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HOLOGRAPHIC LIGHT FIELD IMAGING 
DEVICE AND METHOD OF USING THE 

SAME 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This patent application is a continuation of U.S. 
application Ser . No. 15 / 288,728 , filed on Oct. 7 , 2016 , which 
claims the benefit of U.S. Provisional Patent Application No. 
62 / 239,799 , filed on Oct. 9 , 2015 , titled “ Holographic Light 
Field Imaging Device And Method Of Using The Same , " by 
inventors Ryan Althoff Damm and Kris Somboon Chaisan 
guanthum . The entire teachings of the above applications are 
incorporated herein by reference . 

FIELD OF USE 

[ 0002 ] The present disclosure relates generally to imaging 
devices , and more specifically , to imaging devices that 
capture a holographic light field . 

BACKGROUND 
[ 0003 ] Traditional cameras only capture imagery from a 
single , fixed perspective the location of the camera lens's 
entrance window , which is the image of the aperture through 
the front of the lens . Light enters the camera lens , passes 
through the aperture , and forms an image , generally on a 
light - sensitive medium that records the image . Each pixel or 
region in the resulting recorded image represents all the light 
collected at that point on the sensor or film , and creates an 
image from the perspective of the lens's aperture . 
[ 0004 ] In order to serve multiple views as required for 
virtual reality , augmented reality , or holographic displays ) , 
the source imagery must contain multiple perspectives . One 
approach to capturing multiple perspectives may be to 
utilize an array of cameras , for example , each capturing a 
single perspective . Interpolating the view between cameras , 
however , may produce errors and may fail to capture specu 
larity and proper parallax . Importantly , any approach that 
utilizes multiple camera lenses will under - sample and alias 
the light field , because the cameras are not continuous and 
the lens's apertures block out some of the light . There is an 
unfortunate tradeoff between fidelity of the light field recon 
struction and the number of cameras required to capture the 
light field , and holographic imaging with arrays of cameras 
is impractical with today's camera technology . Additionally , 
other drawbacks to array - based capture solutions include 
high data rates , the requirement to synchronize camera 
elements , and the like . 
[ 0005 ] Thus , there is a need for a device and method for 
capturing a holographic light field . The device may be an 
imaging device that seeks to sample the entire light field 
all or most of the light that strikes an extended surface — in 
order to recreate any possible view that may be seen through 
that surface . A light field generally represents a large amount 
of potential data , although the light field may be substan 
tially redundant . Preferably , this imaging device may opti 
cally alter a light field in order to capture it with significantly 
less data and reconstruct it with little to no error while 
sampling the entire light field . 

upon reading and understanding the present specification , 
the present specification discloses a new and improved 
holographic light field imaging device . 
[ 0007 ] One embodiment may be a holographic light field 
imaging device comprising : a refractive surface ; one or 
more occluding masks ; a dielectric spacer ; a diffuser ; a relay 
lens ; and an area scan digital light sensor . The refractive 
surface and occluding masks convolve the incident light 
field with a measurement function , and the resulting image 
captured by the light sensor represents a statistical sampling 
of the light field . The image itself is not photographic ; it 
cannot be viewed directly as a meaningful image . Instead , it 
is the raw material for an algorithmic reconstruction , which 
effectively inverts the convolution and dimension - reducing 
projection of the optics , to recover a representation of the 
original light field . This is only possible because light fields 
are substantially redundant . 
[ 0008 ] It is known that light field data is highly redundant , 
and therefore compressible . One object of this light field 
imaging device is to move this compression step into the 
optics , performing compression cheaply in the analog 
domain , and allowing for digital reconstruction in software . 
Naturalistic light fields are known to have sparse ( in a 
mathematical sense ) descriptions , such as wavelet or spatial 
frequency domains . This is intuitive in view of how little a 
given scene changes as you move your perspective . This is 
also why array cameras are relatively inefficient at light field 
capture : the adjacent cameras are capturing a substantially 
similar view of the scene . The pixels in the image from each 
camera in the array are highly correlated with each other and 
with those of adjacent cameras , making them relatively 
redundant measurements . Correlated measurements are nec 
essarily capturing less new information about the signal . By 
transforming the light field with the optics , this present 
imaging device allows each pixel on a single sensor to be 
more statistically independent of the other pixels , resulting 
in a much more efficient sampling of the light field . 
[ 0009 ] Each pixel in the resulting compressed image rep 
resents a substantially independent measurement of the 
scene . The entropic image on the digital sensor can then be 
used as the input to a reconstruction algorithm , which uses 
each independent measurement to recover the sparse signal . 
The reconstruction algorithm may be an optimization over 
both the entropic image data and the sparsity of the recov 
ered signal . In other words , the algorithm attempts to find the 
signal that best reflects the entropic image while imposing 
the constraint that the signal obey known statistics of 
naturalistic light fields , notably their sparsity . Optimization 
algorithms may be used to solve this reconstruction prob 
lem , including , but not limited to , atomic norm minimiza 
tion , gradient descent , and stochastic gradient descent , 
among others . This reconstruction problem is well - posed 
problem : it is known mathematically that , for a sufficiently 
rich measured signal , the reconstruction obtained this way is 
asymptotically unique , and thus can be made satisfactorily 
accurate . 
[ 0010 ] It is an object to overcome the limitations of the 
prior art . 
[ 0011 ] It is an object to reduce the number of sensors 
required to image a light field and reduce aberrations due to 
the non - continuous sampling of light fields in an array of 
traditional cameras . 
[ 0012 ] One embodiment may be a holographic light field 
imaging device , comprising : at least one compression array ; 

SUMMARY 

[ 0006 ] To minimize the limitations in the cited references , 
and to minimize other limitations that will become apparent 
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at least one image sensor ; wherein light striking the at least 
one compression array creates an incident light field ; 
wherein the incident light field is passed through the at least 
one compression array , such that the incident light field is 
reduced from a four - dimension representation to a two 
dimension representation , such that a dimensionally - re 
duced light field is created ; and wherein the two - dimension 
representation of the dimensionally - reduced light field is 
recorded by the image sensor , such that one or more reduced 
two - dimensional images are created . The one or more 
reduced two - dimensional images may be processed by a 
computing device , which comprises a reconstruction algo 
rithm that inverts the one or more reduced two - dimensional 
images to reconstruct the incident light field . The at least one 
compression array may comprise a first surface ; wherein the 
first surface may be a refractive surface that exhibits locally 
positive curvature to increase a spatial entropy of the dimen 
sionally - reduced light field . The first surface may project the 
incident light field to increase the spatial entropy of the 
dimensionally - reduced light field . The first surface may 
comprise one or more diffractive - scale features to transform 
the incident light field to increase the spatial entropy of the 
dimensionally - reduced light field . A first surface of the at 
least one compression array may alternatively be substan 
tially flat and constructed of a transparent dielectric material . 
The reconstruction algorithm may reconstruct the incident 
light field in or via a sparse basis . The sparse basis may be 
constructed from one or more of the following bases , 
consisting of : a Fourier domain ; a wavelet domain ; and a 
sparse dictionary . The at least one compression array may 
comprise a substantially random pattern of occlusions . The 
substantially random pattern of occlusions may be described 
by an emissions matrix that informs a reconstruction algo 
rithm . 

