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FIGURE 1

(87) Abstract: A product modeling system and method are provided. On one embodiment, the product modeling system is used
to model a piece of apparel, such as a shirt, with a design wherein the model with the design is used to display the piece of apparel
with the design to a consumer.
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PRODUCT MODELING SYSTEM AND METHOD

Appendices

Appendix A (2 pages) contains an examiple of the pseudoeode for finding a set of
markers on a product;

Appendix B (1 page) contains an example of the code for remapping the color of an

S image using nommalized ordinal color distribution;

Appendix C (4 pages) contains an éxample of the code for building a color map in
normalized histogram order with an index from a matching color space;

Appendix D (2 pages) contains an example of the code for building a look-up table to
remap the colors from a source sphere to a destination sphere; and

10 Appendix E (3 pages) contains an example of the code for remapping the color of the

source image with a source sphere color map to a destination image with the color map of the
sphere color object.

Appendices A-E form part of the specification and are incorporated herein by

reference.

15  Field
The invention relates generally to a system and method for modeling a piece of
apparel.

Background

Electronic commerce (E-commerce) is a thriving business in which various different
20 products and services are sold to a plurality of consumers using an E-cormmmesce site. The E-
Commerce site may include a website that allows a plurality of consumers to gain access to
the website using a network, such as the Internet. The website may have a plurality of web
pages wherein these web pages have images of a plurality of different products that the
consumer may purchase. The images contained in the plurality of web pages are two
25 dimensional images. The website may also include a secure commerce portion that allows
the consumer to select one or more items, place those items in an glectronic shopping cart
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and, when done shopping, check out and pay for the items that remain in the electronic
shopping cart using various payment services, such as PayPal or a credit card.

One limitation with these typical E-commerce systems is that the product available on
the website, such as a shirt, may be modeled by a human model to show the product and its
S design, but is shown to the consumer as a “flat” image since it is shown to the consumer on
the display of the computer being used by the consumer. ‘Thus, the actual design of the
product and how the product looks in real life is often difficult to determine from those
images. This may result in-consumers not purchasing the product which is undesirable.

Another limitation of these typical E~commerce systems is that the product available
10  on the website, such as a shirt, cannot be custormized by the consumer with a design on the
product. Thus, the consumer cannot see the customized product with the design and this also
may result in consumers not purchasing the product which is undesirable. Thus, it is
desirable to provide a system and method that provides better models for products and it is to
thig end that the system and method are directed.

15  Brief Description of the Drawi

Figure 1 is a block diagram illustrates an exemplary implementation of the product
modeling system;

Figure 2 illustrates an exemplary implementation of a product modeling method;

Figure 3 illustrates further details of an exemplary implementation of a product
20  modeling method;

Figure 4A and 4B illustrate further details of the process for marking a product in the
product modeling method;

Figures SA and SB illustrate further details of the process for generating images of a
product in the product modeling method;

25 Figures 6A-6D illustrate further details of the process for preprocessing the model in
the product modeling method;
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Figures 7A — 7C illustrate further details of the post processing process in the product
modeling method;

Figure 8A illustrates an example of a design to be placed on a piece of apparel;

Figures 8B illustrates a typical image of a piece of apparel with the design in a typical
5  sgystem;

Figures 8C-8D illustrate the design on a piece of apparel in the product modeling
system;

Figure 8E illustrates the process for placing the design on the model; and

Figures 9A -9C illustrate a process for changing the background against which the
10  piece of apparel with the design is displayed in the product modeling system.

The system and method are particularly applicable to a system and method for
modeling a shirt implemented in software on a computer and it is in this context that the
system and method is illustrated and described. It will be appreciated, however, that the

15 system and method can be used for various products wherein the products may include other
apparel and other products in which it is desirable to provide betters models of the products.
For example, the system may be used for any type of garment or piece of apparel, any item
that ean be wormn or used by a human being ar pet, such as a hat, backpack, dog sweater, etc.
and/or any other product in which it is desirable to be able to display the product on a model.

20 In addition, the system may be used with any product in which it is desirable to be able to
display the product (with an irregular surface) with a design on it, such as a skateboard, a
shoe. In addition, the system may be used to display a design on any item with an irregular
surface, such as a wall, automobile body, a pencil and the like. Furthermore, the system may
be used to identify a product/item in 8 video wherein a design car be inserted into the

25 product/item in the video. In addition, the systern and method can be implemented in
software (shown in the illustrated implementation), hardware or a combination of hardware
and software and may also be implemented on stand alone computing device (shown in the
illustrated implementation), a web server, a terminal, a peer to peer system and the like so that
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the system and method are not limited to the particular implementation of the system or
method.

Figure 1 is a block diagram illustrates an exemplary implementation of the product
modeling system 100. In this implementation, the system is implemented on a stand alone
S computing device, such as a personal computer and the product modeling system is

implemented as one or more pieces of software comprising a plurality of lines of computer
code that are executéd by a processing unit in the computing device to implement the product
modeling system. The product medeling system, however, can also be implemented on other
computing devices and computing systems, such as a networked computing system, a

10 client/server system, a peer-to-peer system, an ASP model type system, a laptop computer, a
mobile device, a mobile cellular phone or any other computing device with sufficient
processing power, memory and connectivity to implement the product modeling system and
method as described below.

