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SYSTEM AND METHOD FOR SEARCHING 
FOR CHANGES IN SURVEILLANCE VIDEO 

Background of the Invention 

Field of the Invention 

[0001] The present invention generally relates to video surveillance, and more specifically to 

improved systems and methods for searching for changes in an area-of-interest (AOI).  

5 Brief Description of the Prior Art 

[0002] The current heightened sense of security and declining cost of camera equipment have 

resulted in increased use of closed circuit television (CCTV) surveillance systems. Such 

systems have the potential to reduce crime, prevent accidents, and generally increase security in 

a wide variety of environments.  

10 [0003] A simple closed-circuit television system uses a single camera connected to a display 

device. More complex systems can have multiple cameras and/or multiple displays. One 

known type of system is the security display in a retail store, which switches periodically 

between different cameras to provide different views of the store. Higher security installations, 

such as prisons and military installations, use a bank of video displays each displaying the 

15 output of an associated camera. A guard or human attendant constantly watches the various 

screens looking for suspicious activity.  

[0004] More recently, inexpensive digital cameras have become popular for security and other 

applications. In addition, it is now possible to use a web cam to monitor a remote location.  

Web cams typically have relatively slow frame rates, but are sufficient for some security 

20 applications. Inexpensive cameras that transmit signals wirelessly to remotely located 

computers or other displays are also used to provide video surveillance.
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[00051 As the number of cameras increases, the amount of raw information that needs to be 

processed and analyzed also increases. Computer technology can be used to alleviate this raw 

data processing task, resulting in a new breed of information technology device -- the 

computer-aided surveillance (CAS) system. Computer-aided surveillance technology has 

5 been developed for various applications. For example, the military has used computer-aided 

image processing to provide automated targeting and other assistance to fighter pilots and 

other personnel. In addition, computer-aided surveillance has been applied to monitor activity 

in swimming pools. CAS systems may be used to monitor a particular AOI if, for instance, the 

AOI includes a particularly valuable object.  

10 [00061 CAS systems typically operate on individual video frames. In general, a video frame 

depicts an image of a scene in which people and things move and interact. Each video frame is 

composed of a plurality of pixels which are often arranged in a grid-like fashion. The number 

of pixels in a video frame depends on several factors including the resolution of the camera, and 

the display, the capacity of the storage device on which the -video frames are stored. Analysis of 

15 a video frame can be conducted either at the pixel level or at the (pixel) group level depending 

on the processing capability and the desired level of precision. A pixel or group of pixels being 

analyzed is referred to herein as an "image region." 

[00071 Image regions can be categorized as depicting part of the background of the scene or as 

depicting a foreground object. In general, the background remains relatively static in each video 

20 frame. However, objects may be depicted in different image regions in different frames.  

Several methods for separating objects in a video frame from the background of the frame, 

referred to as object extraction, are known in the art. A common approach is to use a technique 

called "background subtraction.',' Of course, other techniques can be used as well.  

[00081 Current surveillance systems provide a rudimentary techniques for performing area
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change searches. Such a system may allow a user to specify a specific AOI within the video 

frame in which to search for a change. The system then searches through each video frame and 

measures the number of changed pixels within the AOL. If the number of changed pixels within 

the AOI in a particular frame surpasses a specified percentage, then that frame is returned as a 

5 positive result in the search. This approach may be referred to as frame-by-frame differencing.  

[00091 Frame-by-frame differencing, however, has a number of drawbacks. In particular, it may 

return too many false positive results. These false positive results could be due to obstructions 

moving in front of the AOL. For example, if a user is interested in searching for the moment 

when a laptop that was sitting on a desk was stolen, then using this search technique will return 

10 all instances when a person walks in front of the desk and occludes the laptop from view 

(assuming of course that the number of pixels that changed due to the person walking in front of 

the desk exceeds the specified percentage). In most cases, the person subsequently moves away 

from the desk and reveals the un-stolen laptop, at which point the search has returned a false 

positive.  

