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SETTING DIFFERENT BACKGROUND MODEL SENSITIVITIES BY USER

DEFINED REGIONS AND BACKGROUND FILTERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Application

No. 62/140,942 filed March 31, 2015, titled "SETTING DIFFERENT BACKGROUND

MODEL SENSITIVITIES BY USER DEFINE REGIONS AND BACKGROUND

FILTERS", which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Panoramic images can be created by an array of wide angle cameras that

together create up to a 360 degree field of view or by one camera with a fish eye lens or

other panoramic mirror that allows for a continuous "mirror ball" image that is later

flattened out by computer.

[0003] A relatively new means of capturing panoramic images is by continuously

spinning a thermal sensor or other high speed camera at less than 60 RPM and processing

the images from the camera with a computer where they may be stitched together and

analyzed.

[0004] A common first step for performing video analysis is to develop a background

model from successive video frames and then to compare new frames against that

background model to look for changes that could be foreground movement. As some

background objects (such as trees, banners, etc.) can have movement and change, a certain

amount of tolerance should be built in for movement to the analysis to view these objects

as background and not foreground objects. This tolerance is typically set for the entire

video image and used for all changes regardless of where they are in the video frame.

[0005] Relatedly, object classification in computer vision requires identifying

characteristics about a foreground object that make it a likely match to a real world object,

such as a person, animal or vehicle. Calculations performed to identify these

characteristics can be computationally expensive, limiting the amount of analysis that can

be performed on embedded or lower power systems.

[0006] The subject matter claimed herein is not limited to embodiments that solve any

disadvantages or that operate only in environments such as those described above. Rather,

this background is only provided to illustrate one exemplary technology area where some

embodiments described herein may be practiced.



BRIEF SUMMARY

[0007] One embodiment illustrated herein includes a method of creating a background

model for image processing to identify new foreground objects in successive video frames.

The method includes providing a background image in a user interface. The method

further includes receiving a first user input in the user interface. The first user input

comprises an identification of one or more different regions within the background image.

The method further includes receiving a second user input in the user interface. The

second user input comprises a selection of an image change tolerance for each of the one

or more identified different regions. The method further includes providing the

background image, information identifying the one or more different regions, and the

image change tolerances to an image processor. The background image, the information

identifying the one or more different regions, and the image change tolerances are used by

the image processor to create a background model to thereby compare a successive image

with the background model in order to identify foreground objects within the successive

image.

[0008] In another embodiment, a method of identifying a foreground object in a video

frame by comparing the video frame to a background model is illustrated. The method

includes obtaining a background model. The background model comprises a background

image and identifies one or more user defined regions. Each of the one or more user

defined regions includes an image change tolerance. The method further includes

obtaining a video frame and evaluating the video frame against the background model

such that a foreground object is identified in a region of the video frame when a score for

the foreground object exceeds the image change tolerance for the region in which the

foreground object is located. Image change tolerance for each user defined region may be

independently selected and adjusted by the user.

[0009] In yet another embodiment, a method of identifying foreground objects of

interest in a video frame is illustrated. The method further includes obtaining a

background model, wherein the background model comprises a background image. The

method further includes obtaining a video frame and evaluating the video frame against

the background model to identify objects. This includes identifying differences between

the video frame and the background image. The method further includes applying one or

more filters to the identified differences to identify one or more foreground objects of

interest in the video frame.



[0010] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used as an aid in determining the scope of the claimed subject matter.

[0011] Additional features and advantages will be set forth in the description which

follows, and in part will be obvious from the description, or may be learned by the practice

of the teachings herein. Features and advantages of the invention may be realized and

obtained by means of the instruments and combinations particularly pointed out in the

appended claims. Features of the present invention will become more fully apparent from

the following description and appended claims, or may be learned by the practice of the

invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to describe the manner in which the above-recited and other

advantages and features can be obtained, a more particular description of the subject

matter briefly described above will be rendered by reference to specific embodiments

which are illustrated in the appended drawings. Understanding that these drawings depict

only typical embodiments and are not therefore to be considered to be limiting in scope,

embodiments will be described and explained with additional specificity and detail

through the use of the accompanying drawings in which:

[0013] Figure 1 schematically illustrates an example computing system in which the

principles described herein may operate;

[0014] Figure 2A schematically illustrates virtual camera positions, also referred to

herein as stop positions, where the camera may rotate in a clockwise direction, with the

camera pointed at stop position 1;

[0015] Figure 2B schematically illustrates virtual camera positions, as in Figure 2A,

with the camera pointed at stop position 5;

[0016] Figure 3 schematically illustrates an example implementation in which the

video processor illustrated in Figure 1 may operate;

[0017] Figure 4 illustrates a thermal imaging camera in an environment allowing the

camera to capture a plurality of images at corresponding stop positions;

[0018] Figure 5 illustrates communication between a thermal imaging camera and an

event dispatcher;



[0019] Figure 6 illustrates a method of creating a background model for image

processing to identify new foreground objects in successive video frames;

[0020] Figure 7 illustrates a method of identifying a foreground object in a video

frame by comparing the video frame to a background model; and

[0021] Figure 8 illustrates a method of identifying foreground objects of interest in a

video frame.