The exemplary impleméntation of the system mey include a display device 102 to

15  permit a consumer to view the product with the design generated by the product modeling
system, a chassis 104 and one or more input/output devices 105, such as a keyboard and
mouse, that allow the consumer to interface with the computing device and the product
modeling system. The chassis 104 may house & processing unit 106 such as an Intel
processor, a persistent storage device 108 such as a hard disk drive and a memory 110

20  whersin the memory may store the software modules/applications being executed by the
processing unit. When the product modeling system is being implemented on the computing
device, the computing device may also include a product modeling store 112, such as a
software implemented database and the memory may store an operating system 114 that
controls the operations of the computing device and a product modeling module 116 that has

25  aplurdlity of lines of computer code wherein the plurality of lines of computer code are
executed by the processing unit to implement the product modeling system and method as
described below.

For purposes of illustrating the product modeling system and method, a product
modeling method for a piece of apparel, such as a t-shirt, with a design is described below.
30  However, the product modeling system may also be used for othier products, such as other
apparel and other products in which it is desirable to provide betters models of the products.
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For example, the system may be used for any type of garment or piece of apparel, any item
that can be worn or used by a human being or pet, such as a hat, backpack, dog sweater, etc.
and/or any other product in which it is desireble to be able to display the product on a model.
In addition, the system may be used with any product in which it is desirable to be able to
5  display the product (with an irregular surface) with a design on it, such as a skateboard, a

shoe. In addition, the system may be used to display a design on any item with an irregular
surface, such as a wall, automobile body, a pencil and the like. Furthermore, the system may
be used to identify a product/item in a video wherein a design can be inserted into the
product/item in the video. The output of the product modeling method (an image of the

10  product with a design shown on the product) may be used for various putposes. For example,
the output may be used to generate a plurality of product displays with designs on a website
that allows consumers to see the products. The example described below is a system in which
the product modeling systom is ticd to a product marketing and selling company wherein the
product marketing and selling company has control of models and images of the product

IS  modeling system. In another implementation/embodiment of the product modeling system,
the systern may permit a consumer to provide their own images/models, such as models of the
actual consumer, so that the consumer can upload the image to a service and then have the
selected design displayed on the model of the actual consumer whersin the service provides:
1) the model components (to create the mode! form); 2) a tool to upload/modify the model

20 images to the service; and 3) a tool to display the model with the design to the consumer.

Figure 2 illustrates an exemplary implementation of a product modeling method 120
that displays a model with a design on the model wherein the model is a realistic
representation of a person with a piece of apparel that has the design on thie piece of apparel.
The methods shown in Figures 2 and 3, the processes described below may be performed by

25  the product modeling module 116 described above. A consumer may select a design (122)
such as the design shown in Figure 8A and a warp process (124) may be performed to
generate a warp design (128). The consumer may also select a background (126) for the
model such as the backgrounds shown in Figures 9A-9C. Once the background and design
are chosen by the consumer, the design is warped and then surface shading (130) and a

30  surface specular process (132) is performed. Once these processes are completed, the model
is created with the design (134) wherein the model with the design i3 shown to the consumer.

In one embodiment, the mode! with the design is displayed to the consumer to assist the
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consumer in previewing the product with the design before the consumer purchases the
product with the design, such as through an E-~commerce website, Now, the product
modeling method is described in more detail.

Figure 3 illustrates further details of au exeniplary implementation of a product
modeling method 140 when used with a piece of apparel. The product modeling method (and
the processes set forth below) are implemented, in one embodiment and implementation, as a
plurality of lines of computer code that are part of the product modeling module that are
executed by a processing unit 106 that is part of the product modeling system. In the method,
a piece of apparel is created with a plurality of markers {142) that are used to capture
information about the piece of apparel when the piece of appare! is womn by a human model.
The plurality of markers may be a marker pattern that encodes, in two dimensions, a flexible
substrate that may be detected when the flexible substrate is placed on a complex three
dimensional surface wherein the coverage area of the marker pattern does not substantially
occlude the substrate that it encodes. For example, the plurality of markers may cover a
predetermined percentage, such as 50%, of the piece of apparel, that allow the system to
capture information about the piece of apparel when the piece of apparel is worn by a human
model. In one implementation, the plurality of markers may form a grid. In'more detail, the
markers that form a grid on a flat surface (the piece of apparel flat an a surface when the
markers dre properly positioned on the piece of apparel) may be used to map to a grid of
markers on a non-flat surface (the piece of apparel when worn on a human model). As shown
in Figure 4A, the grid of markers 186 on the flat surface are mapped to a grid 187 with the
same markers in the same positions on a non-flat surface so that the mapping between the
grid on the flat surface and the grid on the non-flat surface is determined. The system may
interpolate the marker locations to generate a mapping from the plurality of markers to the
grid on the flat surface and may then store the-mapping to avoid recalculation of the mapping
each time. In one embodiment, the markers may be a number of non-visible lines that form a
grid. In another embodiment, the markers may be a plurality of optical markers 190 that may
be affixed to a piece of apparel 192 as shown in.Figure 4B that permits the optical tagging of
the piece of apparel to map the surface of the piece of apparel when worn by a human model,

The optical markers may be made of a reflective material, a colorized material or a
diffraction pattern. The reflective material may be retro-reflective material. The colorized
material may be pigmented material. The matkers may have various shapes (including the
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dot shape shown in Figure 4B) and sizes and the method is not limited to any particular shape
of the markers. In one embodiment, the plurality of markers ntay be a film material that has
the retro-reflective material in a particular shape. In yet another embodiment, the markers
may be a set of markers that form a grid wherein the markers are placed onto the piece of
apparel electronically or by other means. In one émbodiment in which the product modeling
gystem is used by a business entity that sells apparel, each piece of apparel is placed onto a
plurality of human models of different shapes and/or sizes (as shown in Figures 5A and 5B)
so that the consumer can then chiocose a model for the piece of apparel that is closest to the
intended wearer of the piece of apparel. In another embodiment in which each consumer may
create his own model for a piece of apparel, the consumer is provided with the markers (either
electronically or as physical markers) so that the consumer can affix the markers to a piece of
apparel and then performs the other processes described below. In yet another embodiment,
the product modeling system may allow a plurality of users (such as a community of users) to
generate a plurality of models that may then be uploaded to the product modeling system.