15 [0010] Another approach is to utilize background subtraction to perform the analysis. In a 

typical background subtraction algorithm, foreground pixels are separated from background 

pixels by subtracting a video frame from a "background image." This background image is 

periodically updated with new data in order to track slow changes to the background (e.g., 

lighting changes). Typically the background update is performed by averaging newly classified 

20 background pixels with the existing background image. Foreground pixels are not averaged with 

the background to prevent "pollution" of the background image. In this way, the background 

image adapts to slow or small color changes, and all fast or large color changes are considered 

foreground. As it is, however, this simple background subtraction algorithm offers little 

advantage over the frame-by-frame differencing technique described above. That is, it may still
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provide false positives for searches related to the AOL. This is due to the way in which the 

search would be conducted in a system utilizing this technique would proceed. In particular, in 

searches performed on systems utilizing simple background subtraction, the search for changes 

in the AOI would return all instances where a pixel changes and that change is not a small or 

5 slow change (i.e., the pixel would be classified as a foreground pixel). This may return, 

however, all instances when, for example, a person walks in front of the AOI but all of these 

occurrences may not be of interest.  

Summary of the Invention 

[0011] Various embodiments of the systems and methods described herein solve the above 

10 mentioned problems as well as others. In particular, some embodiments may improve on the 

above approaches by reducing the number of false positives that may occur in a search for 

changes in an AOL. In some embodiments, instead of using frame-by-frame differencing or 

simple background subtraction, a modified background subtraction algorithm is used to 

determine when an important change in the AOI has occurred (i.e., when a particular object has 

15 been stolen). The basic idea is not to return all changes to the AOI, but to only return changes to 

the background in the AOL. The intuition is that in most cases, the object-of-interest within the 

AOI can be considered a background (i.e., stationary) object. Foreground objects (e.g., people 

and other moving things) might temporarily occlude the object-of-interest, but only when the 

actual object-of-interest disappears should the background reflect the change.  

20 [0012] In one embodiment, a computerized method of determining when a change has occurred 

in an area-of-interest included in an image region is disclosed. The embodiment may include 

steps of: initializing a background image region of at least a portion first frame; comparing a first 

image region from a second frame to the background image region to classify pixels as 

foreground pixels or background pixels; classifying foreground pixels based on predetermined
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characteristics; and updating the background image region to include at least one foreground 

pixel that does not embody the predetermined characteristics.  

[0013] One aspect of this embodiment may include a step of recording when the background 

image region was updated. In particular, this aspect may include saving in a database the 

5 location of the second frame.  

[0014] In another aspect of this embodiment, the method may also include a step of searching 

the recorded video to determine when the background image was updated. This aspect may 

include a step of determining whether all areas-of-interest have been processed.  

[0015] In another aspect, the step of updating the background may include incorporating the at 

10 least one pixel into the background and the step of searching may include a step of determining 

the -number pixels that were incorporated into the background that are within the area-of-interest.  

This aspect may further include a step of comparing the number pixels that were incorporated 

into the background that are within the area-or-interest with a threshold to determine if the 

threshold is exceed. This aspect may also include a step of returning a positive search result if 

15 the threshold is exceeded. In addition, this aspect may also include a further step of backtracking 

to a frame where the pixels that were incorporated into the background were first classified as 

foreground pixels.  

[0016] Another aspect of this embodiment may include classifying the foreground pixels based 

on a static property. In this aspect, the static property may be at least one of color, size, texture, 

20 or shape.  

[0017] In another aspect of this embodiment, foreground pixels may be classified based on a 

dynamic property. In this aspect, the dynamic property may be at least one of velocity, 

acceleration, change in size, change in area, change in color, or lack of motion.  

[0018] In yet another aspect of this embodiment, the step of updating the background image 

25 includes a step of incorporating the at least one foreground pixel that does not embody the
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predetermined characteristics into the background image. This aspect may include overwriting 

the at least one foreground pixel onto the background image.  

[00191 In another embodiment, a computerized method of searching video information to 

determine when a change has occurred in an area-of-interest is disclosed. The method of this 

5 embodiment may include steps of: classifying foreground pixels into a first type and a second 

type; incorporating the foreground pixels of the first type into a background image; recording, as 

a background update occurrence, when the foreground pixels of the first type were incorporated 

into the background in a database; and searching the database for background update 

occurrences.  

