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Description

Field of the Invention

[0001] This invention relates generally to video moni-
toring, and, more particularly, to such systems employing
means for digitizing camera images for display at a first
image size, sampling rate, and frame rate, and for digital
storage at a second image size, sampling rate, and frame
rate.

Background of the Invention

[0002] Existing systems for monitoring video signals
from multiple sources either have relied upon switching
means to sequence through each of the sources in a
predetermined pattern, or else implement some form of
"split screen" display, in which a conventional video mon-
itor displays, for example, the output of four cameras,
each occupying a portion of the display screen. Often,
the video output is also supplied to signal storage means
such as a VCR which is operated in a single-frame re-
cording mode, providing a time-lapse record of the cam-
era outputs. These types of systems are in common us-
age, and are well known in the art.
[0003] More recently, the availability of digital tech-
niques for video signal processing and data compression
has opened new video monitoring alternatives. Mathisen,
for example, U.S. Pat. No. 4,198,656, describes a system
employing a signal selector which is controlled by signal
storage means, including a VCR functioning as a time-
lapse frame recorder, and disc storage means function-
ing as a frame-store type device which provides continu-
ity in the display while the selector is advancing through
its sequence to the next signal source, or to the next
recorded signal from one particular source. Each image
is further provided with a digital code, which enables the
image source to be identified upon playback.
[0004] Katz (U.S. Pat. No. 5,216,502) discloses a sys-
tem for monitoring and recording transactions at multiple
cashier lanes. According to the preferred embodiment,
output signals from four cameras are fed to a four-quad-
rant multiplexer, which contains a frame store having pro-
visions for reducing each camera image to one-quarter
size and then displaying it in one of the four quadrants
of the video monitor. The combined output signal is then
recorded on a Video Cassette Recorder (VCR) to provide
a more permanent record of the transaction. No descrip-
tion is given of the size-reduction method, but this kind
of display may be implemented by employing a time-com-
pression scheme for the horizontal lines, and eliminating
alternate scan lines from the vertical dimension of the
video frame. Data from the individual cash registers is
encoded digitally, and then either recorded on lines of
video in the vertical-interval or else recorded on the audio
tracks of the VCR. The monitoring provisions include a
video overlay generator, so that transaction information
may be displayed concurrently with images of the event.

Provisions are also included for selective recording of
representative frames of video, as triggered by transac-
tion events at individual cashier lanes. This further re-
duces the number of frames recorded, and extends the
recording duration of the video cassette.
[0005] Neither of these two inventions disclose the use
of image data compression schemes, nor of image re-
sizing by digital means. Katz does disclose selective re-
cording of frames of video, but only in analog form, and
using conventional video recording means, such as a
VCR.
[0006] Blum et al. (U.S. Pat. No. 5,237,408) disclose
a system employing multiple interface circuit boards con-
taining provisions for capturing and digitizing images
from a plurality of cameras, further storing a slow-scan
sequence of images for each camera in active buffer
memory means as RAM on each of the interface boards.
The display of these image sequences is preferably con-
trolled by a PC with disk storage capabilities, and indi-
vidual images selectively may be recorded on the hard
disk, under operator control. Storage capacity is limited,
however, because no image data compression is provid-
ed, and it is not practical to store large quantities or se-
quences of images. There are no provisions for automatic
recording of images, nor any provision for storing these
images in a data form differing from the display format
image size.
[0007] Gormley (U.S. Pat. No. 5,258,837) discloses
video compression means as a method for fitting multiple
camera images within a single video display screen.
However, Gormley clearly indicates that the system relies
on fixed image-size compression of the digitized incom-
ing video signal, and does not perform any kind of band-
width compression. Provisions are included for storing
images on a video recorder, but, as in other systems,
these images are stored by taking the screen display as
a whole, rather than storing independently constituted
representations of the individual camera outputs.
[0008] In general, these conventional systems, regard-
less of the subsequent signal processing employed, ac-
cept analog video signals from the camera sources for
input to the monitoring system. As such, these signals
are susceptible to disturbances such as RF interference,
ground-loop noise, and high-frequency signal loss due
to long runs of coaxial cables. Automatic video switcher
units sequence the source signals at a relatively slow
rate, requiring as much as 16 seconds delay between
successive viewings of a particular source when using a
one source-per-second rate to sequence through 16
sources. When such a system is equipped with a time-
lapse video recorder, the recording medium is expensive,
has low resolution, and is limited in recording capacity.
[0009] Other systems, such as video conferencing ar-
rangements, use multiple camera images and audio
sources which are coordinated through electronic switch-
ing means and image display means, with interconnec-
tions between conferencing rooms locally or at remote
sites via telephone lines or other communications links.
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Fabris et al. (U.S. Pat. No. 4,516,156) discloses a so-
phisticated implementation of such a system, employing
satellite links for long-distance communications, a full
range of camera remote controls (including lens controls
and pan-tilt-head controls), and touch-screen monitor fa-
cilities for system controls of cameras and signal switch-
ing. This system, however, has no provisions for image
storage, or any application of image data compression
means coupled with display means or image storage
means.
[0010] WO 92/03010A resides in a conferencing sys-
tem for interactive audio/video communication including
a composite video signal generation means. The system
includes a recording unit for producing a permanent,
combined video and audio record of a conference (which
may be a court proceeding such as a criminal arraign-
ment). A monitor is provided for each conferee, which
displays a composite video signal including a principal
video image in a large picture region of the monitor screen
and secondary video images in small picture regions of
the monitor screen. Preferably, all of the large and small
picture regions have substantially the same aspect ratio,
full secondary video images are displayed in the small
and large picture regions, and the full video images dis-
played in the small picture regions do not obscure any
portion of the full video image displayed in the large pic-
ture region. In an alternative embodiment, the small pic-
ture regions are displayed in a picture-in-picture (PIP)
window which obscures a portion of the principal image
displayed in the large picture region. However, because
the recording devices (VCRs) are analog, the system
records exactly the image that is loaded into the buffer
unit or PIP device. There are no provisions for recording
images of arbitrary sizes, at user-selected compression
ratios, or with user-selected frame rates.