Once the one or more pieces of apparel are prepared with the markers, an image for
each piece of apparel on each different human model may be generated (150) such as by using
a camera to take a picture of the piece of apparel being wom by a human model. Prior to
taking the image of the piece of apparel with the markers on the human model, the lighting
for taking the image is determined. When the user/consumer genersates the models, the
product modeling gystem may provide instructions for taking an image of the piece of apparel
such as using a flash, using a particular exposure, etc... In one implementation of the product
modeling system, the product modoling system may download a piece of code directly to a
user/consumer’s camera, such as a digital camera, to set up the camera properly to take the
image of the product or item. In particular, the surface model and illumination model for
each piece of apparel is determined which also allows the color and lighting for the image to
be accurately determined.

Once the image of the piece of apparel on a plurality of haman models in 2 plurality of
different poses are taken, thie mode! for the piece of apperel on a particular model in a

particular pose are preprocessed (160) by the product modeling system. During the
preprocessing, thie product modeling system may detect the plurality of niarkers on the piece
of apparel image, remove the marker images from the image of the piece of apparel and then
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generate a representation of the surface of the piece of apparel when worn by the human
model.

In one implementation, the markers may be detected by a distinguishing feature of the
markers (spectral difference, reflective difference, textual difference and/or temporal
difference), refined by matching geometric properties of the pattern (local pattern finding) and
reconstructed by matching the known pattern (local pattetns assembled into a known
complete pattern.) The reconstructed pattemn may then be used to model the shape of the
flexible substrate. The product modeling system may have a plurality of local samples of the
original unmarked substrate so that the marker pattern can be replaced using the textures of
the unmarked substrate as an example that yields an unmarked image suitable for commercial
display.

The preprocessing process is shown in Figures 6A-6C with Figure 6A illustrating the
image of the piece of apparel with the markers, Figure 6B illustrating the plurality of markers
identified on the piece of apparel and Figure 6C illustrates the image of the piece of apparel
with the markers removed. Appendix A (2 pages), incorporated herein by reference, contains
an example of the pseudocode for identifying the markers on a product in one implementation
of the product modeling system. The steps of the marker identifieation process for one
implementation are set forth in Appendix A. In one implementation, the markers are detected
by visible detection. In another implementation of the system, the markers may be detected
by a temporal process in which infrared radiation may be used to image the markers at several
different times and then the pattern of the markers is detected based on the images of the
markers at several different times.

Dhuring the identification of the markers, the product modeling system may use
various techniques. For example, edge detection may be used to identify each marker and the
spacing between the markers that can then be used to generate the grid of markers on the
surface of the piece of apparel when worn on a human model that thus allows the surface of
that piece of apparel on the particular human model in a particular pose to be accurately
determined. Alternatively, the system may threshold at the white color based on the color
calibration and then locate elements above the threshold and then also identify the
background including elements of the human model such as jewelry, an eye or the
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background behind the human model. The system may also use histograms to identify the
markers and the background,

The marker images(once identified) may be removed from the image of the piece of
apparel (as shown in Figure 6C) by various processes. For example, the markers may be
5  removed by, for each marker location, identifying the texture adjacent the marker and then
filling in the location of the marker with the texture in the adjacent area. Alternatively, the
system may use image coherence and synthesize the image to remove the markers in the

image.

To generate the representation of the contours of the surface of the piece of apparel
10  when womn by a particular human model in a particular pose, the system maps the position of
the markers 190 relative to each other as shown in Figure 6D into a set of contour curves 194
that represent the surface of the piece of apparel when worn by a particular human model in a
particular pose. Since the system has information about the markers and the grid that they
form on a flat surface as shown Figure 4A, the system is able to determine the contours of the
15  surface of the piece of apparel when worm by a particular human model in a particular pose.

Once the contours of the surface is determined and the preprocessing is completed, the
model of the piece of apparel when worn by a particular human model in a particular pose
may be retouched (162) as needed. Then, the model is post-processed (170) by the product
model system. During the post-processing process, the product model system colorizes the

20  model using a color mapping module that is part of the product model system. The colorizing
allows each model for each piece of apparel on a particular hyman model in a particular pose
to have the piece of apparel converted into any colors such as the two different colors shown
in Figures 7A and 7B. As shown in Figure 7C, the system may-use the color calibration card
with a known spectral response for each session to calibrate images for the same gession. To

25 change the color for the piece of apparel, the fabric may be wrapped ento a sphere as shown
in Figure 7C which is then mapped.to the model to change the color of the model.

Appendices B-E, incorporated herein by referénce, illustrate, for a particular
implementation of the product modeling system, the code for 1) remapping the color of an
image using normalized ordinal color distribution; 2) building a color map in normalized

30  histogram order with an index from a matching color space; 3) building a look-up table to
remap the colors from a souroe sphere to a destination sphere; and 4) remapping the color of
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the source image with a source sphere color map to a destination image with the color map of
the sphere color object. Using the code set forth in these appendices (and the process steps
described in these appendices), the color mapping process: 1) builds a color map (the
BuildMap cade in Appendix C) for the source image using a sphere to build a histogram and
S  then a sorted table; 2) builds a remap table (the BuildReMap table code in Appendix D); 3)
remaps the image colors (the code in Appendices B and E) onto the product. The system may
also layer color and texture so that the colorized model of the particular piece of apparel an
the particular human model in the particular pose more accurately emulates different fabrics
emd/or threads of the fabric which results, for example, in an accurate emulation of the printed
10  ink of the design on the piece of apparel with the particular type of fabric.