DETAILED DESCRIPTION

[0022] As noted above, background objects (such as trees, banners, etc.) in successive

images can have movement, which represents change between images. In particular, when

objects in the background move, the pixels in successive images will be different, and

thus, pixels in one image are changed with respect to another image. Thus, a certain

amount of pixel change tolerance should be built in for movement to the analysis to view

these objects as background and not foreground objects. A similar scenario occurs where

change occurs in the background (e.g., sunrise or sunset), which may appear to change

objects (e.g., trees, power poles, utility trailers, stockyard equipment and buildings, and

the like) in the foreground, as the effect of the background sun may alter their appearance,

making it appear as if the foreground obj ect has changed, when in fact it may have not.

[0023] However, this pixel change tolerance is typically set for the entire video image

and used for all changes regardless of where they are in the video frame. Some

embodiments described herein allow for setting different background model sensitives by

user defined regions in an image. Such embodiments may be designed for embedded

systems with limited resources (such as limited processing power and memory) which

rates amount of variance between background model and movement as a score for the

foreground object. The user can set up any number of regions in the image with different

scores. The score of each change, i.e., the amount of pixel change, is compared to the

region in which the movement is detected to determine whether this movement should be

detected as a foreground change or simply background movement (e.g., due to sunrise, or

sunset). This gives the user greater flexibility in determining how to treat change in video

frames. This can result in reducing the frequency and number of false positive alerts (e.g.,

a conclusion that an intruder is present, when none is), while also maintaining reliability,

so that an alert is provided when it actually should be (e.g., an intruder is in fact present).

[0024] Also as discussed above, object classification in computer vision requires

identifying characteristics about a foreground object that make it a likely match to a real



world object, such as a person, animal or vehicle. Calculations performed to identify these

characteristics can be computationally expensive, limiting the amount of analysis that can

be performed on embedded or lower power systems. Embodiments may use a number of

filters to more effectively reduce the number of objects that require CPU intensive

calculation. These filters may include one or more of distance filters used to determine the

relative size of the object, a cross correlation filter to determine if the object matches a

background model, an edge detection filter, an aspect ratio filter, a thermal filter to filter

objects based on thermal characteristics, and so forth. These filters can help to reduce false

detection of foreground objects and facilitate computationally inexpensive algorithms for

determining object classification.

[0025] In some embodiments, a background model is used to compare the new image

for changes within regions of interest. Each region of interest has a change tolerance used

to determine if the change is of a great enough magnitude to be considered for later filters.

In this way, the two features described above can be combined. This may be particularly

useful for object classification in low power systems or to otherwise conserve power in

systems.

[0026] The following now illustrates a general environment where embodiments may

be practiced. Figure 1 illustrates a block diagram for camera system 100. Camera system

100 allows camera 150 (e.g., a thermal imaging camera) to rotate up to a full 360° around

a fixed-axis. The full revolution comprises a number of positions corresponding to "stops"

where it is desired that an image be captured. Because of requirements related to camera

calibration, particularly with a thermal imaging camera, the camera can capture images at

a constant frame rate. The spectrum captured may be from about 8,000 nm to about 14,000

nm. Of course, it may be possible to employ concepts disclosed herein within systems

configured to capture and use image data based on other spectrums (e.g., visible light, or

higher or lower wavelengths). When capturing images at a constant frame rate, some of

the images may correspond to positions between designated "stop" positions, while others

will correspond to a "stop" position. As will be described in further detail hereafter, only

those images corresponding to a "stop" position may be retained. The others may be

discarded.

[0027] The positions where camera 150 captures images that will be retained are

referred to herein as stop positions because camera 150 must be stationary, or momentarily

stopped, in order for camera 150 to acquire a non-blurry image. A stop position can be



characterized as having an angle offset relative to a designated home position (i.e., "stop"

1) at which camera 150 captures an image. In some implementations, the system may

determine the home position by using a camera-mount with a hole, along with a

transmissive optical encoder that can detect the home position when the hole in the

camera-mount lines up with the encoder. Such a transmissive optical encoder may be a 1-

bit encoder. In other implementations, a higher resolution encoder may be used to allow

more granular feedback of actual camera position at any given time.

[0028] Camera system 100 can allow any number of stop positions per revolution. In

an embodiment, the number of stop positions may be between 1 and 16. The stops may be

positioned at equally spaced intervals. For example, ten stop positions, or stops, per

revolution would result in ten stops that are located 36° apart. The camera system 100 may

use any suitable motor mechanism for ensuring that the camera remains momentarily

stationary at each stop position, so as to facilitate capture of a non-blurry image at each

desired stop position. For example, a stepper motor may be employed to hold camera 150

stationary at each stop position for the appropriate amount of time to acquire an image

before moving to the next stop position. Details of an exemplary stepper motor mechanism

are disclosed in the inventors PCT Patent Application Serial No. PCT/US/2014/033539

filed April 9, 2014 titled STEPPER MOTOR CONTROL AND FIRE DETECTION

SYSTEM, herein incorporated by reference in its entirety. Another example of a motor

mechanism that may be employed in rotating the camera through a plurality of stop

positions in which the camera remains stationary momentarily at each stop position

includes a mechanical cam system, e.g., as described in the inventors U.S. Patent No.

