded aperture of FIG . 5 ; 
of the ghost images of the right and left eyes overlapping . FIG . 7 illustrates an example of a bright pupil image ; 

In accordance with an optional feature of the invention , FIG . 8 illustrates an example of a bright pupil image 
each opening has an inferometric pattern ; and the apparatus captured by an image capture device in accordance with 
is arranged to determine the displacement in the image of the 50 some embodiments of the invention ; 
at least two image objects in response to an inference pattern FIG . 9 illustrates an example of a compensated bright 
of the inferometric pattern of at least two openings . pupil image captured by an image capture device in accor 

This may provide an improved and / or facilitated distance dance with some embodiments of the invention ; 
determination in many embodiments . In particular , it may FIG . 10 illustrates examples of a compensated bright 
facilitate determination of displacements between image 55 pupil image captured by an image capture device in accor 
objects in case these are overlapping . In many embodiments , dance with some embodiments of the invention ; 
the apparatus may be arranged to determine whether the FIG . 11 illustrates an example of elements of an apparatus 
image objects are overlapping and to apply the interference for determining a distance to an object in accordance with 
based displacement determination ( only ) if they are over some embodiments of the invention ; 
lapping FIG . 12 illustrates an example of a zone plate inferometric 

The inferometric pattern may specifically be a zone plate pattern in accordance with prior art ; 
pattern . FIG . 13 illustrates an example of an image captured by an 

According to an aspect of the invention there is provided image capture device in accordance with some embodiments 
a system for determining a distance to a scene object , the of the invention ; 
system comprising : an image capture device having a coded 65 FIG . 14 illustrates examples of images captured by an 
aperture and an image sensor , the image sensor being image capture device in accordance with some embodiments 
positioned out of a focus plane for the scene object ; a of the invention ; 

60 
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FIG . 15 illustrates an example of an application of the scenario , the lens collects light rays originating from the 
apparatus of FIG . 1 , and object and propagating in slightly different directions and 

FIG . 16 illustrates an example of using the apparatus in a refracts them in such a manner that they are constructively 
autostereoscopic display system . combined onto the image sensor 305 . 

FIG . 4 illustrates the same image capture device but with 
DETAILED DESCRIPTION OF SOME the image sensor positioned outside of the sensor plane . In EMBODIMENTS OF THE INVENTION this case , the light rays from a single point are blurred over 

an area , and indeed the resulting image corresponds to a The following description focuses on embodiments of the convolution of the scene image by a blur kernel correspond invention applicable to a system for determining a distance 10 
to a human being and in particular to determination of a ing to the aperture . The defocus blur kernel is a scaled 
distance to the eyes of a human from a bright pupil image . representation of the lens aperture , and thus the light rays 
However , it will be appreciated that the invention is not from a single point will be distributed over an image area 
limited to this application but may be applied to determi corresponding to the blur kernel . The image at a given point 
nation of a distance to many other objects based on many 15 of the image sensor will correspond to a combination of the 
different optical characteristics . light from the different positions that after convolution by 

FIG . 1 illustrates an example of a system for determining the blur kernel have a contribution to the point . If the lens 
a distance to an object from a single captured image . aperture is a circular opening , the blur kernel will resemble 
An image capture device 101 is arranged to capture an a uniform disk which will have a corresponding sinc - like 

image of a scene in which the object is present . The image 20 spectral behavior in the spatial domain . As sinc - functions 
capture device 101 comprises a coded aperture which pro exhibit zeroes , some spatial frequencies are lost during 
vides a mask for the incident light on the image sensor of the acquisition and cannot be recreated by any image restoration 
image . Further , the image sensor is positioned out of the procedure . The extent of the blur kernel is related to the 
focus plane such that the coded aperture provides a blurring amount of defocus blur and hence the object distance . 
of the captured image . A coded aperture is an aperture which 25 However , in order to calculate this object distance based on 
comprises a plurality of openings . The coded aperture the defocus blur of a single aperture , it is necessary to have 
applies an optical mask to the conventional single opening information about the size of the objects . As such informa aperture . In the system of FIG . 1 , the coded aperture is such tion is typically not present , or is unreliable , the resulting that ghost images ( multiple copies ) of the objects are gen distance estimate will typically also be unreliable . Further erated . A feature of these ghost images is that the displace- 30 more , the signal processing required to extract and deter ment between them is proportional to the distance to the mine the actual defocus blur characteristics in the captured object . image is very difficult and complex . The image capture device 101 is coupled a receiver 103 
which receives the image from the image sensor . The It has been proposed in A. Levin , R. Fergus , F. Durand , W. 
receiver 103 is coupled to a detector 105 which is arranged 35 T. Freeman . “ Image and Depth from a Conventional Camera 
to detect at least two image objects in the image which with a Coded Aperture ” , SIGGRAPH , ACM Transactions on 
correspond to ghost images of the object resulting from Graphics , August 2007 to use a complex broadband coded 
different openings of the coded aperture . The detection is aperture mask to perform a spectral patterning of the image 
based on an optical characteristic of the object . Thus , the which can be used to determine the defocus blur from which 
detector may identify two ( or possibly more ) image objects 40 the distance can be calculated . However , this processing is 
( areas ) that are ghost images / copies of the specific object to very complex and resource demanding and tends to provide 
which the distance is being estimated . The image objects can suboptimal results . 
be determined by detecting the presence of a specific optical In the system of FIG . 1 , a lens with a coded aperture is 
characteristic , such as a color , brightness , or pattern . used wherein the coded aperture is a very simple mask 