rithm may reconstruct the incident light field in a sparse 
basis . The sparse basis may be selected from one or more of 
the following bases , consisting of : the Fourier domain ; a 
wavelet domain ; a sparse dictionary ; or a hybrid approach 
that combines bases . The one or more components of the 
compression array may be selected with the purpose of 
selectively transforming the incident light field in a calcu 
lable way . The one or more encoding masks may comprise 
a substantially random pattern of occlusions , wherein the 
substantially random pattern of occlusions may be described 
by an emissions matrix that informs the reconstruction 
algorithm . The transforming of the incident light field may 
be selected from the group of transformations consisting of 
at least one of : attenuation , refraction , diffraction , and occlu 
sion . The first surface has a diameter that may be greater 
than 0.75 meters and does not have an objective lens . The 
compression array may further comprise a diffuser . The 
image sensor may comprise a relay lens and a digital light 
sensor . The diffuser may scatter the dimensionally - reduced 
light field in a substantially random manner , such that a 
diffused and dimensionally - reduced light field may be cre 
ated . The relay lens may relay the diffused and dimension 
ally - reduced light field to the digital light sensor . 
[ 0014 ] Another embodiment of the device may be a holo 
graphic light field imaging device , comprising : at least one 
compression array ; at least one image sensor ; at least one 
housing ; wherein the at least one compression array may 
comprise one or more encoding masks , one or more dielec 
tric spacers , a diffuser , and a refractive surface ; wherein light 
striking the refractive surface may create an incident light 
field ; wherein the incident light field may be passed through 
the one or more encoding masks and one or more dielectric 
surfaces , such that the incident light field may be reduced 
from a four - dimension representation to a two - dimension 
representation , such that a dimensionally - reduced light field 
may be created ; wherein the refractive surface may comprise 
a locally - positive curvature to increase a spatial entropy of 
the dimensionally - reduced light field ; wherein the diffuser 
may scatter the dimensionally - reduced light field in a sub 
stantially random manner , such that a diffused and dimen 
sionally - reduced light field may be created ; wherein the 
image sensor comprises a relay lens and a digital light 
sensor ; wherein the relay lens relays the diffused and dimen 
sionally - reduced light field to the digital light sensor ; 
wherein the housing may substantially prevent stray light 
from being relayed to the digital light sensor ; wherein the 
two - dimension representation of the diffused and dimen 
sionally - reduced light field may be recorded by the digital 
light sensor , such that one or more reduced two - dimensional 
images may be created ; and wherein the one or more 
reduced two - dimensional images may be processed by a 
computing device , which may comprise a reconstruction 
algorithm that inverts the one or more reduced two - dimen 
sional images to reconstruct the incident light field . The at 
least one compression array may be two or more compres 
sion arrays and the at least one image sensor may be one 
image sensor . The at least one compression array may be one 
compression array and the at least one image sensor may be 
two or more image sensors . The holographic light field 
imaging device may be combined with one or more holo 
graphic light field imaging devices of a similar design . 
[ 0015 ] Other features and advantages inherent in the sys 
tem and method for holographic light field capture claimed 

[ 0013 ] One embodiment of the device may be a holo 
graphic light field imaging device , comprising : at least one 
compression array ; at least one image sensor ; wherein the at 
least one compression array may comprise one or more 
encoding masks and a first surface ; wherein light striking the 
first surface may create an incident light field ; wherein the 
incident light field may be passed through the one or more 
encoding masks , such that the incident light field may be 
reduced from a four - dimension representation to a two 
dimension ( i.e. , planar image ) representation , such that a 
dimensionally - reduced light field may be created ; wherein 
the two - dimension representation of the dimensionally - re 
duced light field may be recorded by the image sensor , such 
that one or more reduced two - dimensional images may be 
created ; and wherein the one or more reduced two - dimen 
sional images may be processed by a computing device , 
which comprises a reconstruction algorithm that may invert 
the one or more reduced two - dimensional images to recon 
struct the incident light field , either in part or in whole . The 
first surface of the system may transform the incident light 
field to maximize a spatial entropy of the dimensionally 
reduced light field . The first surface may be substantially flat 
and constructed of a transparent dielectric material . The 
transparent dielectric material may be glass or plastic . The 
first surface may be a refractive surface that exhibits locally 
positive curvature to increase the spatial entropy of the 
dimensionally - reduced light field . The first surface may 
comprise one or more diffractive - scale features to transform 
the incident light field to increase the spatial entropy of the 
dimensionally - reduced light field . The reconstruction algo 
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DETAILED DESCRIPTION OF THE DRAWINGS and disclosed will become apparent to those skilled in the art 
from the following detailed description and its accompany 
ing drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0016 ] The drawings show illustrative embodiments , but 
do not depict all embodiments . Other embodiments may be 
used in addition to or instead of the illustrative embodi 
ments . Details that may be apparent or unnecessary may be 
omitted for the purpose of saving space or for more effective 
illustrations . Some embodiments may be practiced with 
additional components or steps and / or without some or all 
components or steps provided in the illustrations . When 
different drawings contain the same numeral , that numeral 
refers to the same or similar components or steps . 
[ 0017 ] FIG . 1 is an illustration of one embodiment of the 
holographic light field imaging device . 
[ 0018 ] FIG . 2 is a flow block diagram of one embodiment 
of the method of using the holographic light field imaging 
device . 
[ 0019 ] FIG . 3 is an illustration of one embodiment of a 
compression array and top surface of one embodiment of a 
holographic light field imaging device . 
[ 0020 ] FIG . 4 is an illustration of one embodiment of a 
holographic light field imaging device with a housing 
[ 0021 ] FIG . 5 is an illustration of a cross - section view of 
one embodiment of a holographic light field imaging device . 
[ 0022 ] FIG . 6 is an illustration of an inward facing 
arrangement of several of the holographic light field imaging 
devices . 
[ 0023 ] FIG . 7 is an illustration of an outward facing 
arrangement of several of the holographic light field imaging 
devices . 
[ 0024 ] FIG . 8 is an illustration of an outward facing 
omni - directional arrangement of several of the holographic 
light field imaging devices . 
[ 0025 ] FIG . 9a is an illustration of a scene , and FIG . 9b is 
an illustration that shows that the collection of all the light 
from the scene is a light field . 
[ 0026 ] FIG . 10a is an illustration of light rays from the 
scene being incident on the surface of one embodiment of a 
holographic light field imaging device , and FIG . 10b is a 
representation of the input light field thereof . 
[ 0027 ] FIG . 11a is an illustration of a surface of a com 
pression array of one embodiment of a holographic light 
field imaging device , and FIG . 11b shows how the light field 
may be shuffled as it passes through the refractive or 
diffractive surface . 
[ 0028 ] FIG . 12a is an illustration of one embodiment of 
two masks of one embodiment of a holographic light field 
imaging device that the light rays pass through , and FIG . 12b 
shows how the light field passing through the compression 
array is encoded with a pattern of dark spots where the light 
has been blocked . 
[ 0029 ] FIG . 13a is an illustration of one embodiment of a 
diffuser of the compression array of one embodiment of a 
holographic light field imaging device , thus creating the 
entropic image shown in FIG . 13b . 
[ 0030 ] FIG . 14 is a flow block diagram of one embodiment 
of the signal flow of the holographic light field imaging 
system . 