8,773,503 issued July 8, 2014 and titled AUTOMATED PANORAMIC CAMERA AND

SENSOR PLATFORM WITH COMPUTER AND OPTIONAL POWER SUPPLY, herein

incorporated by reference in its entirety. Motor mechanisms as described in the above

patents and applications, as well as any other suitable design may be employed.

[0029] As depicted in Figure 1, the system can utilize two processors, microprocessor

110 and video processor 140. Microprocessor 110 can manage position and timing of

camera 150, while video processor 140 can process video from camera 150. Utilizing two

processors allows the real-time performance of the camera 150 and motor synchronization

by the microprocessor 110 to be de-coupled from the high-throughput video processor

140. Alternatively, some implementations may use one processor to manage position and



timing, as well as video of the camera 150. Of course, more than two processors could

alternatively be employed.

[0030] In an implementation, data from the camera 150 passes through slip rings 160,

which allows the camera 150 to rotate as described above (continuous rotation with

intermittent, very short stops). Because the periods where the camera is actually stationary

are so short, the camera may appear to rotate continuously. In some cases, the camera

frame rate may not exactly match the rotational speed and stop rate of the camera system

100, thus creating fractional video frames. Digital switch 130 may then be used to throw

away any unwanted video frames. In other words, as described above, some captured

frames may correspond to one of the stop positions, while other captured frames may be

captured while the camera is rotating. Using the digital switch 130 allows the video

processor 140 to sleep during those times at which unwanted video frames are discarded,

thus creating better power efficiency. Of course, in other embodiments of the system, the

video processor (e.g., ARM/DSP) may have little or no time to sleep.

[0031] Where an image is taken at each stop position, each stop position can be

represented as an individual virtual camera. A virtual camera may act like a stationary

camera pointed in a single direction. The camera system 100 can support any number of

stop positions and corresponding number of virtual cameras. In an embodiment, system

100 may include from 1 to 16 stop positions, and 1 to 16 virtual cameras, each virtual

camera associated with a particular stop position. Figure 2A illustrates how each stop

position may correlate to a physical space with the camera 150 facing stop position 1 (i.e.,

home position). Figure 2B shows the camera 150 having rotated so as to be facing stop

position 5 . As depicted in Figures 2A and 2B, a numbering system used for the stop

positions may increase in a clockwise direction. Figures 2A and 2B illustrate an exemplary

configuration including 8 stop positions, although it will be understood that more or fewer

stop positions may be provided. By way of example, the number of stop positions may be

from 2 to about 30, from 4 to about 20, or from 6 to about 16.

[0032] The period in which the camera is momentarily stopped may be any suitable

period of time (e.g., may depend on the characteristics of the image capture capabilities of

the camera). In an embodiment, each stop period (i.e., the dwell time) may be from about

30 ms to about 120 ms (e.g., about 60 ms).

[0033] Each image captured by camera 150 corresponding to a stop position may be

multiplexed, or muxed, into a video stream and sent to video processor 140. Each image



captured by camera 150 to be retained may be sent out of the camera over the same

interface. Microprocessor 110 can manage and track the angle offset (and corresponding

stop position) of camera 150 when an image to be retained is captured (i.e., the image

corresponds to a stop position). Even images that are to be discarded (i.e., the image does

not correspond to a stop position), may be sent to digital switch 130 over the same

interface as retained images. At digital switch 130, those images that are to be discarded

may be separated and discarded, rather than passed on to video processor 140.

[0034] An exemplary implementation showing how video processor 140 may operate

is described in more detail in Figure 3 . Referring to Figure 3, video demultiplexing driver

330 separates the video stream into individual images (i.e., frames) that each correspond to

a particular stop position, or virtual camera. For example, the video stream referred to at

this stage may include images to be retained that were captured at different stop positions.

Demulitplexing driver 330 may use position information tracked by microprocessor 110 to

determine the corresponding virtual camera for each image of the video stream, allowing

sorting of the images to their proper virtual camera devices. As illustrated by Figure 3,

each image can be sent to its corresponding virtual camera (301 - 308) for storage and

future analytics (e.g., comparison of images taken adjacent in time from the same stop

position), once that determination has been made.

[0035] If desired, images from different stop positions may be stitched together to

create a panoramic image (e.g., of up to 360°). An advantage of the present embodiments

is that any such stitching is optional, and is typically not carried out on-site (if at all). If

done, stitching may be done off-site, allowing the total power requirements for on-site

system 100 to be no more than about 10 watts, as stitching is power and computer

processor intensive.