The detector 105 is coupled to an estimator 107 which 45 comprising only two openings as illustrated in FIG . 5. In the 
determines a displacement in the image between the two ( or system , the lens aperture is used to shape the characteristics 
more ) image objects . The estimator then proceeds to esti of the defocus blur . As opposed to shaping the spectral 
mate the distance to the object from the determined dis properties of defocus blur using a broadband masks ( as in 
placement . the system of the referenced article ) , the system of FIG . 1 

The operation of the system of FIG . 1 will in the following 50 uses a coded aperture that allows a very simple , pragmatic 
be described with focus on an application wherein the object analysis of the defocus blur . 
is one or both eyes of a human . Furthermore , the image is a FIG . 6 illustrates a cross section of the image capture 
bright pupil image and the distance determination is based device 101 of FIG . 1. The image capture device 101 com 
on evaluating ghost images of at least one pupil . prises a lens 601 with a coded aperture 603 having two 
When an image sensor is positioned outside of a focus 55 openings 605 , 607 and an image sensor 609 positioned out 

plane , the characteristics of the defocus blur depend on the of the focus plane 611 . 
characteristics of the aperture as well as the distance to the As illustrated in FIG . 6 , the coded aperture consisting of 
objects in the scene . two vertically displaced circular openings can result in an 

Indeed , in conventional photography , the shape of the lens out - of - focus imaging which results in multiple copies or 
aperture determines the properties of the blur kernel . For 60 ghost images being created for the object . Indeed , each 
example , a typical shape of a conventional lens aperture is opening can be considered to provide an individual blur 
shown in FIG . 2. FIG . 3 illustrates a cross section of an kernel which is spatially offset relative to the blur kernel of 
image capture device comprising a lens 301 with an aperture the other opening . As illustrated , a given object will accord 
303 and an image sensor 305 positioned exactly at the focus ingly be represented by ghost images / multiple representa 
plane . As illustrated , all light radiated from a given object 65 tions in the image captured out of the focus plane . The coded 
307 is focused by the lens 303 to coincide at the same spatial aperture and the properties of the image capture device 101 
point of the image sensor 305 at the focus plane . Thus , in this may specifically be designed such that for an object within 
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a target distance interval , the image objects corresponding to scene . Indeed , the detection may be facilitated and the 
the different ghost images may be non - overlapping image differentiation made clearer by e.g. illuminating the scene by 
objects . a light having a red color . 

The displacement between the different image objects Thus , the system of FIG . 1 determines the distance to an 
depends on the distance between the openings in the coded 5 object by detecting multiple image objects / segments that 
aperture and the distance to the scene object that the image correspond to the object based on an optical property of the 
objects correspond to . Since the distance between the open object . The distance is then calculated from the displace 
ings in the coded aperture is known , the system of FIG . 4 can ment / distance between these image objects . Hence , no com 
determine the displacement between image objects corre plex image de - blurring signal processing is required and a 
sponding to the object for which the distance is to be reliable distance estimate can be generated with very low 
determined , and can then proceed to determine the distance complexity . The approach is particularly suitable for con 
based on the displacement . trolled scenes wherein the object is clearly differentiable , 

Thus , since the distance between the ghost images is and for coded apertures with a low number of openings 
indicative of the amount of defocus and therefore of the resulting in the ghost images . 
distance to the object of the ghost images , the displacement A particularly advantageous scenario is when the object is 
of the image objects relative to each other ( the distance an eye ( or head ) of a human or animal , and the distance 
between them in the image ) can be converted into an object determination is based on a bright pupil image . As will be 
distance without a priori knowledge about the objects known to the person skilled in the art , a bright pupil image 
dimensions . This approach reduces the estimation of defo- 20 is an image that includes a reflection of a light source of the 
cus blur to the simple task of estimating the displacement of retina of an eye . This reflection causes the pupil to appear 
associated ghost images . The aperture codes can be further brighter , and often it may result in the pupil appearing 
optimized to even simplify the requirements for the image substantially brighter than surrounding areas . A well - known 
processing algorithm even more . For example , employing example of bright pupil imaging is the red - eye effect that 
two vertically displaced cross patterns may enable imple- 25 may occur during conventional flash photography . 
mentations on low - power devices at the expense of the The bright pupil image may specifically be an image 
light - efficiency of the system . captured with a light source positioned substantially at the 

Furthermore , since the distance determination is based on optical axis of the image capture device . Indeed , a bright 
a low complexity displacement determination between pupil image may be generated by providing image capture 
image objects corresponding to the object to which the 30 device on - axis lighting . Specifically , a bright pupil image 
distance is to be estimated , the image analysis may be based may e.g. be generated by providing a light source which 
on a low complexity detection of these specific image illuminates the eye from a position within 5 ° of the on - axis 
objects in the image from the image sensor . In the system of direction when measured from the eye . The illumination 
FIG . 1 , the detector 105 is arranged to detect the image 35 may specifically be an infrared illumination which often 
objects based on an optical characteristic of the object . The provides an increased bright pupil effect . 
optical characteristic may be a predetermined known or An example of a bright pupil image is given in FIG . 7. As 
assumed optical characteristic which can differentiate the can be seen , the pupils of a bright pupil image may typically 
object from other elements of the scene . For example , the stand out very clearly from the remaining image . This may 
optical characteristic may be a brightness , pattern or color of 40 be exploited in the system of FIG . 1 by specifically targeting 
the object the bright pupils . 

