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TWO-DMENSIONAL PIECEWISE 
APPROXMATION TO COMPRESS IMAGE 

WARPNG FIELDS 

BACKGROUND 

0001 Modern display technology may be implemented 
to provide a head worn display (HWD) or a heads up display 
(HUD). Such HWDs and/or HUDs can be implemented to 
provide a display of a virtual image (e.g., images, text, or the 
like). The virtual image may be provided in conjunction with 
a real world view. Such HWDS and/or HUDs can be 
implemented in a variety of contexts, for example, defense, 
transportation, industrial, entertainment, wearable devices, 
or the like. 
0002 Many HWD and/or HUD systems project an image 
onto a projection Surface. In some cases, the image is 
reflected off the projection surface to a virtual projection 
surface, sometimes referred to as an exit pupil. With some 
projection systems, distortions in the projected image may 
manifest to a user. For example, certain characteristics of the 
projection Surface can distort or warp a projected image, 
resulting in perceived distortions. 
0003. An image can be pre-warped, or pre-distorted, prior 
to projection to correct the distortion resulting from the 
projection Surface. As such, during operation, a pre-warped 
image is projected and an undistorted image may be per 
ceived by the user. However, pre-warping an image requires 
a significant amount of computing resources (e.g., memory 
resources, computation resources, or the like). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 illustrates an embodiment of a projection 
system. 
0005 FIG. 2 illustrates a first example image warping 

field. 
0006 FIG. 3 illustrates a portion of the first example 
image warping field of FIG. 2. 
0007 FIG. 4 illustrates an example of a raw image. 
0008 FIG. 5 illustrates an example of a pre-warped 
image. 
0009 FIG. 6 illustrates an example of a portion of the 
projection system of FIG. 1. 
0010 FIG. 7 illustrate a first example logic flow. 
0011 FIG. 8 illustrates an example computing system. 
0012 FIG. 9 illustrates an example per pixel warping 
map. 
0013 FIG. 10 illustrates an example partitioned per pixel 
warping map. 
0014 FIG. 11 illustrates a second example image warp 
ing field. 
0015 FIG. 12 illustrates a portion of the example com 
puting system of FIG. 8. 
0016 FIG. 13 illustrate a second example logic flow. 
0017 FIG. 14 illustrates an example storage medium. 
0018 FIG. 15 illustrates a first example system. 
0019 FIG. 16 illustrates a second example system. 

DETAILED DESCRIPTION 

0020 Various embodiments are generally directed to 
pre-warping an image to be projected in a projection system, 
Such as, for example, a HWD. In general, a computing 
device can pre-warp an image based on an image warping 
field. An image can be pre-warped using a look up table 
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including an entry for each pixel of the image to be warped. 
In particular, the look up table can include an amount to 
warp or distort each pixel of an image to generate a 
pre-warped image. Accordingly, during operation, each 
image to be projected can be warped based on the look up 
table. However, Such look up tables can be quite large, 
particularly for warping high resolution images. Addition 
ally, memory and computation requirements needed to warp 
an image based on Such look up tables can be significant. 
0021. In general, the present disclosure provides image 
warping fields implemented as a piecewise multivariate 
polynomial approximation of the per pixel warping map 
(e.g., look up table, or the like). A computing device can 
pre-warp, or pre-distort, an image prior to projection in a 
projection system based on these piecewise multivariate 
polynomial approximations. In particular, the image warp 
ing fields of the present disclosure can be implemented to 
pre-warp an image to correct distortions of the image 
manifest during projection, for example, due to character 
istics of the projection surface. With some examples, the 
piecewise multivariate polynomial approximation can be 
implemented by a projection system controller to pre-warp 
an image prior to projection in the projection system. 
0022. In general, the present disclosure provides image 
warping field that are divided into a grid having a number of 
cells, with a polynomial approximation for the image warp 
ing field assigned to each cell in the grid. With some 
examples, multiple piecewise multivariate polynomial 
approximations can be generated for a projection System. 
For example, in some projection systems, multiple light 
Sources are implemented. Accordingly, in some examples, 
an approximation to the per pixel image warping data can be 
provided for each light source. Said differently, multiple 
image warping fields can be provided for the same projec 
tion system (e.g., one for each light source, or the like). 
0023. With general reference to notations and nomencla 
ture used herein, portions of the detailed description that 
follow may be presented in terms of program procedures 
executed on a computer or network of computers. These 
procedural descriptions and representations are used by 
those skilled in the art to most effectively convey the 
substance of their work to others skilled in the art. A 
procedure is here, and generally, conceived to be a self 
consistent sequence of operations leading to a desired result. 
These operations are those requiring physical manipulations 
of physical quantities. Usually, though not necessarily, these 
quantities take the form of electrical, magnetic or optical 
signals capable of being stored, transferred, combined, com 
pared, and otherwise manipulated. It proves convenient at 
times, principally for reasons of common usage, to refer to 
these signals as bits, values, elements, symbols, characters, 
terms, numbers, or the like. It should be noted, however, that 
all of these and similar terms are to be associated with the 
appropriate physical quantities and are merely convenient 
labels applied to those quantities. 
0024. Further, these manipulations are often referred to in 
terms, such as adding or comparing, which are commonly 
associated with mental operations performed by a human 
operator. However, no such capability of a human operator 
is necessary, or desirable in most cases, in any of the 
operations described herein that form part of one or more 
embodiments. Rather, these operations are machine opera 
tions. Useful machines for performing operations of various 
embodiments include general purpose digital computers as 
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selectively activated or configured by a computer program 
stored within that is written in accordance with the teachings 
herein, and/or include apparatus specially constructed for 
the required purpose. Various embodiments also relate to 
apparatus or systems for performing these operations. These 
apparatuses may be specially constructed for the required 
purpose or may include a general purpose computer. The 
required structure for a variety of these machines will be 
apparent from the description given. 
0025 Reference is now made to the drawings, wherein 
like reference numerals are used to refer to like elements 
throughout. In the following description, for purposes of 
explanation, numerous specific details are set forth in order 
to provide a thorough understanding thereof. It may be 
evident, however, that the novel embodiments can be prac 
ticed without these specific details. In other instances, well 
known structures and devices are shown in block diagram 
form in order to facilitate a description thereof. The intention 
is to cover all modifications, equivalents, and alternatives 
within the scope of the claims. 
0026 FIG. 1 is a block diagram of an embodiment of a 
projection system 100, arranged according some examples 
of the present disclosure. In general, the projection system 
100 comprises the projector 101 and the projection surface 
102. In general, the projection system 100 can be imple 
mented as either a unified system or as separate components. 
For example, the projection system 100 can be implemented 
as a HWD, a HUD, a body worn projector (e.g., a watch, or 
the like), a portable projector, a desktop projector, or the 
like. With some examples, the projection system 100 can be 
provided with the projection surface 102 as depicted. In 
Some examples, the projection system 100 can be imple 
mented without the projection surface 102 while a projection 
Surface is provided by a system integrator, a user, or the like. 
It is worthy to note, that the present disclosure is particularly 
directed to image warping fields, and as such, can be 
implemented to provide an image warping field to pre-warp 
an image to be projected by any of a variety of different 
projection systems, such as, for example, the projection 
system 100, or a projection system having similar or differ 
ent components than the projection system 100. Examples 
are not limited in this context. 
0027. The projector 101 can incorporate one or more of 
a processor component 110, storage 120, a light source 130, 
a reflector 140, and an interface 150 to couple the computing 
device 100 to a network (not shown). The storage 120 stores 
one or more of a control routine 122, an image warping field 
200, a raw image 300, and a pre-warped image 400. 
0028. In general, the control routine 122 can be imple 
mented and/or executed by the processor component 110. 
For example, the control routine 122 can incorporate a 
sequence of instructions operative on the processor compo 
nent 110 in its role as a main processor component to 
implement logic to perform various functions. With some 
examples, the control routine 122 can be implemented as 
logic, at least a portion of which is implemented in hard 
ware, to perform various functions. For example, the control 
routine 122 can be implemented by a field programmable 
gate array (FPGA), by an application specific integrated 
circuit (ASIC), or by a combination of logic, such as, for 
example, registers, gates, transistors, or the like. 
0029. With some examples, the projector 101 can receive 
the raw image 300 from a computing device operably 
coupled to the projector, for example, via a wired or wireless 
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connection. In some examples, the projector 101 can gen 
erate the raw image 300. Examples are not limited in this 
COInteXt. 

