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INTELLIGENT VIDEO INFORMATION MANAGEMENT SYSTEM

Abstract

A flexible video information storage and analysis apparatus stores a video
information data base and a plurality of moving image content analysis algorithms for
analyzing the video information in the data base. A user can manipulate a-mouse to select
one of the analysis algorithms. The selected algorithm is used to analyze video
information in the data base. The apparatus records and displays plural streams of video
information. Content analysis algorithms may be downloaded from a remote location.
The apparatus takes appropriate actions in response to detected features in incoming
video streams. Tile-based conditional-refresh video data compression is employed. A
support structure efficiently supports several record-medium drive units. A tape back-up

drive serves as an archiving mechanism for video data stored on hard disks. Recording of

incoming video, and archiving and displaying of stored video, all proceed simultaneously.



The claims defining the invention are as follows:

l. A printed circuit board for a video data storage

> apparatus, the printed circuit board having ‘means for

receiving at least one stream of video data fields énd
having mounted thereon: ' S .

a first dlgltal signal processnxg integrated

10 circuit (DSP-IC) for applying a data compression algorithm
to said at least one stream of video data fields;

a second DSP-IC for controlling scaling and
overlay mixing processes applj:ed to gs_:a_id at least one
stream of video data fields; and: ":a*

a thirxrd DSP-IC for applylng a mov1ng image

15 content analysis algorithm to said at __.le%s_t one otream of
video data fields. _ ) e
aiee 2. A printed circuit board accoerding to'.cl"ai‘r'n - 1,
$eeen : wherein said first DSP-IC transmits command messages to,
Calte . and receives status messages from, each of sald second and |
felte 20 third DSP-IC’s. , o
.:.;.E 3. A printed circuit board according £o cl:airr: 2. .
wherein said fi-rst DSP-IC " exchanges. .data .- w1t:h “a
microprocessor not located on sald prihted c1rcu1t board :
el 25 DATED this Twonty-Second Day of February,i 2002
- Sensormatic Electronics Corporation
'E:::s Patent Attome-ys' for the Applicant ’
seee SPRUSON & FERGUSON
LN 30
35
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INTELLIGENT VIDEO INFORMATION MANAGEMENT SYSTEM

FIELD OF THE INVENTION
The present invention is related to closed circuit
video security surveillance systems, but also is more

generally concerned with application of machine
intelligence to management, interpretation and use of
video information. The system disclosed herein can

video
information management" (IVIM) system. The IVIM field has

not hitherto been recognized as distinct from other

therefore be referred to as an "intelligent

related endeavors, and it is among the primary purposes of
the present disclosure to teach fundamental principles of
general application to the emerging art of intelligent
video information management.
BACKGROUND OF THE INVENTION

It is well known to provide video security systems in
which video cameras are used to generate video signals
representative of locations for which security
surveillance is desired. In a typical system, some or all
of the video signals are displayed'on video screens for
monitoring by security personnel. It is also known to
record some or all of the video signals on video tape,
either to provide evidentiary support for the observations
of security personnel or in cases where "real-time" human
monitoring of the signals is impractical or is not
desired.

However, video tape suffers from serious drawbacks as
a storage medium, particularly in view of the 1large
quantity of video information generated by video security
systems. A major concern is the sheer quantity of tapes
to be stored, especially when it is desired to recoxd
signals generated by a large number of surveillance
cameras. Moreover, in a large system many video tape
recorders may be required, resulting in a large capital
expenditure, and also the need to allocate space for the
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recorders. Another problem is the need to frequently
change tape cassettes.

Retrieving information of interest from recorded
tapes presents additional challenges. It is the nature of
video surveillance that a large part of the tape-recorded
video surveillance signal is of no interest whatsoever,
since it typically represents a static image of a hall-way
or the like. Finding a particular sequence representing
a significant event can be extremely difficult and time-
consuming, requiring tedious human review of hours or days
of tape-recorded signals.

Another problem occurs when the video signals of
interest were generated so recently that the tape on which
the signals were recorded is still being used in current
recording operations. In such a case, it is necessary to
interrupt recording to remove tﬁe tape from the tape deck
and to insert another tape. Then the signals of interest
are played back using a separate tape deck. As is
evident, this procedure entails inconvenient and time-
consuming tape cassette handling, and there is a risk that
new signals of interest will fail to be recorded while the
exchange of tape cassettes takes place.

There have been a number of attempts to overcome
these disadvantages, but so far with limited success, oOr
at the cost of additional drawbacks. For example, it is
known to use “quad multiplexers"'to combine signals from
four video cameras into a single dynamic image, having
four quadrants each dedicated to a respective one of the
cameras. The resultant space-multiplexed signal can then
be recorded, realizing a four-to-one compression ratio in

terms of required storage capacity. However, the

-multiplexed image suffers from a corresponding loss of

spatial resolution, which may impair the value of the
recorded images as evidence or may interfere with
subsequent review. Also, recording of multiplexed images
does not address the problems involved in finding
sequences of interest on the recorded tapes.

It is also known to°®record the surveillance video
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signals selectively in response to input from a human
operator who is monitoring the signals or in response to
signals generated by sensor devices arranged to detect
events such as opening of doors or windows. This
technique reduces the total information to be recorded,
while preventing storage of much  uninteresting
information, but at the risk of failing to record
significant events which cannot readily or timely be
detected by sensors or human operators. Also, the
reliance on external input can result in unreliability and
increased expense, particularly where human operators are
to initiate recording.

The OPTIMA II video surveillance multiplexer
introduced by the assignee of the present application
employs a more sophisticated technique for culling out
uninteresting information prior to storage. In the OPTIMA
II multiplexer, respective streams of video image
information are received from a plurality of cameras and
a combined stream of images is formed by time-division
multiplexing of the images from the cameras. The combined
stream 1is then output to a conventional video tape
recorder for storage on tape. The OPTIMA II multiplexer
applies motion detection analysis to the respective input
streams and adaptively allocates the "time slots" in the
output stream by allocating a larger number of slots to
images from an input stream in which motion is detected.
In this way, a relatively large portion of the system’s
storage capacity is allocated to image streams which
contain moving objects and are therefore more likely to
include significant information.

The OPTIMA II multiplexer represents a significant
advance over conventional tape-based surveillance video
storage techniques, but still greater efficiency and
flexibility are to be desired.

The "MultiScop" video disc recorder sold by
Geutebrick GmbH is an application of digital recording to
the problem of storing video surveillance information.
The MultiScop system employs the above-mentioned selective
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recording technique to minimize recording of
“uninteresting" information. In addition, some redundant
information is excluded from recording by use of a
conventional digital image compression technique. Random
access to stored information based on date and time
indexing, or based on indexing indicative of an externally
sensed alarm condition, provides a modest improvement over
conventional tape-based systems in terms of convenience in
retrieving stored video.

Although the random-access retrieval aspect of the
MultiScop recorder is undoubtedly beneficial, it is a less
desirable feature of this recorder that all recording is
interrupted during retrieval operations. To mitigate the
potential for missing new video information that should be
recorded, the MultiScop recorder can be programmed to
automatically interrupt retrieval in response to an alarm
condition, so as to return immediately to recording mode.
When this automatic interrupt feature is not actuated,
either for lack of an alarm condition, or because the
feature was not selected, new video information goes
unrecorded. Although the MultiScop avoids tape-swapping,
recording by the MultiScop recorder is interrupted during
the entire duration of retrieval operations, instead of
the relatively brief time required to swap tapes in tape-
based systems that have a separate VCR for playback.