The detector may accordingly search the captured out of Specifically , FIG . 8 illustrates an example of a bright pupil 
focus image to identify image segments / areas that have image captured using the image capture device 101 with a 
characteristics corresponding to the optical characteristic of coded aperture corresponding to FIG . 6. As can be seen , the 
the image . For example , the detector 105 may search the 45 use of a bright pupil image may substantially facilitate the 
image to find image areas wherein the color corresponds detection of image objects corresponding to a desired object 
sufficiently closely to that of the object . by providing targets that differentiate substantially from the 

In order to facilitate this detection of image objects remaining image . 
corresponding to ghost images , the scene may be controlled In the example , the detector 105 is arranged to look for an 
or may be restricted such that the object has optical char- 50 optical characteristics which is a bright pupil characteristic . 
acteristics that clearly allows detection of corresponding In the example , the characteristic may simply be a brightness 
image objects in the captured out of focus image . For characteristic . Thus , in the specific example , the detector 
example , in some embodiments the object may be the only 105 may search the image of FIG . 8 to identify the four 
bright object in the scene or may e.g. be the only red object image objects corresponding to the pupils of the person 
in the scene . In such scenarios , the detector 105 may simply 55 imaged . The image objects may simply be determined as the 
search for image areas that are brighter than a threshold ( e.g. four largest ) consecutive image areas having a bright 
( which e.g. may dependent on the average brightness of the ness that exceeds the average brightness level of the image 
image ) or which comprise a red color component . by more than a given amount . Subsequently , the estimator 

Although the blurring effect will cause such image areas 107 may find the center of the image objects and the distance 
to also comprise contributions from other positions , and thus 60 between the two pairs of ghost images , e.g. it may determine 
other elements of the scene , such a low complexity approach all distances between the centers and select the two shortest 
may often still be useful . For example , if the object is the distance . The average displacement may then be calculated 
only red object in the scene , the image objects corresponding as the average of the two shortest image object distances . 
to the ghost images thereof will be the only areas having a After the displacement of the image objects correspond 
red color component . This can be detected even if the actual 65 ing to the ghost images has been calculated , the estimated 
color of these image areas differ from the red color of the distance to the pupils , and thus to the person , may be 
object due to the contribution from other objects in the calculated from the equation : 
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that is processed may be considered to become very sparse 
in the sense that the resulting data exhibit only weak signals 
except at the location of the pupils . This sparseness allows 
the simple coded aperture to be used to effectively provide 

5 ghost images that can be used to determine the distance to where v is the object distance , b is the image distance 
( position where the object would be imaged in focus , both The system may consider image objects corresponding to 
wrt lens ) and f is the focal distance . The defocus blur kernel only a single pupil , or may in other embodiments or sce 
is a scaled version of the aperture pattern itself of which the narios consider image objects corresponding to two pupils . 
size is proportional to the displacement of the image sensor 10 For example , as previously described , two displacement 
to the image plane ( ref FIG . 6 ) . Defining x as the distance measures may be generated based on image object pairs 
between the lens and the image the size of the blur kernel K where each image object pair corresponds to the two image 
can be defined as : objects arising from a single pupil . The matching between 

image objects and pupils can easily be done by considering 
15 the locations and the coded aperture . For example , for two 

vertically positioned openings , the image objects with the 
smallest vertical distance may be assumed to be ghost K ( x ) = A images of the same pupil . The two displacements may then 
be averaged and the distance may be determined based on 

20 the averaged displacement ( or equivalently two distances 
may be calculated and averaged ) . It will be appreciated that where A is the aperture itself ( at x = 0 ) . in some embodiments a weighted averaging may be per It is worth noting that the blur size is proportional to the formed , e.g. dependent on a reliability estimate for each 

distance of the image sensor to the image plane . If the sensor detected image object . 
is focused in the middle of the scene , it is difficult to Alternatively or additionally , the two detected displace 
discriminate objects that are in front of the focus plane from ments for the two pupils may be used to determine an 
those behind it . For depth estimation it is therefore often orientation of the head of the person . Thus , by analyzing the 
beneficial to focus the sensor in front of the entire scene , distance to the eyes in a human face individually , the head 
such that the resulting blur is proportional to distance orientation can be derived from the range difference of the 
directly . 30 eyes . The orientation of the head may be determined based 

In some embodiments , the detector 105 may be arranged on the estimated distances or may directly be determined 
to determine the image objects in response to both a bright from displacements . The principle may be illustrated by the 
pupil image and a dark pupil image . The dark pupil image example images of FIG . 10. When both eyes have identical 
is an image which is not a bright pupil image , i.e. where no ghost image displacements , the head is oriented perfectly 
specific retina reflection is present to generate pupils which 35 towards the camera ( as in the example of FIG . 9 ) . However , 
appear brighter due to the reflection . Specifically , the when either ghost pair is closer than the other , the head is 
receiver 103 may receive a bright pupil image and a dark turning to its right or left respectively ( as in the examples of 
pupil image captured substantially simultaneously ( or such FIG . 10 ) . The degree of turning can be determined from the 
that movement of the pupils during the time difference is difference in the displacement , and the direction of the 
negligible ) by the image capture device 101. The detector 40 turning is given by which displacement is the largest . 
105 may then compensate the bright pupil image by the dark In some embodiments , the system may comprise an active 
pupil image to generate a compensated bright pupil image light source for generating the bright pupil images as well as 
which is searched to identify the appropriate image objects . a controller for controlling the light source such that both 

This approach thus uses the fact that co - axial illumination bright and dark pupil images can be generated . An example 
and imaging results in a strong retro - reflective signal off the 45 of such a system is illustrated in FIG . 11 and corresponds to 
retina . This is absent in images captured using illumination the system of FIG . 1 except that a light source 1101 ( in the 
that is sufficiently offset from the optical axis of the imaging specific example in the form of a flash ) is included . The light 
device . By compensating the bright pupil image by the dark source 1101 is positioned substantially on the optical axis of 
pupil image it is possible to further enhance the differentia the image capture device 101. The system further comprises 
tion caused by the bright pupils . 50 a controller 1103 which is coupled to the light source 110 , 