[ 0031 ] In the following detailed description of various 
embodiments , numerous specific details are set forth in 
order to provide a thorough understanding of various aspects 
of the embodiments . However , these embodiments may be 
practiced without some or all of these specific details . In 
other instances , well - known procedures and / or components 
have not been described in detail so as not to unnecessarily 
obscure aspects of the embodiments . 
[ 0032 ] While some embodiments are disclosed here , other 
embodiments will become obvious to those skilled in the art 
as a result of the following detailed description . These 
embodiments are capable of modifications of various obvi 
ous aspects , all without departing from the spirit and scope 
of protection . The Figures , and their detailed descriptions , 
are to be regarded as illustrative in nature and not restrictive . 
Also , the reference or non - reference to a particular embodi 
ment shall not be interpreted to limit the scope of protection . 
[ 0033 ] In the following description , certain terminology is 
used to describe certain features of one or more embodi 
ments . For purposes of the specification , unless otherwise 
specified , the term “ substantially ” refers to the complete or 
nearly complete extent or degree of an action , characteristic , 
property , state , structure , item , or result . For example , in one 
embodiment , an object that is “ substantially ” located within 
a housing would mean that the object is either completely 
within a housing or nearly completely within a housing . The 
exact allowable degree of deviation from absolute complete 
ness may in some cases depend on the specific context . 
However , generally speaking , the nearness of completion 
will be so as to have the same overall result as if absolute and 
total completion were obtained . The use of “ substantially ” is 
also equally applicable when used in a negative connotation 
to refer to the complete or near complete lack of an action , 
characteristic , property , state , structure , item , or result . 
[ 0034 ] As used herein , the terms “ approximately ” and 
“ about " generally refer to a deviance of within 5 % of the 
indicated number or range of numbers . In one embodiment , 
the term “ approximately ” and “ about ” , may refer to a 
deviance of between 1-10 % from the indicated number or 
range of numbers . 
[ 0035 ] As used herein , the term “ entropic image ” refers to 
a non - photographic image that is substantially entropy 
increasing , i.e. , the individual pixels or regions in the image 
show a lower correlation with one another across the holo 
graphic signal space than pixels in a traditional image . The 
entropic image might look like a noisy , blobby image for 
most input light fields . Preferably , the pixels in the entropic 
image may be arbitrary combinations of light field measure 
ments . High - fidelity light field reconstruction is encouraged 
by optical stack design , e.g. , one designed to generate higher 
entropy images ( in the information theoretic sense ) . 
[ 0036 ] As used herein , " input light field ( s ) ” refers to the 
incident light across the incident ( typically refractive ) sur 
face of the compression array . The input light field is the set 
of all light rays that are incident on the front surface that are 
desired to sampled ( some of the light is rejected that is 
outside the desired field of view ; those light rays are 
generally not part of the input light field ) . 
[ 0037 ] As used herein , the term “ holographic signal 
space ” refers to the vector space that contains all possible 
input light field signals . Although a rasterized planar image 
is two - dimensional , the dimension of the image space is the 
resolution of the image , as the vector representing an image 
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describes each pixel as a separate ( mathematical ) dimension . 
This signal - processing definition of ‘ dimension ' is distinct 
from spatial and angular dimensions , and the use should be 
apparent from context . In the analog regime , the holographic 
signal space is a very large space . Preferably its dimension 
ality is bounded because of assumptions around band - limits 
on the input , and generally represents any value a holo 
graphic light field could take ( and not merely naturalistic 
ones ) . The boundaries of a signal space are typically deter 
mined partly by assumptions about maximum values of the 
signal , as well as by the choice of parameterization . This 
choice of parameterization includes decisions about bounds , 
quantization , and / or rasterization , which have implications 
both for signal space size and the sparsity of a given signal's 
representation . Signal spaces are very large , and much of the 
signal space corresponds to uninteresting or physically 
unlikely inputs . A signal space may also be the set of all 
possible light fields ; this is a more algebraic , set - theoretic 
way of stating the above . The precise choice of rasterization 
and parameterization is not dictated by the device , and the 
reconstruction need not require rasterization to work ( i.e. , 
the reconstruction can be performed in a continuous basis ) . 
[ 0038 ] As used herein , the term “ rasterize ” or “ rasteriza 
tion ” refer to translating a continuous signal into a quantized 
signal on a grid or raster . In the case of a light field , a 
rasterized signal may comprise a series of values for each 
quantized bin in a four - dimensional flux , for example , 
parameterized as two linear spatial dimensions and two 
angular dimensions . This example is only one of many ways 
to do this . In this case , a single four - tuple might specify a ray 
bundle incident at a particular location and with a particular 
ray direction ( the angular extent of the ray bundle is implied 
by the size of the bin : how distant the next bin is in angular 
and spatial distance ) . In an entropic image or two - dimen 
sional photographic image , a “ rasterized ' signal may be one 
with two spatial dimensions , such as the ' x ' and ' y ' values 
that specify an individual pixel in a pixel - based image . 
[ 0039 ] As used herein , the term “ spatial values ” refers 
those variables that correspond to physical spatial dimen 
sions , which for example can be specified in linear mea 
surements of distance : millimeters , centimeters , or even 
pixels ( which correspond to physical locations on a sensor ) . 
For example , the ‘ x ' and y ' values in a rasterized light field 
may correspond to the location in a reference plane that the 
light field is passing through such that all light ray bundles 
that pass through the particular position x1 , yl with at any 
angle share the same spatial value at that reference plane . 
They might diverge from one another , and may have dif 
ferent spatial values at different reference planes . This 
definition is independent of parameterizations , and may 
include polar coordinates , radial coordinates , etc. without 
loss of generality . 
[ 0040 ] As used herein , the term “ angular values ” refers to 
the values of variables describing the angle of incidence of 
a ray bundle at a reference plane . These may be denoted by 
a number of different variable names ( and different param 
eterizations ) . Two common representations may be ‘ altitude 
and azimuth , ' describing angular offsets ( and which can 
correspond to latitude and longitude ) and “ two plane param 
eterization ' , in which a ray direction may be specified by 
two points on adjacent reference planes ( i.e. , the line con 
necting points ( x1 , yl ) and ( x2 , y2 ) ) . The two may be 
mathematically equivalent , and any reference to angular 
values might include any possible parameterization . 

