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CLASSIFYING IMAGE REGIONS BASED ON PICTURE LOCATION
FIELD OF INVENTION

The field of the invention relates to digital image capture devices

and classifying image regions based on recorded picture-taking location
information.
BACKGROUND OF THE INVENTION

One fundamental task in image understanding is to computationally
determine the likelihood that regions (a connected group of pixel positions) or
pixels of an image represent a specific material, also referred to as region
classification or region labeling. This can be quite difficult, especially when the
computer lacks the contextual information about the image. Current techniques
use features derived from the image to generate belief maps (e.g. commonly-
assigned U.S. Patent Application Serial No. 10/747,597 in the case of sky
detection). For example, a white region in an image may or may not represent
snow. Such techniques often produce incorrect results in that it is difficult to
produce features that can be used for robust classification, primarily because many
materials share similar color and texture characteristics (e.g., snow and cloud).

In a related task, sometimes it is necessary to classify an entire
image into one of the known categories. For example, in many cases it is useful to
classify a digital image as either an outdoor image or an indoor image. Performing
this task by using the image data alone is also quite difficult and prone to errors.

In U.S. Patent 6,504,571, images have associated geographic
capture information. Queries are converted to latitude and longitude queries. For
example, a search for images captured on beaches causes the system to display a
list of beaches. Places such as stadiums, parks or lakes are processed in a similar
manner. While this method does provide utility for finding images captured at
specific places, it does not help determine the content, i.e., region labeling, within
the images themselves. For example, the system would not distinguish an image

captured inside a house on a beach from an image, captured at the same place, of
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the ocean. Furthermore, other systems describing location information associated
with images such as US. Patent No. 5,506,644 and 5,247,356 similarly do not help
in determining the content of the image or the materials represented within the
image. For example, the system would not locate houses or sand within the
image.

There is therefore a need to design a method for classifying regions
of specific materials and objects in a digital image while exploiting the geographic
location information captured along with the image.

SUMMARY OF THE INVENTION

It is an object of the present invention to facilitate classifying
regions of digital images, captured by a digital image capture device, using
captured geographic location information.

This object is achieved by a method of classifying regions in a
digital image or video captured by an image capture device, including providing a
geographic location determining device associated with the image capture device,
using the location determining device to measure the image capture location at
substantially the time that the digital image or video was captured, and classifying .
regions in the captured digital image or video into one or more classes based on
the image capture location.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram representing a digital image capture
device that can practice the present invention;

FIG. 2 is a block diagram representing the operation of the digital
image capture device in FIG. 1 for producing a material belief map for a plurality
of class labels;

FIG. 3 is a block diagram representing the operation of using the

output of digital image capture device in FIG. 2 to improve a digital image;
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FIG. 4 is a block diagram representing the operation of classifying
aregion in a digital image; and

FIG. 5 is a graph representing a scene configuration model for
integrating geographic location information.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows the prior art digital image capture device 10 such as a
digital camera, a digital video camera, or a camera phone. The image capture
device includes user inputs 22. As shown, the user inputs 22 are buttons, but the
user inputs 22 could also be for example a joystick or touch screen. The user
commands the operation of the image capture device 10 through user inputs 22,
for example by selecting a mode of operation of the image capture device 10. The
image capture device 10 also includes a display 30 upon which the user can
preview images captured by the image capture device 10 when the capture button
15 is depressed. The display 30 is also used with the user inputs 22 so that the
user can navigate through menus. The display 30 can be, for example, a liquid
crystal display (LCD) or organic light emitting diode (OLED) screen, as are
commonly used on digital image capture devices. The menus allow the user to
select the preferences for the image capture device’s operation. The image capture '
device can capture either still images or images in rapid succession such as a video
stream.

The general control computer 40 shown in FIG. 1 stores the present
invention as a computer program in a computer readable storage medium, which
may comprise, for example: magnetic storage media such as a magnetic disk
(such as a floppy disk) or magnetic tape; optical storage media such as an optical
disc, optical tape, or machine readable bar code; or solid state electronic storage
devices such as random access memory (RAM), or read only memory (ROM).
The associated computer program implementation of the present invention may
also be stored on any other physical device or medium employed to store a

computer program indicated by memory device 70. The control computer 40 is
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responsible for controlling the transfer of data between components of the image
capture device 10. For example, the control computer 40 determines that the
capture button 15 is depressed by the user and initiates the capturing of an image
by the image sensor 34.