The compensation may specifically be a subtraction of the the image capture device 101 and to the receiver 101 . 
dark pupil image from the bright pupil image . Specifically , The controller 1103 may first control the receiver 101 and 
a subtraction may be performed in the luminance or chromi image capture device 101 to capture an image without the 
nance domain , e.g. by subtracting the individual pixel values light source being switched on . This image will be a dark 
in each luminance , chroma or chrominance color channel . 55 pupil image . The controller 1103 may then control the 

Although such a subtraction may not remove all image receiver 101 and image capture device 101 to capture a 
contributions that do not result from the reflection ( e.g. due second image but this time the controller 1103 controls the 
to differences in the lighting etc ) , it will tend to reduce these light source 1101 such that a flash is generated simultane 
contributions substantially . An example of a bright pupil ously with the image being captured ( or shortly before ) . 
image generated by such compensation is illustrated in FIG . 60 Since the light source 1101 is positioned on the optical axis 
9. As can be seen ( e.g. in comparison to the image of FIG . of the image capture device 101 , this light will be reflected 
8 ) , the image signal outside the image objects corresponding of the retinas resulting in a bright pupil image . 
to the bright pupils has been substantially attenuated . This The system of FIG . 1 ( and FIG . 11 ) is based on an image 
signal attenuation allows a much simpler and more reliable capture device 101 using a coded aperture . A low complexity 
detection of the image objects corresponding to the ghost 65 coded aperture is used to generate ghost images of distinc 
images of the bright pupils . Indeed , by compensating the tive features ( such as the pupils ) allowing the distance 
bright pupil image by the dark pupil image , the image data determination to be based on a low complexity ghost image 
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displacement ( offset ) . In many embodiments , the coded image objects while allowing these to be overlapping . For 
aperture is formed by a number of disjoint openings where example , a bright ellipsoidal image area may be resolved as 
each opening results in a ghost image of the object . Typically two circular image objects . 
only a few and specifically no more than five openings are However , in some embodiments each opening may form 
used thereby reducing the number of ghost images , and thus 5 an inferometric pattern . For example , each opening may be 
the required complexity of the detection and processing of formed as a zone plate inferometric pattern as illustrated in the corresponding image objects . This may further reduce FIG . 12. For a sufficiently large displacement , the corre 
the interference between the images of the different open sponding ghost images modulated by the zone plate pattern ings and may result in more accurate , robust and reliable will still be disjoint image objects as illustrated in FIG . 13 . distance determination . In many embodiments , the coded 10 In this case , the displacement may simply be determined as aperture may have only two openings . This will provide two the distance between the centers of the objects . However , ghost images and thus be sufficient to allow the distance 
determination while minimizing or at least reducing the when the displacement is reduced such that the image 
complexity of processing and the ghost image cross talk objects begin to overlap ( as illustrated in the two examples 
between ghost images from different openings . of FIG . 14 ) , the displacement may be determined by ana 

Specifically , using only a few openings , and in particular lyzing the resulting interference pattern . For example , in the 
using only two openings , may increase the data sparsity of example of FIG . 14 , the displacement can be determined 
the image being processed . When this is combined with a from the distance between the grey lines that appear in the 
scene that results in an image which is sparse ( either as interference pattern . This in turn , can easily be detected by 
captured or after processing ) a particularly efficient , reliable , 20 projecting / summing the signals in the horizontal direction . 
low complexity and low resource demand operation can be As the grey lines add up constructively , these will form 
achieved . peaks in the resulting one dimensional signal , of which the 

Such coded apertures consisting in a low number of distance can be readily found using cross - correlation or 
openings will typically not be suitable for conventional other well - known methods . 
imagery as it would result in ghost images of the whole 25 It will be appreciated that although the previous embodi 
scene at variable distances , all superimposing on each - other . ments have focused on detection of distances to pupils based 
Such contributions will for many conventional images be on a bright pupil image ( and optionally a dark pupil image ) , 
very difficult and complex to resolve and separate , and will the approach can be used in many different applications and 
require very complex algorithms and approaches . However , environments and for detection of distances to many differ 
the inventors have realized that for many scenes , a low 30 ent objections . 
complexity identification of specific image objects corre As an example , the approach may be used to determine a 
sponding to ghost images of specific objects is possible even distance to a car . E.g. the described principles could be used 
after such blurring , and that detection of such image objects in a speed camera designed to operate e.g. in a country road 
can be used to determine a distance to an object . The during the hours of darkness . In this case , when a car 
approach works particularly well when a sparse image can 35 approaches , the camera will be presented with a scene that 
be generated where the specific image objects stand out . is mostly dark except for the headlights of the approaching 
Such sparse images can e.g. be generated by the scene being car . These headlights can due to the coded aperture create 
a suitable scene ( e.g. with the only bright elements being of ghost images in a captured image . The ghost images can be 
the relevant object ( such as headlights of a car in the dark ) , identified simply by searching for bright image objects and 
by specific illumination ( such as coaxial illumination to 40 the displacement determined from the identified objects can 
generate bright eyes ) or by compensation of the captured be used to calculate the distance to the car . If two ( or more ) 
image ( e.g. by using a dark pupil image ) , or of course by a images are captured with a known time difference , the 
combination of these approaches . Indeed , in some embodi corresponding distances can be calculated and the speed of 
ments , the approach may be used in an application where it the car can be calculated therefrom . 
is only assumed that the scene can result in a sparse image . 45 The apparatus is particularly suitable for use in applica 
If the scene meets this assumption , the algorithm will tions wherein the scene is such that the ghost images of the 
provide reliable results ( e.g. when detecting headlights in the desired image have optical characteristics that differentiate 
dark ) . If the scene does not meet the assumption ( e.g. for the substantially from the other components of the scene . 
same scene during the day and with headlights switched off ) , In particular , the scene may be passively controlled , such 
the algorithm may not be able to provide accurate estimates . 50 as limiting the operation of the speed camera to the hours of 
However , in many applications , this may be acceptable , i.e. darkness . However , in other embodiments , the system may 
a low complexity algorithm that sometimes ( but not always ) comprise a light source which illuminates the scene in such 
provides reliable estimates may be fully acceptable . a way that the radiated light emphasizes the optical charac 