[0036] In some implementations, the video stream associated with a given virtual

camera device may be analyzed to detect a change from a given image to a subsequent

image. In other words, rather than stitching together images to create a panoramic image,

the analytics carried out may involve comparison of an image with a subsequently

captured image (or a previously captured image) from the same stop position (and thus the

same virtual camera device) to detect any changes (e.g., a change in temperature of an

object, movement of an object, etc.). For example, the analytics carried out may include

fire detection, as discussed in the inventors' prior PCT Patent Application Serial No.

PCT/US/2014/033539 filed April 9, 2014 titled STEPPER MOTOR CONTROL AND



FIRE DETECTION SYSTEM, and PCT Patent Application Serial No.

PCT/US/2014/033547 filed April 9, 2014 titled FIRE DETECTION SYSTEM, each of

which is herein incorporated by reference in its entirety. Another example of use may

include intruder detection, or perimeter monitoring to ensure security at a secure border, or

the like.

[0037] Each virtual camera can have a video stream similar to that which would be

obtained by a stationary camera placed at the corresponding stop position. The system of

virtual cameras may be on-site relative to thermal imaging camera 150. In some

implementations, the frame rate of a virtual camera video stream is equal to the rotational

speed of motor 170, as camera 150 passes each stop once per revolution. The muxed

signal frame rate may be equal to a rotational speed of motor 170 multiplied by the

number of stops per revolution. For example, a system running at 30 RPM with 16 stops

per revolution would have a muxed frame rate of 8 frames per second (FPS) and each

virtual camera device would have a frame rate of ½ FPS, or 1 frame per 2 seconds (e.g., 30

RPM / 60 seconds in a minute = 0.5 FPS). While rotation rates of less than 60 RPM may

be typically employed, it will be appreciated that any suitable RPM may be used (e.g.,

either higher or lower).

[0038] Utilizing virtual cameras can allow analytics and any stitching to be decoupled

from image acquisition. Because each virtual camera can have its own video stream,

images associated with each virtual camera can be processed independently. System 100

may normally capture images in numerical (e.g., clockwise or counter-clockwise) order,

but because the angle offset from home position (i.e., stop position 1) is known based on

the stop number of the virtual camera, analytics or any stitching may update in any order

desired.

[0039] Additional details of exemplary fire detection systems, including the ability to

correlation of geographical location data and determination of depth values is found in

PCT Patent Application Serial No. PCT/US/2014/033547 filed April 9, 2014 titled FIRE

DETECTION SYSTEM, already incorporated by reference in its entirety.

[0040] Correlating geographical location data with the position of camera 150 can

include, but is not limited to, correlating pixel positions of a captured image and

determining depth values for pixel positions of individual thermal imaging camera images

based on the geographical location of thermal imaging camera 150. Given the elevation

and orientation of thermal imaging camera 150, the distance or depth value for each pixel



of an image may be calculated using elevation data, for example, from the National

Elevation Dataset.

[0041] The depth value calculation to be associated with a given pixel can be done in a

series of steps for determining (e.g., calculating) how each pixel represents a ray projected

from the camera across the landscape intersecting the ground. Generally, this may be

achieved by using a projected camera view on a wireframe terrain model created using

elevation data (e.g., from the National Elevation Dataset) to estimate where each rendered

pixel of the camera view would intersect the wireframe to calculate the probable "z" depth

value of the bottom of each image element or pixel. Such a process may employ a loop

process carried out through increasing z-distances until the projected height intersects the

elevation height at a distance.

[0042] This may be done by determining (e.g., calculating) if a ray having a length

equal to the camera's height intersects the ground at the projected distance. This

determination may be repeated by repeatedly increasing the ray length by a given amount

(e.g., 1 decimeter) until the ground is reached (e.g., intersected) or the ray exceeds a given

length (e.g., 30 kilometers). Such an excessive length may be used to help render the

horizon. Data for latitude, longitude, elevation and distance of the intersection point may

be stored, and the determination (e.g., calculation) may be repeated for the next pixel of a

column. Progressing upwardly from the bottom, within the image, once a column of pixels

reaches the horizon, the determination may move onto a new column. Such determinations

or calculations may be based off variable Vertical Field of View, Horizontal Field of

View, elevation and orientation. The final data set may be used to render an image that

depicts distance (e.g., in gray scale) with lines placed at a given distance (e.g., every 100

meters). The determined or calculated image may be compared against an actual image for

a final adjustment of the input variables. Once completed, the final result would provide a

"z" depth value map that can be saved for future immediate analytics availability.

[0043] Illustrative of the steps described above, an image of 640x512 may require

repetition of the described determinations approximately 250,000 times.

[0044] Once depth values for pixel positions are determined, this may allow

determination of the size or movement speed of an object captured within an image. For

example, it may provide information on the size or movement speed of a wildfire, person,

animal, or any other object of interest. Processing that correlates pixel positions of an

image with location data and determination of a depth value associated with each pixel



may be performed off-site at a remote user interface terminal. The actual depth values

associated with given pixels of the images may be relayed to the camera system for

storage and use on-site.