The image processor 36 is used to process digital images to make
adjustments for overall brightness, tone scale, or image structure of digital images
in a manner such that a pleasing looking image is produced by an image display
device 30. Those skilled in the art will recognize that the present invention is not
limited to just these mentioned image processing functions.

The data processor 20 is used to process image information from
the digital image as well as location information 363 from the geographic location
determiner 325 to generate metadata for the image processor 36 or for the control
computer 40. The operation of the data processor 20 will be described in greater
detail below.

1t should also be noted that the present invention can be
implemented in a combination of software or hardware and is not limited to
devices that are physically connected or located within the same physical location.
One or more of the devices illustrated in FIG. 1 may be located remotely and may
be connected via a wireless connection. -

A digital image is comprised of one or more digital image
channels. Each digital image channel is comprised of a two-dimensional array of
pixels. Each pixel value relates to the amount of light received by the image
capture device corresponding to the physical region of pixel. For color imaging
applications, a digital image will often consist of red, green, and blue di gital image
channels. Motion imaging applications can be thought of as a sequence of digital
images. Those skilled in the art will recognize that the present invention can be
applied to, but is not limited to, a digital image channel for any of the above
mentioned applications. Although a digital image channel is described as a two

dimensional array of pixel values arranged by rows and columns, those skilled in
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arrays with equal effect. Those skilled in the art will also recognize that for the
digital image processing steps described below, replacing original pixel values
with processed pixel values is functionally equivalent to generating a new digital
image with the processed pixel values while retaining the original pixel values.
The image capture device 10 includes a location determiner 325.
This location determiner 325, or geographic location determining device, includes
a location information receiver that receives location information 363. The
location information 363 is then stored in association with the images. The
location information 363 is preferably stored as coordinates that are directly
readable on the map that will be used; for example, a geographic map location is
generally conveniently stored in units of latitude and longitude. The converter can
include a conversion geographic database 327 that relates different ways of
representing locations. For example, placenames (e.g. Aunt Dora’s house),
latitude and longitude, and street addresses are related. The conversion
geographic database 327 can be located on the image capture device itself, or
external to the image capture device with remote access via a network interface
such as a dock interface 362 or wireless modem 350. The dock interface can be
connected to a dock recharger 364. The location determiner 325 can additionally
or alternatively include input from a user interface 22, such as a microphone or
keyboard, that allows the user to input map locations or location information 363.
The location information 363 can define exact locations (within
applicable tolerances) determined at the time of image capture, but if that
information is not available, locations can be assigned based upon the best
available data (discussed below). Tolerances of locations associated with a
collection of capture records can all be the same or can vary. Acceptable
tolerances and mixtures of different tolerance ranges can be determined

heuristically for a particular use.
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Location information 363 can also define different sizes of physical
location. For example, GPS coordinates define a small geographic area, while the
geographic area defined by a telecommunication cell is relatively large, depending
upon such factors as output or antenna configuration. User input location
information can define a small area, such as an intersection of two streets or a
larger area such as a city or county.

The location information 363 can be provided, at the time of
capture, in the form of a data transmission. The data transmission is any
transmission of information that identifies the location of the capture device or the
captured subject at the time of capture. Types of data transmissions include:
locally and remotely transmitted location coordinates, identifications of cell sites,
wired and wireless network addresses, and remotely transmitted and user input
identifications. GPS (Global Positioning System) coordinates are particularly
convenient as particular coordinates identify a small geographic area.

The location information 363 determined by the location
determiner 325 can be determined by any of a number of ways. For example, the
geographic location may be determined by receiving communications from the
well-known Global Positioning Satellites (GPS). Cellular telephones, in some
jurisdictions, have GPS or other positioning data available, which can be used to

. provide map locations. Alternatively, location information 363 can be indicated
by identifications of transmission towers and use of triangulation. Features of the
transmission towers can be kept in a database, which can be consulted in
determining location information 363 from received transmissions.