It would be most desirable that an intelligent video
information management system avoid the mutual
interference between record and playback operations that
has characterized prior systems, while in general
providing greater efficiency and flexibility than have
previously been known.

Greater efficiency and flexibility than are provided
by the MultiScop system are greatly to be desired. In
particular, it would be most useful to exclude
uninteresting information from recording while minimizing
the chance of missing significant information. Also, more
efficient information retrieval techniques are needed.

It is believed that the MultiScop system employs a
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transform-based compression encoding technique, such as
the well-known JPEG standard, which provides a compression
factor on the order of 40:1 or 50:1. Given data storage
capacity of, say, 2,000 megabytes and a recording rate of
25 fields/sec., the MultiScop system is able to record
video signals over a period of little more than one hour.
It would be desirable to provide a higher degree of
compression so that higher recording rates and/or longer
recording times can be provided for a given data storage
capacity.

It would be another desirable feature of a video data
compression technique, for the purpose of IVIM and video
surveillance operations, if the respective computational
complexities for compression and decompression were
roughly in balance, to accommodate an implementation in
which both compression and decompression may be performed
using a general purpose processor device. Also, it would
be most helpful if the compression technique were to
facilitate machine analysis and reverse-direction playback
of the video image streams.

It also has been observed by the inventors that the
most widely supported video data compression techniques
have not taken into account particular characteristics of
surveillance video that may allow for high rates of
compression, while preserving image guality adequate for
surveillance purposes. The well-known MPEG techniques,
for example, can provide a high level of compression and
the high image quality required for consumer broadcast
applications, but at the cost of great complexity.
Moreover, techniques of the MPEG type are poorly adapted
for features such as reverse playback, or simultaneous
compression of plural input video streams. .

The large quantity of information (useful or
otherwise) present in a stream of video signals places
great demands not only on digital data storage devices,
but also on the circuitry arrangements employed to route
and manipulate the video information before storage on, or
after retrieval from, a storage device. These demands are

-5-



much greater when, as is often the case, it is desired to
record a number of video signal streams simultaneously.
Moreover, compressing the video information promotes
efficient use of storage capacity, but adds to the burdens
; 5 on routing and processing circuits.

Another disadvantage of existing syétems is the
l requirement that the user be physically present at the
g recorder in order to gain access to video data stored by

| the recorder. Moreover, the user’s options for searching

10 the video data are limited to capabilities provided by the
recorder.

Another design issue in connection with video data
! storage 1s the total storage capacity to be provided.

e Known systems include only a single internal hard disk
;x:"w: 15 drive, and require use of external storage medium drives
g.u. when the user needs more storage than is available on the
#:x. internal drive. Given that a recorder comprising several
.L:; internal drive units would allow for greater storage

capacity and would provide other benefits, it is also

20 desirable that the internal drive units be mounted

. . securely in a structure that is easy to manufacture and
E_:: assemble. Further, other internal electronic components
feess? of a digital video recorder should be arranged so as to
. . minimize manufacturing cost while facilitating capture and
E.k: 25 processing of video information.

1%

Supposing that an intelligent video information
i management system may have a larger effective hard disk
SO storage capacity than prior art devices, even so that disk
storage capacity will remain finite and may need to be
30 reused as time passes and more current video information
is captured and recorded. It will therefore still be
desirable to permit permanent or ‘"archival" video
| information storage on removable media even though fixed
J magnetic disks are used instead of videotape as the
;;{ 35 primary storage medium. The system archiving capabilities
t should be easy for users to manage and should dove-tail
effectively with other system features.

While it 1is probably inescapable that increased
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flexibility in a recording system will be accompanied by
increased complexity, it is also important that the system
not become difficult to use. Ease of use may be a crucial
factor in determining whether an IVIM system
satisfactorily performs its intended functions.

The intelligent video information management system
disclosed hereinafter repfesents a novel fusion of video
recording and personal computer technologies, to realize
an over-all improvement in capabilities for capturing and
retrieving video information. Certain user-settable
options are presented which enhance the flexibility of the
system and permit the wuser to tailor the system to
particular applications.

There have been proposed many techniques for
filtering video image data in order to detect significant
features of the image represented by the image .data.
Writings in this field include the following: M.P.
Cagigal, et al., "Object movement characterization from
low-light-level images", Optical Engineering, Aug. 1994.
vol. 33, no. 8, pp. 2810-2812; S.J. Nowlan, et al.,
"Filter selection model for motion segmentation and
velocity integration," J. Opt. Soc. Am. A, Dec. 1994, vol.
11, no. 12, pp. 3177-3200; T.G. Allen, et al., "Multiscale
approaches to moving target detection in image sequences, "
Optical Engineering, Jul. 1994, vol. 33, no. 7, pp. 2248-
2254; M.-P. Dubuisson, et al., "Contour Extraction of
Moving Objects in Complex Outdoor Scenes," International

Journal of Computer Vision, 14, pp. 83-105 (1995); M.
Bichsel, “Segmenting Simply Connected Moving Objects in a
Static Scene," IEEE Transactions on Pattern Analysis and
Machine Intelligence, Nov. 1994, vol. 16, no. 11, pp.
1138-1142; M. Irani, et al., "Computing -Occluding and -
Transparent Motions," International. Journal of Computer
Vision, 12:1, pp. 5-16 (1994); 1.J. Cox, “"A Review of
Statistical Data Association Techniques for Motion
Correspondence, " International Journal of Computer Vision,
10:1, pp. 53-66 (1993); D. Koller, et al., "Model-Based
Object Tracking in Monocular 1Image Sequences of Road

-7-



10

15

20

25

30

35

Traffic Scenes," International Journal of Computer Vision,
10:3, pp. 257-281 (1993); J.H. Lee, et al., "A VLSI Chip
for motion estimation of HDTV Signals," IEEE Transactions
on_ Consumer Electronics, May 1994, vol. 40, no. 2

¢ PP.
2154-160; T. Koivunen, "Motion detection of an interlaced

video signal," IEEE Transactions on Consumer Electronics,
Aug. 1994, vol. 40, no. 3, pp. 753-760; S.-I. Jang, et
al., "A real-time identification method on motion and out-
of-focus blur for a video camera," IEEE Transactions on

Consumer Electronics, May 1994, vol. 40, no. 2, pp. 145-

153. However, commercial applications of these proposed
filtering techniques have been rare, and for the most part
have been limited to analysis of static images, rather
than attempting to acquire information by analyzing a
dynamic stream of images.

Advances in management and use of the information
contained in single or concurrent video image streams are
to be desired. It would be especially desirable to permit
a user of a video surveillance system, or other system
which stores . dynamic image information, increased
flexibility in the management of incoming video
information and in the use of both incoming and stored
video streams. ,

In addition to the above-mentioned OPTIMA II
multiplexer, other devices intended to provide automatic
response to detected features of video information have
been directed primarily to detecting motion and to
actuating an alarm condition when motion is detected.
Such devices are disclosed in U.S. Patent Nos. 4,737,847
(Araki et al.); 4,160,998 (Kamin); 4,198,653 (Kamin) ;
3,988,533 (Mick et al.); 4,081,830 (Mick et al.);
3,743,768 (Copeland); and 4,249,207 (Harmon et al.).