0030 Examples of the projector 101 generating the pre 
warped image 400 from the raw image 300 and the image 
warping field 200 are described in greater detail below, for 
example, with respect to FIGS. 3-6. However, in general, the 
image warping field 200 comprises a number of cells (e.g., 
refer to FIGS. 2-3) with each cell comprising a polynomial 
warping function. Said differently, each cell of the image 
warping field 200 can comprise a number of warping 
coefficients, which can be used to warp pixels of the raw 
image. More specifically, each cell of the image warping 
field 200 can correspond to a number of pixels in the raw 
image 300 (e.g., refer to FIGS. 4-5). Each of these pixels can 
be warped based on the warping coefficients (e.g., or a 
polynomial function including the warping coefficients) 
from the cell to which the pixels correspond. This is 
explained in greater detail below. 
0031. The light source 130 can emit light beams 132 
corresponding to the pixels of the pre-warped image. The 
reflector 140 can receive the light beams 132 and reflect the 
light beams 132 to scan the light beams 132 across the 
projection surface 102 as projected light beams 142 to 
project an image on the projection Surface 102. It is noted, 
that as the light beams 132 correspond to the pre-warped 
image, then the projected image may be perceived without 
distortion. Said differently, the image warping field 200 can 
be configured with warping coefficients to pre-warp an 
image for projection on the projection Surface 102. This is 
explained in greater detail below (e.g., refer to FIG. 13). 
0032. In various examples, the processor component 110 
may include any of a wide variety of commercially available 
processors. Further, one or more of these processor compo 
nents may include multiple processors, a multi-threaded 
processor, a multi-core processor (whether the multiple 
cores coexist on the same or separate dies), and/or a multi 
processor architecture of some other variety by which mul 
tiple physically separate processors are in some way linked. 
In some examples, the processor component 110 can com 
prise an FPGA, an ASIC, or the like. 
0033. In various examples, the storage 120 may be based 
on any of a wide variety of information storage technologies, 
possibly including volatile technologies requiring the unin 
terrupted provision of electric power, and possibly including 
technologies entailing the use of machine-readable storage 
media that may or may not be removable. Thus, each of 
these storages may include any of a wide variety of types (or 
combination of types) of storage device, including without 
limitation, read-only memory (ROM), random-access 
memory (RAM), dynamic RAM (DRAM), Double-Data 
Rate DRAM (DDR-DRAM), synchronous DRAM 
(SDRAM), static RAM (SRAM), programmable ROM 
(PROM), erasable programmable ROM (EPROM), electri 
cally erasable programmable ROM (EEPROM), flash 
memory, polymer memory (e.g., ferroelectric polymer 
memory), ovonic memory, phase change or ferroelectric 
memory, silicon-oxide-nitride-oxide-silicon (SONOS) 
memory, magnetic or optical cards, one or more individual 
ferromagnetic disk drives, or a plurality of storage devices 
organized into one or more arrays (e.g., multiple ferromag 
netic disk drives organized into a Redundant Array of 
Independent Disks array, or RAID array). It should be noted 
that although each of these storages is depicted as a single 
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block, one or more of these may include multiple storage 
devices that may be based on differing storage technologies. 
Thus, for example, one or more of each of these depicted 
storages may represent a combination of an optical drive or 
flash memory card reader by which programs and/or data 
may be stored and conveyed on some form of machine 
readable storage media, a ferromagnetic disk drive to store 
programs and/or data locally for a relatively extended 
period, and one or more volatile solid State memory devices 
enabling relatively quick access to programs and/or data 
(e.g., SRAM or DRAM). It should also be noted that each of 
these storages may be made up of multiple storage compo 
nents based on identical storage technology, but which may 
be maintained separately as a result of specialization in use 
(e.g., Some DRAM devices employed as a main storage 
while other DRAM devices employed as a distinct frame 
buffer of a graphics controller). 
0034. In various examples, the processor component 110 
and the storage 120 can be implemented as a unitary 
assembly. For example, the processor component 110 can be 
implemented as various logical elements (e.g., gates, tran 
sistors, flip-flops, or the like) while the storage 120 is 
implemented as registers. In Such an example, the raw image 
300 could be received as a bit stream (e.g., corresponding to 
the pixels, or the raw image 300, or the like) while the 
pre-warped image 400 is output as a bit stream. 
0035. In various examples, the light source 130 can 
include any of a variety of light sources. Such as, for 
example, a laser, a light emitting diode (LED), or the like). 
0036. In various examples, the reflector 140 can include 
any of a variety of reflector or projection systems. In some 
examples, the reflector 140 can comprise a microelectrome 
chanical system (MEMS) mirror system to reflect and scan 
the light 132 as projected light 142. 
0037. In various examples, the interface 150 may employ 
any of a wide variety of signaling technologies enabling 
computing devices to be coupled to other devices as has 
been described. Each of these interfaces may include cir 
cuitry providing at least some of the requisite functionality 
to enable Such coupling. However, each of these interfaces 
may also be at least partially implemented with sequences of 
instructions executed by corresponding ones of the proces 
Sor components (e.g., to implement a protocol stack or other 
features). Where electrically and/or optically conductive 
cabling is employed, these interfaces may employ signaling 
and/or protocols conforming to any of a variety of industry 
standards, including without limitation, RS-232C, RS-422, 
USB, Ethernet (IEEE-802.3) or IEEE-1394. Where the use 
of wireless signal transmission is entailed, these interfaces 
may employ signaling and/or protocols conforming to any of 
a variety of industry standards, including without limitation, 
IEEE 802.11a, 802.11b, 802.11g, 802.16, 802.20 (com 
monly referred to as “Mobile Broadband Wireless Access”); 
Bluetooth; ZigBee, or a cellular radiotelephone service such 
as GSM with General Packet Radio Service (GSM/GPRS), 
CDMA/1xRTT, Enhanced Data Rates for Global Evolution 
(EDGE), Evolution Data Only/Optimized (EV-DO), Evolu 
tion For Data and Voice (EV-DV), High Speed Downlink 
Packet Access (HSDPA), High Speed Uplink Packet Access 
(HSUPA), 4G LTE, etc. 
0038 FIGS. 2-3 are block diagrams of an example image 
warping field 200, arranged according to some examples of 
the present disclosure. In particular FIG. 2 depicts the 
example image warping field 200 while FIG. 3 depicts a 
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portion of the example image warping field 200. FIGS. 2-3 
are described together herein for purposes of clarity. 
0039. In general, the image warping field is an MXN 
array of cells 210-a, where “a” is a positive integer. It is 
worthy to note, that the image warping field 200 is depicted 
as a 7x8 array of 56 cells. In particular, the image warping 
field 200 is depicted with cells 210-1 to 210-56. However, 
the image warping field 200 can be implemented with any 
number of cells. For example, an image warping field could 
be implemented as a 4x4 array of 16 cells, as an 8x8 array 
of 64 cells, or the like. Examples are not limited in this 
COInteXt. 

0040. Each of the cells 210-a includes a number of 
warping coefficients 220-a-b, where “b' is a positive integer. 
For example, FIG. 3 depicts the cells 210-1, 210-2, and 
210-3. The cell 210-1 includes the warping coefficients 
220-1-1 to 220-1-5; the cell 210-2 includes the warping 
coefficients 220-2-1 to 220-2-5; and the cell 210-3 includes 
the warping coefficients 220-3-1 to 220-3-4. It is worthy to 
note, that the image warping field 200 can be implemented 
with cells 210-a having any number of warping coefficients. 
Furthermore, each of the cells 210-a need not have the same 
number of warping coefficients. Examples are not limited in 
this context. 
0041. In general, the warping coefficients of each cell 
(e.g., the warping coefficients 220-1-1 to 220-1-5, 220-2-1 to 
220-2-5, 220-3-1 to 220-3-4, or the like) correspond to 
coefficients of a polynomial function. For example, a cell 
210-a having D warping coefficients can be implemented as 
the following polynomial function: 

Where WC is the warping coefficient. 
As a specific example, the warping coefficients 220-1-b of 
the first cell 210-1 can be implemented as the following 
polynomial function: 