10 Brief Description of the Drawings 

[0020] The foregoing discussion will be understood more readily from the following detailed 

description of the invention, when taken in conjunction with the accompanying drawings. In the 

drawings: 

[0021] Fig. 1 is a block diagram of an illustrative overall computer-assisted surveillance 

15 ("CAS") system utilizing one aspect of the invention; 

[00221 Fig. 2 is a high-level block diagram of an illustrative CAS computer according to one 

embodiment of the invention; 

[0023] Fig. 3 is a flowchart of detailing one possible background subtraction process; 

[00241 Fig. 4 is a flowchart showing a modified background subtraction process; 

20 [0025] Fig. 5 is a flowchart further expanding on one portion of the flowchart shown in Fig. 4; and 

[0026] Fig. 6 is a flowchart showing one possible search method that may be employed according to 

an aspect of the invention.
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Detailed Description 

[00271 In general, the present system and methods disclosed herein allow for automated 

examination of surveillance video to detect moments when an AOI changes. In one 

embodiment, the system and methods may mark specific frames in "real-time" video when it is 

5 determined that the background in an AOI has changed. The same systems and methods may be 

employed on recorded video as well. In such cases, a search function may be used on the 

recorded video to detect when changes to the AOI have occurred. Detecting such changes in an 

AOI may allow a user to determine, for example, when a high value item was stolen, when an 

object falls onto a floor, when a door is closed, when a car parks in a parking space, or any 

10 change to a region of video that occurs suddenly and remains changed for a period of time.  

Regardless of the scenario, the systems and method disclosed herein may accomplish their 

examination by implementing a specially modified background subtraction algorithm. General 

background subtraction and the specially modified background subtraction are described in 

greater detail below.  

15 [00281 The systems and methods disclosed herein may be implemented in a computer-assisted 

surveillance system (CAS). In a typical surveillance system, cameras capture image data that 

depicts the interaction of people and things in a monitored environment. Types of cameras 

include analog video cameras, digital video cameras, or any device that can generate image data.  

The word "camera," is used as a generic term that encompasses any sensor that can output video 

20 data. In one embodiment, the CAS system observes a monitored environment through a 

number of input sensors although its primary sources of information are video cameras. The 

majority of CCTV installations use common visible-light video cameras. In such installations, 

the CAS system employs advanced video analysis algorithms for the extraction of information 

from analog NTSC or PAL video. These algorithms, however, are not limited to the visible
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light spectrum; they can also be applied to infrared video or even imagery from radar or sonar 

installations if available.  

[00291 Fig. 1 shows an illustrative ("CAS") system 100 that may be used to perform aspects of 

the present invention. Of course, other CAS systems may be used and the specific system set 

5 forth in Fig. 1 is an example of only one such system. The plurality of cameras or other 

image input devices 102 provide image inputs to a CAS computer 104 programmed to provide 

image analysis. CAS computer 104 can include a display 106 providing a graphical user 

interface for setup, control and display. CAS computer 104 can also include one or more user 

input devices (not shown) such as keyboards, mice, etc. to allow users to input control signals.  

10 [0030] CAS computer 104 may perform advanced image processing including image feature 

extraction, background subtraction (general as well as the specifically modified algorithm 

taught herein), dynamic classification and tracking. CAS computer 104 can automatically 

detect objects and activity and can generate warning and other information that can be 

transmitted over a digital communications network or other interface 108. CAS computer 104 

15 also uses interface 108 to retrieve data, such as previously recorded video stored on recorder 

112 or information stored on other computers. CAS computer 104 provides the outputs of the 

various cameras 102 to a multiplexer 110 for recording, typically continuous or stop-frame, by 

recorder 112 and for display on one or more displays 114 via a switcher 116. An additional 

user interface (e.g., provided by another computer 118 and user input including, for example, 

20 a joystick 120) can be used to allow an operator to control switcher 116 to select images to 

view and to control other parts of system 100 including CAS computer 104. Mutiplexer 110 

and/or switcher 116 can respond to external alarms that occur when certain types of activity 

have been automatically detected (e.g., an alarm generated by a motion sensor) and record or 

display video appropriately. These alarms can also be generated by CAS computer 104 based
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on detected activities in the video streams such as when a specific AOI changes.  

[0031] The illustrative CAS Computer 104 system integrates seamlessly into any existing 

security infrastructure. The illustrative embodiment CAS system 100 is compatible with, for 

example, legacy analog video sources, in addition to newer digital video sources such as USB, 

5 FireWire, or IP cameras on wired or wireless networks. The CAS computer 104 may, in 

some embodiments, act as a passive repeater of its input signals, so that in the event of a CAS 

computer 104 failure, the remainder of the security infrastructure may continue to function.  