Once the colorization is completed, the madel for a particular piece of epparel on a
particular human model in a particular pose is integrated into a service (180) such as a
website that has the pieces of apparel with particular designs for sale to consumers.

When the model is integrated into the service, the product modeling system may
IS  perform warp mapping (182) on a design selected by the consumer and permit the user to
select a particular background (184). An example design is shown in Figure 8A, The
exemplary design shown on a piece of apparel in a typical system with a flat image is shown
in Figure 8B. Using the product modeling system, a mapping between the design image and
the surface contour of the model of the particular piece of apparel on the particular human
20 model in the particular pose (See for example Figure 8D) is done so that the design is shown
on the mode! as shown in Figure 8E is a more realistic three dimensional manner.

During the warp mapping (that may be a bicubic image warp), a grid of the design 200
is mapped to the surface contour grid 202 which is then placed onto the piece of apparel to
generate the more realistic mode] for the piece of apparel with the design as shown in Figure

25 8D. In the mapping process, a point in the design is mapped to the surface contour grid which
is in turn mapped onto the piece of apparel. The image background can be easily exchanged
by the product modeling system as shown in Figures 9A-9C.

Although the example provided herein is for a piece of apparel (a shirt) wom by a
human being, the product modeling system may be used for various different products (other
30 pieces of apparc], other garments, hats, shoes, pet clothing, inanimate objects such as cups)
with various different models (human models, animal models, inanimate models such as
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robots or mannequins) and with any number of different poses for the models since the above
example is merely illustrative,

While the foregoing has been with reference to a particular embodiment of the
invention, it will be appreciated by those skilled in the art that changes in this embodiment
5 may be made without departing from the principles and spirit of the invention, the scope of
which is defined by the appended claims.
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* Procedure:

- FindAndSynthMarkers

»

* Description:

* Finds a marker pattern in a photograph,

» Saves the Marker Array to a File,

hd Fills the found Markers using multi-frequency-texture synthesis.
. Finds the Background Alpba Channel

'##0..#.t#'00#‘."0'#0‘#"#‘f“"“#5‘*#"“*#“C‘t‘#i#0‘!.‘0.###'#““#‘/

void ModelShot::Find AndSynthMarkers(

Image *aSrcImage,
hmmge '8Dmﬂnm83-)

// find the markers

// Save the RGB image to destination
CopyRGBChannels(SrcImage, Dstlmage);

// Choose Monochrome scalers based on shirt color
ChooseMonochomeScalers(SKU_COLOR, aMonochromeSceler);

// Convert the Source ithage to monochome with good constrast
ConvertSourcelmageToMonoChrome(aMonochromeScaler, Srclmage, aMonolmage);

1/ Apply a Gaussian Difference Bandpass filter to increase marker contrast
ApplyBandPassFilter(aMonolmege, LowMarkerSize, HighMarkerSize);

// find first histogram minima from full luminance, this is marker threshold
MarkerThreshold = FindHistogramMinima(aMonolmage, 1),

/{ produce marker image by thresholding
ApplyThreshold(aMonolmage, MarkerImage, MarkerThreshold);

/f build marker array by filling each found region and averaging pixel locations.
BuildMarkerArray(Markerimage, aMarkerArray);
SaveMarkerArray(aMarkerArray, aMarkerArrayFilc)

// save the found markers as a channel;
CopyChannel(Matkerlmage, Dstimage, MarkerChannel);

// find the background

// find second histogram minima from full luminance, this is background threshold
Background Threshold = FindHistogramMinima(DstImage, 2);
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/ produce background alpha by thresholding
ApplyThreshold(Dstimage, Markerlmage, MarkerThreshold);

// save the found background alpha as a channel;
CopyChaunel(MarkerImage, Dstimage, backgroundCahnnel);

// fill the markers

1! separate the high frequency image component

HighPassFilter(Dstimage, HighPasslmage, 2.0)

// sepurate the low frequency component, downsample to improve texture synthesis
Downsampleltmage(DstImage, LowPassImage, 2.0)

/! increase the size of the markers to cover color artifacts from bloom.
ExpandAlpha(Dstimage, MarkerChannel, HighSynthSelection, BloomDist);

/t downsemple the selection for the low frequency component.
Downsamplelmage(HighSynthSelection, LowSynthSelection, 2.0)

/1 fill the LowpassImage markers with texture examples
// from the local 11 x 11 neighborhood.
LocalTextureSynthesis(LowPassImage, LowSynthSelection, 11, 11);

/1 fill the HighPassImage with texture cxamples

// from the local 5 x 5 neighborhood.
LocalTextureSynthesis(HighPassImage, HighSynthSelection, 5, 5);
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APPENDIX B
EXEMPLARY CODE FOR REMAPPING IMAGE
COLOR
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* Procedure:

» RemapImageColor

»

* Description:

* Remaps the Image Color using normalized ordinal color distribution
* of similar source and destination color reference photos.