It would be desirable to extend application of
machine intelligence to detection of video information

features, and automatic performance of functions, beyond
those contemplated in the prior art.
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OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the invention to provide an

apparatus which permits the user to select a desired one
or ones from among a plurality of video data analysis
options available by use of the apparatus.

It is a further object of the invention to permit the
user of such apparatus to tailor a selected video
information analysis algorithm to known or anticipated
features represented by the information to be analyzed.

It is still another objection of the invention to
provide an intelligent video information management system
having a number of user-selectable operating modes which
enhance the flexibility and ease of use of the system.

It is yet another object of the invention to provide
a distributed video information data base system. It is
a further object to provide a capability for performing
content -based searches for video information stored at a
location that is remote from the individual desiring to
retrieve the video information.

It is a further object of the invention to provide an
intelligent video information management -systen\ which
detects significant features of an incoming video
information stream, and takes appropriate action in
response to detection of features of interest. _

It is yet another object of the invention to provide
a method and apparatus for compressing, with a high degree
of efficiency, video data representing streams of dynamic
video images.

It is another object of the invention to provide a
video data compression technique that is well suited for
video surveillance security applications.

It is still another object of the invention to
provide compressed video data in a form that is suitable
for machine analysis of the data.

It is still a further object of the invention to
compress a stream of video images in a form which
facilitates reverse playback of the image stream.

It is yet another object of the invention to provide

-9-
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techniques for capture, formatting and temporary storage
of video information so as to facilitate processing and
routing of the video information in an intelligent video
information management system.

It is still a further object of the invention to
provide a support structure for several record-medium
drive units that are to be mounted within a digital video
recorder.

It is another object to provide such a support
structure in a configuration that 1is convenient to
manufacture and assemble.

It is still another object of the invention to
provide an efficient and cost effective architecture for
data processing circuitry included in a digital video
recording apparatus.

It is a further object of the invention to provide an
intelligent video information management system having
video information archiving capabilities.

It is still a further object to provide an IVIM
system in which the archiving capabilities are flexible
and user-friendly.

It is another object of the invention to provide an
intelligent video information management system in which
information concerning the status of the system is
provided in an intelligible and useful form to a user of
the system. ,

It is also an object of the invention to employ
parallel processing and multi-tasking techniques in an
intelligent video information system so that the system
may carry out basic functions simultaneously while
eliminating or minimizing interference . between the

functions.

It is a further object of the invention to provide
techniques for identifying, marking and indexing
respective portions of video information to support
flexible and efficient storage and retrieval of the video
information.

According to an aspect of the invention, there 1is

-10-
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provided a flexible video information analysis apparatus
including first storage capability for storing a video
information data base, second storage capability for
storing a plurality of moving image content analysis
algorithms for analyzing the video information in the data
base, a mechanism actuatable by a user of the apparatus
for selecting one of the algorithms, and circuitry,
responsive to the user actuatable mechanism, for analyzing
the video information in the data base in accordance with
the one of the algorithms selected by the user actuatable
mechanism. |

The apparatus may further include a plurality of
video cameras for generating respectivé sequences of video
signals, and circuitry for digitizing the respective
sequences of video signals generated by the video cameras
and for supplying the digitized sequences of video signals
to the first storage capability. There may also be
included in the apparatus a display device for displaying
a plurality of word designations or icons each
representing a respective one of the algorithms for
analyzing video information and the wuser actuatable
mechanism may include a mouse or other device for
selecting one of the displayed icons or word designations.
A touch-sensitive screen is an alternative that may be
employed to both display the word designations or icons
and to implement the user actuatable mechanism.

The user actuatable mechanism may also include
circuitry for setting a parameter for constraining
execution of a selected one of the algorithms. The
circuitry for setting the parameter may include location
circuitry for selecting a portion of an image plane which
corresponds to the video information, with the analysis
circuitry responding to the location circuitry by
analyzing the video information with respect to the
portion of the image plane selected by the location
circuitry. )

In a preferred embodiment of the invention, more than

one analysis algorithm may be selected for application to
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a single 1image stream, and/or each of a plurality of
streams may be analyzed using the same algorithm or
respective algorithms. One or more of the stored
algorithms may be for detecting moving objects represented
by data in the stored video information data base. The
analysis circuitry may generate analysis data indicative
of results of the analysis performed by the analysis
circuitry in accordance with the selected one of the
algorithms, and the first storage capability may include
capability for storing the analysis data generated by the
analysis circuitry.

According to another aspect of the invention, there
is provided a method of storing and retrieving video data,
including the steps of storing data representing plural
images of a dynamic video image stream, selecting a search
algorithm to be used for a desired image among the images
represented by the stored data, setting a parameter for
constraining execution of the selected search algorithm,
and searching the stored data in accordance with the
selected search algorithm and the parameter as set during
the setting step.

According to still another aspect of the invention,
there is provided a method of carrying out an algorithm
for detecting features represented by video data stored in
a video information data base, including the steps of
setting a parameter for constraining execution of the
algorithm, and executing the algorithm in accordance with
the parameter as set in the setting step. The algorithm
in question may be for detecting at least one moving
object represented by the stored video data and the
setting step may include selecting a portion of an image
plane which corresponds to the video data,. that portion
being a portion at which the moving object is to be
detected by execution of the algorithm.

The portion of the image plane may be selected by
displaying an image which corresponds to an image
represented by the stored video data and superimposing a
line or polygon on the displayed image, where the
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superimposed line represents the selected portion of the
image plane. The image displayed during selection of the
portion of the image plane may be provided by retrieving
data representing the image from the video information
data base, or the image may be supplied as a live image
based on a signal currently being generated by a video
camera.

Where the algorithm is for detecting at least one
moving object, the step of setting the parameter may
include indicating at least one of a maximum size and a
minimum size of the object to be detected. This may be
done by displaying an image corresponding to an image
represented by the stored video data and superimposing on
the displayed image an image element indicative of the
maximum or minimum object size. An image element
representing the maximum size may be displayed in a first
color, and an image element indicative of the minimum size
of the object to be detected may be displayed in a second
color that is different from the first color, the image
elements being superimposed on the displayed image. Both
image elements may be displayed simultaneously. Somewhat
more generally, the parameter setting step may include
displaying a graphical user interface element and
adjusting the displayed graphical user interface element
by means of a user input device. For example, a slide bar
or dial interface element may be displayed, and may be
adjusted by user manipulation of a mouse.

According to still another aspect of the invention,
there is provided a flexible wvideo information analysis
apparatus, including a video information source for
providing video information which includes at least one
dynamic sequence of video information frames, a storage
device for storing a plurality of algorithms for analyzing
the video information provided by the video information
source, a user actuatable mechanism for selecting one of

- the algorithms, and analysis circuitxy responsive to the

user actuatable mechanism for receiving the video
information provided by the video information source and
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for analyzing the received video information proviaea py
the video information source in accordance with the one of
the algorithms selected by the user actuatable mechanism.
The video information source may be a video camera which
generates a dynamic sequence of video information frames,
a plurality of video cameras which generate respective
sequences of video information frames, or a video
information storage and pléyback device which provides to
the analysis circuitry video information which was
previously generated and stored on the video information
storage device.