[0032] While video cameras 102 are typically the primary sensors for the CAS system 100, the 

system can also accommodate other commonly-used sensors, such as motion detectors, smoke 

10 detectors, spill detectors, microphones, point-of-sale (POS) recordings, electronic article 

surveillance (EAS) systems, and access control systems. The illustrative CAS system 100 

combines information from these sensors with the video analysis results to provide an even 

richer description of activities in the world. For example, POS information may be used with 

video images to verify that a customer purchased a particular product.  

15 [0033] Fig. 2 shows a high-level block diagram of an illustrative CAS computer 104. For 

illustrative purposes, the computer components are grouped into two main classes: single-view 

processing blocks 202 (SVPs) and multi-view processing blocks 204 (MVPs). Each image 

input source is attached to a SVP 202. Image input sources include cameras 102 as well as a 

variety of storage devices including, for example, computer disks, VHS tapes, and digital 

20 videotapes. For purposes of data analysis, image data outputted by a video storage device is 

the equivalent of image data generated by a camera. Each SVP 202 typically performs video 

processing tasks that require only a single video stream. The outputs of the SVP 202 are 

connected to a MVP 204 that processes multiple video streams at once. Depending on the 

embodiment, a processing module includes a MVP 204, or a combination of one or more SVPs
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202 and one or more MVPs 204. The CAS computer also includes memory modules (not 

shown) for receiving and storing incoming image data. The memory modules can be a part of 

the processing module, or they can be separate from the processing module.  

[0034] The single-view processing components 202 and the multi-view processing components 

5 204 typically analyze data as a series of video frames depicting a scene. In one embodiment, 

image data is analyzed directly from a camera. In another embodiment, the analyzed image data 

can originate from a storage device. Some cameras and video storage devices create and store 

image data on a frame-by-frame basis. Other storage systems, such as database, may only store 

video frame updates, i.e. detected changes to the scene. To carry out analysis of image data, the 

10 CAS computer 104 constructs a video frame from stored image data that may be stored in a 

variety of devices and formats.  

[0035] Referring now to Fig. 3, a so called simple background subtraction method is shown in 

flow-chart form. This method may be used to classify, in the first instance, whether pixels are 

background pixels or foreground pixels.  

15 [0036] The process starts at step 302 where the background frame is initialized. Initialization of 

the background may occur, for instance, by recording at least 1 frame that includes the AOL. In 

some embodiments, this may include recording the intensity, color or characteristics of each 

pixel. After the background frame has been initialized a subsequent frame is compared with the 

it in step 304. Of course, this process could be utilized so that every frame is not analyzed and, 

20 for instance, every nth frame is compared to the background frame. The difference comparison 

between the current frame and the background, in some embodiments, may include comparing 

each of the corresponding pixels in the current frame to the background frame. The following 

description assumes that the entire frame is being analyzed but, as will be readily understood, 

only a portion of the frame needs to be analyzed. Thus, the process could be readily modified to
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perform properly in such a situation. Regardless, the result of the comparison represents the 

difference in the "pixel level" between corresponding pixels. Then, at decision step 306, it is 

determined whether all pixels have been thresholded (i.e. whether the entire frame or image 

region has been compared to the background frame or portion thereof or otherwise analyzed). If 

5 the entire frame or image region has not been analyzed then it is determined at decision block 

308 whether the difference between each of the pixels is greater than the threshold. If the 

difference is not greater than the threshold then the particular pixel may be incorporated into the 

background at step 310. Incorporating of a pixel into the background allows the background to 

be constantly updated to reflect the status of the current scene. Incorporation of a pixel into the 

10 background may be accomplished by, for example, averaging the newly classified background 

pixels with the existing background image or by other methods known in the art. If, however, 

the difference is greater than the threshold, the pixel is classified as a foreground pixel and is not 

incorporated into the background.  

[00371 Returning now back to decision block 306, if all of the pixels have been thresholded then 

15 the method gets a new frame or image region at step 312 and the process of computing the 

differences between the current frame/image region and the background frame is repeated. This 

general process, however, may have some shortcomings in that any pixel that has a difference 

that is greater than the threshold is considered foreground. Searching for foreground pixels to 

determine when a change occurs may result in too many false positives. For instance, a system 

20 may be monitoring whether a particularly valuable piece of artwork hanging on a wall has been 

removed. The artwork, because it is staying still, or is part of the initial background frame, is 

considered background. Of course, such a piece of artwork may have people walk in front of it 

thus occluding the view the camera has of the artwork. The person stepping in front of the 

artwork may cause the method of Fig. 3 to determine that the artwork has become foreground 

25 (i.e., several pixels in the location where the artwork is located changed a significant amount).
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However, when the person move away, the background will return to normal but the system will 

have already determined that the artwork was gone (i.e., the pixels become foreground). Any 

search performed that seeks to find when AOI foreground will, thus, return a false positive for 

every time a person walked in front of the artwork.  