* Reference photos need not be aligned, only have proportionally

* illuminated color areas.
*

**‘*&.‘40"““‘0"‘t“.000“‘.0“‘.‘O“‘.“#O*‘!*#"t.‘#*‘#.*‘#*.!#“"t/

void ModelShot::RemapImageColor(

Image *aSrcImage,

Image *aSrcColorReference,
Image *aDstImage,

imape *aDstColorReference
)

// Make a Source Color map
SphereColor *aSrcMap = SphereColor::NewL(iService),
aSrcMap->BuildMap(aSrcColorReference, 3, 0x00007TY);

/I Make a Dest Color map
SphercColor *aDstMap = SphereColor::NewL{iScrvicc);
aDstMap->BuildMap(aDstColorRcférence, 3, 0x000071f);

aDstMap->RemaplmageComposite(aSrclmage, aSrcMap, aDstimage);
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APPENDIX C
EXEMPLARY CODE FOR BUILDMAP
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* Procedure:

v BuildMap

*

* Description:

* Builds a color map in normalized histogram order, with an index

* to map from a matching color space.

. Uses these steps:

1. Finds & monochrome scalc for the image that maximizes the
resolution for this color sarnple,

2. Builds a Histogram from this monochrome value for the
Image annotated with the average color for each bin.

3. Builds a map of color normalized to the amount of
each luminance found in the reference image.

4. Builds a lookup to go from the reference color space
to the normalized map space.

* & 4 & & & ®F & %

C#*“““#.“““‘#.*.“.“‘#‘.”.‘.1.‘-‘#‘“*"““““**.“"“““““/
BOOL SphereColor::BuildMap(Image *aSphercimage,

INT32 aMapChannel,

INT32 aMeapThreshold)

INT32 anEntryCount = 1 << SPHERE_COLOR_SHIFT;

UINT16 *aBuffcr = (UINT16*)aSphercImage->image_ptr;

INT32 anImageSize = aSpherelmage->width * aSphereImage->height;
INT64 anAccumColor{3];

INT32 aFoundPixelCount = (;

sphereHistoAccum *aTempColorEntries;

INT321i;

BOOL #Result = FALSE;

iService->AllocL(anEntryCount * sizeof{sphereHistoAccum), ‘cent’);
aTempColorEntries = (sphereHistoAccum®*)iService->GetAlloc(),
iService->PushAllocL(aTempColorEtries),
memset(aTempColorEntries, 0, anEntryCount * sizeaf(sphereHistoAccum));
anAccumColor{0] = 0;

anAccumColor{1] = 0;

anAccumColor{2] = 0;

for(i = 0; i < animageSize; i++)

if (aBufferfaMapChannel] > aMapThreshold)
{
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anAccumColor{0] += aBuffer[0];
anAccumColor{ 1] += aBuffer{1];
anAccumColor]2] += aBuffer{2];
aFoundPixclCount++;
)
aBuffer += aSpherelmage->channels;
}
if (aFoundPixelCount > 0)

{
anAccumColor[0] = anAccurnColor{0] / aFoundPixelCount;
anAceumColor[1] = anAccumColor{1] / aFoundPixclCount;
anAccumColor[2] = anAccumColor{2] / aFoundPixelCount;

CalcMonoScalers(anAccumColor);

aBuffer = (UINT16*)aSpherelmage->image_ptr;
for(i = 0; i < anlmageSize; it+)
{

if (aBuffer{aMapChannel] > aMapThreshold)
(

UINT32 aLuminance =
((aBuffer[0] * (UINT32)iMonoScaler{0]) >> 16)+
((aBuffer[1] * (UINT32)iMonoScaler{1]) >> 16)+
((aBuffet[2] * (UINT32)iMonoScaler[2]) >> 16);

INT32 al.umIndex = aLuminance >> (16 -
SPHERE_COLOR_SHIFT);
aTempColorEntries[aLumindex].shaColorCount++;
aTempColorEntries(aLumlIndex].shaAverageColor{0] += aBuffer[0];
aTempColorEntries[aLumIndex].shaAverageColor{1] += aBuffer[1];
aTempColorEntries[aLumindex].shaAverageColor{2] += aBuffer[2];

-aTempColorEntriesfaLumindex].shal.uminance = alLuminance;
}
aBuffer += aSphereIlmage->channels;
}
if (aFoundPixelCount > 256)
{
doublc enlncrement = (REAL)aFoundPixclCount / (REAL )anEntryCount;
‘double gRunningCount = 0;
UINT32 j;
sResult = TRUE;

if (this->iHisto == NULL)
{
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iService->AllocL(anEntryCount * sizeof{sphercHistoEntry), 'hist’);
this->iHisto = (sphereHistoEntry*}iService->GetAlloc();
}

memset(iHisto, 0, anEntryCount * sizeof{sphereHistoEntry));

for(i = 0; i < anEntryCount; i++)

{
INT32 aColorCount = aTempColorEntries[i].shaColorCount;
if (aColorCount = 0)

aTempColorEntries]i].shuAverageColor{0] /= aColorCount;
aTempColorEntries[i].shaAverageColor{1] /= aColorCount;
aTempColorEntries[i].shaAverageColor{2] /= aColorCount;
}

}
for(i = 0; i < anEnttryCount; i++)

{
double aNextCount = aRunningCount +
aTempColorEntries{i].shaColorCount;

double aHistoValue = (aRunningCount / anlncrement);
UINT32 aRunStart = (UINT32)floor(aHisto Velue);
UINT?32 aRunEnd = (UINT32)ceil(eNextCount / anIncrement);
UINT32 aRunDif¥;
INT32 aLumShift = (16 - SPHERE_COLOR_SHIFT);
INT32 aLumincrement = 1 << aLumShift;

if (aRunStart > (UINT32)anEntryCount-1)
aRunStart = (UINT32)anEntryCount-1;

if (aRunEnd > (UINT32)anEntryCount)
aRunEnd = (UINT32)anEntryCount;
aRunDiff = aRunEnd - aRunStart;
iHisto[i].shalndex = aRunStart;
_ iHisto[i].shaHistoFract = (UINT16)((aHistoValue - aRunStart) *
0x0000FFFY);.