Accordingly, the warping coefficients 220-a-b can be used as 
a polynomial function to warp pixels of the raw image 300 
to generate the pre-warped image 400. This is described in 
greater detail below, for example, with reference to an 
example raw image and an example pre-warped image. It is 
worthy to note, that the warping coefficients can be imple 
mented in a variety of different functions and need not be 
necessarily be traditional polynomial functions. For 
example, the warping coefficients could be implemented as 
functions involving square roots, or other mathematical 
operations not found in traditional polynomials. Examples 
are not limited in this context. 
0042. In general, the image warping field can be imple 
mented to warp pixels (e.g., refer to FIGS. 4-5) of a raw 
image to generate a pre-warped image. For example, the 
processing unit 110 can generate a pre-warped pixel based 
on a pixel and a cell 210-a of the image warping field 200. 
More specifically, the processing unit 110 can determine a 
cell 210-a of the image warping field 200 corresponding to 
a number of pixels of the raw image 300. The processing 
unit 110 can retrieve the warping coefficients 210-a-b of the 
cell 210-a corresponding to the pixels. The processing unit 
110 can determine warped pixels based on the pixels and 
retrieved warping coefficients 210-a-b. In particular, the 
processing unit 110 can determine warped pixels based on 
deriving a warped pixel from a polynomial function 
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assembled from the retrieved warping coefficients 210-a-b. 
with some examples, a position of the pixels is modified 
and/or adjusted based on the polynomial function. With 
Some examples, a characteristic of the pixels (e.g., color, 
hue, balance, brightness, or the like) is modified and/or 
adjusted based on the polynomial function. 
0043 FIGS. 4-5 depict an example raw image 300 and an 
example pre-warped image 400. In particular, FIG. 4 depicts 
the example raw image 300 while FIG. 5 depicts the 
example pre-warped image 400. It is noted, that the image 
is given strictly as an example and that during practice, the 
projector 101 can generate a pre-warped image from any of 
a variety of raw images and the raw image 300 and pre 
warped image 400 may not necessarily be the images 
depicted in these figures. 
0044 Turning more particularly to FIG. 4, the raw image 
300 is depicted. The raw image 300 is comprised of a 
number of pixels 310-C, where 'c' is a positive integer. For 
example, pixel 310-1 and pixel 310-400 are depicted for 
purposes of illustration only. It is noted, that the raw image 
300 may have any number of pixels and all pixels are not 
denoted in the figures for purposes of clarity. Examples are 
not limited in this context. 
0045. In general, the raw image 300 has a particular 
resolution. For example, the raw image 300 has a resolution 
defined in X, Y pixels. Specifically, the raw image 300 has 
a resolution defined by the width 320 of the image 300 in 
pixels and the height 330 of the image 300 in pixels. The 
width 320 and the height 330 are depicted as the X and y axis 
in FIG. 4, respectively. 
0046. As noted above, in some projection systems (e.g., 
the projection system 100) projecting the raw image 300 
may result in perceivable distortions to a user. Accordingly, 
the pre-warped image 400 can be generated (e.g., from the 
raw image 300, or the like) and projected to reduce per 
ceived distortions in the projected image. 
0047 Turning more particularly to FIG. 5, the pre 
warped image 400 is depicted. Additionally, the pre-warped 
image 400 is depicted overlaid with the image warping field 
200. As can be seen, the pre-warped image 400 is distorted 
as compared to the raw image 300. In particular, the pre 
warped image 400 includes warped pixels 410-c., which 
correspond to pixels 310-C of the raw image 300. More 
specifically, the position of some of the pixels 310-C has 
been modified in the warped image 400. For example, the 
position of the pixel 410-400 in the pre-warped image 400 
is adjusted relative to the position of the same pixel 310-400 
in the raw image 300. 
0048. As noted, the processing unit 110 generates the 
pre-warped pixels 410-c from the pixels 310-C based on the 
warping coefficients 210-a-b of the cells 210-a. In particular, 
the warping coefficients 210-a-b of the cells 210-a corre 
sponding to (e.g. overlaying, or the like) the pixels 310-care 
used to determine the warped pixels 410-c. For example, the 
pixel 310-1 is overlaid by the cell 210-1. As such, the 
processing unit 110 can generate the warped pixel 410-1 
from the pixel 310-1 and the warping coefficients 220-1-b. 
More specifically, the processing unit 110 can generated the 
warped pixel 410-1 from the pixel 310-1 and a polynomial 
function assembled from the warping coefficients 220-1-b. 
As another example, the pixel 310-400 is overlaid by the cell 
210-7. As such, the processing unit 110 can generate the 
warped pixel 410-400 from the pixel 310-400 and the 
warping coefficients 220-7-b. More specifically, the process 
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ing unit 110 can generated the warped pixel 410-400 from 
the pixel 310-400 and a polynomial function assembled 
from the warping coefficients 220-7-b. 
0049 FIG. 6 is a block diagram of portions of the 
projector 101. The projector 101 includes logic 600. In 
general, the logic 600 can be instructions to be executed by 
a processing unit (e.g., the control routine 122 to be executed 
by the processor component 110) or can be hardware logic 
(e.g., an FPGA, an ASIC, or the like). The logic 600 includes 
a position detector 610, a warping coefficient retriever 620, 
and a pixel warping pipeline 630. 
0050. During operation, the logic 600 can receive the raw 
image 300 to be warped based on the image warping field 
200. Said differently, the logic 600 can generate the pre 
warped image 400 from the raw image 300 and the image 
warping field 200. 
0051. The position detector 610 can determine ones of 
the pixel 310-C of the raw image 300 corresponding to a cell 
210-a of the image warping field 200. It is worthy to note, 
that often a number of the pixel 310-C can correspond to a 
single cell 210-a. As such, in some example, the warping 
coefficient retriever 620 can retrieve the warping coefficients 
220-a-b from the specific cell 210-a. For example, the 
position detector 610 can determine ones of the pixels 310-c 
of the raw image 300 corresponding to the cell 210-1 while 
the warping coefficient retriever 620 retrieves the warping 
coefficients 220-1-b. 
0.052 The pixel warping pipeline 630 can generate 
warped pixels 410-c from the number of pixels 310-c 
corresponding to the specific cell 210-a and the retrieved 
warping coefficients 220-a-b. In some examples, the pixel 
warping pipeline 630 can be implemented as a number of 
logical elements, arranged to warp a pixel (e.g., the pixel 
310-C, or the like) given that warping coefficients 220-a-b 
for the cell 210-a corresponding to the pixel have been 
retrieved. In particular, with Some examples, the pixel 
warping pipeline 630 can include four signed 16-bit by 9-bit 
multipliers, four 25-bit signed right shifters, four signed 
16-bit output adders and 14 flip-flops. In some examples, the 
pixel warping pipeline 630 can be implemented using mul 
tiple such components to determine multiple (e.g., three, or 
the like) warped pixels 410-c per clock cycle from a single 
pixel. Accordingly, three image warping fields 200 (e.g., 
different image warping fields 200 for each light source 130, 
or the like) could be used and corresponding warped pixels 
410-c could be determined from the pixels 310-C of the raw 
image 300. 
0053. In some examples, the pixel warping pipeline could 
be modeled based on the following architecture, where “X” 
and “Y” are the coordinates of the pixel 310-C to be warped 
and WARPED X is the X coordinate of the warped pixel 
410-c. It is noted, in the assignment statements that follow, 
all blocks share the same clock signal, all variable names 
represent flip-flops, and mathematical operators represent 
corresponding separate arithmetic blocks. 
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0063 R714:0<=R624:0>10 
0064 R815:0<=R714:0+B115:0 
0065 R924:0<=R815:0*RY 8:0 
0.066 R1015:0<=R924:0D9 
0067. WARPED X 15:0<=R1015:0+-R515:0) 
0068 FIG. 7 illustrates one an example logic flow 700. 
The logic flow 700 may be representative of some or all of 
the operations implemented by one or more examples 
described herein. More specifically, the logic flow 700 may 
illustrate operations performed by the processor component 
110 of the projector 101. 
0069. The logic flow 700 may begin at block 710. At 
block 710 “receive an image to be warped, the image 
comprising a number of pixels, the projector 101 can 
receive an image to be warped. For example, the projector 
101 can receive the raw image 300. In some examples, the 
projector 101 receives the raw image 300 via the interface 
150. In some examples, the projector 101 receives the raw 
image 300 from storage 120. In some examples, the projec 
tor 101 generates the raw image 300 (e.g., via a graphics 
processing unit (GPU), or the like). In general, the received 
image comprises a number of pixels. For example, FIG. 4 
depicts the raw image 300 comprising pixels 310-C (e.g., the 
pixel 310-1, the pixel 310-400, etc.). 
0070 Continuing to block 720 “warp each of the pixels 
based in part on an image warping field, the image warping 
field comprising a number of cells, each of the cells com 
prising at least one warping coefficient to warp the pixels.” 
the projector 101 can warp the pixels of the received image 
based on an image warping field. For example, the processor 
component 110, in executing the control routine 122, can 
warp each of the pixels 310-C of the raw image 300 based on 
the image warping field 200. 
0071. In particular, with some examples, processor com 
ponent 110, in implementing logic 600 can warp the pixels 
310-C to generate warped pixels 410-c. In some examples, 
the position determiner 610 can determine, for a specific 
pixel 310-C, a cell 210-a of the image warping field 200 
corresponding to the pixel 310-c. The warping coefficient 
retriever 620 can retrieve the warping coefficients 220-a-b 
from the determined cell 210-a. The pixel warping pipeline 
630 can warp the specific pixel 310-C based on the retrieved 
coefficients to determine a corresponding warped pixel 
410-C. 
0072. In some examples, the position determiner can 
determine a cell 210-a for a first pixel 310-C (e.g., the pixel 
310-1, the pixel 310-400, or the like) of the raw image 300. 
Subsequently, the pixel warping pipeline can warp pixels 
310-C within the same cell 210-a. Said differently, the pixel 
warping pipeline can continue to warp pixels until a bound 
ary crossing, or until all pixels within the cell 210-a have 
been warped. At which point, the logic 600 can determine a 
new cell 210-a, retrieve warping coefficients 220-a-b for the 
newly determined cell, and determine warped pixels 410-c 
for the pixels corresponding to the newly determine cell 
210-a. 
0073 Continuing to block 730 generate a pre-warped 
image based on the warped pixels, the projector 101 can 
generate the pre-warped image 400 from the warped pixels 
410-C. 
0074 FIGS. 8-13 depict examples to determine an image 
warping field (e.g., the image warping field 200, or the like) 
from a per pixel warping map. As noted above, convention 
ally, a pre-warped image (e.g., the pre-warped image 400, or 
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the like) was generated based on a look up table or other 
database where each pixel in a raw image (e.g., the raw 
image 300, or the like) was referenced with a corresponding 
movement or adjustment to warp the pixel. For large images, 
Such as, high definition or high resolution images, such a per 
pixel warping map can be substantially large and can require 
a Substantial amount of computing resources to generate a 
pre-warped image. The present disclosure provides an image 
warping field with a low error rate and substantially reduced 
computational requirements versus the per pixel warping 
map. For example, in some examples, an image warping 
field for a high definition image can be generated to have 
less than 2% error rate and a 60,000% reduction in size 
versus a per pixel warping map. 
0075 FIG. 8 illustrates a block diagram of an example 
computing system 800. In general, the computing system 
800 can be any of a variety of computing systems, such as, 
for example, a workstation, a server, a laptop computer, a 
cloud based computing device, or the like. The computing 
system 800 can include a processor component 810 and 
storage 820. The computing device 800 could also include 
any of a variety of other computing components (e.g., refer 
to FIG. 16) to form a computing system needed to imple 
ment the present disclosure. 
0076. The storage 820 stores one or more of a control 
routine 822, a per pixel warping map 900, a partitioned per 
pixel warping map 1000, and an image warping field 1100. 
0077. In general, the control routine 822 can be imple 
mented and/or executed by the processor component 810. 
For example, the control routine 822 can incorporate a 
sequence of instructions operative on the processor compo 
nent 810 in its role as a main processor component to 
implement logic to perform various functions. 
0078. Operation of the computing system 800, and par 
ticularly, the processor component 810 in executing the 
control routine 822, is described in greater detail below. For 
example, with reference to FIGS. 9-13. In general, FIGS. 
9-11 illustrate an example per pixel image warping map 900, 
an example partitioned image warping map 1000, and an 
example image warping field 1100, respectively. FIG. 12 
illustrates an example of a portion of the computing system 
800 of FIG. 8 and FIG. 13 illustrates an example logic flow 
1300. The logic flow 1300 may be representative of some or 
all of the operations implemented by one or more examples 
described herein. More specifically, the logic flow 1300 may 
illustrate operations performed by the computing system 800 
to determine the image warping field 1100 from the per pixel 
image warping map 900. Although the logic flow 800 is 
described with reference to the computing system 800 and 
the examples of FIGS. 9-12, embodiment are not limited in 
these contexts. Furthermore, as will be seen, the examples of 
FIGS. 9-11 are overly simplified for purposes of clarity of 
presentation. 
(0079 More specifically, turning to FIG. 9, the per pixel 
warping map 900 is for a 6x4 resolution image, which is 
extremely small and impractical for most modern computing 
applications. In practice, the present disclosure can be 
implemented to generate an image warping field from a per 
pixel warping map for an image of any size resolution, even 
high definition images, images greater than 4,000 pixels, or 
the like. Due to the simplified nature of the per pixel warping 
map 900, the partitioned per pixel warping map 1000 and the 
image warping field 1100 are also simplified. However, 
examples are not limited in these contexts. 
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0080. As depicted, the per pixel warping map 900 com 
prises a pixel movement 910-C, where 'c' is a positive 
integer corresponding to the number of pixels in the image 
to be warped (e.g., the pixels of the raw image 300, or the 
like). Each of the pixel movements 910-c comprises an 
amount to displace or move the corresponding pixel in the 
raw image to generate a pre-warped image (e.g., the pre 
warped image 400, or the like). As noted, the per pixel 
warping map 900 includes pixel movements 910-1 to 910 
24, corresponding to a 6x4 resolution image. 
I0081 Turning briefly to FIG. 13, the logic flow 1300 can 
begin at block 1310. At block 1310 “partition a per pixel 
warping map into cells,” the processor unit 810 can partition 
a per pixel warping map into cells. For example, the pro 
cessor unit 810 can partition the per pixel warping map 900 
into cells. Turning to FIG. 10, the partitioned per pixel 
warping map 1000 is illustrated. As depicted, the partitioned 
per pixel warping map 1000 comprises cells 1110-a, where 
'a' is a positive integer. Each of the cells 1110-a include a 
number of the pixel movements 910-c. Said differently, each 
of the cells 1110-a corresponds to a number of the pixels of 
an image to be warped (e.g., the raw image 300, or the like). 
The partitioned per pixel warping map 1000 is depicted 
including cells 1110-1 to 1110-4. However, the per pixel 
warping map 900 could be partitioned into any of a number 
of different cells. 