5 [0038] Fig. 4 is similar to Fig. 3 but, due to the addition of a step 402, may alleviate some of the 

problems identified above with respect to simple background subtraction disclosed in Fig. 3.  

[00391 In particular, step 402 is a further classification of foreground pixels. Rather than the 

simple determination of whether the difference between a current pixel and a background pixel is 

greater than the threshold determining whether a change in a frame or image region is in the 

10 foreground or the background, process step 402 further classifies foreground pixels. In 

particular, after pixels are classified as foreground or background (using the traditional 

background subtraction method) they are passed into higher level processing step 402 to 

determine whether the foreground pixel is "interesting" or not.  

[00401 The dashed box 401 in Fig. 4 includes all of the steps shown in Fig. 3. This dashed box 

15 401 shall be referred to as a general background subtraction block and may be thought of as a 

process for comparing a first frame to a background frame to determine which portions of the 

frame are foreground and which are background. As shown, the background subtraction block 

401 includes all of the steps shown in Figure 3. It should be understood, however, that any 

background subtraction method or other method that allows for the division of a frame or image 

20 region into foreground objects and background will suffice. It should be understood, in 

addition, that the get next frames step 312 is not required for determining the difference between 

foreground objects and background. Rather that this step merely keeps the process in Fig. 3 

going. Therefore, block 312 is not included in block 401 as shown in Figure 4. After the frame 

has been separated into foreground objects and background, those foreground objects are further
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classified in step 402. As will be described in greater detail below, this classification process can 

determine whether or not certain pixel groups that have been classified as foreground pixels are 

"interesting." If pixel groups are considered interesting, then those groups are not incorporated 

into the background. As also will be discussed further below, when an object is incorporated 

5 into background, that occurrence is recorded and may be further searched. In some 

embodiments, the recording of a background update may also be used to trigger an alarm or 

some other notification.  

[0041] Fig. 5 shows a more detailed version of the classification of foreground objects step 402 

shown in Figure 4. The input to this step are the results of the background subtraction process 

10 previously carried out and discussed above. In particular, this input includes the pixels that are 

considered foreground pixels. At step 502, the foreground pixels are linked together with 

neighboring foreground pixels to form coherent groups. Methods of linking the foreground 

pixels into such coherent groups are well known in the art. Of course, the pixels need not 

necessarily be linked into coherent groups but such linking may reduce computation required.  

15 As such, the remainder of Fig. 5 assumes that the foreground pixels have been linked but is by 

way of illustration only.  

[00421 The next step, step 504, determines whether all groups are classified. Of course, this step 

could be omitted if only one group is present or the user wishes to only classify one group 

(classification is discussed later). After the groups have been created (step 502) and there are 

20 still groups to process (optional step 504), a first group is selected, tracked and classified at step 

506. Of course, if there is only group, there is no selection needed in step 506.  

[0043] The tracking and classifying groups performed in step 506 may be done in many different 

manners and both are known in the art.
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[00441 In one embodiment, the classification conducted on a group of pixels at step 506 may be 

of two different types: static classification and dynamic classification. As described in more 

detail below, the end result of both types of classification is the determination of whether a group 

of pixels is "interesting" or not. Uninteresting groups of pixels are then incorporated into the 

5 background frame or background image region, which allows the background to adapt to large 

changes that are deemed uninteresting by the higher-level classification routine. Interesting 

groups of pixels can be passed on to other processing stages for further processing.  

[0045] Static classification refers to a classification procedure that operates on a group of pixels 

from a single instant in time (i.e., from a single frame of video). This type of classification uses 

10 instantaneous properties of the pixel group, such as, for example, size, color, texture, or shape to 

determine if the group of pixels is interesting or not. For example, a group of pixels may be 

considered uninteresting if it is too small (e.g., video noise) or too large (e.g., accidental camera 

motion). It should be understood that the particular properties and threshold used to classify may 

vary depending on the specific environment in which the system is operating. This is also true 

15 for dynamic classification.  