if (iHisto[i].shaHistoFract > 0x00000£HT)
iHisto[i].shaHistoFract = 0x0000£FY;

if (aRunDiff)
{

UINT32 aRunScaler = 0x00010000 / aRunDiff;
for(j = aRunStart; j < aRunEnd; j++)
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INT32 aFract = ((j - eRunStart) * aRunScaler);

this->iHisto[j].shaluminance = (i << aLumShift);

this->iHisto[j].shaLuminance += (aLumIncrement *
aFract) >> 16;

INT32 aColorScaler = 0,

if (aTempColorEntries[i].shal.uminance > 0)

#CalorScaler = (this-
>iHisto[j].shal.uminatice << 16) /
aTempColorEntries[i].sheLuminance;
}
this->iHisto[j].shaColor{0] =

(UINT16)((aTempColorEntries[i).shaAverageColor{0]
* aColorScaler) >> 16);
this->iHisto(j].shaColor[1] =
(UINT16)((aTempColorEntries[i].shaAverageColor{1]

* aColorScaler) >> 16);

this->iHisto[j].shaColot{2] =
(UINT16)((eTempColorEntrics[i].shaAverageColor{2]
* aColorScaler) >> 16);
}
}

aRunningCount = aNextCount;

}
this->iHisto[anEntryCount-1].shaColor{0] = this->iHisto{anEntryCount-

2).shaColor{0];
this->iHisto[anEntryCount-1].shaColor{1] = this->iHisto{anEntryCount-

2].shaColor[1];
_ this->iHisto[anEntryCount-1].shaColor{2] = this->iHisto{anEntryCount-

2].shaColor[2];

}

}
iService->PopAndDestroyAlloc{aTempColorEntries);
return(aResult);
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APPENDIX D
EXEMPLARY CODE FOR BUILD REMAP TABLE
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* Proccdure:

* BuildRemapTable

L

* Description:

* Builds a look-up table to remap the colors from a source sphere to a

* dest sphere.

* This function builds 8 luminance-based look up.

* for cach luminance cntry it docs these things:

* 1. Look up the index from this luminance into the normalized
color reference space.

2. Interopolate between two entries in the reference map
using this luminance's fractional weight.

3. Stare the interpolated value in the entry for this
luminance,

& & 4 & » &
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void SphereColor::BuildRemapTable{SphereColor *aSourceSphere)
{

INT32 anEntryCount = | << SPHERE_COLOR_SHIFT;

UINT16 *aDstColor;

INT32 sLumShift = (16 - SPHERE_COLOR_SHIFT);

INT32 i,

if (iRemap == NULL)

{

iService->AllocL(anEntryCount * sizeof(UINT16) * 3, 'rmap");
this->iRemap = (UINT16*)iService->GetAtloc();

}
aDstColor = this->iRemap;
for (i = 0; i < anEntryCount; i++)
/ for each entry in the table...

// map from luminance into normalized Histogram order
INT32 aHistoIndcx0 = aSourceSphere->iHisto[i].shalndex;

/1 if this is not the last entry...
if ((i + 1) < anEntryCount)

// interpolate between this and the next entry for smoothness

UINT32 aHistoBlend1 = aSourceSphere->iHisto[i+1].shaHistoFract;
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UINT32 aHistoBlend0 = 0x0000f¥f - aHistoBlend1;
INT32 aHistoIndex1 = aSourceSphere->iHisto[i+1].shalndex;
UINT16 *aDstColor0 = thig->iHisto[aHistolndex0].shaColor;
UINT16 *aDstColor] = this->iHisto[aHistoIndex1].shaColor,

aDstColor{0]) = (UINT16){((aDstColor0[0] * aHistoBlend0) >> 16)+

((aDstColor1[0] *
aHistoBlend1) >> 16));
aDstColor{1] = (UINT16)(((aDstColor0[1] * aHistoBlend0) >> 16)+
. ((aDstColorl[1] *
aHistoBlend1) >> 16));
aDstColor{2] = (UINT16)(((aDstColor0[2] * aHistoBlend0) >> 16)+
| {(aDstColor1[2] *
aHistoBlend!) >> 16));
}
else
{
/ ast entry, no interpolation
UINTI6 *aHistoColor = this~>iHisto[aHistoIndex0].shaColor;
aDstColor[0] = aHistoColor{0];
aDstColor[1] = aHistoColor{1];
-aDstColor{2] = aHistoColor{2];
}
aDstColor += 3;
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APPENDIX E
EXEMPLARY CODE FOR REMAP IMAGE COMPOSITE
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* Procedure:

* RemapimageComposite

[

* Description: ‘

. Remaps the Color of aSourcelmage with aSourceSphere color map to
* aDestImage with the color Map of this SphereColor object.

* aMapChannel is the index of the alpha channel with the region to be

* remapped indicated in white. The remaped color is then blended into

* the image.

* This function does the following:

Use the luminance to look-up the new color value in the remap table.
Composite the new color value into the dest image.

* Builds a remapTable to go from the source color space to

. the dest color space.

» Using the source color spece's Monochrome scaler, find a luminance
* for cach pixel.