[0045] Relay of any data on-site to off-site or vice versa may be by any suitable

mechanism, e.g., including, but not limited to satellite link or network, cellular link or

network, WiFi link or network, radio transmission, hard wired link or network, etc.

[0046] With this background being laid, additional details are now illustrated.

[0047] Reference is now made to Figure 4 which illustrates the camera 150 capturing a

plurality of images at various stops and the images optionally being stitched into a

panoramic image 402. While Figure 4 illustrates the panoramic image 402, it should be

appreciated that embodiments do not require the images to be stitched together, but rather,

individual images can be processed by a virtual camera such as virtual cameras 301-308

illustrated in Figure 3.

[0048] Embodiments may be implemented where, at a virtual camera, foreground

objects are scored based on the amount of change compared to a background model. For

example, a score may be generated based on the amount of changes between pixels (or

edges) in a background image and the corresponding pixels (or edges) in a subsequent

image. Scoring may be based, for example, on an aggregation of changes over a number of

different pixels (or edges). In particular, the cumulative changes over a selected region

may represent the score for the region. For example, the number of pixels or edges

associated with a given object (e.g., a power pole, a utility trailer, etc.) may be determined,

for later reference. The system may compare the number of pixels or edges of the object

at a later time, to determine whether the object has changed (the number of pixels or edges

has changed over a threshold value), or if the object is the same as before. This may be

particularly useful during sunset and sunrise, when objects may appear to be changing, but

upon counting the number of pixels or edges associated with such a stationary object, it

will be apparent that the object has not changed, only the background.

[0049] The particular background model can include user defined regions within a

video frame where each region is assigned a sensitivity score. For example, Figure 4

illustrates four user defined regions 404, 406, 408, 410 and 412. Regions 404, 406, 408

and 410 are selected to encompass various pieces of vegetation. As wind or other factors

may cause movement in the vegetation, these regions may be configured to be less

sensitive to movement than other regions are. In particular, when comparing video frames



with a background image, any comparison of the defined regions 404, 406, 408, 410 and

412 in the background image to corresponding regions in subsequent video frames will be

allowed a certain amount of variation without causing an alarm or other indication that

there is a change in the object or background. Even though there may be a slight change

due to swaying vegetation, such slight changes will not cause an event to be triggered

indicating a change.

[0050] In contrast, the region 412 may be defined such that little or no change is

allowed. The region 412 is set to define a region including a mountain range which should

remain quite static. Such a region may similarly be defined around various pieces of

equipment such as trailers, buildings, power poles, and the like that may generally remain

stationary. Thus, this region 412 could be defined to be more sensitive to change such that

even slight changes will cause an alarm or other indication of a change to be triggered.

[0051] Thus, embodiments may be implemented where foreground object scores are

compared to the region of interest in which they were detected to determine if they are

background or foreground objects. A user may have control over sensitivity of movement

detection over all coordinates of the video frame. As shown, a user-defined region of

interest may span across more than 1 virtual camera position (e.g., as region 412 does),

even if no panoramic stitching is performed. Embodiments can be implemented which do

not require extra memory buffers for learning or learning time to allow for background

motion to be detected. Rather, a user can manually define where background motion might

occur. The user can increase sensitivity by increasing the motion detection range in areas

where there is little or no repetitive motion (or where none should be) while still allowing

detection of motion in areas where there is a lot of repetitive motion by decreasing the

sensitivity and the motion detection range for these areas. This gives a user more control

over detection range and percentage of objects falsely detected as foreground objects of

interest (e.g., an intruder). In some embodiments, there may be a default level of

sensitivity for all regions of the video frame that are not user defined (i.e., not selected by

the user and given a specific sensitivity). For example, all regions that are not user defined

may be assumed to remain relatively static and thus have a relatively high sensitivity to

any changes.

[0052] To allow a user to define the various regions, embodiments may first create a

background model. The background model may be based on a background image, such as

the panoramic image 402 (or the individual images associated with stops S1-S8). The



panoramic image 402 may be provided to, or created on a user system 190. The user

system 190 may be remote from the camera system 100. Thus, images may be provided

from the camera system 100 to be used in creating a background model. In one

embodiment, the panoramic image 402 is provided as part of a user interface at the user

system 190. The user system 190 may include a user interface that allows a user to select

regions on the overall panoramic image 402. For example, the user interface may include

the ability to allow a user to drag and select a region using mouse graphical user interface

interactions. While this would allow for selecting rectangular regions, it should be

appreciated that other regions may also be selected. For example, a user could select a

region bounded by an ellipse, a triangle, or some other complex shape. A user may also be

able to select a region by drawing the region using any applicable graphical user interface

interactions (e.g., a mouse, a finger or stylus when using a touchscreen device, and so

forth). In some embodiments, any portions of the image not selected by the user may

represent a region that can be associated with an image change tolerance and set forth in

more detail below.