[0046] Dynamic classification refers to classification rules that examine a pixel group over a 

period of time to make a classification. In order to accomplish this style of classification, some 

sort of pixel group tracking process may be required. There are many tracking algorithms in the 

prior art and any will suffice -all that is required is a correspondence of pixel groups over a 

20 period of time.  

[00471 Examples of dynamic classification properties include velocity, acceleration, change in 

size, change in area, change in color, lack of motion, or any property that includes some time 

dependence. These properties, and others, may be considered predetermined characteristics of 

the foreground pixels that are later used to determine whether or not the pixel group is
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interesting. For example, a system may decide that a group of pixels is uninteresting if it has not 

moved or changed appearance in a certain period of time (e.g., 2 seconds).  

[00481 One way in which to make the interesting/uninteresting distinction is to utilize a multi

pass classification model. As discussed above, any classifier may be used in the present 

5 invention. A particularly useful classifier may operate as described below. The classifier may 

include a first pass classifier that is used to remove noisy pixels and other artifacts or external 

variables. A second pass classifier is used in correlation with the output of a tracker. This 

interaction includes but is not limited to any combination of spatial, temporal, image feature, and 

motion output from a tracking system. This classification of objects may be applied on a per 

10 frame basis. In more detail, the first pass classifier is used to filter out any pixel groups in an 

image which are visibly noise or remnants and determines, therefore that those pixel groups are 

not interesting. This basically is similar to a more conventional noise classifier approach. The 

classifier then relies on the tracker to creates a matching between every remaining pixel group 

and a certain object for each video frame. The second pass classifier then looks at the data from 

15 the tracker and compares it with data from other frames. Characteristics of followed objects are 

analyzed along with a state history of that particular object. In some embodiments, the classifier 

may keep an active memory of how a given object (now correlated to pixel group) was created.  

If that particular object has been seen on this or another camera in the past, all of its history is 

remembered. If an object is new, very little is known about it so any decisions the classifier 

20 makes will have a lower probability of correctness than an object that has been tracked for 

several frames. In some embodiments, various predetermined characteristics of the pixel group 

may help in the classification process. This example may include, for example: Motion 

information (has the object moved and, if so, how fast?); Grouping information; and 

Appearance/Signature information.
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[0049] Returning now'to Fig. 5, the results of the classification may then, at step 508, be 

recorded for later use. However, this step is not required and may be omitted in some 

embodiments. After recordation (if it is performed), the next step 510 determines whether the 

group is interesting. Interesting groups, as described above may be considered in pixels that 

5 represent live objects or a moving object that has left the screen, etc. If the group is not 

interesting it is incorporated into the background at step 512. The incorporation of a group into 

the background may be accomplished simply by copying the new pixels over the top of the old 

ones present in background frame or background image region. Since these types of changes 

tend to be larger, averaging the differences tends to be less effective. Like the tracking and 

10 classification information, the fact that a group of pixels has been incorporated into the 

background may also recorded, at step 512, for future reference. The incorporation of pixels into 

the background represents a frame where the frame has changed (i.e., an item was stolen) where 

the frame change is not due to motion introduced by, for example, a person walking in front of 

the AOL.  

15 [00501 Regardless of whether the group was determined to be interesting (step 516) or the group 

was incorporated into the background (step 512), control is then returned to decision step 504 

which continues this process until all groups have been classified. After all groups have been 

classified control is returned to, for instance, step 312 (Fig. 3).  

[00511 The above disclosure details a specific manners in which background updates may be 

20 accomplished. As discussed above, it may be beneficial to have an alarm or other event 

triggered when a background is updated. There may exist, however, a further need to search 

recorded video to determine when certain activities occurred in the AOL. One method of 

searching is disclosed below.
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[00521 Fig. 6 is high level flow chart of a search process that may be used to search for changes 

in the AOL. The process starts at step 602 where it is determined whether there are any AOI's 

that still need to be searched. If so, one of those AOI's to still be searched may be selected in 

step 604. The search method that is shown in Fig. 6 may progress until every AOI has been 

5 searched as indicated by step 602. It should be remembered that the search is looking for 

instances where the background has been updated. The fact that the background has been 

updated indicates that something initially classified as foreground has been determined to be 

uninteresting (i.e., it is probably not a time where a person occluded the view). At step 604, an 

AOI that has not yet been process is selected. The search, at step 606, then compares each pixel 

10 group that was incorporated into the background (step 512, Fig. 5) with the AOL. If a specified 

fraction of an incorporated pixel group lies inside an AOI (e.g., 100% implies the groups is 

totally inside the AOI), then that pixel group should be returned as a positive search result at step 

610.  