Summary of the Invention

[0011] Various aspects of the invention are defined in
the independent claims. Some preferred features are de-
fined in the dependent claims.
[0012] The present invention implements an automat-
ed video monitoring system by way of a PC-based plat-
form employing display windowing software, with camera
sources being interfaced to an input circuit board which
includes provisions for image data compression. Using
a basic image size in pixels of 320 x 240, and optionally
including color processing employing a Y-U-V 4:1:1 or 4:
2:2 sampling technique, a range of performance stand-
ards are established. An economical simultaneous dis-
play of 4 sources in a 2 x 2 configuration on a conventional
10" VGA-format (640 x 480 pixels) monitor may be up-
graded to a more elaborate 24-source (plus one utility
window, which also may be used as a graphical-based
input source device for transmitting control commands
to the individual cameras) display in a 5 x 5 configuration
on a high-resolution 20" (1600 x 1200 pixels) monitor.
Other combinations are possible, including arrays of im-

ages of size 640 x 480 pixels or even 800 x 600 pixels,
depending on the screen size of the display monitor and
the capabilities of the video display adapter circuit card.
In addition, not all image windows need to be of the same
size, nor updated at the same rate, but rather they may
be mixed and combined based on particular applications.
Remote controls for the individual cameras may be im-
plemented by way of windowing software and/or monitor
touch-screen devices. Automatic sensing of particular
events (representing security alarms, equipment or proc-
ess disturbances, or a change in the person speaking in
a videoconferencing environment) may be employed to
cause reconfiguration by way of resizing the image or
modifying the update rate of individual windows on the
display screen, or by modifying the data format of record-
ing images on a storage device.
[0013] Storage of images may be implemented by way
of a tape back-up device, such as a DAT or 8-mm tape
recorder, which are capable of storing as much as 960
hours of monitoring images, or by way of disk storage
devices, preferably including removable disk drives such
as magneto-optical disks or PCMCIA-compatible disk-
drive modules. Images are preferably stored as a suc-
cession of data-compressed representations, corre-
sponding to various window sizes sampled at diverse
update rates; however, though the image representa-
tions need not be identical to the sizes and rates used
for video monitors displaying the various images. In an
alternative embodiment, cameras are provided with data
compression means at the camera location, with a bi-
directional data link providing control signals from the
PC, and accepting data-compressed images from the
cameras. Depending on the data rates selected, the
transmission of these signals may be by means of coaxial
cables, twisted-pair lines, or fiber-optic cables. These sig-
nals may alternatively be transmitted over internal PBX
telephone lines, or over greater distances, including sat-
ellite links, as would be the case for remote monitoring
of facilities or videoconferencing. The use of digital im-
ages allows the application of various useful techniques,
such as digital noise reduction and motion-sensing, to
trigger security alarms, for example.
[0014] It is an object of the invention to provide a more
efficient method for monitoring camera outputs by means
of a multiple-window display system implemented on a
computer platform.
[0015] It is another object of the invention to provide
an improved recording system for event-logging or se-
curity applications, by means of storing data-compressed
digital images, including identifying information, which
are more representative of events than typical analog
time-lapse recordings, and further to implement this sys-
tem on a computer platform.
[0016] It is a further object of the invention to provide
extended recording time for event-logging or security ap-
plications by means of either tape-based, or disk-based,
or both tape-based and disk-based data recording
means.
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[0017] It is yet another object of the invention to provide
a system for remote monitoring of cameras by means of
transmission of data-compressed digital images over
communication links.
[0018] It is yet a further object of the invention to pro-
vide a convenient method of implementing videoconfer-
encing facilities by means of a PC-based platform.