Network node information can be used to identify a map location.
In this case, the location information 363 is supplied via a network interface, such
as a dock interface 362 or a wireless modem 350. For example, the dock interface
can use one of the IEEE 802.11 wireless interface protocols to connect to a
wireless network. The location determiner can also use the MAC (Media Access

Control) address of a wireless access point to provide location information that
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can be converted to a map location using a database relating MAC addresses to
map locations. MAC addresses are permanently recorded in the hardware of
wireless access point equipment. For example, the MAC address 48-3F-0A-91-
00-BB can be associated with the location 43.15 degrees N, 77.62 degrees W.
This approach rests upon an assumption that the map location in the database
corresponds to the actual location of the equipment providing the MAC address.
In a similar manner, a "traceroute” utility can be used that determines IP addresses
(defined by the TCP/IP Protocol) of all routers from a client computer to a remote
host that carry a particular message across the Internet to get an approximate idea
of geographic location as described in U.S. Patent No. 6,757,740 by Parekh et al.,
which is hereby incorporated herein by reference.

The map locations or location information 363 can additionally or
alternatively be supplied by the user. For example, the user can input latitude and
longitude information or postal zip code to define the geographic location
associated with the image.

The location information 363 can be represented as a probability
distribution rather than a single point. Even the most accurate location
determination system (currently available) described above (GPS) is susceptible to
errors of at least several meters. The geographic location can be represented as a
point and an associated uncertainty, or as a probability distribution. For example,
when the geographic location is a postal zip code, a uniform probability
distribution over the region defined by the zip code can be used.

In other embodiments, the image capture device or other capture
device has a location determiner 325 that receives and stores location information
in association with captured images from the external location aware device 329
that is separate from the image capture device 10.

In that case, geographic locations are determined by the location
aware device 329 and are then transmitted to the image capture device 10 via the

dock interface 362 or the wireless modem 350. A location aware device 329 is a
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device that knows its location by means of a location information receiver, such as
a GPS receiver built into an automobile, or is a stationary object that knows its
position, such as a radio-frequency beacon. The location determiner 325 can
either poll the external location aware device 329 for its location, or the location
determiner 325 can poll the external location aware device 329 for its location at a
specific time (for example, the specific time is an image capture time). This
alternative is effective when the location aware device 329 is in close proximity to
the image capture device 10, as for example when the location aware device 329 is
a GPS receiver in an automobile that transmits a location signal to the image
capture device.

In particular embodiments, the location determiner 325 estimates a
map location of a capture record that would otherwise lack map locations. For
example, GPS receivers often fail to detect signals when indoors. A location
determiner 325 that includes such a receiver can use nearest in time available
location information or an interpolation between multiple geographic positions at
times before or after the image capture time. As an option, the digital processor
can continuously store the geographic location determined by the location
determiner 325, rather than storing only in temporal relation to image capture.
This approach provides data for estimating locations when data transmissions are
unavailable and has the added benefit of allowing the image capture device to
display not only the locations of captured images, but also the path taken by the
user between image captures.

The image capture device 10 determines a location information 363
L. when an image or video is captured and associates the location information 363
L with the image or video.

When the image capture device 10 captures a video stream, there
can be location information 363 L for each digital image of the video stream. Or

there can be one location information 363 L for several frames of the video
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stream. There can also be several location information 363 vectors L for each
frame of the video stream.

Internally, the image capture device 10 integrally includes a
location determiner 325 for recording the picture-taking location information 363
at arbitrary times. The measured air characteristics are represented as a vector A.
An ambient air sensor, (not shown) is capable of determining the characteristics of
the ambient air surrounding the image capture device without the need for
capturing an image. These air characteristics are associated with a digital image,
and are used by the present invention to improve image noise characteristics,
classify regions of an image according to the materials that these regions represent,
classify images as indoor or outdoor, cluster related images into events, and search |
for specific images.

Referring to FIG. 2, an additional direction sensor 44 integral with
the image capture device 10 can optionally be used to determine the direction the
image capture device points to with respect to the earth, i.e., camera-facing
direction. The direction sensor 44 preferably determines inclination and compass
orientation of the optical axis of the image capture device. In general, the location
aware device 329 does not provide such direction information. This additional
information can be useful when the environment is far from isotropic at a given
geographic location, e.g., one would see mostly sky and ocean if he faces east on
the Miami beach while he would see buildings and tress when facing west.

Referring again to FIG. 2, the image sensor 34 captures a digital
image 102 and produces a raw image that is passed to an image processor 36. The
image processor 36 prepares the raw image for viewing by interpolating missing
pixel values from the image sensor 34, applying color correction matrices,
rendering the image, and the like. Additionally, the data processor 20 analyzes the
location information 363 and direction information from the direction sensor 44
and possibly the digital image 102 (or a partially corrected version of the digital

image from the image processor 36) to produce a material belief map 124. The
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material belief map 124 is used to represent the labeling and the associated
probability for each material region in the image. It is the outcome of image
region classification and can be useful for a wide variety of applications, including
image enhancement and image retrieval.