. According to yet another aspect of the invention,
there is provided a method of analyzing video information,
including the steps of receiving an analog video signal
which represents a dynamic sequence of images, digitizing
the received analog video signal to form a sequence of
video data frames which represent the dynamic sequence of
images, first analyzing the sequence of video data frames
using a first predetermined video data analysis algorithm
and generating first analysis data indicative of results
of the first analyzing, storing the sequence of video data
frames in a data base, storing the first analysis data in
the data base in association with the stored sequence of
video data frames, retrieving from the data base the
stored sequence of video frames, second analyzing the
retrieved sequence of video data frames using a second
predetermined video data analysis algorithm and generating -
second analysis data indicative of results of the second
analyzing, and storing the second analysis data in the
data base in association with the stored sequence of video
data frames.

According to still another aspect of the invention,
there is provided an apparatus for analyzing video
information, including receiving circuitry for receiving
an analog video signal which fepresents a dynamic seqguence
of images, A/D circuitry, connected to the receiving
circuitry for digitizing the analog video signal to form

a sequence of video data frames which represent the
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dynamic sequence of images, first analysis circuitry,
connected to the A/D circuitry, for analyzing the sequence
of video data frames using a first predetermined video
data analysis algorithm to generate first analysis data,

a storage device connected to the A/D circuitry and the

first analysis means, for storing the sequence of video

data frames formed by the A/D circuitry and the first
analysis data generated by the first analysis circuitry,
and second analysis circuitry, connected to the storage
device, for retrieving the sequence of videoc data frames
stored in the storage device and for analyzing the
retrieved sequence of video data frames using a second
predetermined video data analysis algorithm to generate

second analysis data, the second analysis data being
stored in the storage device. The apparatus may also
include a display device, connected to the storage device,
for displaying at least. -one image represented by the
stored sequence of images. The storage device-may include
éompression circuitry for receiving the sequence of video
data frames from the A-D circuitry and for applying a
compression algorithm to the sequence of video data frames
to form compression video data, and a storage medium on
which the compression video data is stored. The storage
medium may be a hard disk, magneto-optical disk, writable
optical disk or other conventional mass storage device.
The first analysis circuitry may include a first
processing device and the second analysis circuitry may
include a second processing device different from the
first processing device. It is also contemplated that
both of the first and second analysis devices be realized
using a single processor which performs a first analysis
on the video data prior to storage and performs a second
analysis on the video data after the video data has been
stored and then retrieved from the storage device.
According to yet a further aspect of the invention,
there is provided a video information analysis apparatus,
including circuitry for receiving video information,

analysis circuitry for analyzing the received video
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information in accordance with a predetermined analysis
algorithm, and a parameter mechanism, actuatable by the
user of the apparatus, for setting a parameter to
constrain execution of the analysis algorithm, the
analysis circuitry being responsive to the parameter
mechanism so as to execute the analysis algorithm in
accordance with the parameter set

mechanism.

by the parameter

According to still another aspect of the invention,
there is a provided a method of searching an image'
information data base, including the steps of storing a
plurality of algorithms “for identifying respective
features in images represented by the image information in
the data base, selecting two of the stored algorithms for
respectively identifying a first feature and a second
feature, selecting a logical operator to form a logical
combination of the two selected algorithms, . and searching
the data base to identify images which satisfy the logical

- combination of the two selected algorithms. The

information in the image information data base may include
data representative of at least one dynamic sequence of
video image frames and at least one of the selected
algorithms may be for detecting a moving object in the
sequence of video information frames. The logical
operators may include the well known "AND", "OR" operators
or the like. For example, an image may be identified as
satisfying a combination of two algorithms where either
one of the respective features detected by the algorithms
is present ("OR" operation) or, alternatively, only those
images are identified as satisfying the combination where
both of the respective features as present ("AND"
operation). Similarly, the image may be identified as
satisfying the combination where either one, but not both
of the respective features are present ("XOR" operation).
"NOR", "NAND", and other logical operations may also be
implemented, and more than two search algorithms may be
subjected to logical operations in other to construct
criteria for determining whether images are to be
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identified.

According to still another aspect of the invention,
there is provided apparatus  for analyzing video
information, including a first wvideo information Ssource
for providing a first stream of video data frames, a
second video information source for providing a second
stream of video data frames, first analysis circuitry for
receiving the first stream of video data frames provided
by the first video information source and performing a
first moving image content analysis algorithm with respect
to the received first stream of video data frames, and
second analysis circuitry for receiving the second stream
of video data frames provided by the second video
information source and performing a second moving image
content analysis algorithm with respect to the received
second stream of video data frames. The first and second
analysis circuitry may operate simultaneously in
performing the first and second moving image content
analysis algorithms. The first and second analysis
circuitry may respectively be implemented by first and
second signal processing integrated circuits that are
distinct from each other, or both of the first and second
analysis circuitry may be implemented using a single
processor IC. The first analysis circuitry may be a
digital signal processing IC which processes live video
currently being generated by a video camera, and the
second 'signal processing circuitry may be a general
purpose microprocessor operating under a standard
operating system and performing the second moving content
analysis algorithm with respect to a stxeam of video data
frames played back from a memory device such as a hard
disk.

The apparatus according to this aspect of the
invention may include compression circuitry for applying
a data compression algorithm to the first stream of video
data frames to produce compressed video data and circuitry
for transmittihg the compressed video data from the

compression circuitry to the hard disk for storage on the
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hard disk. Also included in the apparatus may be
circuitry for retrieving the stored compressed video data
from the hard disk and applying a data decompression
algorithm to the retrieved compressed video data to form
the second stream of video data frames. Each of the first
and second video information sources may be a respective
video camera in which case the first and second analysis
circuitry may operate simultaneously in performing the
first and second moving image content analysis algorithms.
Moreover, the first and second streams of video data may
be retrieved simultaneously or virtually simultaneously
from the hard disk and then respectively supplied to the
first and second analysis circuitry. As noted before, the
first and second analysis circuitry may be constituted by
separate processing IC’s or may be provided by time-
division multiplexing processing using a single processing
IC or by task-switching multiplexing or other multiplexing
techniques.

According to yet another aspect of the invention,
there is provided a video information analysis apparatus,
including circuitry for generating a first stream of
dynamic images and a second stream of dynamic images,
variable-rate image selection circuitry for selecting
images for storage from the first stream of images at a
first image interval rate, and for se).ecting images for
storage from the second stream of images at a second image
interval rate that is different from the first image
interval rate, a storage device for storing the images
selected for storage from the first stream of images by
the image selection circuitry and for storing the images
selected for storage in the second stream of images by the
image selection circuitry, playback circuitry for
selectively retrieving from the storage device the stored
images from the first and second streams of images, and
analysis circuitry for applying a moving image content
analysis algorithm to images retrieved by the playback
circuitry from a selected one of the first and second

streams of images, the analysis circuitry adapting the
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moving image content analysis algorithm to the respective
image interval rate of the selected stream of images.