[ 0041 ] As used herein , the terms “ compression array ” , 
" compressive stack ” , or “ optical stack ” refers to an optical 
device to manipulate an incident light field such that each 
region on a reference plane represents a dimensionally 
reduced series of independent measurements of the light 
field signal space . Any arrangement of spacers , masks , 
refractive or diffractive surfaces that manipulates the light 
field in a known and calculable way that , when paired with 
a reconstruction algorithm , can recover a reconstruction of 
the original light field , may qualify . The exact order and 
precise design of any masks , refractive surfaces , and dif 
fractive surfaces is immaterial , provided the optical path is 
properly described in the reconstruction algorithm . The 
optical stack preferably reduces the size of the signal space 
of the input light field , such that it can be described by fewer 
measurements and less data than the entire incident field . 
This may be accomplished , in one embodiment , by a diffu 
sive surface , which projects the four - dimensional light field 
into a two - dimensional entropic image . The other optical 
manipulations preferably occur in the light path preceding 
the diffusive surface , and serve to combine rays of light into 
composite measurements at the diffusive plane . The com 
posite measurements may be a linear combination of a 
plurality of discrete ray bundles , and may provide a means 
for reconstructing the light field in a sparse basis . 
[ 0042 ] As used herein , the terms “ mask ” , “ occluding 
mask ” , and / or “ encoding mask ” refer to a structure , typically 
made from ink , liquid crystal ( for time - varying masks ) , or 
other occlusive media that can absorb light , and that may 
have a random or pseudo - random pattern of occlusions . The 
occlusions may be described by an emissions matrix that 
informs the reconstruction algorithm , which is the algorithm 
used to reconstruct the four dimensional light field from the 
two dimensional recorded image . The mask may be time 
varying . The mask pattern may be dynamically determined 
by an on - the - fly basis and / or based on a plurality of inputs , 
including subject matter and bandwidth requirements . The 
mask may be attenuating , in that it reduces the light field 
passing through a given obstruction rather than eliminating 
it entirely . The mask may be occlusive , in that it blocks part 
of the light field , and may operate on different wavelengths 
differently ( in other words , the various parts of the stack may 
be dispersive , in the optical sense of the word , or may have 
bandpass , low - pass , or high - pass characteristics ) . 
[ 0043 ] As used herein , the term “ sparse basis ” refers to a 
choice of signal representation wherein signals of interest 
( naturalistic light fields ) can be represented by a relatively 
small number of non - zero values . Among different bases that 
describe the same ( size ) signal space , often , some bases 
represent signals of particular interest with a smaller amount 
of data . This fact of sparse representations underlies much of 
modern image compression , which is why traditional , two 
dimensional images and video can be compressed more than 
arbitrary data . The sparse basis may live in a Hilbert space 
( or an infinite - dimensional Hilbert space ) . 
[ 0044 ] FIG . 1 is an illustration of one embodiment of the 
lens array , and one embodiment of the image sensor for the 
holographic light field imaging device . As shown in FIG . 1 , 
one embodiment of the optical compression array 100 may 
comprise : a refractive surface 1 , occluding mask 2 , dielectric 
spacer 3 , second occluding mask 4 , dielectric spacer 5 , and 
diffuser 6. The refractive surface 1 may exhibit local positive 
curvature to increase the independence of each measure 
ment , though this is not required . The refractive surface 1 
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may also function diffractively without loss of generality . 
FIG . 1 also shows that the image sensor 200 may comprise 
a relay lens 7 and an area scan digital light sensor 8. The 
relay lens 7 and an area scan digital light sensor 8 are one 
example of a device that may be used for sampling the light 
field at the back of the compressive array 100 , sometimes 
referred to as a compressive stack . The diffuser 6 scatters the 
light so that the relay lens 7 and area scan digital light sensor 
8 to avoid limitations of etendue . There may be as few as one 
mask 4 or more than three masks 4. Preferably there are two 
masks 4 and an equal number of spacers 5 . 
[ 0045 ] The present holographic light field imaging device 
preferably does not have a single objective lens ; instead , it 
generally has a compressive stack of optical components to 
manipulate the wavefront in a calculable way ( typically 
referred to as the optical compression array 100 ) . Ideally the 
optical compression array 100 is usually a literal stack of 
glass and opacity masks , though it may include curved 
surfaces ( particularly the front surface ) , gaps with different 
refractive indices , or even diffractive or reflective compo 
nents . 

[ 0046 ] The refractive surface 1 of the optical compression 
array 100 may be a physically large surface that defines a 
light capture window . This extended surface 1 may be 
expressed on a scale of meters as compared to standard lens 
apertures , which are typically measured in millimeters in 
diameter . The light that strikes the extended surface 1 may 
generally be distorted , attenuated , and transformed by the 
optical compression array 100 before being integrated into a 
two - dimensional image . The preferred way for the light field 
to be integrated is usually by scattering , for example with an 
optical diffuser 6 , which may be ground glass or a holo 
graphic diffuser plate . This avoids limitations of etendue and 
the working f - number of the relay system 7 . 
[ 0047 ] The image that is then captured on the image 
sensor 200 , preferably via traditional relay optics , such as 
the relay lens 7 , by the area scan digital light sensor 8. The 
area scan digital light sensor 8 may be in direct contact with 
the compression array 100. Indeed , it is an object of the 
present system to have a configuration that optimizes the 
conversion of the average illumination that reaches the back 
of the compressive array 100 into a useable digital signal . 
[ 0048 ] The resulting digital image file that is relayed to 
and then created by the sensor 8 preferably contains an 
optically - encoded representation of the entire light field that 
strikes the refractive surface 1 , though this representation is 
transformed and is of a considerably smaller data size than 
an uncompressed representation , and requires fewer pixels 
( per solid angle ) to measure the signal . 
[ 0049 ] By sampling all the light that strikes the surface 1 , 
the present holographic light field imaging device may 
capture every possible perspective simultaneously . This is 
done by projecting the four - dimensional ( 4D ) light field 
( two dimensions of position in the window and two dimen 
sions of angular direction ) into an encoded two - dimensional 
( 2D ) image . The 2D image is not a photographic image , but 
is instead a projection of the incident light field . That 
encoded 2D image may then be captured by digital light 
sensor 8 . 
[ 0050 ] The reduction of dimensionality means the light 
field originally incident on the surface is compressed , and all 
of the theoretical four - dimensional original light fields can 
not be reconstructed without some ambiguity . But , the light 
field transformation may be accomplished such that other 