0082 For example, turning more particularly to FIG. 12, 
the control routine 822 is illustrated in greater detail. The 
control routine 822 can include a partitioner 8221 and an 
approximator 8222. The partitioner 8221 can partition the 
per pixel warping map 900 to generate the partitioned per 
pixel warping map 1000. In particular, the partitioner can 
split the per pixel warping map 900 into cells 1110-c. In 
Some examples, the partitioner 8221 can perform a depth 
first search to determine a number of cells 1110-c to split the 
per pixel warping map 900 into. This is described in greater 
detail below. However, in general, the partitioner 8221 can 
search between a range of cells (e.g., MxN, or the like) to 
identify the range with the lowest error, or the range falling 
within an acceptable error. 
I0083. Turning again to FIG. 13, the logic flow 1300 can 
continue to block 1320 “determine, for each cell, a polyno 
mial approximation for the pixel movements, the process 
ing unit 810, in executing the control routine 822 can 
determine, for each cell 1110-a, a polynomial approximation 
(e.g., using warping coefficients 1120-a-b) of the pixel 
movements 910-c in each respective cell 1110-a. With some 
examples, the approximator 8222 can determine a polyno 
mial approximation using a linear regression with indepen 
dent variables. 

0084. For example, the approximator 8222 can determine 
warping coefficients 1120-1-b to 1120-4-b for each of the 
cells 1110-1 to 1110-4, respectively, based on a linear 
regression. 
0085. In some examples, the logic flow 1300 can be 
implemented recursively to determine a number of cells 
(e.g., the cells 1110-C, or the like) to partition the per pixel 
warping map into and to determine the warping coefficients 
(e.g., the warping coefficients 1120-a-b, or the like) having 
a sufficiently low error rate or falling within an acceptable 
error rate. In some examples, the logic flow 1300 can be 
implemented iteratively while changing the range of the 
cells (e.g., between 1 to 50, or the like) and while changing 
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the number of variables in the polynomial approximation to 
determine the image warping map 1100 having a sufficiently 
low error rate. 
I0086 FIG. 14 illustrates an embodiment of a storage 
medium 2000. The storage medium 2000 may comprise an 
article of manufacture. In some examples, the storage 
medium 2000 may include any non-transitory computer 
readable medium or machine readable medium, Such as an 
optical, magnetic or semiconductor storage. The storage 
medium 2000 may store various types of computer execut 
able instructions e.g., 2002). In some examples, the storage 
medium 2000 may store various types of computer execut 
able instructions to implement the technique corresponding 
to logic flow 700. In some examples, the storage medium 
2000 may store various types of computer executable 
instructions to implement the technique corresponding to 
logic flow 1300. 
I0087. Examples of a computer readable or machine read 
able storage medium may include any tangible media 
capable of storing electronic data, including volatile 
memory or non-volatile memory, removable or non-remov 
able memory, erasable or non-erasable memory, writeable or 
re-writeable memory, and so forth. Examples of computer 
executable instructions may include any suitable type of 
code. Such as source code, compiled code, interpreted code, 
executable code, static code, dynamic code, object-oriented 
code, visual code, and the like. The examples are not limited 
in this context. 
I0088 FIG. 15 is a diagram of an exemplary system 
embodiment and in particular, depicts a platform 3000, 
which may include various elements. For instance, this 
figure depicts that platform (system) 3000 may include a 
processor/graphics core 3002, a chipset/platform control hub 
(PCH) 3004, an input/output (I/O) device 3006, a random 
access memory (RAM) (such as dynamic RAM (DRAM)) 
3008, and a read only memory (ROM) 3010, display elec 
tronics 3020, projector 3022 (e.g., including the light source 
130 and the reflector 140, or the like), and various other 
platform components 3014 (e.g., a fan, a cross flow blower, 
a heat sink, DTM system, cooling system, housing, vents, 
and so forth). System 3000 may also include wireless 
communications chip 3016 and graphics device 3018. The 
embodiments, however, are not limited to these elements. 
I0089. As depicted, I/O device 3006, RAM. 3008, and 
ROM3010 are coupled to processor 3002 by way of chipset 
3004. Chipset 3004 may be coupled to processor 3002 by a 
bus 3012. Accordingly, bus 3012 may include multiple lines. 
0090 Processor 3002 may be a central processing unit 
comprising one or more processor cores and may include 
any number of processors having any number of processor 
cores. The processor 3002 may include any type of process 
ing unit, Such as, for example, CPU, multi-processing unit, 
a reduced instruction set computer (RISC), a processor that 
have a pipeline, a complex instruction set computer (CISC), 
digital signal processor (DSP), and so forth. In some 
embodiments, processor 3002 may be multiple separate 
processors located on separate integrated circuit chips. In 
some embodiments processor 3002 may be a processor 
having integrated graphics, while in other embodiments 
processor 3002 may be a graphics core or cores. 
0091 FIG. 16 illustrates an example processing architec 
ture 4000 suitable for implementing various embodiments as 
previously described. More specifically, the processing 
architecture 4000 (or variants thereof) may be implemented 
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as part of a system including the system 100 or the of FIG. 
1 or the system 800 of FIG. 8. 
0092. The processing architecture 4000 includes various 
elements commonly employed in digital processing, includ 
ing without limitation, one or more processors, multi-core 
processors, co-processors, memory units, chipsets, control 
lers, peripherals, interfaces, oscillators, timing devices, 
Video cards, audio cards, multimedia input/output (I/O) 
components, power Supplies, etc. As used in this application, 
the terms “system” and “component” are intended to refer to 
an entity of a computing device in which digital processing 
is carried out, that entity being hardware, a combination of 
hardware and Software, Software, or software in execution, 
examples of which are provided by this depicted exemplary 
processing architecture. For example, a component can be, 
but is not limited to being, a process running on a processor 
element, the processor element itself, a storage device (e.g., 
a hard disk drive, multiple storage drives in an array, etc.) 
that may employ an optical and/or magnetic storage 
medium, an Software object, an executable sequence of 
instructions, a thread of execution, a program, and/or an 
entire computing device (e.g., an entire computer). By way 
of illustration, both an application running on a server and 
the server can be a component. One or more components can 
reside within a process and/or thread of execution, and a 
component can be localized on one computing device and/or 
distributed between two or more computing devices. Fur 
ther, components may be communicatively coupled to each 
other by various types of communications media to coordi 
nate operations. The coordination may involve the uni 
directional or bi-directional exchange of information. For 
instance, the components may communicate information in 
the form of signals communicated over the communications 
media. The information can be implemented as signals 
allocated to one or more signal lines. Each message may be 
a signal or a plurality of signals transmitted either serially or 
Substantially in parallel. 
0093. As depicted, in implementing the processing archi 
tecture 4000, a computing device incorporates at least a 
processor element 910, a storage 930, an interface 990 to 
other devices, and coupling 915. Depending on various 
aspects of a computing device implementing the processing 
architecture 4000, including its intended use and/or condi 
tions of use. Such a computing device may further incorpo 
rate additional components, such as without limitation, a 
counter element 915. 