The generating circuitry may include a first video
camera for generating the first stream of dynamic images
and a second video camera for generating the second stream
of dynamic images. Alternatively, both of the first and
second streams may be generated by the same video camera,
the first having been generated at a first time period
which is earlier than a second time period during which
the second stream of dynamic stream of images was
generated.

The moving image content analysis algorithm may be
for detecting moving objects represented by the selected
stream of images. The ‘apparatus may include a display
device for displaying images retrieved from the storage
means and the moving image content analysis algorithm may
be for detecting moving objects at a selected portion of
an image plane displayed on the display device.

According to yet a further aspect of the invention,
there is provided a method of analyzing video information,
including the steps of generating a first stream of
dynamic images, selecting images for storage from the
first stream of images at a first image interval rate,
generating a second stream of dynamic images, selecting
images for storage from the second stream of images at a
second image interval rate that is different from the
first image interval rate, storing the selected images
from the first and second streams of dynamic images,
retrieving the stored images from the selected stream of
dynamic images, and applying a moving image content
analysis algorithm to the retrieved images from the

-selected stream of dynamic images, the algorithm being

adapted to the image interval rate of the selected stream
of dynamic images.

According to still another aspect of the invention,
there is provided a method of detecting moving objects
represented by a sequence of dynamic images, the sequence
of dynamic images being represented by stored video data,
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at least 75% of the dynamic images having been
compression-encoded using an inter-image encoding
algorithm such that the video data representing each
inter-image encoded image includes image data consists of
a plurality of image data portions each corresponding to
a respective region of an image plane, the video data for
each inter-image encoded image also including mapping data
indicative of the regions of the image plane to which the
image data portions of the video data correspond, the
method comprising the steps of retrieving at least the
mapping data included in the stored video data, and
applying a motion detection algorithm to the retrieved
mapping data to detect the moving objects.

It is contemplated to apply this aspect of the
invention to a stream of dynamic images in which at least
19 out of each 20 consecutive dynamic images has been
compression-encoding using the inter-image encoding
algorithm. In a preferred embodiment of the invention 32
out of each sequence of 33 images is inter-image encoded.

Accorxrding to yet another aspect of the invention,
there is provided a method of analyzing a sequence of
video information frames to detect changes in the video
information frames, including the steps of designating an
object represented by the video information frames,
gselecting portions of the designated object, and
sequentially examining portions of the video information
frames corresponding to the selected portions of the
designated object to determine whether the designated
object remains in a predetermined position in the' video
information frames. The step of designating the object
may include defining a periphery of the object, and the
selected portions of the designated object may be portions
of the object at mutually remote locations at the
periphery of the object. For instance, . the mutually
remote locations may represent respective corners of the
object as viewed in an image plane.

This aspect of the invention may be operated as a

"museum tool" which permits automatic analysis of a video
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information stream to assure that a valuable object is not
removed from its location in a museum, art gallery or the
like..

According to another aspect of the invention, there
is provided a video data storage apparatus, including
circuitry for receiving video data which represents an
image in an image plane, discard circuitry for selecting
a portion of the image plane as to which data storage is
not required, and a storage device, responsive to the
discard circuitry, for storing such portions of the
received video data as do not correspond to the selected
portion of the image plane, it being understood that the
portions of the received video data which correspond to
the selected portion of the image plane are not stored in
the storage device. The portion of the image plane as to
which the data is to be discarded may be selected by using
a display device which displays an image which corresponds
to an image represented by the received video data, and a
drawing device which is operable to superimpose on the
image displayed by the display means an image element such
as a polygon to indicate the portion of the image plane as
to which data storage is not required. The drawing device
may be a mouse, and the storage device may be a hard disk,
magneto-optical disk or a writable optical disk.

This aspect of the invention permits a user of the
system to pre-edit the images to be stored on the system
so as to exclude portions of the image not expected to be
of interest, thereby conserving storage capacity in the
system.

According to another aspect of the invention, there
is provided a video signal processing apparatus, including
circuitry for receiving a video signal which represents an
image in an image plane, a selection mechanism for
selecting a portion of the image blane for contrast
enhancement, and enhancement circuitry, connected to the
receiving circuitry and responsive to the selection
mechanism, for expanding a dynamic range of portions of
the received video signal which correspond to the selected
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portion of the image plane, and for outputting a
selectively enhanced video signal. Again, the selection
mechanism may include a drawing means for superimposing on
an image displayed by a display device, an image element
indicative of the portion of the image plane selected for
contrast enhancement.

This aspect of the invention permits a user to select
portions of the image plane, such as areas in shadow, for
an automatic increase in the dynamic range in the selected
portion of the image prior to display and storage of the
image information.

According to a further aspect of the invention, there
is provided a video information storage apparatus,
including a video information source for generating a
dynamic video signal formed of a sequence of video signal
frames, each frame representing a respective image in an
image plane, the dynamic video signal having a time
resolution corresponding to a frame rate at which
successive frames of the sequence are produced, the
dynamic +video signal also having a space resolution
corresponding to a density at which pixels in the signal
are formed in the image plane, the apparatus also
including signal processing circuitry for receiving the
dynamic video signal generated by the video information
source and for selectively. varying at least one of the
time resolution and the space resolution of the received
dynamic video signal, a user adjustable mechanism for
entering a control signal for controlling whether and to
what degree the signal processing circuitry varies the
time resolution or the space resolution of the received
dynamic video signal, the signal processing means
outputting a processed dynamic video signal having a time
resolution and a space resolution at least one of which is
determined in accordance with the control signal, and a
storage device for storing the processed dynamic video
signal.

This aspect of the invention permits the user to make

a tradeoff between time resolution (i.e., image rate)
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and/or space resolution vis-a-vis the quantity of storage
capacity to be used in storing the wvideo signal.

According to still a further aspect of the invention,
there is provided a method of performing data compression
with respect to a sequence of image data frames which
represents a dynamic sequence of video images, including
the steps of encoding every nth frame of the sequence of
image data frames in accordance with an intra-frame
compression algorithm in which each of the every nth frame
is encoded without reference to any other image data
frame, n being an integer greater than 1; encoding every
frame other than the intra-frame encoded frames in
accordance with a difference-encoding compression
algorithm which includes forming difference data by
reference to at least one data frame which precedes the
frame which is being difference-encoded, receiving a
compression parameter setting signal input by a user, and
varying a value of n in accordance with the received
compression parameter setting signal.

This aspect of the invention allows the user of the
system to make a trade-off between image quality and
amount of storage capacity consumed, by varying the degree
of compression applied to an input video image stream.

According to yet another aspect of the invention,
there is provided a method of assigning regions of an
image plane among streams of dynamic images each generated
by a respective one of a plurality of video cameras, the
method including the steps of displaying in a first
portion of a display screen a plurality of icons each
representing a respective one of the plurality of video
cameras, displaying in a second portion of the display
Sscreen a representation of the image plane including
regions of the second portion of the display screen
corresponding to the regions of the image plane, and
moving at least one of the icons from the first portion of
the display screen to the second portion of the display
screen to position the moved icon in a respective one of
the regions of the second portion to indicate that the
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image screen generated by the video camera represented by
the moved icon is to be displayed in the image plane
region corresponding to the respective one of the regions
of the second portion.

This aspect of the invention permits a user to
conveniently allocate display windows among various
cameras providing video image streams to the system.