In FIG. 3, the material belief map is used to control a selected
image transform 60 to create an enhanced or improved image 120. For example,
heavier noise cleaning should be applied to the clear sky region while the grass
region should be left alone to preserve the desired texture. More details on how to
use this map in image enhancement and manipulation can be found in U.S. Patent
Application Serial No. 10/016,601, filed December 10, 2001, entitled “Method
And System For Selectively Applying Enhancement To An Image” by Luo et al.
Those skilled in the art will recognize that the present invention is not limited to
image enhancement described above and may include other image enhancement,
manipulation, search, indexing, retrieval, and organization applications. For
example, region classification can facilitate image search of a database by using
the techniques described above, such as “finding images with blue sky” or
“finding images with blue sky and green grass.”

Metadata is information related to the image not including pixel
data. The geographic location 363 of the image capture device 10 at the picture-
taking time is an example of metadata. Several additional metadata items are also
input to the data processor 20. The time and date of the capture of the digital

image 102 and for instance other data related to the capture of the digital image
such as exposure time (in seconds) and focal length f] (in pixels) at the time of

image capture are included. In addition, metadata includes the current image
capture device settings such as the status of menu items or operating modes as
selected by the user. All such information associated with the digital image 102
can be stored as metadata associated with the digital image 102 and become useful

in the subsequent image processing. The definitions of a few most useful
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materials, including sky, grass, open water, and snpwﬁeld, are given in Table 1
(shown below). Other materials will suggest themselves to those skilled in the art
such as clouds, pavement, and walls. Details of classifying a material region can
be found in commonly assigned U.S. Patent No. 7,062,085, by Luo et al. The
image processor 36 assigns class probabilities (also known as belief values) based
on features computed for a region or pixel of the image 102 such as color, texture,
shape, or location within the image and outputs the results in the form of the
aforementioned belief map 124.

Table 1. Definitions of a Few Materials

Sky: sky, clouds, and haze, even if seen through a window or door
» Ideal blue sky: sky appears blue, no clouds are visible
» Gray (overcast) sky: sky is covered with clouds, no blue areas are

visible

Grass: mowed green grass growing on a lawn or field or other area where it

is planted and cut

Water: a body of open water, either flowing or still, that may have ripples or
waves but is not frothy or white (due to rapids or a waterfall or

crashing waves)

Snow/Ice field: any area of fallen, uncovered snow or solid ice

In general, all of the material detectors (or region classifier or
region labeler), which reside in the image processor 36, follow an approach’
similar to what is illustrated in FIG. 4. First, color features 401 and texture
features 402 are extracted on a low-resolution, i.e., 256 x 384, version of the input
image 102. Preferably, the computed features would be effective in differentiating
the pixels of the concerned material from those of other material classes. The

features are then fed to a classifier 403, such as a trained neural network, which

I
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produces a pixel belief map 404 associating class probability or belief value to
each pixel in the image according to the color and texture characteristics of the
materials. Next, a threshold is used to obtain spatially contiguous homogeneous
regions from the pixel belief map. Finally, each spatially contiguous region is
further analyzed 405 according to certain unique region-based characteristics of
the concerned material class and the confirmed regions form the initial region
belief map 406 where each region is associated with a uniform belief value.
Details on region classifiers can be found in U.S. Patent No. 7,062,085. In terms
of the inference process, these methods use essentially bottom-up strategies
because no context model is imposed.

Unfortunately, using only image features can result in ambiguous
results. For example, suppose a region is light in intensity, very low in saturation
and low in texture. The probability that the region represents snow is P(region =
snow | features), where the features are for example the region’s average intensity,
saturation, and texture magnitude. However, even the most sophisticated
classification system cannot accurately distinguish between classes when their
distributions, e.g. P(features | region = snow) and P(features | region = white
carpet) overlap.