0094. The coupling 915 incorporates one or more buses, 
point-to-point interconnects, transceivers, buffers, cros 
spoint Switches, and/or other conductors and/or logic that 
communicatively couples at least the processor element 910 
to the storage 930. The coupling 915 may further couple the 
processor element 910 to one or more of the interface 990 
and the display interface 955 (depending on which of these 
and/or other components are also present). With the proces 
sor element 910 being so coupled by couplings 915, the 
processor element 910 is able to perform the various ones of 
the tasks described at length, above, for whichever ones of 
the computing devices 100, 300 and 600 implement the 
processing architecture 4000. The coupling 915 may be 
implemented with any of a variety of technologies or 
combinations of technologies by which signals are optically 
and/or electrically conveyed. Further, at least portions of 
couplings 915 may employ timings and/or protocols con 
forming to any of a wide variety of industry standards, 
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including without limitation, Accelerated Graphics Port 
(AGP), CardBus, Extended Industry Standard Architecture 
(E-ISA), Micro Channel Architecture (MCA). NuBus, 
Peripheral Component Interconnect (Extended) (PCI-X), 
PCI Express (PCI-E), Personal Computer Memory Card 
International Association (PCMCIA) bus, HyperTrans 
portTM, QuickPath, Serial ATA (SATA) and the like. 
0.095 As previously discussed, the processor element 910 
may include any of a wide variety of commercially available 
processors, employing any of a wide variety of technologies 
and implemented with one or more cores physically com 
bined in any of a number of ways. 
0096. As previously discussed, the storage 93.0 may 
include one or more distinct storage devices based on any of 
a wide variety of technologies or combinations of technolo 
gies. More specifically, as depicted, the storage 93.0 may 
include one or more of a volatile storage 931 (e.g., solid state 
storage based on one or more forms of RAM technology), a 
non-volatile storage 932 (e.g., Solid state, ferromagnetic, 
phase change, or other storage not requiring a constant 
provision of electric power to preserve their contents), and 
a removable media storage 933 (e.g., removable disc or solid 
state memory card storage by which information may be 
conveyed between computing devices). This depiction of the 
storage 930 as possibly comprising multiple distinct types of 
storage is in recognition of the commonplace use of more 
than one type of storage device in computing devices in 
which one type provides relatively rapid reading and writing 
capabilities enabling more rapid manipulation of data by the 
processor element 910 (but possibly using a “volatile' 
technology constantly requiring electric power) while 
another type provides relatively high density of non-volatile 
storage (but likely provides relatively slow reading and 
writing capabilities). 
0097. Given the often different characteristics of different 
storage devices employing different technologies, it is also 
commonplace for Such different storage devices to be 
coupled to other portions of a computing device through 
different storage controllers coupled to their differing stor 
age devices through different interfaces. By way of example, 
where the volatile storage 931 is present and is based on 
RAM technology, the volatile storage 93.1 may be commu 
nicatively coupled to coupling 915 through a storage con 
troller935a providing an appropriate interface to the volatile 
storage 931 that perhaps employs row and column address 
ing, and where the storage controller 935a may perform row 
refreshing and/or other maintenance tasks to aid in preserv 
ing information stored within the volatile storage 931. By 
way of another example, where the non-volatile storage 932 
is present and includes one or more ferromagnetic and/or 
solid-state disk drives, the non-volatile storage 932 may be 
communicatively coupled to coupling 915 through a storage 
controller 935b providing an appropriate interface to the 
non-volatile storage 932 that perhaps employs addressing of 
blocks of information and/or of cylinders and sectors. By 
way of still another example, where the removable media 
storage 933 is present and includes one or more optical 
and/or solid-state disk drives employing one or more pieces 
of removable machine-readable storage media 939, the 
removable media storage 933 may be communicatively 
coupled to coupling 915 through a storage controller 935c 
providing an appropriate interface to the removable media 
storage 933 that perhaps employs addressing of blocks of 
information, and where the storage controller 935c may 
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coordinate read, erase and write operations in a manner 
specific to extending the lifespan of the machine-readable 
storage media 939. 
0098. One or the other of the volatile storage 931 or the 
non-volatile storage 932 may include an article of manufac 
ture in the form of a machine-readable storage media on 
which a routine comprising a sequence of instructions 
executable by the processor element 910 may be stored, 
depending on the technologies on which each is based. By 
way of example, where the non-volatile storage 932 includes 
ferromagnetic-based disk drives (e.g., so-called "hard 
drives'), each Such disk drive typically employs one or more 
rotating platters on which a coating of magnetically respon 
sive particles is deposited and magnetically oriented in 
various patterns to store information, Such as a sequence of 
instructions, in a manner akin to removable storage media 
Such as a floppy diskette. By way of another example, the 
non-volatile storage 932 may be made up of banks of 
Solid-state storage devices to store information, such as 
sequences of instructions, in a manner akin to a compact 
flash card. Again, it is commonplace to employ differing 
types of storage devices in a computing device at different 
times to store executable routines and/or data. Thus, a 
routine comprising a sequence of instructions to be executed 
by the processor element 910 may initially be stored on the 
machine-readable storage media 939, and the removable 
media storage 933 may be Subsequently employed in copy 
ing that routine to the non-volatile storage 932 for longer 
term storage not requiring the continuing presence of the 
machine-readable storage media 939 and/or the volatile 
storage 931 to enable more rapid access by the processor 
element 910 as that routine is executed. 

0099. As previously discussed, the interface 990 may 
employ any of a variety of signaling technologies corre 
sponding to any of a variety of communications technolo 
gies that may be employed to communicatively couple a 
computing device to one or more other devices. Again, one 
or both of various forms of wired or wireless signaling may 
be employed to enable the processor element 910 to interact 
with input/output devices (e.g., the depicted example key 
board 940 or printer 945) and/or other computing devices, 
possibly through a network (e.g., the network 999) or an 
interconnected set of networks. In recognition of the often 
greatly different character of multiple types of signaling 
and/or protocols that must often be supported by any one 
computing device, the interface 990 is depicted as compris 
ing multiple different interface controllers 995a, 995b and 
995c. The interface controller 995a may employ any of a 
variety of types of wired digital serial interface or radio 
frequency wireless interface to receive serially transmitted 
messages from user input devices, such as the depicted 
keyboard 940. The interface controller 995b may employ 
any of a variety of cabling-based or wireless signaling, 
timings and/or protocols to access other computing devices 
through the depicted network 999 (perhaps a network com 
prising one or more links, Smaller networks, or perhaps the 
Internet). The interface 995c may employ any of a variety of 
electrically conductive cabling enabling the use of either 
serial or parallel signal transmission to convey data to the 
depicted printer 945. Other examples of devices that may be 
communicatively coupled through one or more interface 
controllers of the interface 990 include, without limitation, 
microphones, remote controls, stylus pens, card readers, 
finger print readers, virtual reality interaction gloves, graphi 
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cal input tablets, joysticks, other keyboards, retina Scanners, 
the touch input component of touch screens, trackballs, 
various sensors, laser printers, inkjet printers, mechanical 
robots, milling machines, etc. 
0100 Where a computing device is communicatively 
coupled to (or perhaps, actually incorporates) a display (e.g., 
the depicted example display 950, which may include the 
display stack 100 the display stack 200, or the like), such a 
computing device implementing the processing architecture 
4000 may also incorporate the display interface 955. 
Although more generalized types of interface may be 
employed in communicatively coupling to a display, the 
Somewhat specialized additional processing often required 
in visually displaying various forms of content on a display, 
as well as the somewhat specialized nature of the cabling 
based interfaces used, often makes the provision of a distinct 
display interface desirable. Wired and/or wireless signaling 
technologies that may be employed by the display interface 
955 in a communicative coupling of the display 950 may 
make use of signaling and/or protocols that conform to any 
of a variety of industry standards, including without limita 
tion, any of a variety of analog video interfaces, Digital 
Video Interface (DVI), DisplayPort, etc. 
0101 More generally, the various elements of the com 
puting devices described herein may include various hard 
ware elements, Software elements, or a combination of both. 
Examples of hardware elements may include devices, logic 
devices, components, processors, microprocessors, circuits, 
processor elements, circuit elements (e.g., transistors, resis 
tors, capacitors, inductors, and so forth), integrated circuits, 
application specific integrated circuits (ASIC), program 
mable logic devices (PLD), digital signal processors (DSP), 
field programmable gate array (FPGA), memory units, logic 
gates, registers, semiconductor device, chips, microchips, 
chip sets, and so forth. Examples of Software elements may 
include software components, programs, applications, com 
puter programs, application programs, System programs, 
Software development programs, machine programs, oper 
ating system Software, middleware, firmware, software 
modules, routines, Subroutines, functions, methods, proce 
dures, Software interfaces, application program interfaces 
(API), instruction sets, computing code, computer code, 
code segments, computer code segments, words, values, 
symbols, or any combination thereof. However, determining 
whether an embodiment is implemented using hardware 
elements and/or software elements may vary in accordance 
with any number of factors, such as desired computational 
rate, power levels, heat tolerances, processing cycle budget, 
input data rates, output data rates, memory resources, data 
bus speeds and other design or performance constraints, as 
desired for a given implementation. 
0102 Some embodiments may be described using the 
expression “one embodiment’ or “an embodiment” along 
with their derivatives. These terms mean that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment. 
The appearances of the phrase “in one embodiment” in 
various places in the specification are not necessarily all 
referring to the same embodiment. Further, some embodi 
ments may be described using the expression “coupled and 
“connected along with their derivatives. These terms are 
not necessarily intended as synonyms for each other. For 
example, some embodiments may be described using the 
terms “connected and/or “coupled to indicate that two or 
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more elements are in direct physical or electrical contact 
with each other. The term “coupled, however, may also 
mean that two or more elements are not in direct contact 
with each other, but yet still co-operate or interact with each 
other. Furthermore, aspects or elements from different 
embodiments may be combined. 
0103. It is emphasized that the Abstract of the Disclosure 