. According to still a further aspect of the invention,
there is provided apparatus for storing video information,
including a plurality of video cameras, a recording device
for recording on a recording medium video information
generated by the plurality of video cameras, the recording
device being selectively operable in accordance with a
plurality of recording modes with respect to each one of
the plurality of video cameras, a storage device for
storing scheduling information, the scheduling information
including a plurality of scheduling information portions
each corresponding to a respective 24-hour period, each of
the scheduling information portions including a plurality
of sub-portions each corresponding to a respective one of
the plurality of video cameras, each of the sub-portions
defining times during the respective 24-hour period for
which ones of the recording modes have been selected for
the respective one of the plurality of video cameras, and
control circuitry for controlling the recording device in
accordance with the scheduling information stored in the
storage device. One of the scheduling information
portions may correspond to weekdays, a second one of the
scheduling information portions may correspond to weekend-
days, and a third one of the scheduling information
portions may correspond to holidays. Also included in the
scheduling information may be additional information for
defining the holidays by month and day of the month.
Still further information included in the scheduling
information may include information for partitioning each
of the 24-hour periods into day and night parts. The
recording modes may include a first mode in which images

generated by a respective one of the video cameras are
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continuously recorded at intervals that do not exceed a
maximum interval, a second recording mode in which images
generated by the respective video camera are only recorded
in response to detection of an alarm condition, angd a
third recording mode in which the images generated by the
respective video camera are not recorded.

This aspect of the invention permits the user to pre-
schedule a plurality of different operating modes for the
system, extending over many days and with different
operating mode schedules on different days.

According to still another aspect of the invention,
there is provided a method of storing video information,
including the steps of simultaneously generating a
plurality of dynamic video signals each formed of a
sequence of video signal fields, each of the fields
representing a respective image, recording each of the
sequences of video signal fields at regular intervals at
a field storage rate which is variable from sequence to
sequence, the field storage rate defining a duration of
the regular intervals at which the respective sequence of
video signals is recorded, and selectively manipulating a
user input device to generate selection signals for
selecting with respect to each of the sequences of video
signal fields, the field storage rate for the respective
sequence. The selection signal generated by the user
input device may include numerical data indicative of a
selected field storage rate for the respective sequence of
video signal fields and camexra identification data for
identifying a video camera which 1is generating the
respective sequence. .

This feature of the invention allows the user to
directly control allocation of recording “bandwidth" among
incoming video streams. | .

According to yet another aspect of the invention,
there is provided apparatus for analyzing video
information, including a video camera, analysis circuitry
for analyzing video information generated by the video

camera in accordance with a moving image content analysis
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algorithm, the analysis circuitry being selectively
operable in accordance with a plurality of operating
modes, a storage device for storing scheduling
information, the scheduling information including a
plurality of scheduling information portions each
corresponding to a respective different future period of
time, and each indicating an operating mode of said
analysis circuitry that has been selected for the period
of time, and control circuitry for controlling the
analysis circuitry so as to operate in accordance with the
selected operating modes during the periods of time
indicated by the scheduling information stored in the
storage device.

This aspect of the invention permits the user to
schedule various image analysis functions of the system
ahead of time, to be carried out automatically in
accordance with stored scheduling information.

According to an additional aspect of the invention,
there is provided a method of storing and retrieving video
data, including the steps of storing, in a data storage
device located at a first location, data representing
plural images of a dynamic video image stream, and also
storing, in a host processor located at a second location
remote from the first 1location, a program file
representing a search algorithm for searching for a
desired image among the images represented by the data
stored at the first location. The method further includes
downloading the program file representing the search
algorithm from the host processor to the data storage
device, and using the downloaded program file to search
for the desired image in the video data stored in the data
storage device.

Further in accordance with .this aspect of the
invention, the method may include the additional steps of
using the downloaded program file to select an image from
among images represented by the video data stored in the
data storage device, and uploading from the data storage
device to the host processor data representative of the
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image selected by using the downloaded program filel. The
method may also include uploading from the data storage
device to the host processor data representative of an
image which corresponds to an image represented by the
data stored in the data storage device and displaying at
the second location the image represented by the uploaded
data. The image displayed at the second location may be
simultaneously displayed at the first 1location and
respective human operators at the first and second
locations may exchange oral telephone communication and/or
text or other data communication at the same time that the
image 1is being displayed at the first and second
locations. There may also be included in the method the
steps of setting a parameter for constraining execution of
the search algorithm and executing the search algorithm at
the first 1location and in accordance with the set
parameter. The parameter setting step may be performed
before or after the program file is downloaded from the
host processor to the data storage device. The search
algorithm may be an algorithm for detecting at least one
moving object represented by the data stored in the data
storage device, and the parameter setting step may include
selecting a portion of an image plane which corresponds to
the stored data, that portion being a portion at which the
moving object is to be detected by execution of the
algorithm. The portion of the image plane may be selected
by superimposing a line on the image displayed at either
the second or the first location.

This aspect of the invention allows a system user at
the location where the data of interest is stored to
engage in a consultation with an expert located at a host
computer location to receive advice and assistance from
the expert concerning approaches for retrieving the data
at the first user’s location. The expert may download a
suitable search algorithm program to the first user’'s
location. Before doing so, the expert may set parameters
for the search algorithm or otherwise customize it so as

to meet the first user’'s needs. In- this way, search
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capabilities not previously present at the first user‘s
location may be imported into the video information
storage device at the first user’s location and the first
user may benefit from system operating knowledge not in
the possession of the first user.

According to another aspect of the invention, there
is provided apparatus for storing a distributed video data
base, including a first video information source, at a
first location, for providing first video information
which includes at least one dynamic sequence of video
information frames, a first analysis device for receiving
the first video information provided by the first video
information source and for analyzing the received first
video information in accordance with a first image
analysis algorithm to generate first analysis data, a
first storage device for storing, in the form of digital
data, the first video information provided by the first
video information source and the first analysis data
generated by the first analysis device, a second video
information source, at a second location remote from the
first location, for providing second video information
which includes at least one dynamic sequence of video
information frames, a second analysis device for receiving
the second video information provided by the second video
information source and for analyzing the received second
video information in accordance with a second image
analysis algorithm to generate second analysis data, a
second storage device, provided at a location remote from
the first storage device, for storing, in the form of
digital data, the second video information provided by the
second video information source and the second analysis
data generated by the second analysis device, and a device
operatively connectable to the first and second storage
devices for selectively retrieving the first and second
video information from the first and second storage
devices, respectively.

In the system apparatus provided in accordance with
this aspect of the invention, a user at a central site can
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access and retrieve video information stored at remote
sites, where the remote sites have a capability for
providing indexing information based on the content of the
video information stored at the respective remote site.
The apparatus provided in accordance with this aspect of
the invention may be arranged so that the first and second
video information sources are respectively a first and
second video camera, or each of the first and second video
information sources may include a respective plurality of
the video cameras. The device provided for selectively
retrieving the first and second video information may
include a processor located remotely from the first and
second storage devices, circuitry for selectively
establishing a data communication path between the
processor and the first storage device, and circuitry for
selectively establishing a data communication path between
the processor and the second storage device. The device
for selectively retrieving the first and second video
information may do so on the basis of the stored first and
second analysis data, respectively. The first and second
analysis algorithms may be for respectively assigning to
portions of the video information analyzed by the
algorithm analysis scores indicative of respective degrees
to which the portions of the video information represent
a predetermined analysis feature. The scores may be
permitted to range over a set of values that may be
defined over eight bits, i.e., 256 distinct analysis score
values. .