In many scenarios and embodiments , the system may be teristic of the object , and specifically such that the difference 
designed such that the image objects corresponding to the 55 between the optical characteristic of the object and optical 
specific object ( e.g . pupil ) will be disjoint / non - overlapping characteristics of other elements ( e.g. background ) in the 
image objects ( e.g. for a given distance range ) . This will scene is increased . 
substantially facilitate the detection as well as the determi This may for example be achieved by the positioning of 
nation of the displacement between the image objects . the light source . For example , as previously described , the 

However , in some embodiments , the image objects may 60 light source may be positioned on the optical axis of the 
be allowed to overlap ( e.g. even within the operating dis camera such that reflection of the retina is achieved to 
tance range in which the apparatus required to function ) . generate brighter pupils . Another example may be to posi 
In such embodiments , the displacement may be based on tion the light source such that objects that have similar 
assumptions of the object geometry as well as the opening optical characteristics ( e.g. the same color ) as the desired 
geometry . For example , for pupils and circular openings , the 65 object are positioned in the shade . Such an approach may be 
ghost images are known to be substantially circular . There suitable for an application wherein the environment is 
fore , the detector may be arranged to search for circular sufficiently static and well known at the set - up phase . 
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In some embodiments , the frequency distribution of light characteristic of bright pupils ( i.e. the retroreflective nature 
radiated from the light source may be arranged to emphasize of the retina ) . The approach may further include other 
an optical characteristic of the object when captured by the measures that can improve operation . For example , the 
image capture device 101. For example , infrared light may lighting and / or retroreflective stickers may be specifically 
be used to create a more significant bright pupil effect . As 5 adapted to provide clearly detectable image objects . For 
another example , for an object which is substantially white , example , the illumination may be selected to have a fre 
ultraviolet light may be used to further emphasize the ghost quency distribution which matches a frequency response of 
images of the object in the captured image . In other embodi the retroreflective stickers thereby emphasizing the reflec 
ments , more subtle frequency distributions may be used to tion while attenuating the contribution from other scene 
specifically emphasize a specific chroma of the object rela- 10 objects ( or the background ) . Indeed , in some embodiments , 
tive to other objects . the warehouse may for example be in the dark except for UV 

In some embodiments , a spatial distribution may be used light that is reflected by the retroreflective stickers as visible 
to highlight objects . For example , if an approximate position light . In such scenarios , the detector 105 may simply detect 
of the object is known or assumed , the light source may be bright image areas in the captured image . 
aimed in the direction of the position with less light being 15 In the example of FIG . 15 , the scene includes three 
radiated in other directions . different industrial robots which are provided with identical 

In some embodiments , a polarization of light radiated retroreflective stickers . In this scenario , the system may 
from the light source may be used to emphasize the differ continuously track the movement of the robots 1501 , 1503 , 
entiating optical characteristic of the object in the captured 1505 , and may specifically track the movement of the 
image . For example , if the object comprises a polarizing 20 corresponding image objects in the image . The system may 
filter , the reflection may be substantially higher for correctly accordingly use this information to distinguish between the 
polarized light than the reflection of other objects . This may image objects corresponding to the different robots 1501 , 
e.g. occur when using a polarized light source illuminating 1503 , 1505 . 
a reflector . A perfect mirror wouldn't alter the polarization of In other embodiments , scene objects may be provided 
light while all other diffusively reflecting surfaces would . 25 with elements having different optical characteristics . Thus , 

In some embodiments , one or more objects to which the a plurality of scene objects may be detected for distance 
distance is to be detected may be provided with a feature that determination with differentiation being provided by a dif 
provides a particular optical characteristic which can be ferentiation of the optical characteristic . For example , the 
detected in the captured image . This may allow detection of retroreflective stickers may be provided with different pat 
the image objects corresponding to the ghost images gen- 30 terns that can still be differentiated after the blurring caused 
erated by the coded aperture . For example , specific light by the coded aperture and non - focus plane imaging . As 
radiating or light reflecting elements may be positioned on another example the reflective stickers may have different 
objects , and the system may be arranged to detect the shapes that can be detected in the resulting image objects of 
corresponding image objects in the captured image . the ghost images . Such an approach may allow the system 
As a specific example , the system may be used in an 35 to not only detect a distance to a scene object but to also 

application wherein industrial robots are used in a ware identify the scene object out of a plurality of scene objects 
house . The industrial robots may be arranged to move being measured . 
( freely or on tracks ) within the warehouse to select and pick In some embodiments , the optical element providing a 
up specific items which are then moved to other specific distinguishable property to the scene object may be an active 
positions . Specifically , orders may be automatically packed 40 light source rather than a passive or reflective light source . 
using industrial robots arranged to pick the items corre For example , the industrial robots 1501 , 1503 , 1505 may be 
sponding to the order from their individual storage position provided with a static or flashing light source , such as a 
in the warehouse . In such applications , it is important to single Light Emitting Diode ( LED ) , or e.g. an array of 
keep track of the robot's positions and this may be achieved LEDs . Further , the light sources may specifically be 
by using one or more devices corresponding to that of FIG . 45 arranged to provide properties that improve or facilitate the 
1 . detection . For example , infrared or ultraviolet light sources 