constraints on the reconstruction might lead to a perfect or 
near - perfect reconstruction of naturalistic looking scenes , 
which is primarily done by eliminating redundant informa 
tion in the compressed light field , and capturing the light 
field and information / data related to the light field in an 
efficient format . ( Note that the projection may also accom 
plish a degree of low - passing of the input light field , due to 
the finite size of the optical elements and the rasterization of 
the two - dimensional recording device . This low - passing is 
desirable , and places bounds on the size of the recovered 
signal at the expense of very high frequency fidelity . ) . 
[ 0051 ] The captured and compressed representation may 
then be used by a computer system connected to or available 
to the imaging device to reconstruct the original represen 
tation of light field , by effectively inverting the projective , 
compressive transform of the light field and recovering a 
highly accurate reconstruction of the incident light field in a 
transformed basis . That inversion can take many algorithmic 
forms , and can incorporate other constraints or prior infor 
mation ( such as data about the structure of natural light 
fields , data about the particular artificial light field being 
captured , and / or the particular light field that the data 
represents , including imagery from another camera or cam 
era system , or reconstructions of the same light field earlier 
or later in time ) . 
[ 0052 ] Light fields are usually very redundant , and that 
redundancy allows the data representing a given light field 
to be compressible . The algorithms used to compress or 
invert may generally leverage the natural compressibility / 
sparsity in some representation of the light field ( for 
example , the Fourier domain , carefully chosen wavelet 
domains , discrete cosine transform spaces , pre - computed 
dictionary basis , or other basis ) to reconstruct it unambigu 
ously . 
[ 0053 ] An algorithm that captures the prior assumptions 
may then alter the uncompressed light field representation 
until it fulfills the prior assumptions and matches the cap 
tured , coded light field either maximally well ( given con 
straints ) or within some error threshold . The reconstruction 
generally takes the form of an optimization searching the 
signal space for a representation that best matches the 
sampled data while imposing the constraint that the recov 
ered signal is sparse . This constraint can be imposed as soft 
constraint ( e.g. , lasso regression , conjugate gradient 
descent ) , or as a hard constraint ( e.g. , matching pursuit ) . 
There exists many asymptotically equivalent methods . 
[ 0054 ] By sampling the entire surface of a light field , the 
compressive holographic camera will preferably ensure 
sampling of all possible perspectives and all directions , 
while allowing full signal reconstruction ( for scenery with 
certain properties ) or bounded - error reconstruction ( for 
incompressible scenes ) . Incompressible scenes would 
include light fields that violate the sparsity assumption , or 
exist in portions of the signal space that are difficult to 
recover unambiguously . 
[ 0055 ] In some embodiments , an external structure may 
limit the extent of the input light field by rejecting light 
outside the desired field of view , such as an egg crate that 
may be fitted over the surface 1 or over the diffuser 6 . 
[ 0056 ] FIG . 2 is a block diagram of one embodiment of the 
method of using the holographic light field imaging device . 
As shown in FIG . 2 , the method 300 may comprise the steps : 
providing an incident raw light field 302 ; providing a 
holographic light field imaging device 304 ; and the imaging 
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device may comprise a compressive array , which may 
comprise a refractive surface , an occluding mask , a dielec 
tric spacer , a second occluding mask , and a second dielectric 
spacer 308. During operation , the incident light field may 
strike the refractive surface 310 and pass through the occlud 
ing mask , the dielectric spacer , second occluding mask , and 
dielectric spacer 312. This may result in a wavefront that has 
been distorted computationally to produce a compressed , 
lower - dimensional projection of the original light field 314 . 
The compressive array preferably includes a diffuser 316 . 
The resulting wavefront is now a wavefront pattern is then 
preferably scattered by the diffuser 318. The holographic 
light field imaging device may further comprise an image 
sensor 320. The image sensor may include a digital light 
sensor and a relay lens 322. After being scattered by the 
diffuser , the compressed wavefront pattern is relayed to the 
digital light sensor by the relay lens 324. The resulting 
wavefront pattern may also be digitally encoded 326. The 
resulting digital record of the collapsed and compressed 
wavefront may then be projected back into full dimension 
ality by inverting the compression algorithm as described 
herein above 328. The resulting reconstructed waveform 
will preferably have high fidelity and well - bounded error , 
without aliasing . 
[ 0057 ] The holographic light field imaging device prefer 
ably functions by the following : The refractive , occluding , 
and dielectric plates generally comprise an optical stack ( the 
compressive stack or the compression array ) that preferably 
distorts the light field ( also called the wavefront , or incident 
light field ) . This preferably produces a radiance pattern ( or 
wavefront pattern ) that represents a holographic projection 
of the four - dimensional ( 4D ) light field incident on the 
refractive surface down to a 2D image on the back of the 
diffuser 6. This image is preferably not a traditional image , 
but instead is a coded pattern that embeds the 4D function 
onto the 2D surface by convolving it with an emissions 
function . The emissions function may be either ( 1 ) pre 
calculated , and it is determined by the exact distortion of the 
optical stack on the state space of the 4D light field , or ( 2 ) 
it can be post - calculated by calibrating the system with 
known inputs ) . The resulting compressed image will look 
substantially like a shadow - pattern on the back of the 
diffuser ( as shown in FIG . 14b ) , and encodes much of the 
entropy of the input light field . The masks 2 , 4 and refractive 
surface 1 may scramble the input light field , and if the 
optical system is properly designed , may create a forward 
calculable ( and invertible ) projection of any input light ray 
bundle into a multiplicity of points on the back of the 
diffuser . This projection is only invertible by virtue of the 
present image device and related system and methods . 
[ 0058 ] Preferably , the distortion of the light field by the 
compression array effectively compresses the input signal 
( the incident light field ) , while discarding substantially 
redundant information . It does this optically , before sam 
pling by the image sensor 200 . 
[ 0059 ] The resulting 2D image is preferably relayed and 
imaged on the sensor by one or more relay lenses 7 , which 
may transmit the image to one or more digital sensors 8. The 
2D projective image may then be stored , transmitted , and 
copied like any other 2D digital image file . Through knowl 
edge of the measurement function , the 4D light field ( image ) 
may be reconstructed from the 2D coded image . To recon 
struct the original signal , the recorded 2D projective image 
may then be passed to an error - minimizing optimization 