\ According to still another aspect of the invention,
there is provided apparatus for storing a distributed
video data base, including a first video information
source, at a first location, for providing first video
information which includes at least one dynamic sequence
of video information frames, a first storage device for
storing in the form of digital data, the first video
information provided by the first video information
source, a second video information source, at a second
location remote from the first location, for providing

-29-




10

15

20

25

30

35

second video information which includes at 1least one
dynamic sequence of video information frames, a second
storage device, provided at a location remote from the
first storage device, for storing, in the form of digital
data, the second video information provided by the second
video information source, a third storage device, located
remotely from the first and second storage devices, for
storing an image analysis algorithm, a first processor
operatively connected to and co-located with the first
storage device, a second processor operatively connected
to and co-located with the second storage device, and
circuitry for sequentially downloading the image analysis
algorithm from the third storage device to the first
processor and to the second processor. According to
further features of the apparatus, the first processor
responds to the downloading to the first processor of the
analysis algorithm by retrieving the first video
information from the first storage device and analyzing
the retrieved first video information in accordance with
the downloaded analysis algorithm, and the second
processor responds to the downloading by the second
processor of the analysis algorithm by retrieving the
second video information from the second storage device
and analyzing the retrieved second videc information in
accordance with the downloaded analysis algorithm.

The third storage device may store a plurality of
image analysis algorithms, with the first and second
processors each including circuitry for selecting one of
the algorithms to be downloaded to the respective
processor from the third storage device. Each of the
first and second processors may also include a mechanism
for setting a parameter for constraining execution of the
image analysis algorithm downloaded to the respective
processor. The image analysis algorithm may assign
respective analysis scores to portions of the first and
second video information, the analysis scores being
indicative of respective degrees to which the portions of

the video information represent a predetermined analysis
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feature, with the analysis scores ranging over 256 values.

This aspect of the invention provides for maintenance
of a library of analysis algorithms, accessible from
remote locations, so that a desired search algorithm can
be downloaded to the remote location on demand and used at
the remote location to analyze video data stored at the
remote location.

According to an additional aspect of the invention,
there is provided apparatus for analyzing and storing
video data, including a device for generating the video
data, an analysis device for analyzing the video data
generated by the video data generating device to detect a
predetermined characteristic of the video data, and a
storage facility for storing the analyzed video data, with
the storage facility including a first data storage device
and a second data storage device, and the storage facility
routing the analyzed video data to a selected one of the
first and second data storage devices in response to
detection by the analysis device of the predetermined
characteristic of the video data. The second storage
device may be selectively connectable to the video data
generating device, with the storage facility establishing
a data communication path connection between the video
data generating device and the second data storage device
in response to detection by the analysis device of the
characteristic of the video data. The communication path
connection may include a diai-up telephone connection
between the video data generating device and the second
data storage device. Alternatively, the data
communication between the video data generating device and
the second storage device may be by ISDN link, satellite
link, local area network, or wireless infra red
communication.

The characteristic of the video data to be detected
by the analysis device may include a characteristic of an
object represented by the wvideo data, including a
characteristic selected from the group consisting of size
of the object, change of size of the object, motion of the
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object, wvelocity of the object, acceleration of the
object, change in rate of acceleration of the object,
shape of the object, change of shape of the object, and
texture of the object. Alternatively, or in addition, the
predetermined characteristic of the video data to be
detected by the analysis device may be a chrominance
characteristic of the video data and/or a change of the
chrominance characteristic of the video data.

According to another aspect of the invention, there
is provided apparatus for analyzing video data, including
a first video camera for generating first video data, an
analysis device for analyzing the first video data
generated by the first ‘video camera to detect a
predetermined characteristic of the first video data, a
second video camera for generating second video data, and
circuitry, responsive to the analysis device, for
selectively storing the second video data generated by the
second video camera in response to detection of the
predetermined characteristic of the first video data by
the analysis device. The predetermined characteristics to
be detected by the analysis device may be as indicated
above in connection with the first aspect of the
invention. According to still another aspect of the
invention, there is provided apparatus for analyzing video
data, including a first video camera for generating first
video data, an analysis device for analyzing the first
video data generated by the first video camera to detect
a predetermined characteristic of the first video data,
where the analysis device selectively performs a
predetermined analysis algorithm with respect to the
second video data generated by the second video camera
when the analysis device detects the predeterminedA
characteristic of the first video data. The predetermined
characteristic of the first video data to be detected by
the analysis device may be as described above in.
connection with the first aspect of the invention.

Rccording to still a further aspect of the invention,

there is provided apparatus for analyzing video . data,
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including a source of video data and a device for
analyzing the video data provided by the source of video
data to detect a first predetermined characteristic of the
video data by performing a first predetermined analysis
algorithm, and for performing a second predetermined
analysis algorithm to detect a second predetermined
characteristic of the video data when the analysis device
detects the first predetermined characteristic.

Further in accordance with this aspect of the
invention, the source of video data may include a video
camera, and the apparatus may also include a storage
device for storing the video data and for supplying the
stored video data for analysis in accordance with the
second predetermined analysis algorithm when the analysis
device detects the first predetermined characteristic of
the video data.

According to this aspect of the invention, the
apparatus has the capability not only of detecting
features of interest in an incoming live video data
stream, but alsoc is able, upon detecting the feature of
interest, to play back and further analyze the video data
to see if a second characteristic of interest was also
present in the video data.

According to still another aspect of the invention,
there is provided apparatus for analyzing and storing
video data, including a video camera for generating video
data, an alarm device for detecting an alarm condition, a
compression device for performing compression processing
on the video data generated by the video camera according
to a predetermined compression algorithm to form
compressed video data, and a storage device for storing
the compressed video data formed by the compression
device, where the compression device is responsive to the
alarm device so as to vary the compressibn algorithm in
dependence upon whether the alarm device detects an alarm
condition. The compression algorithm may include
comparing predetermined portions of a present field of the

video data to corresponding portions of a reference image
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generated by the video camera, to form comparison
statistics, comparing the comparison statistics with a
threshold that is set at a first value when the alarm
device does not detect an alarm condition and that is set
at a second value, different from the first value,

the alarm device detects an alarm condition,

when

and
selectively discarding the predetermined portions of the

present field on the basis of the comparing of the
comparison statistics with the threshold. ' The alarm
device may include circuitry for analyzing the video data
generated by the video camera to detect a predetermined
characteristic of the video data. The predetermined
characteristic may be a spectral characteristic of the
data or a measure of information content per unit quantity -
of the data.

According to a further aspect of the invention, there
is provided apparatus for analyzing and storing video
data, including a first video camera for generating first
video data, a second video camera for generating second
video data, a storage device for storing the second video
data generated by the second video camera and a device for
analyzing the first video data generated by the first
video camera to detect a predetermined characteristic of
the first video data, and for selectively analyzing the
second video data stored in the storage device to detect
a predetermined characteristic of the second stored video
data in dependence upon whether the predetermined
characteristic of the first video data is detected by the
analysis device.