Brief Description of the Drawings

[0019]

FIGURES 1-6 show various possible screen display
configurations according to the invention;
FIGURE 7 is a functional diagram of a PC-based
system wherein plug-in printed-circuit boards imple-
ment digital processing for analog input signals;
FIGURE 8 is a functional diagram of a plug-in printed-
circuit board introduced with reference to Figure 7;
FIGURE 9 is a functional diagram of a universal cam-
era adapter having digital output signals;
FIGURE 10 is a diagram of an integrated camera
system;
FIGURE 11 is a functional diagram of a PC-based
monitoring system adapted for videoconferencing at
multiple remote locations;
FIGURE 12 is an overhead view of a physical layout
of the system of Figure 11;
FIGURES 13A and 13B are drawings of a multiple-
camera monitoring unit for table-top use in videocon-
ferencing;
FIGURE 14 is a side-view of an expanded multiple-
camera monitoring unit implemented for videocon-
ferencing;
FIGURE 15 is a table listing a variety of possible
operating modes, depending on computer monitor
display facilities, in either a monitoring or a video-
conferencing version of the invention.

Detailed Description of the Preferred Embodiment

[0020] The present invention implements an automat-
ed video monitoring system by way of a PC-based plat-
form employing display windowing software, with camera
sources being interfaced to an input circuit board which
includes provisions for image data compression. The ba-
sic video window size of 320 x 240 pixels from each cam-
era source can be displayed on a variety of video moni-
tors, in a number of formats, depending on system com-
plexity. The preferred recording medium is a 4-mm hel-
ical-scan data cartridge, commonly referred to as a digital
audio tape (DAT). Each tape cartridge is capable of stor-
ing 10 GB (gigabytes) of data. All recording times in the
explanation below are based a data-compression ratio
of 100:1, utilizing a 4:2:2 Y/U/V sampling method for color
images. Other higher capacity media, such as 8-mm
tapes capable of 20 GB of data storage, may be em-
ployed when longer times are desired.

[0021] Figure 15 shows a variety of possible operating
modes, depending on the particular implementation of
the PC-based monitoring system. These six represent-
ative modes will be explained in detail with the under-
standing that the invention is by no means limited to the
specific examples shown, and that many different alter-
natives are possible. It should be noted also that in certain
of the implementations shown, the entire screen may not
be occupied by the various windows, and any unused
areas at the top, bottom, or sides may be utilized to dis-
play warning messages, control buttons, or other such
facilities.
[0022] Figure 1 shows a computer monitor display for
a system configured in accordance with Mode I as listed
in Figure 15. Using a commonly available 14" VGA-for-
mat computer monitor with a dimension in pixels of 640
x 480, four windows having a dimension in pixels of 320
x 240 may be displayed simultaneously. Recording this
data at the rate of one frame per second (1 fps) in black
and white (B/W) and with 100:1 data-compression on a
10 GB DAT tape provides approximately 960 hours of
images per tape, or alternatively more than 480 hours of
color images. A second monitor optionally may be used
to display utility windows including various system oper-
ating controls, as, for example, camera pan, tilt, zoom,
focus, and so forth.
[0023] Figure 2 shows a computer monitor display for
a system configured in accordance with Mode II as listed
in Figure 15. Using a 15" to 17" SVGA-format computer
monitor with a dimension in pixels of 1024 x 768, nine
windows, each having a dimension in pixels of 320 x 240,
may be displayed simultaneously. Eight windows may
be implemented as camera displays, and the ninth win-
dow may be used for the continuous display of the utility
window, as described above. Recording of all eight win-
dows at 1 fps will allow 480 hours of B/W images in this
configuration per 10 GB DAT tape, or alternatively more
than 240 hours of color images.
[0024] Figure 3 shows a computer monitor display for
a system configured in accordance with Mode III as listed
in Figure 15. Using a 17" to 20" high-resolution computer
monitor with a dimension in pixels of 1240 x 1024, eight
windows having a dimension in pixels of 320 x 240 may
be displayed, in addition to two windows having a dimen-
sion in pixels of 640 x 480. One of these larger windows
may be implemented as a utility window, and the other
larger window may be implemented for sequential display
of the eight camera inputs at full camera resolution having
a dimension in pixels of 640 x 480. Recording all eight
camera image windows, and also the input-scan window,
at 1 fps will allow 360 hours of B/W images in this con-
figuration per 10 GB DAT tape, or alternatively more than
180 hours of images in color.
[0025] Figure 4 shows a computer monitor display for
a system configured in accordance with Mode IV as listed
in Figure 15. Using a 20" high-resolution computer mon-
itor with a dimension in pixels of 1600 x 1200, 25 windows
with a dimension in pixels of 320 x 240 may be displayed
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simultaneously. Twenty-four windows may be imple-
mented as camera displays, and one is implemented as
a the utility window. Recording all twenty-four windows,
and also the utility window, at 1 fps will allow 180 hours
of B/W images in this configuration per 10 GB DAT tape.
If color recording is desired, a 20 GB 8-mm data cartridge
will allow 180 hours of color images.
[0026] Figure 5 shows a computer monitor display for
a system configured in accordance with Mode V as listed
in Figure 15. Using a 20" high-resolution computer mon-
itor with a dimension in pixels of 1600 x 1200, twelve
larger windows having a dimension in pixels of 400 x 300
may be displayed, as well as one large high-resolution
window, with a dimension in pixels of 800 x 600, to display
the sequentially scanned output of the camera images.
Recording in this format at 1 fps will provide 180 hours
of B/W images in this configuration per 10 GB DAT tape.
If color recording is desired, a 20 GB 8-mm data cartridge
will allow 180 hours of color images.
[0027] Figure 6 shows a computer monitor display for
a system configured in accordance with Mode VI as listed
in Figure 15. Using a 14" to 17" SVGA computer monitor
with a dimension in pixels of 1240 x 1024, and imple-
menting a smaller window size with a dimension in pixels
of 240 x 180, eight windows are available for the camera
image displays, and two large windows of 480 x 360 are
available for sequentially-scanned camera images. Re-
cording in this screen format at 1 fps allows 480 hours
of B/W images in this configuration on a 20 GB 8-mm
data cartridge, and allows 240 hours of images in color.
[0028] In any of the display configurations just de-
scribed, it is also possible to use a video overlay tech-
nique to display the utility controls superimposed on the
camera video. Regardless of which display or recording
format is used, the PC based monitoring system includes
various facilities and features, which will now be de-
scribed in further detail.
[0029] In operation, the user need only observe the
various display windows on the monitor screen, rather
than concentrate on many monitors simultaneously,
thereby reducing the risk of missing an important event.
Since no video switcher is used in recording, and images
from all sources are continuously recorded at the select-
ed frame rate for each source, more information is re-
corded than in conventional analog systems, wherein
events may be missed due to the sequential switching
of input images. The digital format also improves the pic-
ture quality, as the signal-to-noise ratio will be higher than
for analog systems. In addition, there is no loss of quality
during recording or playback, and because the recording
technique is digital, other types of information optionally
may recorded along with the camera data, such as audio,
time, date, location, etc.
[0030] An additional feature is the capability to imple-
ment a dual-recording-media option. This facility pro-
vides the ability to record simultaneously both on a tape
(for high capacity, long term storage) and also on a re-
movable media, such as a removable hard disk (i.e. PC-