»

'Y

"
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void SphereColor::RemaplmageComposite( Image *aSourcelmage,

SphereColor
*aSourceSphere,

Image *aDestImage,

INT32 aMepChanncl)

if (aSourcclmage && aSourceSphere && 8Destimage)
{

if (aSourcelmage->iElemType == elem16bit &&
aDestlmage->iElemType =— elem16bit)

if (aSourcelmage->height == aDestimage->height &&
aSourcelmage->width = aDestImage->width &&
aMapChannel > 2 &&
aSourcelmage->chennels > aMapChanne] &&
aDestimage->channels > 3)

if (iHisto && aSourceSphere->iHisto)
{
INT32 aPixelCount = aSourceImage->height *
aSourcelmage->width;
UINT16 *aSrcBuffer = (UINT16*)aSourcelmage-

>image_ptr;
UINT16 *aDstBuffer = (UINT16%)aDestImage-

>image_ptr;
UINT32 *srcMonoScaler = aSourceSphere->iMonoScaler;
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INT32 anEntryCount = | << SPHERE_COLOR_SHIFT;
UINT16 *aDstColor;
INT32 aLumShift = (16 - SPHERE_COLOR_SHIFT);

BuildRemapTable(aSourceSphere);
INT32 i;
for (i = 0; i < aPixelCount; i++)
/f for every pixel in the image...
if (aSrcBufferfsMapChannel] > 0x000000fF)
{
// fetch the blending values for alpha
coloring
UINT32 anAlphaBlend0 =
aSrcBuffer{aMapChannel);
UINT32 anAlphaBlend1 = 0x0000f¥fY -
anAlphaBlend0;
// calc luminance using this color space's
monochrome

(UINT32)srcMonoScaler[0]) >> 16)+
(UINT32)srcMonoScaler{1]) >> 16)+

// scaler,

UINT32 sLuminance =
((aSrcBuffer{0] *
((aSrcBuffer(1] *
((aSrcBuffer{2) *

(UINT32)srcMonoScaler{2]) >> 16);

the look-up
aLumShift;
blending.
(aLumIndcx * 3);

image.

#/ convert luminance valuc to an index for
INT32 aLumlndex = aLyminance >>

// look-up the replacement color for
UINT16 *aBlendColor = iRemap +

// alpha blend the color into the destination

aDstBuffer[0] =

(UINT16){((aBlendColor[0] * enAlphaBlend0) >> 16)+

{(sDstBuffer[0] * anAlphaBlendl) >> 16));
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aDstBuffer[1]=
(UINT16)({(aBlendColor{1] * anAlphaBlend0) >> 16)}+
((aDstBuffer{1] * enAlphaBlend1) >> 16));
aDstBuffer[2] =
(UINT16)(((aBlendColor{2] * anAlphaBlend0) >> 16)+
{(aDstBuffer{2] * anAlphaBlendl) >> 16));
}

INT32 aSum = aDstBuffer{3];
aSum += aSrcBuffer[aMapChannel];
if (aSum > 0x0000fT1Y)

aSum = Ox0000fFTY;

aDstBuffer[3] = aSum;

aSrcBuffer += aSourcelmage->channels;
aDstBuffer += aDestlmage->channels;
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Claims:

1. An apparatus for modeling a product, comprising:

a plurality of markers that are capable of forming a marker pattern on a product that
does not occlude a surface of the product;

an imaging device that is capable of taking a single image of the product on an object
and the plurality of markers, wherein the product is one of an item worn by a human being
and an item wom by an animal; and

a computing device that captures a contour of a design area when that design area is
on a product that is represented on an object in the single image, electronically applies a user
design to the product and generates a visual representation of the user design on the product
when on the object using the captured lighting, texture and contours of the surface of the
product.

2. The apparatus of claim 1, wherein the computing device generates a web
page that displays the visual representation of the product with the design on a web page to a

consumer.

3. The apparatus of claim 2, wherein the object further comprises a human

model, a mannequin or an animal.

4. The apparatus of claim 1, wherein each marker further comprises a piece of
pigment.

S. The apparatus of claim |, wherein each marker further comprises a piece of
reflective material

6. The apparatus of claim S, wherein the piece of reflective material further
comprises a piece of retro-reflective material.

7. The apparatus of claim 1, wherein each marker farther comprises a circular
marker.

8. The apparatus of claim 1, wherein the plurality of markers further comprise
a grid of lines not visible to a human on the product

9. The apparatus of claim 1, wherein the product further comprises a piece of
apparel, a garment, an jtem worn by a human being or an item worn by an animal.

10. The apparatus of claim 1, wherein the computing device maps one or more

points on the design to one or mote points on the contour of the surface of the product on an

object.
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1. The apparatus of claim 1, wherein the computing device colorizes the
contour of a surface of a product on an object prior to generating the visual representation of
the design on the product

12. The apparatus of claim 11, wherein the computing device texturizes the
contour of a surface of a product on an object prior to generating the visual representation of
the design on the product.

13. The apparatus of claim 1, wherein the imaging device further comprises a
camera.

14. The apparatus of claim 1, wherein the computing device further comprises a
networked computing system, a client/server system, a peer-to-peer system, an ASP model
type system, a laptop computer, a mobile device or a mobile cellular phone.

15. The apparatus of claim 1, wherein the marker pattern further comprises a grid
of markets on the product.

16. A method for product modeling, comprising:

providing, using an imaging device, a contour of a design area when that design area
is on a product that is represented on an object in the single image generated by imaging,
using a single image, the product on an object using a plurality of markers that form a marker
pattern on the product that does not occlude a surface of the product, wherein the product id
one of an item worn by a human being and an item worn by an animal,

electronically applying, using a computer, a user design to the product; and

generating, using the computer, a visual representation of the design on the product
when on the object using the captured lighting, texture and contours of the product and the
object so that the visual representation of the design on the product has the contour of the
surface of the product.