According to still anothexr aspect of the invention,
there is provided apparatus for analyzing and storing
video data, including a first video camera for generating
first video data, a second video camera for generating
second video data, a storage device for storing the second
video data generated by the second video camera, and a
device for analyzing the first video data generated by the
first video camera to detect a predetermined
characteristic of the first video data, with the storage
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device storing a first predetermined number of fields of
the second video data per unit time during periods in
which the analysis device does not detect the
predetermined characteristic of the first video data, and
storing a second predetermined number of fields,

than the first predetermined number of fields,

larger

of the
second video data per unit time during periods in which

the analysis device detects the
characteristic of the first wvideo data.

predetermined

According to still a further aspect of the invention,
there is provided an apparatus for analyzing, storing and
displaying video information, including a first camera for
generating a first stream of video data, a second camera
for generating a second stream of video data, a first
storage device for selectively storing at least one of the
first and second streams of video data, a second storage

device for selectively storing at least one of the first
and second streams of video data, transmission circuitry
for selecting one of the first and second storage devices
to receive the first stream of video data, a display
device for selectively displaying at least one of the
first and second streams of video data, an analysis device
for analyzing the first stream of wvideo data to detect a
predetermined characteristic of the first stream of video
data, and an action device, responsive to the analysis
device, for performing at least one of a selected group of
actions, in dependence upon whether the analysis device
detects the predetermined characteristic of the first
stream of video data. The predetermined characteristic of
the first stream of video data to be detected by the
analysis means is selected from the group consisting of
acceleration of an object represented by the first stream
of video data, change in acceleration of an object
represented by the first stream of video data, shape of an
object represented by the first stream of video data,
change of shape of an object represented by the first
stream of video data, and texture of an object represented
by the first stream of video data. The action to be
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performed by the action device upon detection of the
predetermined characteristic is one or more of changing a
characteristic of an image displayed on the display means,
where at least part of the image represents the first
stream of video data, controlling the transmission
circuitry to change over between the first and second
storage devices, changing a field of view of at least one
of the first camera and the second camera, causing the
analysis device to carry out a video data analysis
algorithm with respect to the second stream of video data,
selecting the second stream of video data for storage in
at least one of the first and second storage devices,
causing the display device to display an image at least
part of which is representative of the second stream of
video data, and causing the analysis device to carry out
a video data analysis algorithm with respect to video data
stored in and read out from one of the first and second
storage devices.

According to yet another aspect of the invention,
there is provided apparatus for analyzing, storing and
displaying video information, including a first camera for
generating a first stream of video data, a second camera
for generating a second stream of video data, a first
storage device for selectively storing at least one of the
first and second streams of video data, a second storage
device for selectively storing at least one of the first
and second streams of video data, a transmission device
for selecting one of the first and second storage device
to receive the first stream of wvideo data, a display
device for selectively displaying at least one of the
first and second video data, an analysis device for
analyzing the first stream of wvideo data to detect a
pPlurality of predetermined characteristics of the stream
of video data, and an action device, responsive to the
analysis device, for performing at least one of a group of
actions in dependence upon whether the analysis device
detects the plurality of plredetermined characteristics of

the first stream of video data. The plurality of
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characteristics to be detected by the analysis device are
selected from the group consisting of motion of an object
represented by the first stream of +video data,
acceleration of an object represented by the first stream
of video data, change in acceleration of an object
represented by the first stream of video data, shape of an
object represented by the first stream of video data,
change of shape of an object represented by the first
stream of video data, and texture of an object represented
by the first stream of video data. The action device
performs at least one action, depending upon whether the
analysis means detects the plurality of predetermined
characteristics of the first stream of video data,
selected from the group consisting of changing a
characteristic of an image displayed on the display
device, at least part of that image representing the first
stream of video data, controlling the transmission device
to change over between the first and second storage
devices, changing a field of view of at least one of the
first camera and the second camera, causing the analysis
device to carry out a video data analysis algorithm with
respect to the second stream of video data, selecting the
second stream of video data for storage in at least one of
the first and second storage devices, causing the display
device to display an image at least part of which is
representative of the second stream of video data, and
causing the analysis device to carry out a video data
analysis algorithm with respect to video data stored in
and read out from one of the first and second storage
devices.

According to yet another aspect of the invention,
there is provided an apparatus for storing, analyzing and
displaying video information, including a storage device
for storing a stream of video data, the stream of video
data representing a dynamic video image, a detecting
device for detecting a predetermined characteristic of the
stream of video data stored in the storage device, a

display device for displaying images corresponding to the
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stream of video data stored in the storage device, a
display buffer for storing image data transferred from the
storage device and for reading out image data stored in
the display buffer, the image data read out from the
display buffer being supplied to the display device to
cause the display device to display an image corresponding
to the supplied image data, and an action device,
responsive to the detecting device, for performing at
least one of a group of actions in dependence upon whether
the detecting device detects the predetermined
characteristic of the stream of video data stored in the
storage device. The predetermined characteristic of the
stream of video data to be detected by the detecting
device is selected from the group consisting of motion of
an object represented by the stream of video data stored
in the storage device, texture of an object represented by
the stream of video data stored in the storage device,
amplitude of a high frequency component of the stream of
video data stored in the storage device, a degree to which
the stream of video data stored in the storage device has
been compressed, a degree to which the stream of video
data stored in the storage means exhibits spatial
correlation, and a degree to which the stream of video
data stored in the storage means exhibits temporal
correlation. The group of actions, at least one of which
is performed by the action device, includes selecting
between a first display buffer update mode in which the
data stored in the display buffer is updated according to
a progressive image scan, selecting a rate at which data
stored in the display buffer is updated, selecting a
spatial resolution with which the display device displays
the images corresponding to the stream of video data
stored in the storage device, and selecting for updating
a portion of an image plane corresponding to the image
plane displayed on the display device.

According to still another aspect of the invention,
there is provided a method of analyzing video data,

including the steps of generating a stream of dynamic
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images, applying a moving image content analysis algorithm
to the stream of dynamic images, and inhibiting
application of the analysis algorithm to the stream of
dynamic images, 1in response to detection of an alarm
condition. The alarm condition may be detected by
application of the analysis algorithm, and the algorithm
may be for detecting a moving object represented by the
stream of dynamic images.

According to still a further aspect of the invention,
there is provided a method of simultaneously recording on
a recording medium a plurality of streams of video
information each generated by a respective videc camera,
including the steps of determining whether an alarm
condition is present, and in the case that no alarm
condition is present, recording images generated by the
video cameras on the recording medium at a first aggregate
image rate, the aggregate image rate defining a total
number of images currently being recorded on the recording
medium per unit time, and in the case that an alarm
condition is determined to be present, recording images
generated by the video cameras on the recording medium at
a second aggregate image rate that is higher than the
first aggregate image rate. The step of determining
whether an alarm condition is present may include
analyzing content of at least one of the streams of video
ihformation and/or receiving a signal from an alarm
sensor. 1In one embodiment of the invention, the aggregate
image recording rate is 30 images per second when no alarm
condition is present and is 45 images per second when an
alarm condition is present.

According to an additional aspect of the invention,
there is provided a method of performing data compression
with respect to a frame of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>