A top-down strategy is needed to provide a regularization
mechanism to reduce the amount of ambiguity and resulting misclassification
associated with classifying material regions individually. Top-down inference can
be facilitated by use of context information and can help discriminate between
“confusing” material classes with similar color and texture. Context information
can come from an overall description of the whole scene, i.e., scene context, or
from the normal relationships among the location of different materials in the
scene without knowing exactly what the scene type is, i.e., spatial context. Inthe
case of scene context, knowledge of an outdoor or beach scene can impose strong

constraints on what material classes may be present in the scene, and where these
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materials may be likely to occur in the scene. The constraints imposed by the use
of spatial context are weaker than those imposed by the use of scene context, but
are still sufficient, in many cases, to reduce the ambiguity among conflicting
material detectors and eliminate improbable spatial configurations in material
detection. Its advantage is that it does not depend on knowing the exact scene
type. On the other hand, if more information about the scene is known, e.g.,
picture-taking location in this case, the context model can be enriched to provide
stronger constraints to material region classification. At least two types of spatial
contextual relationships are present in natural images. First, relationships exist
between co-occurrence of certain materials in natural images; for example,

detection of grass with high probability would imply low snow probability.

- Second, relationships exist between spatial locations of materials in an image; sky

tends to occur above grass, foliage above grass, or sky above snow.

In order to use spatial context to evaluate and adjust the material
belief obtained from the low-level material detectors, the present invention relies
on a graphical model to represent the spatial constraint information among all the
regions in an image, and eventually generates new material belief values that
represent the best compromise between the spatial constraints and the original
material belief values.

In one embodiment of the present invention, the set of pair-wise
spatial relationships include {above, far_above, below, far_below, beside,
enclosed, and enclosing}. A threshold on the distance between the nearest pixels
of two regions is used to discriminate between above and far_above (likewise for
below and far_below).

The spatial context models are built by learning probability density
functions corresponding to the spatial relationships described above. From a
database containing collected extensive ground truth for various material classes, a

simple frequency counting approach suffices to generate discrete probability
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density functions for all the spatial relationships P(spatial relationship | location).

Using the probability density function for the far above pair-wise relationship in

Table 2 (shown below) as an example, one can make the following observations:

1.

5
2.
3.
10 4.
5.

If a region is far above a sky region, it can only be another sky
region, a foliage region, or a background (other class of) region;

If a region is far above a grass region, it is most likely to be a
foliage or sky region;

If a region is far above a foliage region, it is most likely to be a sky
region;

If a region is far above a snow region, it is most likely to be another
snow or a sky region;

If a region is far above a background (other) region, it can be

virtually any region with a sky region being the most likely.

-14-
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Table 2 CPM for the relationship “far above” when location is

unknown

N sky grass foliage water Snow backgrou.nd
sky 087 | 000 010 | 000 | 0.00 003
-g-rass ’O.‘42‘ : 0.06 044 " 003 003 o 002 o
wliage | 068 | 005 o2 | oo | 000 | oo
water | 053 | 006 033 © 004 | 002 | 002
snow 0.50 0.04 0.03 0.02 0.39 0.02

background | 0.41 0.09 0.21 0.12 0.15 0.02

10

Other probability density functions can be built and interpreted in a

similar fashion. The probability density functions can be used to construct

probabilistic graphical networks that describe the spatial relationships between all

the regions in the image, and can be solved to account for the conditional

probabilities associated with the spatial context models.

The advantage of the model in Table 2 is that this model is

applicable to any location. However, it does not utilize geographic location

information and essentially disregards location by assuming it is unknown. Table

-15-
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3 (shown below) shows an example of a location-specific conditional probability

model for Key West in USA. Most notable changes from the location-unaware

model include:

1.

If a region is far above a sky region, it is slightly more likely to be
another sky region than a foliage region, or a background (other
class of) region;

If a region is far above a grass region, it is slightly more likely to be
a sky region than a foliage region, and it is also more likely to be a
water region;

If a region is far above a water region, it is slightly more likely to
be a sky region than a than a foliage region;

It is not applicable if a region is far above a snow region because it
is nearly impossible to have a snow region to begin with;

If a region is far above a background (other) region, it is more
likely to be a sky region or a water region and nearly impossible to

be a snow region.
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Table 3 CPM for the relationship “far_above” when location is
known (Key West, USA)
\ sky grass foliage water snow background -
' sky | 0.90 0.00 0.05 0.00 0.00 0.05
grass o1 ove | 03| oos  omo o 002
foliage 068 . 005 023 | 002 . 000 . 002 .
water . 060 006 | 022 | 010 - 000 ‘' 002
snow N/A N/A N/A N/A N/A N/A
background 0.48 0.09 0.21 0.20 0.00 0.02

5

10

Furthermore, the geographic location information also affects the

prior probability of seeing certain material classes, i.e., P(material | location).