17. The method of claim 16, wherein providing a three dimensional surface
further comprises placing a plurality of markers on a product to create a grid, imaging the
product on an object with the grid to generate an imaged product and capturing a contour of a
surface of the product when the product is on the object based on the imaged product.

18. The method of claim 17 further comprising displaying the visual
representation of the product with the design on a web page to a consumer.

19. The method of claim 17, wherein the object further comprises a human

model, a mannequin or an animal.
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20. The method of claim 17, wherein placing the plurality of markers on a
product further comprises affixing a plurality of markers to a physical product.

21. The method of claim 17, wherein placing the plurality of markers on a
product further comprises electronically affixing a plurality of markers to an image of a
physical product.

22. The method of claim 17, wherein each marker further comprises a piece of
pigment.

23. The method of claim 17, wherein each marker farther comprises a piece of
reflective material.

24, The method of claim 23, wherein the piece of reflective material further
comprises a piece of retro-reflective material.

25. The method of claim 17, wherein each marker further comprises a circular
marker.

26. The method of claim 17, wherein placing a plurality of markers on a product
further comprises placing a grid of lines not visible to a human on the product.

217. The method of claim 16, wherein the product further comprises a piece of
apparel, a garment, an item worn by a human being or an item worn by an animal.

28. The method of claim 16, wherein generating a visual representation of the
design on the product further comprises mapping one or more points on the design to one or
more points on the contour of the surface of the product on an object.

29. The method of claim 28, wherein (he mapping the one or more points further
comprising using a warp mapping.

30. The method of claim 28, wherein the warp mapping further comprises using
a bicubic image warp.

31. The method of claim 16, wherein generating a visual representation of the
design on the product further comprises further comprises colorizing the contour of a surface
of a product on an object prior to generating the visual representation of the design on the
product,

32. The method of claim 31, wherein colorizing the contour of a surface of a
product further comprises using a color calibration card.

33. The method of claim 31, wherein generating a visual representation of the

design on the product further comprises further comprises texturizring the contour of a
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surface of a product on an object prior to generating the visual representation of the design on
the product.

34. The method of claim 16, wherein the marker pattern further comprises a grid
of markets on the product.

3S. An apparatus for modeling a product, comprising:

a plurality of markers that are capable of forming a marker pattern on a product that
does not occlude a surface of the product;

an imaging device that is capable of taking a single image of the product on an object
and the plurality of markers, wherein the product is one of an item worn by a human being
and an item wom by an animal; and

a computing device that captures a contour of a design area when that design area is
on a product that is represented on an object in the single image, electronically applies a user
design to the product and generates a visual representation of the user design on the product
when on the object using the captured lighting, texture and contours of the product and the
object-so that the visual representation of the design on the product has the contour of the
surface of the product.

36. A method for product modeling, comprising:

providing, using a imaging device, a contour of a design area when that design area is
on a product that is represented on an object in the single image generated by imaging, using
a single image, the product on an object with a single image using a plurality of markers that
form a marker pattern on the product that does not occlude a surface of the product;

electronically applying, using a computer, a user design to the product; and

generating, using the computer, a visual representation of the user design on the
product when on the object using the captured lighting, texture and contours of the product
and the object so that the visual representation of the user design on the product has the

contour of the surface of the product.



WO 2009/055738 PCT/US2008/081215

1/17

N
F
F
0
o
F
g -
-— w
o (2 4
=) 2 >
- > - 9
L.
- -

100
104~
11—}’



PCT/US2008/081215

WO 2009/055738

2/17

¢ ANOIA

vel

didVM

¢cl

/

N9IS3d
¥O04 13A0ON ALVIND
§\
AVYINO3dS
JoVINS
Nnv\\
ONIAVHS
0sL” JOVAHNS
NDIS3A dY¥VM
8zL
ANNOXONIVE
9ZL— (ETRERE[S

"NoIsaa

AJ3sn

./

0cl




PCT/US2008/081215

WO 2009/055738

3/17

€ NOId

oy ‘
™~
F

~N
\oo
F

ANNOYUODMOVE
JOVNI
ONIddVIA
dAVM

0Z} 713aon
SS300¥d 1SOd

134Vddv
40 S3OVNI
31V¥3IN3O

291
73QOW HONO13Y

0S1L

N/

JA0IAN3S

091
HLIM 13aON T13AdON
IJLVEOILNI SSID0UdINd
AN ; ;
08l

SHIMUVIN
H1IM 13¥VddV
31V3™O

/N#—

JAV1S




PCT/US2008/081215

4/17
QooooOoOonoao
DOoooooOooao

WO 2009/055738

VY NOId

]
|-

O O
O o
0O

[+
OO
O O
O O

N~

WooQoOooaado
QoOo0Of@pdooi
ERERENERERERERE

>~ OO0OQoOooood



PCT/US2008/081215

WO 2009/055738

5/17

gy NOI4

\Noooooooo0o0O0}
Jooooooooooo}
A 00000000000}

O00000000O0O0O0}
| 000000000000}




WO 2009/055738

6/17

PCT/US2008/081215

FIGURE 5A
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FIGURE 5B
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FIGURE 6A
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FIGURE 6B
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FIGURE 6C
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FIGURE 7B

FIGURE 7A
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FIGURE 7C
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FIGURE 8B

FIGURE 8A
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FIGURE 8D

FIGURE 8C
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FIGURE 9B

FIGURE 9A
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FIGURE 9C