[00531 Note that the frame at which the group is incorporated may not correspond to the most 

15 relevant frame that should be returned for the search result, since some dynamic classifiers may 

take a while to make a decision. The stored tracking information, if available, can be used to 

"backtrack" to a more relevant position at optional step 608. For example, if an object appears in 

an AOI at frame 100, and become incorporated into the background at frame 110, then the search 

result should return frame 100 if possible.  

20 [00541 Such searches are also useful for pre-recorded video (as opposed to live video). Since the 

background update information has been stored, for instance, in a database, there is no need to 

reprocess video that is archived. The minimal information that is stored is just the location and 

time at which an object was incorporated into the background model. When a AOI has been
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defined for a recorded video, positive search results can be found by scanning through the 

recorded background update occurrences.  

[00551 One skilled in the art will realize the invention may be embodied in other specific 

forms without departing from the spirit or essential characteristics thereof. For instance, the 

5 description above has focused on methods that may be implemented in software. Of course, 

these methods could be implemented in hardware, firmware, software or any combination 

thereof. The foregoing embodiments are therefore to be considered in all respects illustrative 

rather than limiting of the invention and the scope of the invention is not limited to just the 

foregoing description.  

10
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A computerized method of determining when a change has occurred in an area-of-interest 

included in an image region of a series of video frames, the method comprising steps of: 

initializing at least a portion of the image region as a background image region; 

receiving a first video frame including pixels not included in the background image 

5 region; 

classifying the pixels as foreground pixels; based on subsequently received frames, 

updating the background image region to include at least one of the pixels previously 

classified as a foreground pixel; and 

in response receiving a request from a user to identify the time at which the 

10 background image region was updated, presenting and the first video frame to the user.  

2. The method of claim 1, further comprising a step of recording when the background image 

region was updated.  

15 3. The method of claim 2, wherein the step of recording includes saving in a database the 

location of the second frame.  

4. The method of claim 2, further comprising a step of searching the recorded video to 

determine when the background image was updated.  

20 

5. The method of claim 4, wherein the step of searching includes a step of determining 

whether all areas-of-interest have been processed.  

6. The method of claim 4 wherein the step of searching includes a step of determining the 

25 number pixels that were incorporated into the background in the step of updating the 

background that are within the area-or-interest.  

7. The method of claim 6, further comprising a step of comparing the number pixels that were 

incorporated into the background in the step of updating the background that are within the 

30 area-or-interest with a threshold to determine if a threshold is exceed.
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8. The method of claim 7, further comprising a step of returning a positive search result if the 

threshold is exceeded.  

9. The method of claim 7, further comprising a step of backtracking to a frame where the 

5 pixels that were incorporated into the background were first classified as foreground pixels.  

10. The method of claim 1, wherein the step of classifying includes a step of classifying the 

foreground pixels based on a static property.  

10 11. The method of claim 10, wherein the static property is at least one of color, size, texture, 

or shape.  

12. The method of claim 1, wherein the step of classifying includes a step of classifying the 

foreground pixels based on a dynamic property.  

15 

13. The method of claim 12, wherein the dynamic property is at least one of velocity, 

acceleration, change in size, change in area, change in color, or lack of motion.  

14. The method of claim 1, wherein the step of updating the background image includes a step 

20 of incorporating the at least one foreground pixel that does not embody the predetermined 

characteristics into the background image.  

15. The method of claim 14, wherein the step of incorporating includes overwriting the at 

least one foreground pixel onto the background image.  

25 

16. A computerized method of searching video information to determine when a change has 

occurred in an area-of-interest comprising the steps of: 

classifying pixels within a first video frame as foreground pixels; 

incorporating the foreground pixels into a background image after tracking the pixels 

30 for a series of frames; 

recording, as a background update occurrence, when the foreground pixels were 

incorporated into the background in a database; and
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in response to a request from a user for the background update occurrence, searching 

the database for background update occurrences, backtracking to the first video frame and 

presenting the first video frame to the user.  

5 17. The method claim 16, further comprising a step of classifying pixels as foreground pixels 

or background pixels.
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