Table 4 (shown below) shows the statistics of various material classes in consumer

photos. In particular,

1.

31% of photos contain significant pieces of visible sky, and the

likelihood is even higher at 55% for outdoor images;

29% of all images and 52% of outdoor images contain grass;

35% of all images and 65% of outdoor images contain foliage;

10% of all images and 19% of outdoor images contain open water; -
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5. 2.4% of all images and 4.5% of outdoor images contain snow

cover.

Table 4. The probabilities of materials when location is unknown.

Material | % of all % of all % ofindoor | % of outdoor
pixels images images images
Sky 5 31 3.1 55
Grass 4.1 29 1.8 52
Foliage 1.2 35 9.5 65
Water 2.1 10 1.0 19
Snow/lce { 0.33 2.4 0.8 4.5
5
Table 5 (shown below) shows an example of a location-specific
prior probability model for Key West in USA. Most notable changes from the
location-unaware model include:
1. 75% of photos contain significant pieces of visible sky, and the
10 likelihood is even higher at 95% for outdoor images, while the
likelihood of seeing sky in an indoor image also increases from
3.1% to 10%;
2. Likelihoods for grass are similar;
3. Likelihoods for foliage decrease (more likely to see sky instead);
15 4. Likelihoods for open water significantly increase;
5. Likelihoods for snow decrease to nearly nonexistent.
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Table 5 The probabilities of materials when location is known (Key

West, USA)
Material % of all % of all % ofindoor | % of outdoor
pixels images images images

Sky 20 75 10 95

Grass 5.0 30 2.0 50

Foliage 1.0 30 10 50

Water 15 30 1.0 80

Snow/Ice 0.01 0.01 0.0 0.01

Note that the location also has similar effect on the percentage of
pixels for each material class within images.

In a variant embodiment of the present invention, additional
information about the time can be useful when the environment changes during
the course of a day or season at a given geographic location because certain
materials such as grass, foliage, snow, ice, and water are sensitive to climate. For
example, snow cover on a mountain may melt away during the summer at a
vacation location, and by the same token foliage may only be seen in seasons other
than winter there. Such information can be easily built into both the prior
probability P(material | location, season-time) and the conditional probability
P(spatial relationship| location, season-time) by medifying the probability values
such as those shown in Tables 3 and 5 accordingly.

In this case, the image capture time and location information 363
are also provided to the data processor 20 for generating the belief map 124. This
information helps immensely. For an intuitive example, consider again the region
described in the preceding paragraph. If the location information 363-indicates

that the digital image 102 was captured in Miami, Florida and the image capture
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time indicates that the digital image 102 was captured at noon on June 26, 2002,
then the probability that the image contains any pixels or regions that represent the
material of snow is extremely small. Alternatively, the image capture time can be
used alone for generating the belief map 124 as both the prior probability
P(material | season-time) and the conditional probability P(spatial relationship|
season-time) can be derived and utilized in a similar fashion.

Referring now to FIG. 5, where there is shown a graph representing
a scene configuration model for integrating both the prior probabilities (P(material
| location) and conditional probabilities P (spatial arrangement of materials |
location) )geographic location information. This graph is commonly referred to as
a factor graph. The prior factor node P 501 employs the prior probability
described above, the scene node S 502 incorporates scene context model, the
spatial factor node F 503 consists of pair-wise relationships between individual
regions. For each of the n regions in the image, there is a region node R 504.
There are ,C, pairs between n regions so there are as many spatial factor nodes.
The bottom level of the graph contains the detector factors D 505 and there are
also n such nodes. The nodes of this graph model are first initialized with the
prior probabilitiers and conditional probabilities, and then instantiated with
material belief values from the materials detectors. A procedure called belief
propagation is used to compute the posterior probability, i.e., final belief value, for
each region combining all the inputs (also known as evidences, including the
initial class probabilities, prior probabilities and conditional probabilities). In
general, each region is labeled to the material class that gives the highest posterior
probability. Details about how region classification is influenced by the
probability mentioned above can be found in Singhal, Luo, and Zhu, Probabilistic
spatial context models for scene content understanding, in Proceedings of
Computer Vision and Pattern Recognition, pp. 235 - 241, 2003. Those skilled in
the art will recognize that the present invention is not limited to the specific graph