[0053] The user can also indicate, using the user interface, a sensitivity for a selected

region. The selected regions can be converted to coordinates (such as Cartesian

coordinates) which can then be provided back to the camera system 100 along with the

sensitivities. This information can then be used by the camera system as part of the

background model used to determine when indications of changes should be issued to a

user.

[0054] When selecting regions, by using the stitched image, or other similar image or

set of images, a user can select multiple regions in a given stop. Alternatively or

additionally, a user can select a region that spans multiple stops. In some embodiments,

regions may be automatically selected and given a particular sensitivity by the system 100.

Such selections and sensitivities may be determined by system 100 based on historical

data. For example, the system 100 may automatically determine that an area with

numerous trees should be given a low sensitivity, while an area with little-to-no vegetation

should be given a high sensitivity. Similarly, in an area where security is particularly

important (e.g., of a stockyard, border area, building installation, or other facility or

environment), the surrounding area may be given a higher sensitivity than other areas.

[0055] Embodiments may alternatively or additionally use one or more descriptive

filters to distinguish between background changes and new foreground objects in an



image. Using filters can reduce the number of times or the complexity of computationally

expensive algorithms that may need to be used for object classification. This can allow

object classification to be, at least partially, performed at a low-power, limited resource

(e.g. limited memory, limited processing power, etc.) system. Even on higher power,

higher resource systems, such functionality can reduce power consumption.

[0056] Illustrating now an example, an image may differ from a background image

which may indicate a new foreground object in an image or simply a change to the

background. Various environmental inputs and/or various filters may be used to filter out

background changes which appear as foreground objects. Alternatively, new foreground

objects can be filtered out when it can be determined that they are not foreground objects

of interest.

[0057] Illustratively, one embodiment uses a distance map to determine distance and

size of a foreground object, i.e. a detected change in an image. This distance map may be

generated, for example, using a method similar to that described above for calculating a

probable "z" depth value. Accordingly, a size filter may be used to filter out objects based

on their size. For example, it may be determined that only animals and/or people within a

field of view of the thermal camera are objects of interest. Thus, all objects detected that

are bigger than an animal or person may be filtered out.

[0058] Another filter may be based on the aspect ratio, pixels, or number of edges of

the candidate foreground object to determine a probability of it being a specific object

type. For example, the aspect ratio of a car when viewed from the front is significantly

different than the aspect ratio of a motorcycle when viewed from the front, thus filtering

out cars, but not motorcycles, or vice versa, may be possible. Accordingly, a user may

identify which types of objects are of interest to the user, then use their associated sizes to

filter out objects that are not of interest.

[0059] In one embodiment a correlation filter is used to determine if a potential

foreground object matches an object in a background model. In particular, the background

model can be examined for a matching object in the vicinity of the potential foreground

object. This can help to identify that perhaps a tree has swayed, a large rock has been

moved, or some other movement has occurred that may not be of interest to a user rather

than having detected a new foreground object. Accordingly, a false detection and

subsequent false alarm to a user may be avoided by using a correlation filter.



[0060] An edge detection filter may be used in a similar manner. The edge detection

filter may be based on the number of edges of a foreground object. For example, if animal

movement were of interest, animals have a large number of outline edges when compared

to an automobile. Thus, a filter may be configured to filter out objects with few edges

while allowing the appearance of foreground objects with a larger number of edges to

cause a user to be notified of changes to an environment. Thus, a system could count the

edges in the foreground candidate to see if it is complex enough to be an object of interest

to a user.

[0061] An edge filter may be particularly useful during the periods of time that the sun

rises and sets because the sun itself may give the camera system a false positive. More

specifically, while the sun is setting and rising, the sun may be in view of the camera, thus

causing the camera to detect a new source of heat (i.e., an object) in the location of the

setting or rising sun. As such, a false alarm or alert could be sent to a user that an

unwanted object has entered the surveilled area. Accordingly, by implementing an edge

filter during those periods of time, objects (e.g., trees, telephone poles, cars, houses,

buildings, trailers, and so forth) in the field of view (foreground or background objects)

may be compared against a background model to ensure that the number of edges of all

detected objects is the same currently as it is in the background model.

[0062] For example, a particular area that is being surveilled by a thermal camera may

include a building and telephone or power pole. When the sun sets in that particular area

and comes within the field of view of the thermal camera, an edge detection filter may be

applied in order to detect the number of edges of all the objects within the field of view of

the camera. As such, the only detected objects would be the building and the pole, which

would result in the same number of edges as the background model of the same area.

Thus, it would be determined that no new objects had entered the area (as the number of

edges is the same). Accordingly, any false positives occurring because of a sunrise or

sunset may be mitigated or eliminated. Accordingly, by implementing an edge filter

during those periods of time, objects in the field of view (foreground or background

objects) may be compared against a background model to ensure that the number of edges

of the detected objects is the same currently as it is in the background model, thus

avoiding any false positives caused by the sun.