As a specific example , FIG . 15 illustrates a scenario may be provided , or light sources with e.g. a specific color 
wherein three industrial robots 1501 , 1503 , 1505 are posi can be used to provide easier detection . For example , each 
tioned within a scene surveyed by an image capture device of the industrial robots 1501 , 1503 , 1505 of FIG . 5 may be 
101 according to the system of FIG . 1. In the example , each 50 provided with a LED array of different colors . E.g. the first 
of the three industrial robots 1501 , 1503 , 1505 are provided robot 1501 may be provided with a red LED array , the 
with a reflecting element 1507 , 1509 , 1511 which in the second robot 1503 may be provided with a green LED array , 
specific example may be retroflective stickers attached to the and the third robot 1505 may be provided with a yellow LED 
individual robots . The warehouse may be illuminated by array . Such an approach may ( in particular in an otherwise 
light that will be reflected by the reflecting elements 1507 , 55 dark environment ) allow for a very simply yet reliable 
1509 , 1511 causing these to stand out very clearly in the detection of image objects corresponding to the ghost 
captured images . As a result , the image objects correspond images , and may further allow differentiation between the 
ing to the reflective elements 1507 , 1509 , 1511 can easily be industrial robots . 
detected in the captured image and the displacement It will be appreciated that the different properties 
between corresponding ghost images can be measured 60 described with respect to illumination of a scene to provide 
resulting in a determination of the distance to the reflective easily detectable image objects may equally be used with a 
elements 1507 , 1509 , 1511 ; and thus to the industrial robots reflective or active light source . For example , a polarized 
1501 , 1503 , 1505 . light source or polarized reflector may be used with a 

The retroreflective stickers may thus provide an optical polarization filter in front of the coded aperture . This may 
characteristic that makes detection of corresponding image 65 attenuate light from other elements while allowing light 
objects much easier and more reliable . The approach may in from the desired optical elements to pass through substan 
many ways be similarly to the approach of exploiting the tially un - attenuated . As another example , different colors or 
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patterns may be used to provide detectable and distinguish unaware of the system , and sees natural 3D ( e.g. not just 
able properties of the image objects corresponding to the static viewer 1605 , but also walking around viewer 1610 , 
ghost images . e.g. in a videoconferencing system , or game with motion 

It will be appreciated that a plurality of distance deter behavior interaction ) . Again , one may use a camera 1602 
mining devices may be used . For example , devices may be 5 with smartly chosen aperture pattern to easily split the 
positioned on perpendicular walls of the warehouse thereby information depending on distance of the viewer's eyes , and 
allowing distance to be determined along perpendicular the position of the eye patterns can be used to determine e.g. 
axes . This may allow determination of specific positions of orientation . In particular one can think up aperture patterns 
the industrial robots in the warehouse . or other mappings to functions in the image plane ( e.g. via 
As yet another example , the detectable optical character- 10 a variable aperture with e.g. an LCD or quickly changing 

istic may be an attenuation or blocking of light rather than shutter etc ) with allow more precise pose determination in 
an active or passive light radiation . For example , a conveyer addition to geometrical determination relating to distance . 
belt may be located in front of a light radiating wall . Thus , Typically connected to the camera there will be an infrared 
the light radiating wall may provide a backlight that can be illumination source 1603. It should be understood that the 
blocked by items positioned on the conveyer belt . A distance 15 present system can also be used in a user interface system , 
determining device as described may be positioned in front e.g. portable device 1630 may contain infrared reflection 
of the conveyor belt and aimed towards the backlight . Items structures such as retroreflecting patterns , and therewith the 
on the conveyor belt will block the backlight resulting in 3D positioning of that device may be determined , and used 
dark image objects corresponding to the ghost images of the in software depending thereon , such as control or gaming 
dark objects in the captured scene . 20 software etc. Of course also this portable device may com 
As another example , the approach may be used to deter prise a similar camera system . E.g. typically one or more 

mine positions of multiple points of an object . For example , such camera - based apparatuses embodiments of the present 
when motion capturing an actor for e.g. a game or a virtual invention may be connected to the display , e.g. in the middle 
movie , an actor may be provided with a number of elements of its upper part , e.g. via an electrical connection to connect 
that are tracked in the captured image . For example , a sticker 25 a separate apparatus , and a mechanical fixating system . 
may be provided on relevant positions on the actor's arms , It will be appreciated that the above description for clarity 
legs , torso etc. A video capture of the actor performing has described embodiments of the invention with reference 
movements then allows a virtual model to be generated that to different functional circuits , units and processors . How 
closely matches the actor's movements . Further , by provid ever , it will be apparent that any suitable distribution of 
ing these elements as e.g. reflective elements , a distance 30 functionality between different functional circuits , units or 
determining device as described may detect the distance to processors may be used without detracting from the inven 
the reflective elements thereby allowing the video capture to tion . For example , functionality illustrated to be performed 
be enhanced by depth information derived from the distance by separate processors or controllers may be performed by 
determining device . Thus , improved motion capture can be the same processor or controllers . Hence , references to 
achieved . 35 specific functional units or circuits are only to be seen as 

As will be appreciated , the approach may allow for a references to suitable means for providing the described 
significantly reduced complexity and may provide a highly functionality rather than indicative of a strict logical or 
advantageous approach for determining distances . Indeed , physical structure or organization . 
the approach is particularly suited for many different The invention can be implemented in any suitable form 
machine vision systems and applications . 40 including hardware , software , firmware or any combination 