model described above.
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Referring back to FIG 2, in a variant embodiment of the present
invention, additional iriformation from the direction sensor 44 can be useful when
the environment is far from isotropic at a given geographic location, e.g., one
would see mostly sky and ocean if he faces east on the Miami beach while he
would see buildings and trees when facing west. Such information can be easily
built into both the prior probability P(material | location, direction) and the
conditional probability P(spatial arrangement of materials | location, direction) by
modifying the probability values such as those shown in Tables 3 and 5

accordingly.
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22
30
34
36
40
44
60
70
102
120
124
325
327
329
350
362
363
364
401
402
403
404
405
406
501

PARTS LIST
image capture device
capture button
data processor
user input device
display device
image sensor
Image processor
control computer
direction sensor
transform
memory device
digital image
improved digital image
material belief map
location determiner
geographic database
external location aware device
wireless modem
dock interface
location information
dock/recharger
color transform
computer texture features
neural network classifier
pixel belief map
region analysis
region belief map

prior factor
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Parts List con’td

502 scene node

503 spatial factors
504 region nodes
505 detector factors
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CLAIMS:

1. A method of classifying regions in a digital image or video
captured by an image capture device comprising:

a) providing a geographic location determining device
associated with the image capture device;

b) using the location determining device to measure the image
capture location at substantially the time that the digital image or video was
captured; and

c) classifying regions in the captured digital image or video

into one or more classes based on the image capture location.

2. The method of claim 1, wherein the one or more classes include

sky, grass, water, clouds, pavement, snow, or walls.

3. The method of claim 1 wherein step (c) further includes:

i) obtaining homogenous regions from the captured digital
image or a frame of the video;

ii) extracting features from the homogeneous regions; and

iii) classifying the region into one or more classes, with
associated class probabilities, based on the image capture location and the

extracted features.

4. The method of claim 3, wherein the extracted features include

color or texture features associated with the region.

5. The method of claim 1, wherein step (c) further includes using

the image-capture time to classify regions of the digital image.
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6. The method of claim 3, wherein step (ii) further includes using

the image-capture time to classify regions of the digital image.

7. The method of claim 1, wherein step (c) further includes using

the camera-facing direction to classify regions of the digital image.

8. The method of claim 3, wherein step (ii) further includes using

the camera-facing direction to classify regions of the digital image.

9. The method of claim 3 wherein step (iii) includes associating
prior probabilities of classes according to geographic location and using such prior

probabilities to determine the class of a region.

10. The method of claim 3 wherein step (iii) includes associating
conditional probabilities between classes according to geographic location and
using such conditional probabilities to determine the respective class of each

region.

11. The method of claim 10 wherein the conditional probabilities
between classes are specified as pair-wise probabilities according to one or more
of spatial relationships including above, far above, below, far below, beside,

enclosed, or enclosing,
12. The method of claim 3 wherein step (iii) further includes

) producing initial class probabilities based only on the

extracted features;
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(i1) using a graphical model to modify the initial class
probabilities to produce posterior class probabilities in response to the prior
probabilities and the conditional probabilities between classes according to

geographic location.

13. The method of claim 3 further includes labeling a region as the

class with highest posterior class probability.

14. A method of enhancing regions in a digital image or a video
frame captured by an image capture device comprising:

a) providing a geographic location determining device
associated with the image capture device;

b) using the geographic location determining device to
measure the image capture location at substantially the time that the digital image
or video was captured;

c) classifying regions in the captured digital image or video
into one or more classes based on the image capture location; and

d) applying image enhancement to classified regions

depending on the class of each region.

15. A method of searching in a database a digital image or a video
frame captured by an image capture device comprising;

a) providing a geographic location determining device
associated with the image capture device;

b) using the geographic location determining device to
measure the image capture location at substantially the time that the digital image
or video was captured;

c) classifying regions in the captured digital image or video

into one or more classes based on the image capture location; and
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d) searching in a database for images containing regions of one

or more pre-determined classes.

16. A method of classifying regions in a digital image or video
captured by an image capture device comprising;:

a) providing a time determining device associated with the
image capture device;

b) using the time determining device to measure the image
capture time at substantially the time that the digital image or video was captured;
and

c) classifying regions in the captured digital image or video

into one or more classes based on the image capture time.
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