is provided to allow a reader to quickly ascertain the nature 
of the technical disclosure. It is submitted with the under 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description, it can be seen that various features are 
grouped together in a single embodiment for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the claimed 
embodiments require more features than are expressly 
recited in each claim. Rather, as the following claims reflect, 
inventive subject matter lies in less than all features of a 
single disclosed embodiment. Thus the following claims are 
hereby incorporated into the Detailed Description, with each 
claim standing on its own as a separate embodiment. In the 
appended claims, the terms “including and “in which are 
used as the plain-English equivalents of the respective terms 
“comprising and “wherein, respectively. Moreover, the 
terms “first,' 'second,” “third,' and so forth, are used 
merely as labels, and are not intended to impose numerical 
requirements on their objects. 

0104 What has been described above includes examples 
of the disclosed architecture. It is, of course, not possible to 
describe every conceivable combination of components and/ 
or methodologies, but one of ordinary skill in the art may 
recognize that many further combinations and permutations 
are possible. Accordingly, the novel architecture is intended 
to embrace all Such alterations, modifications and variations 
that fall within the spirit and scope of the appended claims. 
The detailed disclosure now turns to providing examples 
that pertain to further embodiments. The examples provided 
below are not intended to be limiting. 
0105 Various embodiments may be implemented using 
hardware elements, software elements, or a combination of 
both. Examples of hardware elements may include proces 
sors, microprocessors, circuits, circuit elements (e.g., tran 
sistors, resistors, capacitors, inductors, and so forth), inte 
grated circuits, application specific integrated circuits 
(ASIC), programmable logic devices (PLD), digital signal 
processors (DSP), field programmable gate array (FPGA), 
logic gates, registers, semiconductor device, chips, micro 
chips, chip sets, and so forth. Examples of Software may 
include Software components, programs, applications, com 
puter programs, application programs, System programs, 
machine programs, operating system Software, middleware, 
firmware, Software modules, routines, Subroutines, func 
tions, methods, procedures, Software interfaces, application 
program interfaces (API), instruction sets, computing code, 
computer code, code segments, computer code segments, 
words, values, symbols, or any combination thereof. Deter 
mining whether an embodiment is implemented using hard 
ware elements and/or software elements may vary in accor 
dance with any number of factors, such as desired 
computational rate, power levels, heat tolerances, processing 
cycle budget, input data rates, output data rates, memory 
resources, data bus speeds and other design or performance 
constraints. 
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0106. One or more aspects of at least one embodiment 
may be implemented by representative instructions stored on 
a machine-readable medium which represents various logic 
within the processor, which when read by a machine causes 
the machine to fabricate logic to perform the techniques 
described herein. Such representations, known as “IP cores' 
may be stored on a tangible, machine readable medium and 
Supplied to various customers or manufacturing facilities to 
load into the fabrication machines that actually make the 
logic or processor. Some embodiments may be imple 
mented, for example, using a machine-readable medium or 
article which may store an instruction or a set of instructions 
that, if executed by a machine, may cause the machine to 
perform a method and/or operations in accordance with the 
embodiments. Such a machine may include, for example, 
any suitable processing platform, computing platform, com 
puting device, processing device, computing system, pro 
cessing system, computer, processor, or the like, and may be 
implemented using any suitable combination of hardware 
and/or software. The machine-readable medium or article 
may include, for example, any suitable type of memory unit, 
memory device, memory article, memory medium, storage 
device, storage article, storage medium and/or storage unit, 
for example, memory, removable or non-removable media, 
erasable or non-erasable media, writeable or re-writeable 
media, digital or analog media, hard disk, floppy disk, 
Compact Disk Read Only Memory (CD-ROM), Compact 
Disk Recordable (CD-R), Compact Disk Rewriteable (CD 
RW), optical disk, magnetic media, magneto-optical media, 
removable memory cards or disks, various types of Digital 
Versatile Disk (DVD), a tape, a cassette, or the like. The 
instructions may include any suitable type of code, Such as 
Source code, compiled code, interpreted code, executable 
code, static code, dynamic code, encrypted code, and the 
like, implemented using any suitable high-level, low-level. 
object-oriented, visual, compiled and/or interpreted pro 
gramming language. 
0107 Numerous specific details have been set forth 
herein to provide a thorough understanding of the embodi 
ments. It will be understood by those skilled in the art, 
however, that the embodiments may be practiced without 
these specific details. In other instances, well-known opera 
tions, components, and circuits have not been described in 
detail so as not to obscure the embodiments. It can be 
appreciated that the specific structural and functional details 
disclosed herein may be representative and do not neces 
sarily limit the scope of the embodiments. 
0108. Some embodiments may be described using the 
expression “coupled' and “connected along with their 
derivatives. These terms are not intended as synonyms for 
each other. For example, Some embodiments may be 
described using the terms “connected” and/or “coupled to 
indicate that two or more elements are in direct physical or 
electrical contact with each other. The term “coupled.” 
however, may also mean that two or more elements are not 
in direct contact with each other, but yet still co-operate or 
interact with each other. 

0109 Unless specifically stated otherwise, it may be 
appreciated that terms such as “processing.” “computing.” 
"calculating,” “determining,” or the like, refer to the action 
and/or processes of a computer or computing system, or 
similar electronic computing device, that manipulates and/or 
transforms data represented as physical quantities (e.g., 
electronic) within the computing system's registers and/or 
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memories into other data similarly represented as physical 
quantities within the computing system's memories, regis 
ters or other Such information storage, transmission or 
display devices. The embodiments are not limited in this 
COInteXt. 

0110. It should be noted that the methods described 
herein do not have to be executed in the order described, or 
in any particular order. Moreover, various activities 
described with respect to the methods identified herein can 
be executed in serial or parallel fashion. 
0111 Although specific embodiments have been illus 
trated and described herein, it should be appreciated that any 
arrangement calculated to achieve the same purpose may be 
substituted for the specific embodiments shown. This dis 
closure is intended to cover any and all adaptations or 
variations of various embodiments. It is to be understood 
that the above description has been made in an illustrative 
fashion, and not a restrictive one. Combinations of the above 
embodiments, and other embodiments not specifically 
described herein will be apparent to those of skill in the art 
upon reviewing the above description. Thus, the scope of 
various embodiments includes any other applications in 
which the above compositions, structures, and methods are 
used. 
0112. It is emphasized that the Abstract of the Disclosure 

is provided to comply with 37 C.F.R. S1.72(b), requiring an 
abstract that will allow the reader to quickly ascertain the 
nature of the technical disclosure. It is submitted with the 
understanding that it will not be used to interpret or limit the 
Scope or meaning of the claims. In addition, in the foregoing 
Detailed Description, it can be seen that various features are 
grouped together in a single embodiment for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the claimed 
embodiments require more features than are expressly 
recited in each claim. Rather, as the following claims reflect, 
inventive subject matter lies in less than all features of a 
single disclosed embodiment. Thus the following claims are 
hereby incorporated into the Detailed Description, with each 
claim standing on its own as a separate preferred embodi 
ment. In the appended claims, the terms “including and "in 
which are used as the plain-English equivalents of the 
respective terms “comprising and “wherein, respectively. 
Moreover, the terms “first,' 'second,' and “third,' etc. are 
used merely as labels, and are not intended to impose 
numerical requirements on their objects. 
0113 Although the subject matter has been described in 
language specific to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter defined 
in the appended claims is not necessarily limited to the 
specific features or acts described above. Rather, the specific 
features and acts described above are disclosed as example 
forms of implementing the claims. 
0114. The disclosure now turns to providing example 
implementations. These examples are given for clarity of 
presentation and not to be limiting. 

Example 1 
0115. An apparatus, comprising: logic, at least a portion 
of which is implemented in hardware, the logic to: receive 
an image to be warped, the image comprising a plurality of 
pixels; warp at least one of the plurality of pixels based in 
part on an image warping field, the image warping field 
comprising a plurality of cells, each of the plurality of cells 

Jun. 22, 2017 

comprising at least one warping coefficient to warp ones of 
the plurality of pixels; and generate a pre-warped image 
based on the plurality of pixels warped based on the image 
warping field. 

Example 2 

0116. The apparatus of example 1, the logic to: retrieve 
the at least one warping coefficient for a first cell of the 
image warping field; determine, for each of the plurality of 
pixels, ones of the plurality of pixels corresponding to the 
first cell; and warp each of the ones of the plurality of pixels 
corresponding to the first cell based on the retrieved at least 
one warping coefficient. 