It will be appreciated that the described principles can be of these . The invention may optionally be implemented at 
used in many different applications and scenarios . For least partly as computer software running on one or more 
example , the approach may be used to estimate a position of data processors and / or digital signal processors . The ele 
a human where e.g. the position of the image objects in the ments and components of an embodiment of the invention 
captured image can be used to determine the position in the 45 may be physically , functionally and logically implemented 
plane parallel to the image plane whereas the position in the in any suitable way . Indeed the functionality may be imple 
direction orthogonal thereto is based on the described depth mented in a single unit , in a plurality of units or as part of 
estimation . Such an approach may e.g. be useful for appli other functional units . As such , the invention may be imple 
cations such as monitoring systems for elderly or hospital mented in a single unit or may be physically and functionally 
wards , adaptive lighting systems capable of dimming locally 50 distributed between different units , circuits and processors . 
to save energy or change beam shapes and spectral signa Although the present invention has been described in 
tures to increase comfort . The precise position of human connection with some embodiments , it is not intended to be 
eyes , in particular , can be of interest for display purposes limited to the specific form set forth herein . Rather , the scope 
where the view provided is adapted to the detected eye of the present invention is limited only by the accompanying 
position , for example to provide optimal views to both eyes 55 claims . Additionally , although a feature may appear to be 
for 3D imaging or to create a private view in the direction described in connection with particular embodiments , one 
of the nearest pair of eyes while shielding the view in other skilled in the art would recognize that various features of the 
directions . described embodiments may be combined in accordance 

FIG . 16 illustrates an exemplary usage scenario in a 3D with the invention . In the claims , the term comprising does 
rendering system using an autostereoscopic display 1601. 60 not exclude the presence of other elements or steps . 
For accurate 3D rendering on such a system , it is useful to Furthermore , although individually listed , a plurality of 
have information on pose and distance of the viewer's head , means , elements , circuits or method steps may be imple 
not only to potentially create a new 3D rendering , but to mented by e.g. a single circuit , unit or processor . Addition 
create new image view projections 1620 , 1621 via a len ally , although individual features may be included in differ 
ticular screen . In particular the head motion should be 65 ent claims , these may possibly be advantageously combined , 
tracked very quickly , so that the view projections can always and the inclusion in different claims does not imply that a 
be immediately compensated , and the viewer is actually combination of features is not feasible and / or advantageous . 
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Also the inclusion of a feature in one category of claims does arranged to compensate the first image for the second image 
not imply a limitation to this category but rather indicates prior to detecting the two image objects . 
that the feature is equally applicable to other claim catego 4. The apparatus of claim 3 , wherein the light source is 
ries as appropriate . Furthermore , the order of features in the positioned substantially on an optical axis of the image 
claims do not imply any specific order in which the features 5 capture device ; and the apparatus includes a light source 
must be worked and in particular the order of individual controller arranged to switch on the light source for the first 
steps in a method claim does not imply that the steps must image and to switch off the light source for the second 
be performed in this order . Rather , the steps may be per image . 
formed in any suitable order . In addition , singular references 5. The apparatus of claim 2 , wherein the two image 
do not exclude a plurality . Thus references to “ a ” , “ an " , 10 objects correspond to a first pupil of a person , wherein the 
" first ” , “ second ” etc do not preclude a plurality . Reference detector is arranged to detect an additional two image 
signs in the claims are provided merely as a clarifying objects in the image corresponding to ghost images of a 
example shall not be construed as limiting the scope of the second pupil of the person produced by the openings of the 
claims in any way . coded aperture , and wherein the distance estimator is 

15 arranged to determine the distance in response to a displace 
The invention claimed is : ment in the image of the additional two image objects . 
1. An apparatus , comprising : 6. The apparatus of claim 2 , 
an image capture device , wherein the image capture wherein the two image objects correspond to a first pupil 

device having a coded aperture and an image sensor , 
wherein the image sensor is disposed out of a focal 20 wherein the detector is arranged to detect an additional 

plane for a scene object which is present together two image objects in the image corresponding to ghost 
with a background in a scene which is imaged by the images of a second pupil of the person produced by the 
image capture device , openings of the coded aperture , and 

wherein the coded aperture is formed by two disjoint wherein the distance estimator is arranged to determine an 
openings , orientation of a head of the person in response to a 

wherein each opening has a zone plate pattern , difference between the displacement in the image of the 
wherein the two disjoint openings produce two corre two image objects and a displacement in the image of 

sponding image objects at the image sensor , and the additional two image objects . 
wherein the two image objects correspond to ghost 7. The apparatus of claim 1 , wherein the two image 

images of the scene object ; 30 objects are disjoint image objects . 
a receiver , wherein the receiver is configured to receive an 8. A system comprising : 
image of the scene from the image sensor of the image an image capture device having a coded aperture and an 
capture device ; image sensor , wherein the image sensor is disposed out 

a detector , wherein the detector is configured to : of a focus plane for a scene object which is present 
search the image of the scene to identify image areas 35 together with a background in a scene which is imaged 
which have at least one image characteristic corre by the image capture device , wherein the coded aper 
sponding to one or more optical characteristics of the ture is formed by two openings , and 
scene object , wherein the one or more optical char wherein the two openings produce two corresponding 
acteristics include a radiation characteristic of the image objects at the image sensor , wherein the two 
scene object towards the image capture device , and 40 image objects correspond to ghost images of the scene 

detect , in the identified image areas of the image , the object ; 
two image objects , based on a presence in the a receiver , wherein the receiver is configured to receive an 
identified image areas of the at least one image image of a scene from the image sensor ; 
characteristic corresponding to one or more optical a detector , wherein the detector is configured to : 
characteristics of the scene object ; identify image areas of the image which have at least 

a distance estimator , wherein the distance estimator is one image characteristic corresponding to one or 
configured to determine a distance to the scene object more optical characteristics of the scene object , 
in response to a displacement in the image of the two wherein the one or more optical characteristics 
image objects , and include at least one of a color , a brightness , and a 

a light source for illuminating the scene , the light source 50 pattern of the scene object ; and 
having a characteristic arranged to emphasize the one detect , in the identified image areas of the image , the 
or more optical characteristics of the scene object such two image objects based on a presence in the iden 
that a difference between the one or more optical tified image areas of the at least one image charac 
characteristics of the scene object and background teristic corresponding to the one or more optical 
optical characteristics of the background is increased , 55 characteristics of the scene object ; 

wherein the apparatus is arranged to determine the dis a distance estimator , wherein the distance estimator is 
placement in the image of the two image objects in configured to determine a distance to the scene object 
response to an interference pattern produced by the in response to a displacement in the image of the two 
zone plate patterns of the two openings . image objects ; and 

2. The apparatus of claim 1 , wherein the image is a bright 60 a light source , wherein the light source is configured to 
pupil image of an eye , and the one or more optical charac illuminate the scene , wherein the light source has a 
teristics includes a characteristic of light retroreflected by a characteristic arranged to emphasize the one or more 
retina of the eye towards the image capture device . optical characteristics of the scene object . 