MCIA) or magneto-optical disk (for short-term storage of
up to 24 hours of images). These disks facilitate high-
speed searching of recorded information without inter-
rupting the tape, as well as providing a back up for the
recording on the tape. In addition, the system is capable
of simultaneously searching the recorded images on the
disk storage unit while continuing to store images on the
tape storage unit.
[0031] It should be noted that there is no requirement
that the image sizes or frame rates utilized for the video
display match those utilized for the storage media. In
practice, these two specifications may not agree, and will
be determined by other factors, such as operator manip-
ulation of the displayed image sizes or changes resulting
from the detection of alarm conditions.
[0032] Figure 7 shows a functional diagram of an an-
alog input-digital processing card installed in the PC
which allows the use of existing analog cameras and ca-
bles with the PC-based monitoring system. This card,
which may be obtained from such manufacturers as No-
va, Model No. V-SW, features four video inputs 2a-2d
having balanced or differential input circuitry for good
noise immunity (or optically-coupled inputs for fiber-optic
cabling), four video amplifiers 4a-4d, a 4�1 video switch-
er 6 by which any one of the four video inputs may be
selected as a signal source, and an analog-to-digital
(A/D) converter 8. The recording of camera inputs is dig-
ital, however, there is no provision for remote control of
camera functions such as pan, tilt, zoom, and so forth. If
additional inputs are desired, multiple cards may be in-
stalled in the PC. The output of the A/D converter 8 is
supplied to the graphics processor and image data-com-
pression engine 10. This unit performs the various func-
tions required to configure the image sizes and frame
rates as specified by the equipment operator. Because
the overall data recording bandwidth of the system is a
factor in the selection of the individual picture data rates,
computer software is provided to implement menu-driven
management of the data bandwidth allocation to the var-
ious image sources. Based on this configuration, signals
are provided to the video switcher 4 to facilitate the se-
lection of the particular image sources as required. The
data-compressed images are provided in digital form to
the microprocessor data bus 12. The microprocessor unit
(not shown) in turn provides control signals to the graph-
ics processor 10 by way of this data bus, in accordance
with the image data allocation configuration selected.
[0033] Figure 8 is a functional diagram of a digital input/
output-digital processing card which implements bi-di-
rectional digital communications to and from the camera/
adapter unit over a single transmission line, thereby
greatly reducing the cost of cable and installation, and
allowing existing wiring to be used. Various implementa-
tions of this printed-circuit card are required, depending
on the type of network interconnection media selected.
In addition, system performance will depend on the type
of network interconnection media. As an example, a fiber
optic network will have a higher transmission rate and
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better signal quality than a telephone network. Interfacing
technology for these communication methods are in com-
mon usage and well known in the art. This printed-circuit
card also serves four cameras through inputs 52a-52d,
and additional cards can be implemented if required. The
bi-directional digital video and camera control data
switcher 54 serves to select the individual image sources
as explained in reference to Figure 7. These source sig-
nals are then provided to the graphics processor and
image data-compression engine 56, which provides sim-
ilar functions to those provided by the graphics processor
10, discussed in reference to Figure 7. The processed
data-compressed images are then provided to the micro-
processor data bus 60. However, in this implementation,
the bi-directional nature of the data switcher 54 is exploit-
ed to provide full functional control of the camera facilities
through the bi-directional controller 58. These functional
controls include the cameras themselves (lens and ex-
posure control) and the camera’s physical mounting pro-
visions (pan and tilt). The various control signals for these
functions are those traditionally provided to these kinds
of equipment, and these concepts are well known in the
art. In an alternative embodiment, the individual cameras
are each equipped with separate image data-compres-
sion facilities, utilizing such techniques as motion-JPEG
or MPEG compression. In this case, control signals for
these additional functions are provided from the micro-
processor bus 60 through the bi-directional controller 58
and the data switcher 54.
[0034] Figure 9 is a functional diagram of a digital out-
put universal camera adapter. This is a fully digital version
of the camera adapter as described in co-pending U.S.
Patent Application Serial No. 08/050,861, titled "PER-
SONAL-COMPUTER BASED VIDEO PRODUCTION
SYSTEM". The A/D-converter, digital image data-com-
pressor, and bi-directional interface camera adapter 100
accepts analog audio and video signals from the camera
102, and converts them to digital signals in anticipation
of the transmission of these signals over the intercon-
nection network 104. The camera adapter also receives
camera control commands from the PC by means of the
interconnection network, and translates them into the ap-
propriate pan, tilt, zoom, focus and iris control signals for
the particular camera equipment, including the camera
lens 106 and the pan/tilt mounting facilities 108. In addi-
tion, the camera adapter also has inputs for several
"alarm system" type sensors 110, as, for example, motion
detectors, photocell detectors, or simple switches. These
alarm signals are digitized, encoded, and then transmit-
ted to the main PC by means of the interconnection net-
work. Power is supplied for this equipment from a local
source 112. This camera adapter is implemented to pro-
vide a full-function system, adaptable to all existing types
of cameras and control equipment. However, because
of the large number of interconnections involved in the
adapter, camera, pan/tilt unit, and sensors, the installa-
tion process may be somewhat complicated.
[0035] By equipping an individual camera input with