Example 3 

0117 The apparatus of example 2, the logic to: retrieve 
the at least one warping coefficient for a second cell of the 
image warping field; determine, for each of the plurality of 
pixels, ones of the plurality of pixels corresponding to the 
second cell; and warp each of the ones of the plurality of 
pixels corresponding to the second cell based on the 
retrieved at least one warping coefficient. 

Example 4 

0118. The apparatus of example 1, the at least one warp 
ing coefficient for each of the plurality of cells a coefficient 
for a polynomial function. 

Example 5 

0119 The apparatus of example 4, wherein the at least 
one coefficient for a first cell of the plurality of cells is 
different than the at least one coefficient for a second cell of 
the plurality of cells. 

Example 6 

0.120. The apparatus of example 4, wherein each of the 
plurality of cells comprise a plurality of warping coeffi 
cients. 

Example 7 

I0121 The apparatus of example 4, wherein each of the 
plurality of cells comprise between 2 and 10 warping 
coefficients. 

Example 8 

0.122 The apparatus of example 1, wherein the image 
warping field is a first image warping field and the pre 
warped image is a first-pre-warped image, the logic to: warp 
each of the plurality of pixels based in part on a second 
image warping field, the second image warping field com 
prising a plurality of cells, each of the plurality of cells 
comprising at least one warping coefficient to warp the 
plurality of pixels; and generate a second pre-warped image 
based on the plurality of pixels warped based on the second 
image warping field. 

Example 9 

I0123. The apparatus of any one of examples 1 to 8, the 
logic comprising one or more registers to store the at least 
one warping coefficients. 



US 2017/01 78288 A1 

Example 10 

0.124. The apparatus of any one of example 1 to 8, the 
logic implemented in a field programmable gate array 
(FPGA) or an application specific integrated circuit (ASIC). 

Example 11 

0125 A system comprising: a light source to emit light 
beams; a reflector to reflect the light beams to project an 
image; and logic, at least a portion of which is implemented 
in hardware, the logic to: receive a plurality of pixels 
corresponding to the image to be projected; warp each of the 
plurality of pixels based in part on an image warping field, 
the image warping field comprising a plurality of cells, each 
of the plurality of cells comprising at least one warping 
coefficient to warp ones of the plurality of pixels; and send 
a control signal to the light source to cause the light Source 
to emit the light beams corresponding to the plurality of 
pixels warped based on the image warping field. 

Example 12 

0126 The system of example 11, the logic to: retrieve the 
at least one warping coefficient for a first cell of the image 
warping field; determine, for each of the plurality of pixels, 
ones of the plurality of pixels corresponding to the first cell; 
and warp each of the ones of the plurality of pixels corre 
sponding to the first cell based on the retrieved at least one 
warping coefficient. 

Example 13 

0127. The system of example 12, the logic to: retrieve the 
at least one warping coefficient for a second cell of the image 
warping field; determine, for each of the plurality of pixels, 
ones of the plurality of pixels corresponding to the second 
cell; and warp each of the ones of the plurality of pixels 
corresponding to the second cell based on the retrieved at 
least one warping coefficient. 

Example 14 

0128. The system of example 11, the at least one warping 
coefficient for each of the plurality of cells a coefficient for 
a polynomial function. 

Example 15 

0129. The system of example 14, wherein the at least one 
coefficient for a first cell of the plurality of cells is different 
than the at least one coefficient for a second cell of the 
plurality of cells. 

Example 16 

0130. The system of example 14, wherein each of the 
plurality of cells comprise a plurality of warping coeffi 
cients. 

Example 17 

0131 The system of example 14, wherein each of the 
plurality of cells comprise between 2 and 10 warping 
coefficients. 
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Example 18 
0.132. The system of example 11, wherein the image 
warping field is a first image warping field, the light Source 
is a first light Source, the light beams are first light beams, 
the system comprising a second light Source to emit second 
light beams, the logic to: warp each of the plurality of pixels 
based in part on a second image warping field, the second 
image warping field comprising a plurality of cells, each of 
the plurality of cells comprising at least one warping coef 
ficient to warp the plurality of pixels; and send a control 
signal to the second light source to cause the second light 
Source to emit the second light beams corresponding to the 
plurality of pixels warped based on the second image 
warping field. 

Example 19 
I0133. The system of any one of examples 11 to 18, the 
logic comprising one or more registers to store the at least 
one warping coefficients. 

Example 20 
I0134. The system of any one of example 11 to 18, the 
logic implemented in a field programmable gate array 
(FPGA) or an application specific integrated circuit (ASIC). 

Example 21 

0135) The system of any one of examples 11 to 18, the 
light Source comprising at least one of a laser or a light 
emitting diode (LED). 

Example 22 
0.136 The system of any one of examples 11 to 18, the 
reflector comprising a microelectromechanical system 
(MEMS) mirror. 

Example 23 
0.137 The system of example 22, comprising a projection 
surface, the reflector to reflect the light beams across the 
projection Surface to project the image. 

Example 24 
0.138. The system of example 23, the projection surface 
comprising a holographic optical element to reflect the 
projected image as a virtual image. 

Example 25 
0.139. A method comprising: receiving an image to be 
warped, the image comprising a plurality of pixels; warping 
each of the plurality of pixels based in part on an image 
warping field, the image warping field comprising a plurality 
of cells, each of the plurality of cells comprising at least one 
warping coefficient to warp ones of the plurality of pixels; 
and generating a pre-warped image based on the plurality of 
pixels warped based on the image warping field. 

Example 26 
0140. The method of example 25, comprising: retrieving 
the at least one warping coefficient for a first cell of the 
image warping field; determining, for each of the plurality of 
pixels, ones of the plurality of pixels corresponding to the 
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first cell; and warping each of the ones of the plurality of 
pixels corresponding to the first cell based on the retrieved 
at least one warping coefficient. 

Example 27 
0141. The method of example 26, comprising: retrieving 
the at least one warping coefficient for a second cell of the 
image warping field; determining, for each of the plurality of 
pixels, ones of the plurality of pixels corresponding to the 
second cell; and warping each of the ones of the plurality of 
pixels corresponding to the second cell based on the 
retrieved at least one warping coefficient. 

Example 28 
0142. The method of example 25, the at least one warping 
coefficient for each of the plurality of cells a coefficient for 
a polynomial function. 

Example 29 

0143. The method of example 28, wherein the at least one 
coefficient for a first cell of the plurality of cells is different 
than the at least one coefficient for a second cell of the 
plurality of cells. 

Example 30 

0144. The method of example 28, wherein each of the 
plurality of cells comprise a plurality of warping coeffi 
cients. 

Example 31 

0145 The method of example 28, wherein each of the 
plurality of cells comprise between 2 and 10 warping 
coefficients. 

Example 32 

0146 The method of example 25, wherein the image 
warping field is a first image warping field and the pre 
warped image is a first-pre-warped image, the method 
comprising: warping each of the plurality of pixels based in 
part on a second image warping field, the second image 
warping field comprising a plurality of cells, each of the 
plurality of cells comprising at least one warping coefficient 
to warp the plurality of pixels; and generating a second 
pre-warped image based on the plurality of pixels warped 
based on the second image warping field. 

Example 33 

0147 An apparatus for a device, the apparatus compris 
ing means for performing the method of any one of 
examples 25 to 32. 

Example 34 

0148. At least one machine-readable storage medium 
comprising instructions that when executed by a processing 
unit, cause the processing unit to: receive an image to be 
warped, the image comprising a plurality of pixels; warp 
each of the plurality of pixels based in part on an image 
warping field, the image warping field comprising a plurality 
of cells, each of the plurality of cells comprising at least one 
warping coefficient to warp ones of the plurality of pixels; 
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and generate a pre-warped image based on the plurality of 
pixels warped based on the image warping field. 

Example 35 

014.9 The at least one machine-readable storage medium 
of example 34, comprising instructions that cause the pro 
cessing unit to: retrieve the at least one warping coefficient 
for a first cell of the image warping field; determine, for each 
of the plurality of pixels, ones of the plurality of pixels 
corresponding to the first cell; and warp each of the ones of 
the plurality of pixels corresponding to the first cell based on 
the retrieved at least one warping coefficient. 

Example 36 
0150. The at least one machine-readable storage medium 
of example 35, comprising instructions that cause the pro 
cessing unit to: retrieve the at least one warping coefficient 
for a second cell of the image warping field; determine, for 
each of the plurality of pixels, ones of the plurality of pixels 
corresponding to the second cell; and warp each of the ones 
of the plurality of pixels corresponding to the second cell 
based on the retrieved at least one warping coefficient. 

Example 37 
0151. The at least one machine-readable storage medium 
of example 34, the at least one warping coefficient for each 
of the plurality of cells a coefficient for a polynomial 
function. 

Example 38 
0152 The at least one machine-readable storage medium 
of example 34, wherein the at least one coefficient for a first 
cell of the plurality of cells is different than the at least one 
coefficient for a second cell of the plurality of cells. 

Example 39 

0153. The at least one machine-readable storage medium 
of example 38, wherein each of the plurality of cells 
comprise a plurality of warping coefficients. 

Example 40 

0154 The at least one machine-readable storage medium 
of example 38, wherein each of the plurality of cells 
comprise between 2 and 10 warping coefficients. 