3. The apparatus of claim 2 , wherein the image is a first 9. The system of claim 8 , further comprising an optical 
image and wherein the receiver is arranged to receive a 65 element for attaching to the scene object , the detector being 
second image of the scene from the image sensor , the second arranged to detect the two image objects in response to an 
image being a dark pupil image ; and wherein the detector is optical property of the optical element . 
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10. A method comprising : determining a displacement in the captured image of the 
Illuminating , by light source , a scene having a scene two image objects in response to an interference pattern 
object together with a background , wherein the light produced by the zone plate patterns of the two open 
source has a characteristic arranged to emphasize an ings ; and 
optical characteristic of the scene object in comparison 5 determining a distance to the scene object in response to 
to a background characteristic of the background ; the displacement in the captured image of the at least 

capturing an image of the scene with an image capture two image objects . 
device having a coded aperture and an image sensor , 13. The apparatus of claim 1 , wherein the one or more wherein the image sensor is disposed out of a focal optical characteristics include at least one of a color , a plane for a scene object , wherein the coded aperture 10 

is formed by two openings , brightness , and a pattern of the scene object . 
14. The system of claim 8 , wherein each opening has an wherein the two openings produce in the captured interferometric pattern . image two corresponding image objects in the cap 

tured image , and 15. The system of claim 8 , wherein the image is a bright 
wherein the two image objects correspond to ghost 15 pupil image of an eye , and the one or more optical charac 

images of the scene object ; teristics includes a characteristic of light retroreflected by a 
receiving at a receiver the captured image of the scene retina of the eye towards the image capture device . 

from the image sensor of the image capture device ; 16. The system of claim 15 , 
identifying image areas of the captured image which have wherein the image is a first image , and 

an image characteristic corresponding to the optical 20 wherein the receiver is arranged to receive a second image 
characteristic of the scene object , wherein the optical of the scene from the image sensor , 
characteristic is one of a color , a brightness , and a wherein the second image is a dark pupil image , and 
pattern of the scene object ; wherein the detector is arranged to compensate the first 

detecting by a detector the two image objects in the image for the second image prior to detecting the two 
identified image areas of the captured image based on 25 image objects . 
a presence in the identified image areas of the image 17. The system of claim 16 , 
characteristic corresponding to the optical characteris wherein the light source is positioned substantially on an 
tic of the scene object ; and optical axis of the image capture device , and determining by a distance estimator a distance to the wherein the apparatus includes a light source controller scene object in response to a displacement in the 30 arranged to switch on the light source for the first image captured image of the two image objects . and to switch off the light source for the second image . 11. An autostereoscopic display system , comprising an 18. The system of claim 15 , apparatus of claim 1 . wherein the two image objects correspond to ghost 12. A computer - readable storage - medium that is not a 

transitory propagating signal or wave , the medium contain- 35 images of a first pupil of a person , 
ing control information for controlling a method for oper wherein the detector is further arranged to detect an 
ating an apparatus to determine a distance to a scene object additional two image objects in the image correspond 
in at least one image of a scene , the method comprising : ing to ghost images of a second pupil of the person 

illuminating by a light source , a scene having a scene produced by the openings of the coded aperture , and 
object together with a background , wherein the light 40 wherein the distance estimator is further arranged to 
source has a characteristic arranged to emphasize an determine the distance in response to a displacement in 
optical characteristic of the scene object in comparison the image of the additional two image objects . 
to a background characteristic of the background ; 19. The system of claim 15 , 

capturing an image of the scene with an image capture wherein the two image objects correspond to ghost 
device having a coded aperture and an image sensor , images of a first pupil of a person , 
wherein the image sensor is disposed out of a focal wherein the detector is further arranged to detect an 

plane for a scene object , additional two image objects in the image correspond 
wherein the coded aperture is formed by two openings , ing to ghost images of a second pupil of the person 
wherein each opening has a zone plate pattern , and produced by the openings of the coded aperture , and wherein the two openings produce in the captured 50 wherein the distance estimator is further arranged to image two corresponding image objects in the cap determine an orientation of a head of the person in tured image , and 
wherein the two image objects correspond to ghost response to a difference between the displacement in 

the image of the at least two image objects and a images of the scene object ; displacement in the image of the additional at least two receiving at a receiver the captured image of the scene 55 
from the image sensor of the image capture device ; image objects . 

identifying image areas of the captured image which have 20. The system of claim 8 , wherein the two image objects 
are disjoint image objects . an image characteristic corresponding to the optical 

characteristic of the scene object ; 21. The method of claim 10 , wherein each opening has an 
interferometric pattern . detecting by a detector the two image objects in the 60 

identified image areas of the captured image based on 22. The computer - readable storage - medium of claim 12 , 
a presence in the identified image areas of the image wherein the optical characteristic is one of a color , a bright 
characteristic corresponding to the optical characteris ness , and a pattern of the scene object . 
tic of the scene object 
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