[0063] In some embodiments, an edge filter may be automatically implemented each

day during sunrise and sunset for that particular day. In such an embodiment, a database



containing information regarding times for sunrises and sunsets for each day of the year in

particular locations may be accessed to determine the appropriate times to apply the edge

detection filter. For example, an edge filter may be automatically implemented from 6:15

a.m. until 6:45 a.m. while the sun is rising and from 7:15 p.m. until 7:45 p.m. while the

sun is setting on a particular day based on data contained within a particular database.

Similarly, an edge filter may be implemented during periods of the day that may be much

hotter than others (i.e., where objects may appear much hotter) and then the number of

edges can tell the user that no intruder has entered the property.

[0064] Similar analysis and conclusions may be possible by counting the number of

pixels associated with a given object, particularly where the object is expected to be

stationary (a pole, a building, a trailer, or the like).

[0065] In another example, a filter may be a thermal filter. Thermal cameras capture

differences in temperature. Wildlife may have a different difference in temperature than an

ambient temperature from humans, automobiles, motor cycles, the setting sun, the rising

sun, and so forth. Thus, filters could be created to filter out humans and automobiles while

allowing animals to be detected (or vice versa).

[0066] Alternatively or additionally, confidence level filters can be applied. A user can

adjust confidence level for any number of regions in the video frame to determine required

level of confidence to classify a foreground object. For instance, a user may assign a low

confidence level to a certain region because there is a high quantity of vegetation (trees,

bushes, and so forth) in the region, or for any other reason. Accordingly, in order to

identify a foreground object in such a region, there must be a high level of movement

detected. Filters can be applied in any order. Further, any number of filters can be included

or excluded from execution. Additional filters, while not illustrated here could be

nonetheless applied to embodiments herein.

[0067] As illustrated in Figure 5, whether or not a filter is applied, once one or more

objects of interest are detected an alert or alarm (used interchangeably herein) may be sent

to an alert dispatcher 502. More specifically, Figure 5 illustrates transmission of data from

the on-site camera system 150 through a wireless transmitter 504 to a wireless receiver

506. Wired transmission is of course also possible. This data may include, for example,

location of the object, size of the object, aspect-ratio of the object, temperature of the

object, and so forth. Continuous monitoring of the object can provide additional data such

as changes in size and speed. These alerts may also include a confidence level of the



alert/object. For example, high confidence alerts may be of sufficient certainty to dispatch

aircraft or other response units very early, potentially saving time, money, property, and so

forth.

[0068] Figures 6-8 illustrate three different flowcharts for performing embodiments

described herein. It should be noted that Figures 6-8 are described with frequent reference

to Figure 4 . Referring now to Figure 6, a method 600 is illustrated. The method includes

acts for creating a background model for image processing to identify new foreground

objects in successive video frames. The method 600 includes providing a background

image in a user interface (Act 610). For example, a background image taken at stop

position S3 (illustrated in Figure 4) includes at least a portion of a car and house. The

method further includes receiving a first user input in the user interface, wherein the first

user input comprises identifying one or more different regions within the background

image (Act 620). For example, the first user input may identify region 404. The user input

may be of any suitable type. For instance, a user may identify a region using a click-and-

drag rectangular selection tool using a mouse.

[0069] The method further includes receiving a second user input in the user interface,

the second user input comprising selecting an image change tolerance for each of the one

or more identified different regions (Act 630). For instance, the user may select an image

change tolerance for region 406 that necessitates a relatively high amount of change before

detecting a foreground object because the bush in region 404 may consistently move

because of wind. The method 600 further includes providing the background image,

information identifying the one or more different regions, and the image change tolerances

to an image processor (Act 640). The background image, the information identifying the

one or more different regions, and the image change tolerances are used by the image

processor to create a background model to thereby compare a successive image with the

background model in order to identify one or more foreground objects within the

successive image (Act 640). Thus, by selecting specific regions within a field of view of

camera 150 and giving each specified region an image change tolerance, a user may help

create a contextually aware background model, against which successive images can be

compared.

[0070] Figure 7 illustrates a method of identifying a foreground object in a video

frame by comparing the video frame to a background model. The method 700 includes

obtaining a background model (such as the background model described above in



connection with Figure 6), wherein the background model comprises a background image

and identifies one or more user defined regions (Act 710). Each of the one or more user

defined regions can include an image change tolerance (Act 710), as described above.

[0071] The method further includes obtaining a video frame (Act 720) that is

evaluated against the background model, such that a foreground object is identified in a

region of the video frame when a score for the foreground object exceeds the image

change tolerance for the region in which the foreground object is located (Act 720). Thus,

referring back to the example of Figure 6 and region 404, region 404 may have a low

sensitivity to change because of the bush located within the region. Accordingly, in order

for a foreground object to be identified within region 404, the object must demonstrate

more movement than simply the branches/leaves of the bush within region 404 swaying in

the wind.