digital frame store capabilities, it is possible to detect an
alarm condition based on deviations from the normal-
state image scene. For example, if a camera is monitoring
a door exit or an area of a warehouse aisle that is not
utilized during evening hours, any change in the image
would represent an alarm condition. To allow camera
movement, this sensing process would be disabled dur-
ing pan, scan, tilt, zoom, and other camera positioning
controls, and the sensing would be re-enabled after cam-
era positioning ceased, or by manual operator control.
[0036] Figure 10 is a functional diagram of an integrat-
ed camera system according to the invention including
means to overcome problems associated with having a
physically separate camera, pan/tilt unit, and adapter
unit. The integrated system includes a camera 150 with
pan/tilt control, A/D converter, digital data-compression
circuitry, and requisite interfacing circuitry. Such provi-
sions are preferably included in the camera base struc-
ture 152, which simplifies installation, as no separate in-
terconnecting cables are required. The integrated cam-
era system optionally may include provisions for supply-
ing electrical operating power from a network coaxial ca-
ble, and thereby may be implemented with only a single
interconnecting cable. An integrated camera system of
this type may be implemented in a physical package
which is as small as the camera itself, since most of the
electronics may be highly miniaturized by developing
custom integrated circuits, including LSI, ASIC, DSP, and
mixed-signal processing.
[0037] It will be appreciated that in any of these imple-
mentations, alarm or sensor signals may be utilized to
automatically re-configure the system operating mode,
as, for example, increasing the frame rate or image size
for an image source associated with the sensor which
has initiated the alarm signal condition. As explained
above, the displayed windows and image sizes may be
reconfigured into an operating mode different from the
reconfiguration of the digital storage mode. If desired,
the operator may choose to allow the system to automat-
ically adjust the compression ratio utilized for a particular
window in response to alarm signal conditions. Alterna-
tively, the compression ratio may be adjusted in response
to the selection by the operator of a particular window for
closer monitoring, by switching to an image window hav-
ing larger dimensions in pixels. For some applications,
the use of a resolution-independent data compression
scheme, such as the "Fractal Compression" method of
Iterated Systems, Inc., will be preferred, since images
compressed by this method may be resized to fit larger
or smaller windows as desired, without loss of apparent
resolution. In addition, automatic switching of the audio
signals associated with a particular window in response
to alarm signal condition will enable the operator to fully
investigate such events, and the audio signals may serve
to attract the operator’s attention to the event. Such
switching optionally may be coupled with operator selec-
tions for monitoring purposes as well, and in both of these
options may be integrated into the system previously de-
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scribed for recording the images, with or without any as-
sociated audio signals, onto the mass-storage media.
[0038] Figure 11 illustrates a PC-based monitoring
system implemented for videoconferencing at multiple
remote locations. In this application of the invention, a
main control center, shown generally as 200, is intercon-
nected, by way of a network, with remote locations,
shown generally as 204 to 210, designated as "1" through
"N". The network 202 may be implemented by way of
telephone lines (slow speed), ISDN lines (medium
speed), or alternatively coaxial cable or fiber optics ca-
bles (high speed). The higher speed implementations
permit transmission at higher frame rates and higher im-
age resolutions. As an alternative, wireless networks or
microwave links optionally may be used. Network com-
munication between the main and remote locations is bi-
directional; the main computer receives audio, video, and
sensor data from each of the remote locations, and trans-
mits controls for camera pan, tilt, focus, zoom, and so
forth. Audio and video communications for the system
operators also is provided, by means of an additional
camera and headset at each location.
[0039] The application of these PC-based monitoring
techniques also may he implemented in cases in which
the central monitoring area may be located at some dis-
tance from the remote site. In this case, the physical hard-
ware and networking facilities will follow the example
shown in Figure 11, with the understanding that "Location
1" through "Location IN"’ will now refer to separate mon-
itoring for security applications or other monitoring pur-
poses.
[0040] The purpose of the main control center is to
manage multiple cameras at multiple locations. By mon-
itoring and controlling the remote locations from a central
location 220, the system may function without an oper-
ator at each location. Optionally, additional computers
shown, by way of example, as 222 and 224 at the main
location may be implemented to simplify the monitoring
and control of the remote locations. The main control
center stores the data from remote locations in the main
control storage facilities, shown, by way of example, as
238, 240 and 242, using digital tape and removable me-
dia, including, by way of example, PCMCIA-based re-
movable media or magneto-optical (MO) media. The im-
ages may be stored at various frame rates and resolu-
tions, depending on the requirements for the intended
use of the stored images. Intercom provisions as shown
as 230, 232 and 234, facilitate the coordination of activ-
ities between the main control center and the various
remote locations, and video camera units are provided
at each of the computers, shown, by way of example, as
244, 246 and 248.
[0041] Each remote location includes a PC/monitor
250, with multiple video cameras, shown, by way of ex-
ample, as 252 and 254, including provisions 256 for im-
age and data storage utilizing digital tape and other re-
movable media. This remote location may be operated
under control from either the main location (as described