algorithm , which may include reference to traditional , pho 
tographic 2D images captured alongside the coded image , as 
well as comparison to the original coded image . 
[ 0060 ] During reconstruction , the compressed representa 
tion of the wavefront may be projected back into the full 
light field signal space , and an error calculation may be 
performed ( possibly with comparison to other reference 
images ) . Then an error - minimizing algorithm may follow a 
gradient descent or other optimization routine to find a 
reconstruction that minimizes both error and sparsity of the 
reconstructed light field . This iterative loop may continue 
until the error is below a threshold , or has reached a stable 
value and / or a sparsity constraint is satisfied and / or some 
other pre - defined termination condition . 
[ 0061 ] Once error has been sufficiently minimized and the 
sparsity and other conditions are met , and the light field is 
fully reconstructed , it can then be compressed in normal data 
fashion for storage , transmittance , and display . This includes 
entropy encoding as well as lossy and lossless coding . 
[ 0062 ] In one embodiment , the holographic light field 
imaging device may be constructed by first creating the 
desired emissions model . This may be performed from first 
principles or empirically ( via simulation or physical testing ) . 
The goal is to preferably create a wavefront distortion that 
scrambles the wavefront into a random or pseudo - random 
basis for later reconstruction . 
[ 0063 ] The emissions model may dictate the features to be 
included in the compressive stack 100 : the curvature ( s ) of 
the refractive surface ( s ) 1 ( if any ) , the shapes and opacity of 
the occluding mask ( s ) 2 , 4 and the thicknesses of the 
dielectric plates 3 , 5 ( which serve to separate the refractive 
surface 1 and occluding masks 2 , 4 by a calculated distance ) . 
The refractive surface 1 may include glass , plastic , or other 
dielectric , and may include thin - film coatings . The occlud 
ing mask 2 , 4 may be printed with ink , fabricated from an 
opaque or reflective material , or use polarization to attenuate 
the wavefront ( for example , it can be an LCD panel for a 
time - varying mask ) . 
[ 0064 ] Once the compressive stack 100 is assembled , a 
recording camera may be placed behind the stack 100 , with 
a relay lens 7 that faithfully transmits the image from the 
back of the diffuser 6 to the camera's sensor 8. The relay lens 
7 would ideally be aberration - free , but relay distortions can 
also be incorporated into the model and algorithms . 
[ 0065 ] In addition to the physical camera ( 100 and 200 ) , 
a reconstruction algorithm may be used to reconstruct the 
original light field . The algorithm may be a function of the 
original emissions model , and projects the 2D image back 
into 4D ( though not nece ecessarily the same basis as the 
original , and ideally in a basis where the recovered signal is 
likely to be sparse ) . As the effect of the stack is projective , 
the reconstruction is necessarily ambiguous unless it 
includes other constraints , such as sparsity in the reconstruc 
tion or fidelity to additional reference images , imposed . 
[ 0066 ] In order for the technique to work , the compression 
array generally is configured to scatter and encode the light 
field enough to project it into another basis each recorded 
pixel must contain substantially different information about 
the incident light field . But , the first surface need not have 
any curvature ; the dielectric barrier between surfaces may be 
constructed of plastic , glass , dielectric fluid like microscopy 
oil , or even air ( or vacuum ) . There does not need to be a 
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multiplicity of masks , and even a maskless camera could be 
effective with careful construction of the refractive surface 
( s ) . 
[ 0067 ] The relay lens and sensor may be necessary to 
project the image onto a small silicon sensor or other 
photosensor , but may not be necessary if the sensor is the 
same size as the light field being imaged , in which case this 
large sensor may take the place of the diffusion plate at the 
back of the optical stack . 
[ 0068 ] In order to create images , a user may operate the 
holographic light field imaging device similar to a regular 
digital camera : turn it on , point it at a scene of interest , and 
record . There may be a calibration step , but this is generally 
not necessary . 
[ 0069 ] Once the optically compressed image has been 
captured , the user may move , copy , stream , and back up the 
digital file as would normally be done . To view that digital 
file , however , the user may generally be required to run a 
software pass to reconstruct the original light field . Once this 
has been reconstructed , they can use the resulting light field 
in any existing display that supports light fields — like virtual 
reality headsets , augmented reality headsets , or volumetric / 
holographic displays . 
[ 0070 ] The precise number and order of masks , refractive 
surfaces and diffusing elements may not be important for the 
technique to work , and may be re - ordered without substan 
tially changing the effectiveness of the system . 
[ 0071 ] The images captured may be still or video feed 
images . 
[ 0072 ] FIG . 3 is an illustration of one embodiment of a 
compression array and top surface of one embodiment of a 
holographic light field imaging device . As shown in FIG . 3 , 
the compression array 350 may have a front surface 353 that 
has one or more lenslets 355. Each lenslet 355 may be a 
single plano - convex positive singlet lens . The lenslet 355 
may also be a Fresnel lens , a diffractive surface , a refractive 
surface , or a flat surface . If a flat surface , the lenslets 355 
would not shuffle the light rays of the incident light field . 
Although FIG . 3 shows a square compression array 350 with 
numerous lenslets 355 , the compression array may be any 
shape and have one or many more lenslets 355 than shown . 
The surface 353 is preferably on top of the rest of the 
compression array 360 though this is not required . As shown 
the surface 353 may be discontinuous . 
[ 0073 ] FIG . 3 shows that the front surface , which is 
sometimes called the first surface , may be a refractive 
surface that exhibits locally - positive curvature to increase 
the spatial entropy of the dimensionally - reduced light field . 
[ 0074 ] FIG . 4 is an illustration of one embodiment of a 
holographic light field imaging device with a housing . FIG . 
4 shows that , in one embodiment , the holographic light field 
imaging device 400 may comprise a compression array 350 , 
a housing 420 , and an image sensor 404. The image sensor 
404 may comprise a relay lens 407 and an area scan digital 
light sensor 409. The compression array 350 preferably has 
a plurality of lenslets 355 that take in the incident light field . 
The housing 420 preferably blocks out stray light from 
reaching the relay lens 407 . 
[ 0075 ] As shown in FIG . 4 , the image sensor 404 may be 
an off the shelf 2D digital camera , and the relay system 407 
may be an off the shelf lens . The back of the diffuser 505 
( shown in FIG . 5 ) may be an optical surface that is imaged 
onto the image sensor 404. The image sensor 404 may be 
integrated with a relay lens 407. The optical surface 505 is 