Example 41 

0155 The at least one machine-readable storage medium 
of example 34, wherein the image warping field is a first 
image warping field and the pre-warped image is a first 
pre-warped image, comprising instructions that cause the 
processing unit to: warp each of the plurality of pixels based 
in part on a second image warping field, the second image 
warping field comprising a plurality of cells, each of the 
plurality of cells comprising at least one warping coefficient 
to warp the plurality of pixels; and generate a second 
pre-warped image based on the plurality of pixels warped 
based on the second image warping field. 

Example 42 
0156 An apparatus, comprising: logic, at least a portion 
of which is implemented in hardware, the logic to: partition 
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a per pixel image warping map into a plurality of cells, the 
per pixel image warping map comprising a plurality of pixel 
movements, the plurality of pixel movements corresponding 
to pixels in an image to be warped, each of the plurality of 
cells corresponding to at least one of the plurality of pixel 
movements; and determine, for each cell, a polynomial 
approximation of the pixel movements corresponding to the 
cell. 

Example 43 
0157. The apparatus of example 42, the logic to deter 
mine the polynomial approximation based on using a plu 
rality of warping coefficients. 

Example 44 
0158. The apparatus of example 43, the logic to deter 
mine the polynomial approximation based in part on appli 
cation of a linear regression to the pixel movements. 

Example 45 

0159. A method comprising: partitioning a per pixel 
image warping map into a plurality of cells, the per pixel 
image warping map comprising a plurality of pixel move 
ments, the plurality of pixel movements corresponding to 
pixel in an image to be warped, each of the plurality of cells 
corresponding to at least one of the plurality of pixel 
movements; and determining, for each cell, a polynomial 
approximation of the pixel movements corresponding to the 
cell. 

Example 46 

0160 The method of example 45, comprising determin 
ing the polynomial approximation based on using a plurality 
of warping coefficients. 

Example 47 

0161 The method of example 46, comprising determin 
ing the polynomial approximation based in part on applica 
tion of a linear regression to the pixel movements. 

Example 48 

0162 An apparatus for a device, the apparatus compris 
ing means for performing the method of any one of 
examples 45 to 47. 

Example 49 

0163 At least one machine-readable storage medium 
comprising instructions that when executed by a processing 
unit, cause the processing unit to: partition a per pixel image 
warping map into a plurality of cells, the per pixel image 
warping map comprising a plurality of pixel movements, the 
plurality of pixel movements corresponding to pixel in an 
image to be warped, each of the plurality of cells corre 
sponding to at least one of the plurality of pixel movements; 
and determine, for each cell, a polynomial approximation of 
the pixel movements corresponding to the cell. 

Example 50 

0164. The at least one machine-readable storage medium 
of example 49, comprising instructions that cause the pro 
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cessing unit to determine the polynomial approximation 
based on using a plurality of warping coefficients. 

Example 51 

0.165. The at least one machine-readable storage medium 
of example 50, comprising instructions that cause the pro 
cessing unit to determine the polynomial approximation 
based in part on application of a linear regression to the pixel 
moVementS. 

What is claimed is: 
1. An apparatus, comprising: 
logic, at least a portion of which is implemented in 

hardware, the logic to: 
receive an image to be warped, the image comprising 

a plurality of pixels; 
warp at least one of the plurality of pixels based in part 

on an image warping field, the image warping field 
comprising a plurality of cells, each of the plurality 
of cells comprising at least one warping coefficient to 
warp ones of the plurality of pixels; and 

generate a pre-warped image based on the plurality of 
pixels warped based on the image warping field. 

2. The apparatus of claim 1, the logic to: 
retrieve the at least one warping coefficient for a first cell 

of the image warping field; 
determine, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the first cell; and 
warp each of the ones of the plurality of pixels corre 

sponding to the first cell based on the retrieved at least 
one warping coefficient. 

3. The apparatus of claim 2, the logic to: 
retrieve the at least one warping coefficient for a second 

cell of the image warping field; 
determine, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the second cell; and 
warp each of the ones of the plurality of pixels corre 

sponding to the second cell based on the retrieved at 
least one warping coefficient. 

4. The apparatus of claim 1, the at least one warping 
coefficient for each of the plurality of cells a coefficient for 
a polynomial function. 

5. The apparatus of claim 4, wherein the at least one 
coefficient for a first cell of the plurality of cells is different 
than the at least one coefficient for a second cell of the 
plurality of cells. 

6. The apparatus of claim 4, wherein each of the plurality 
of cells comprise a plurality of warping coefficients. 

7. The apparatus of claim 4, wherein each of the plurality 
of cells comprise between 2 and 10 warping coefficients. 

8. The apparatus of claim 1, wherein the image warping 
field is a first image warping field and the pre-warped image 
is a first pre-warped image, the logic to: 
warp each of the plurality of pixels based in part on a 

second image warping field, the second image warping 
field comprising a plurality of cells, each of the plu 
rality of cells comprising at least one warping coeffi 
cient to warp the plurality of pixels; and 

generate a second pre-warped image based on the plural 
ity of pixels warped based on the second image warp 
ing field. 

9. The apparatus of claim 1, the logic comprising one or 
more registers to store the at least one warping coefficients. 
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10. The apparatus of claim 1, the logic implemented in a 
field programmable gate array (FPGA) or an application 
specific integrated circuit (ASIC). 

11. A system comprising: 
a light Source to emit light beams; 
a reflector to reflect the light beams to project an image: 

and 
logic, at least a portion of which is implemented in 

hardware, the logic to: 
receive a plurality of pixels corresponding to the image 

to be projected; 
warp each of the plurality of pixels based in part on an 

image warping field, the image warping field com 
prising a plurality of cells, each of the plurality of 
cells comprising at least one warping coefficient to 
warp the plurality of pixels; and 

send a control signal to the light Source to cause the 
light Source to emit the light beams corresponding to 
the plurality of pixels warped based on the image 
warping field. 

12. The system of claim 11, the logic to: 
retrieve the at least one warping coefficient for a first cell 

of the image warping field; 
determine, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the first cell; and 
warp each of the ones of the plurality of pixels corre 

sponding to the first cell based on the retrieved at least 
one warping coefficient. 

13. The system of claim 12, the logic to: 
retrieve the at least one warping coefficient for a second 

cell of the image warping field; 
determine, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the second cell; and 
warp each of the ones of the plurality of pixels corre 

sponding to the second cell based on the retrieved at 
least one warping coefficient. 

14. The system of claim 11, wherein the image warping 
field is a first image warping field, the light source is a first 
light source, the light beams are first light beams, the system 
comprising a second light Source to emit second light beams, 
the logic to: 

warp each of the plurality of pixels based in part on a 
second image warping field, the second image warping 
field comprising a plurality of cells, each of the plu 
rality of cells comprising at least one warping coeffi 
cient to warp the plurality of pixels; and 

send a control signal to the second light Source to cause 
the second light source to emit second light beams 
corresponding to the plurality of pixels warped based 
on the second image warping field. 

15. The system of claim 11, the light source comprising at 
least one of a laser or a light emitting diode (LED) and the 
reflector comprising a microelectromechanical system 
(MEMS) mirror. 

16. The system of claim 15, comprising a projection 
surface, the reflector to reflect the light beams across the 
projection Surface to project the image. 

17. The system of claim 16, the projection surface com 
prising a holographic optical element to reflect the projected 
image as a virtual image. 
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18. A method comprising: 
receiving an image to be warped, the image comprising a 

plurality of pixels; 
warping each of the plurality of pixels based in part on an 

image warping field, the image warping field compris 
ing a plurality of cells, each of the plurality of cells 
comprising at least one warping coefficient to warp 
ones of the plurality of pixels; and 

generating a pre-warped image based on the plurality of 
pixels warped based on the image warping field. 

19. The method of claim 18, comprising: 
retrieving the at least one warping coefficient for a first 

cell of the image warping field; 
determining, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the first cell; and 
warping each of the ones of the plurality of pixels 

corresponding to the first cell based on the retrieved at 
least one warping coefficient. 

20. The method of claim 19, comprising: 
retrieving the at least one warping coefficient for a second 

cell of the image warping field; 
determining, for each of the plurality of pixels, ones of the 

plurality of pixels corresponding to the second cell; and 
warping each of the ones of the plurality of pixels 

corresponding to the second cell based on the retrieved 
at least one warping coefficient. 

21. The method of claim 20, the at least one warping 
coefficient for each of the plurality of cells a coefficient for 
a polynomial function. 

22. The method of claim 18, wherein the image warping 
field is a first image warping field and the pre-warped image 
is a first pre-warped image, the method comprising: 

warping each of the plurality of pixels based in part on a 
second image warping field, the second image warping 
field comprising a plurality of cells, each of the plu 
rality of cells comprising at least one warping coeffi 
cient to warp the plurality of pixels; and 

generating a second pre-warped image based on the 
plurality of pixels warped based on the second image 
warping field. 

23. At least one machine-readable storage medium com 
prising instructions that when executed by a processing unit, 
cause the processing unit to: 

partition a per pixel image warping map into a plurality of 
cells, the per pixel image warping map comprising a 
plurality of pixel movements, the plurality of pixel 
movements corresponding to pixel in an image to be 
warped, each of the plurality of cells corresponding to 
at least one of the plurality of pixel movements; and 

determine, for each cell, a polynomial approximation of 
the pixel movements corresponding to the cell. 

24. The at least one machine-readable storage medium of 
claim 23, comprising instructions that cause the processing 
unit to determine the polynomial approximation based on 
using a plurality of warping coefficients. 

25. The at least one machine-readable storage medium of 
claim 24, comprising instructions that cause the processing 
unit to determine the polynomial approximation based in 
part on application of a linear regression to the pixel 
moVementS. 