above), or a local operator, or by specific software de-
signed for automatic control. In the case of software-con-
trolled operations, provisions are included for control to
be assumed by the main control center, if necessary. As
in the case of the main control computers, each of the
remote computers is equipped with intercom facilities as
258 and video cameras as 260.
[0042] In the traditional videoconferencing situation,
only one camera and monitor are used. Unfortunately,
this results in an unnatural scene which provides the us-
ers with only a single viewing perspective. The use of a
wide-angle camera lens which is needed to include many
people seated around a table creates a distorted view,
especially for those seated furthest from the camera. Fig-
ure 12 shows an overhead view of the typical videocon-
ferencing arrangement, including conference table 300,
camera and monitor 302, and conference participants,
shown as circles as 304.
[0043] Using the PC-based monitoring system, it is
possible to create a video conference that presents a
much more natural viewing appearance. As shown in Fig-
ure 13A, a multiple-camera, multiple-display unit 310
preferably is preferably located directly on the conference
table 312. This reduces the camera-perspective-distort-
ing effects just described, because conference members
314 may be seated in a more comfortable and convenient
position. The resulting video image is also much more
natural. Each controller remote site computer-display
section 322 (as described herein below) simultaneously
shows all of the members participating in the remote con-
ference, with an individual video window allocated for
each participant, under control from the PC-based mon-
itoring system operator. In practice, the remote site
equipment operator will select one of the display operat-
ing modes as described in Figure 15, depending on the
number of subjects (camera views) and the capabilities
of the remote site computer equipment. Optionally, an
additional camera 316 fitted with a wide-angle lens will
provide an overall view of the conference room, in ac-
cordance with more traditional systems.
[0044] To facilitate the aiming of the individual cameras
for the participants, an arrangement such as that imple-
mented at airport gates to assist the parking of airplanes
(typically an "I" and an "O" formed of neon light tubes is
utilized for airplane gate parking) optionally may be in-
cluded. In this case, the two indicators are mounted so
as to overlap only when viewed directly along the optical
axis of the camera lens system. Thus, the camera posi-
tion need only be adjusted so as to cause the indicators
to overlap, thereby assuring that the camera correctly is
aimed at the subject. A number of microphones 318 are
situated around the conference table in locations suitable
for proper audio coverage of the participants speech.
[0045] Figure 13B shows a side-view depicting the
physical layout of each of the four sides of the multiple-
camera, multiple-display unit 310. The top unit 320 hous-
es the individual cameras (2 to 8 units) and associated
electronics, optionally including aiming provisions as de-
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scribed herein above. An LCD display screen 322 shows
the various camera images of the conference partici-
pants. Speakers located at positions 324 provide audio
from the remote sites.
[0046] As shown in Figure 14, the multiple-camera/dis-
play unit shown in Figure 13B preferably is modular in
construction including removable side panels, in order to
facilitate expansion along either horizontal axis so as to
accommodate any size or shape conference table, with
each section of the unit serving up to four conference
participants. In the preferred embodiment, the entire unit
preferably is constructed so as to provide a low profile,
by utilizing slanted LCD display panels 330 to create a
minimum obstruction for the local conference partici-
pants. If a low profile design is not required, the display
panels optionally could be larger, and mounted vertically.
Until color LCD panels become more cost-effective, the
display unit would be constructed with any of the currently
available small LCD projector systems. Each conference
location may include a designated PC operator, however,
the implementation of the network connection facilitates
control of the system from a remote location.
[0047] It should be noted that the implementation of
the PC-based monitoring system is not limited to these
examples of security systems or videoconferencing.
Many alternative implementations, such as workplace,
factory, production line, and process monitoring, would
benefit from this system, and these alternative implemen-
tations should be considered to be within the scope of
the invention.