imaged by the relay system 404 onto a recording medium . 
Preferably , the optical surface 505 randomly or nearly 
randomly , scatters the light passing through the compression 
array 350 in a known way . The diffuser surface 505 may be 
the surface of a holographic diffuser . The relay system 407 
and the image sensor 404 may exhibit a materially different 
etendue from the compression array 350. The compression 
array is sometimes referred to as the projective optical 
system . The photographic medium of the sensor 409 may be 
a charge - coupled device ( CCD ) sensor or complementary 
metal - oxide semiconductor ( CMOS ) sensor . There may be a 
plurality of relay systems 404 and / or recording devices 409 . 
[ 0076 ] In some embodiments the surface 505 may be a 
photographic recording medium other than a digital light 
sensor . It could be a scanning photosensor , a digital line - scan 
sensor , or even film emulsion . The intent of the sensor is to 
convert the incoming photons into a digital representation 
for later reconstruction , such that each region in the imager 
or pixel in the image represents a sample of the encoded 
light field signal . While an area scan digital sensor is the 
preferred form for taking these measurements , other forms 
of sampling may be used without loss of generality . In some 
embodiments the relay system 404 may conducts the light to 
a recording medium via total internal reflection inside a 
dielectric . The light could be conveyed to the digital sensor 
via fiber optic tapers , either singly or in an array , and could 
relay the light to one or more digital sensors . In some 
embodiments the image sensor 404 may utilize a relay lens 
with fixed , known optical conjugates , improving the aber 
ration performance of the optical system while maximizing 
its light - gathering capabilities . In other embodiments the 
image sensor 404 may comprise significant magnification or 
minimization , such that the area imaged on the back of the 
diffuser 1300 is larger or smaller than the area of the digital 
sensor ( s ) 404 . 
[ 0077 ] FIG . 5 is an illustration of a cross - section view of 
one embodiment of a holographic light field imaging device . 
FIG . 5 shows how the housing 420 preferably extends from 
the front of the relay lens 407 to the back of the diffuser 505 . 
The relay lens 407 may preferably be part of a relay system 
that maps the intensity of the light on a specific region of the 
back of the diffuser 505 to become a pixel on the sensor 409 . 
[ 0078 ] FIG . 6 is an illustration of an inward facing 
arrangement of several of the holographic light field imaging 
devices . As shown in FIG . 6 , the holographic light field 
imaging device 400 may be combined with other , identical 
or similar , holographic light field imaging devices 401 , 402 , 
to form an inward facing array 600. The array 600 may 
capture the light field emanating from a surrounded scene 
606. This might be useful for generating perspectives look 
ing inward at the scene , which , as an example , might be 
displayed in an augmented reality headset . 
[ 0079 ] FIG . 7 is an illustration of an outward facing 
arrangement of several of the holographic light field imaging 
devices . FIG . 8 is an illustration of an outward facing 
omni - directional arrangement of several of the holographic 
light field imaging devices . As shown in FIGS . 7 and 8 , show 
two embodiments of an outward facing array 700 , 800. In 
array 700 , the light field captured may be a contiguous 
extended light field . Arrays 700 , 800 may describe an 
incident light surface that partially or complete encloses the 
position of the viewer . Any of the various views may be 
reconstructed and the light field projection may be immer 
sive and deliver a view regardless of the viewing direction . 
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[ 0080 ] In one embodiment , the front optics compression 
array does not have to have a 1 : 1 correspondence with the 
imaging sensor . Instead , multiple relay lenses may intake 
light from a single compression array , or a single image 
sensor may intake images from multiple compression arrays . 
The single sensor , multiple compression array arrangement 
may provide for easier manufacturing , because this reduces 
the size of the compression arrays that must be fabricated 
and still get a large image field . A multiple sensor , single 
compression array arrangement may improve the capture 
resolution , improve the noise floor of the signal , and 
improve the overlap and alignment between the panels . 
[ 0081 ] FIG . Ia is an illustration of a scene , and FIG . 9b is 
an illustration that shows that the collection of all the light 
from the scene is a light field . FIGS . 9a and 9b shows that 
the collection of all the light from the scene 900 is a light 
field 902. The light field 902 includes all possible perspec 
tives of the scene 900 , and can be modeled as a 4 - dimen 
sional surface : two spatial dimensions , and two angular 
dimensions defining the direction of the field at each spatial 
point 904 . 
[ 0082 ] FIG . 10a is an illustration of light rays from the 
scene being incident on the surface of one embodiment of a 
holographic light field imaging device , and FIG . 10b is a 
representation of the input light field thereof . As shown in 
FIG . 10a , the surface 1000 , which may be similar to surface 
350 , captures some of the light rays from the scene are 
incident on the capture device . This creates an input light 
field 1050 . 

[ 0083 ] FIG . 11a is an illustration of a surface of a com 
pression array of one embodiment of a holographic light 
field imaging device , and FIG . 11b shows how the light field 
may be shuffled as it passes through the refractive or 
diffractive surface . If the surface 1150 is refractive or 
diffractive , the light 1101 will be shuffled as it passes 
through the surface 1150 and out the back 1102. In this 
manner , the light field 1050 is shuffled into light field 1051 . 
Some of the spatial and angular values of the light field are 
swapped , which pushes more of the scene entropy into the 
spatial domain . 
[ 0084 ] FIG . 12a is an illustration of one embodiment of 
two masks of one embodiment of a holographic light field 
imaging device that the light rays pass through and FIG . 12b 
shows how the light field passing through the compression 
array is encoded with a pattern of dark spots where the light 
has been blocked . FIG . 12a shows the two occluding masks 
1200 and that the light field passes through . The light field 
1051 is encoded with a pattern of dark spots 1202 , where the 
light has been blocked . The encoding preferably may be 
implemented with local refraction , diffraction , attenuation , 
occlusion ( as shown in FIG . 12b ) . 
[ 0085 ] FIG . 13a is an illustration of one embodiment of a 
diffuser of the compression array of one embodiment of a 
holographic light field imaging device , thus creating the 
entropic image shown in FIG . 13b . At the back of the 
compression array there preferably may be a diffuser 1300 . 
The light passing past the masks strike the diffuser 1300 
creating the entropic image 1301. This finalizes the trans 
formation of the four - dimensional light field into a two 
dimensional representation , which is the same regardless of 
which direction it is viewed from . This allows the relay 
system to capture a representative sample of the 4D light 
field on a 2D sensor . 