[0072] Figure 8 illustrates a method, implemented at a computer system, of identifying

foreground objects of interest in a video frame. The method 800 includes obtaining a

background model, wherein the background model comprises a background image (Act

810). The method further includes obtaining a video frame (Act 820) and evaluating the

video frame against the background model to identify objects, including identifying

differences between the video frame and the background image (Act 830), as described

above. Perhaps as part of the evaluation, or after performing an initial evaluation, one or

more filters may be applied to the identified differences in order to identify one or more

foreground objects of interest in the video frame (Act 840). For instance, once an object

has been identified during the evaluation of a video frame against the background model, a

filter, such as a size filter, may be used to filter out objects that are not of interest. More

specifically, the bush within region 404 may initially be identified as a potential object of

interest because the wind caused it to move when comparing background model to the

video frame. However, a size filter may be applied that specifies that objects smaller than

a person are not of interest. Thus, the bush within region 404 would be filtered out rather

than being reported to a user. Similarly, any of the filters described herein may be used.

[0073] Accordingly, a thermal camera system may allow users to identify particular

regions within the field of view of the camera, and additionally, to select a particular

image change tolerance for each specified region. Notably, filters may be applied to any

potential identified objects to filter out objects that are not of interest. In this way, a user

can customize the thermal imaging camera system to identify only objects of interest to



the user and further alert the user only in instances where such an object has been

identified.

[0074] The present invention may be embodied in other specific forms without

departing from its spirit or characteristics. The described embodiments are to be

considered in all respects only as illustrative and not restrictive. The scope of the invention

is, therefore, indicated by the appended claims rather than by the foregoing description.

All changes which come within the meaning and range of equivalency of the claims are to

be embraced within their scope.



CLAIMS

What is claimed is:

1 . A method of creating a background model for image processing to identify

new foreground objects in successive video frames, the method comprising:

providing a background image in a user interface;

receiving a first user input in the user interface, the first user input

comprising identifying one or more different regions within the background image;

receiving a second user input in the user interface, the second user input

comprising selecting an image change tolerance for each of the one or more

identified different regions; and

providing the background image, information identifying the one or more

different regions, and the image change tolerances to an image processor, wherein

the background image, the information identifying the one or more different

regions, and the image change tolerances are used by the image processor to create

a background model to thereby compare a successive image with the background

model in order to identify one or more foreground objects within the successive

image.

2 . The method of claim 1, wherein the background image is a 360 degree

panorama image.

3 . The method of claim 1, wherein receiving the first user input comprises

receiving a drag and select user input that identifies a region boundary.

4 . The method of claim 1, wherein the information identifying the one or

more different regions comprises Cartesian coordinates derived from the user input

identifying the one or more different regions within the background image.

5 . The method of claim 1, wherein identifying one or more foreground objects

within the successive image comprises determining that a change from the background

image to the successive image in a region exceeds an image change tolerance for the

region such that the foreground object is identified in the region when a score for the

foreground object exceeds the image change tolerance for the region in which the

foreground obj ect is located.

6 . The method of claim 1, wherein the image processor further applies one or

more filters to the foreground object to filter out certain foreground objects to identify one

or more foreground objects of interest in the successive video frame.



7 . The method of claim 6, wherein one of the one or more filters comprises an

edge detection filter.

8 . The method of claim 6, wherein one of the one or more filters comprises a

confidence level filter.

9 . A method of identifying a foreground object in a video frame by comparing

the video frame to a background model, the method comprising:

obtaining a background model, wherein the background model comprises a

background image and identifies one or more user defined regions, each of the one

or more user defined regions including an image change tolerance;

obtaining a video frame; and

evaluating the video frame against the background model such that a

foreground object is identified in a region of the video frame when a score for the

foreground object exceeds the image change tolerance for the region in which the

foreground object is located.

10. The method of claim 9, wherein the background image is a 360 degree

panorama image.

11 . The method of claim 9, wherein the score comprises an amount of change

between pixels when comparing the background model to the video frame containing the

foreground obj ect.

12. The method of claim 9, further comprising using one or more filters to

identify foreground objects.

13. The method of claim 9, wherein one of the one or more filters comprises an

edge detection filter.

14. A method, implemented at a computer system, of identifying foreground

objects of interest in a video frame, the method comprising:

obtaining a background model, wherein the background model comprises a

background image;

obtaining a video frame;

evaluating the video frame against the background model to identify

objects, including identifying differences between the video frame and the

background image; and

applying one or more filters to the identified differences to identify one or

more foregrounds object of interest in the video frame.



15. The method of claim 14, wherein the background image and video frame

are 360 degree panoramic images.

16. The method of claim 14, wherein the one or more filters includes an aspect

ratio filter that filters out objects based on their aspect ratios.

17. The method of claim 14, wherein the one or more filters includes a

correlation filter that filters out an object based on the object's similarity to a background

model object that is contained within the background image.

18. The method of claim 14, wherein the one or more filters includes an edge

detection filter that filters out one or more objects based a number of edges that the one or

more objects have.

19. The method of claim 14, wherein the one or more filters includes a size

filter that filters out one or more objects based the sizes of the one or more objects.

20. The method of claim 14, wherein the one or more filters includes a thermal

filter that filters out one or more objects based on their thermal characteristics.
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