Claims

1. A video storage and display system, comprising:

a plurality of video cameras, each outputting a
signal representative of a video image;
means to receive the signals from each camera
and digitally compress the images;
high capacity storage medium, and
a computer configured to receive the digitally
compressed images, the computer being inter-
faced to a display screen, means to receive ex-
ternally derived commands, and the high-capac-
ity storage,

wherein the computer is programmed to:

display the digitally compressed images from
the cameras in different windows on the display
screen, each window being associated with an
update rate and dimensions in pixels,
vary the dimensions and the rate at which a par-
ticular image is updated in its window in accord-
ance with externally derived commands,
store the digitally compressed images in the
high-capacity storage medium, and

vary the dimensions and the rate at which a par-
ticular image is stored in accordance with exter-
nally derived commands.

2. The video storage and display system of claim 1,
wherein the high capacity storage medium has two
forms of high-capacity storage media, one being ran-
domly searchable while the other continues to store
the digitally compressed images.

3. The video storage and display system of claim 1 or
claim 2 wherein the means to receive externally de-
rived commands include an operator input.

4. The video storage and display system of any of the
preceding claims wherein the means to receive ex-
ternally derived commands include means for sens-
ing a deviation from the normal-state image scene
associated with at least one of the video cameras,
the existence of the deviation being used as the basis
for generating an externally derived command.

5. The video storage and display system of claim 4,
further including a memory for storing the sensed
deviation information in conjunction with the image
data,

6. The video storage and display system of any of the
preceding claims, further including means associat-
ed with the computer for controlling the operation of
one or more of the video cameras.

7. The video storage and display system of any of the
preceding claims, wherein the means to digitally
compress the image from a particular camera is dis-
posed at the location of the camera.

8. The video storage and display system of any of the
preceding claims, wherein the means to digitally
compress the image from a particular camera is dis-
posed at the location of the computer.

9. The video storage and display system of any of the
preceding claims, further including a separate com-
puter associated with each camera, the computers
being networked together over a common commu-
nication bus, enabling an operator situated at a par-
ticular computer to display the images gathered by
other cameras in separate windows on that opera-
tor’s display screen.

10. The video storage and display system of claim 9,
wherein the separate computers are configured to
display a subset of camera images that possess a
particular common characteristic.

11. The video storage and display system of claim 2,
wherein one or both of the high-capacity storage me-
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dia comprises a magnetic tape.

12. The video storage and display system of claim 2,
wherein one or both of the high-capacity storage me-
dia comprises a magnetic disk.

13. The video storage and display system of any of the
preceding claims, wherein one or more video images
or camera control signals are received through a net-
work connection.

14. The video storage and display system of any of the
preceding claims, wherein the high-capacity storage
media includes a removable or permanent magnetic,
magneto-optical, optical or semiconductor device.

15. The video storage and display system of any of the
preceding claims, wherein the high-capacity storage
medium comprises a recordable optical disc.