[ 0086 ] FIG . 14 is a flow block diagram of one embodiment 
of the signal flow of the holographic light field imaging 
system . As shown in FIG . 14 , the signal flow 1400 may flow 
through a compressive stack 1402 , a relay system 1404 , a 
sensor 1406 , and a reconstruction algorithm 1410. In the 
compressive stack 1402 , the signal may begin with the light 
field incident on a first surface of the optical system 1412 . 
In some embodiments there may be angular - spatial shuffling 
if the first surface is refractive or diffractive 1414. As shown , 
there may be encoding via a mask or other optical manipu 
lation 1416. This encoding can be represented as an optics 
model 1418 , which may be used in the reconstruction of the 
incident light field . There may be a projective transforma 
tion , preferably via diffusion and an entropic image may be 
formed 1420. The signal may go to the relay system 1404 , 
where the image is conveyed to a sensor ; there may be 
magnification or minification if the sensor and light field 
have different dimensions 1430. The signal may then go to 
a sensor 1406 , where the entropic image may be converted 
to digital sample . This may preferably be an area scan light 
sensor 1440. FIG . 14 shows that the reconstruction algo 
rithm 1410 may be used to reconstruct the original incident 
light field through a reconstruction estimate 1450 , improved 
estimate from an optimization step ( e.g. atomic norm mini 
mization ) 1452 , possibly including an error calculation 
1454 , determining if termination conditions are met ( e.g. , 
error being below a certain threshold ) 1456 , and then ending 
with a reconstructed light field 1458 that is substantially 
similar to or identical to the original incident light field . 
[ 0087 ] In some embodiments , the incident or input light 
field may be represented monochromatically or in a color 
gamut represented by a discrete number of color channels . 
The incident light field may comprise a continuous spectrum 
and the reconstruction may recover this continuous spec 
trum . In some embodiments the optical spectrum of the light 
field may be represented by a sparse dictionary . 
[ 0088 ] The incident light field may have two angular 
dimensions and one spatial dimension . In other embodi 
ments , the incident light field may have fewer than two 
angular dimensions and / or fewer than two spatial dimen 
sions . The first or intake surface may be substantially flat or 
may be curved . 
[ 0089 ] The reconstruction algorithm may use an emissions 
matrix , which may be defined by , and / or embodied in , the 
encoding masks and other optics . In other embodiments , the 
encoding masks may be dictated by the emissions matrix . In 
other embodiments the algorithm may be calibrated to 
reflect the actual optics and encoding masks used as part of 
the holographic imaging device . In some embodiments , this 
calibration may be achieved by passing a predefined light 
field through the device and observing the result . In other 
embodiments this is achieved by direct observation of the 
optics and masks . In some embodiments , calibration patterns 
( such as fiducial marks ) may be displayed on the one or 
more encoding masks to aid in calibration of the system and 
fine tuning of the reconstruction algorithm . The reconstruc 
tion algorithm may use an optimization to reconstruct a 
sparse representation of the sensed light field : this optimi 
zation may use atomic norm minimization , gradient descent , 
and / or stochastic gradient descent to perform the reconstruc 
tion . In some embodiments the reconstruction algorithm 
may operate on a hashed transform of the sparse signal 
space . The hashing function may be random or pseudo 
random . 
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[ 0090 ] In some embodiments the intermediate image may 
be resolved on an optical surface , wherein the optical surface 
is imaged by a relay system onto a recording medium . 
[ 0091 ] The composition of the optical stack ( compression 
array ) dictates the relationship between the incident light 
field and the 2D image recorded on the light sensor . Pref 
erably , the elements of the compression array selected are 
linear in light intensity . The precise specification of the 
compression array may be determined in many ways , 
including building the compression array according to spe 
cific parameters or after measurements are taken . Natural 
istic light fields are known to have specific , known sparse 
descriptions . This can be used to assist in the reconstruction 
and projection of the 4D light field . 
[ 0092 ] Because the source light field is sparse , finding a 
sparse hypothetical light field that would have generated the 
same , or nearly the same , recorded image as the one that is 
actually recorded , will generally lead to a close reconstruc 
tion of the original light field . One method of determining 
the hypothetical light field is to articulate the sparsity 
constraint as a regularized optimization problem . Another 
alternative is to impose sparsity as a hard constraint and 
construct an approximation of the recorded image iteratively 
( and sparsely ) from the basis components . 
[ 0093 ] The following references related to the algorithmic 
reconstruction that might be used are hereby incorporated by 
reference as though set forth herein in their entirety : 
[ 0094 ] S. G. Mallat and Z. Zhang ; Matching Pursuits with 
Time - Frequency Dictionaries , IEEE Transactions on Sig 
nal Processing , December 1993 , pp . 33973415 . 

[ 0095 ] Candes , Emmanuel J. , Romberg , Justin K. , Tao ; 
Terence Stable signal recovery from incomplete and inac 
curate measurements , Communications on Pure and 
Applied Mathematics . ( 2006 ) , 59 ( 8 ) : 12071223 ; doi : 10 . 
1002 / cpa.20124 . 

[ 0096 ] Gill , Patrick R .; Wang , Albert ; Molnar , Alyosha ; 
The In - Crowd Algorithm for Fast Basis Pursuit Denois 
ing , IEEE Trans Sig Proc 59 ( 10 ) , Oct. 1 2011 , pp . 
4595-4605 . 

[ 0097 ] The foregoing description of the preferred embodi 
ment has been presented for the purposes of illustration and 
description . While multiple embodiments are disclosed , still 
other embodiments will become apparent to those skilled in 

the art from the above detailed description . These embodi 
ments are capable of modifications in various obvious 
aspects , all without departing from the spirit and scope of 
protection . Accordingly , the detailed description is to be 
regarded as illustrative in nature and not restrictive . Also , 
although not explicitly recited , one or more embodiments 
may be practiced in combination or conjunction with one 
another . Furthermore , the reference or non - reference to a 
particular embodiment shall not be interpreted to limit the 
scope of protection . It is intended that the scope of protec 
tion not be limited by this detailed description , but by the 
claims and the equivalents to the claims that are appended 
hereto . 
[ 0098 ] Except as stated immediately above , nothing that 
has been stated or illustrated is intended or should be 
interpreted to cause a dedication of any component , step , 
feature , object , benefit , advantage , or equivalent , to the 
public , regardless of whether it is or is not recited in the 
claims . 
What is claimed is : 
1. A holographic light field imaging device , comprising : 
at least one compression array ; 
at least one image sensor ; 
wherein said at least one compression array comprises 

one or more encoding masks and a first surface ; 
wherein light striking said first surface creates an incident 

light field ; 
wherein said incident light field is passed through said one 

or more encoding masks , such that said incident light 
field is reduced from a four - dimension representation to 
a two - dimension representation , such that a dimension 
ally - reduced light field is created ; 

wherein said two - dimension representation of said dimen 
sionally - reduced light field is recorded by said image 
sensor , such that one or more reduced two - dimensional 
images are created ; and 

wherein said one or more reduced two - dimensional 
images are processed by a computing device , which 
comprises a reconstruction algorithm that inverts said 
one or more reduced two - dimensional images to recon 
struct said incident light field . 