16. The video storage and display system of any of the
preceding claims, wherein the high-capacity storage
medium comprises a recordable magneto-optical
disc.

17. A computer controlled method for storing and dis-
playing video from a plurality of video cameras, each
outputting a signal representative of a video image,
the method comprising:

digitally compressing images from the cameras;
displaying on a display the digitally compressed
images from the cameras in different windows
on the display screen, each window being as-
sociated with an update rate and dimensions in
pixels,
varying the dimensions and the rate at which a
particular image is updated in its window in ac-
cordance with externally derived commands,
storing the digitally compressed images in a
high-capacity storage medium, and
varying the dimensions and the rate at which a
particular image is stored in accordance with ex-
ternally derived commands.

18. The method claim 17 comprising using a high ca-
pacity storage medium that has two forms of high-
capacity storage media, one being randomly search-
able while the other continues to store the digitally
compressed images,

19. The method of claim 17 or claim 18 comprising re-
ceiving the externally derived commands from an
operator input.

20. The method of claim 17 or claim 18 comprising sens-
ing a deviation from the normal-state image scene
associated with at least one of the video cameras,

the existence of the deviation being used as the basis
for generating an externally derived command.

Patentansprüche

1. Videospeicherungs- und -wiedergabesystem, um-
fassend:

eine Vielzahl von Videokameras, die jeweils ein
Signal ausgeben, das ein Videobild darstellt;
Mittel zum Empfangen der Signale für jede Ka-
mera und zum digitalen Komprimieren der Bil-
der;
ein Speichermedium hoher Kapazität und
einen Computer, der dafür konfiguriert ist, die
digital komprimierten Bilder zu empfangen, wo-
bei der Computer schnittstellenmäßig mit einem
Wiedergabebildschirm, mit Mitteln zum Emp-
fangen extern abgeleiteter Befehle und dem
Speicher hoher Kapazität gekoppelt ist,

wobei der Computer dafür programmiert ist,
die digital komprimierten Bilder von den Kameras in
verschiedenen Fenstern auf dem Wiedergabebild-
schirm wiederzugeben, wobei jedes Fenster einer
Aktualisierungsrate und Abmessungen in Pixeln zu-
geordnet ist,
die Abmessungen und die Rate, mit der ein bestimm-
tes Bild in seinem Fenster aktualisiert wird, entspre-
chend extern abgeleiteten Befehlen zu variieren,
die digital komprimierten Bilder im Speichermedium
hoher Kapazität zu speichern und
die Abmessungen und die Rate, mit der ein bestimm-
tes Bild gespeichert wird, entsprechend extern ab-
geleiteten Befehlen zu variieren.

2. Videospeicherungs- und -wiedergabesystem nach
Anspruch 1, wobei das Speichermedium hoher Ka-
pazität zwei Formen von Speichermedien hoher Ka-
pazität hat, wobei eines willkürlich durchsuchbar ist,
während das andere die digital komprimierten Bilder
weiterhin speichert.

3. Videospeicherungs- und -wiedergabesystem nach
Anspruch 1 oder 2, wobei die Mittel zum Empfangen
extern abgeleiteter Befehle eine Bedienereingabe
aufweisen.

4. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei die
Mittel zum Empfangen extern abgeleiteter Befehle
Mittel zum Erfassen einer Abweichung von der Bild-
szene im Normalzustand aufweisen, die mindestens
einer der Videokameras zugeordnet ist, wobei das
Vorkommen der Abweichung als die Basis zur Er-
zeugung eines extern abgeleiteten Befehls verwen-
det wird.
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5. Videospeicherungs- und -wiedergabesystem nach
Anspruch 4, ferner mit einem Speicher zum Spei-
chern der erfaßten Abweichungsinformation in Ver-
bindung mit den Bilddaten.

6. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, ferner mit
Mitteln, die dem Computer zugeordnet sind, zum
Steuern des Betriebs einer oder mehrerer der Ka-
meras.

7. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei die
Mittel zum digitalen Komprimieren des Bildes von
einer bestimmten Kamera sich am Ort der Kamera
befindet.

8. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei die
Mittel zum digitalen Komprimieren des Bildes von
einer bestimmten Kamera sich am Ort des Compu-
ters befinden.

9. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, ferner mit ei-
nem gesonderten Computer, der jeder Kamera zu-
geordnet ist, wobei die Computer über einen ge-
meinsamen Kommunikationsbus miteinander ver-
netzt sind, wodurch ermöglicht wird, daß ein Bedie-
ner, der sich an einem bestimmten Computer befin-
det, die Bilder wiedergeben kann, die durch andere
Kameras in gesonderten Bildern gesammelt worden
sind, auf diesem Wiedergabebildschirm des Bedie-
ners wiedergibt.

10. Videospeicherungs- und -wiedergabesystem nach
Anspruch 9, wobei die getrennten Computer dafür
konfiguriert sind, eine Untermenge von Kamerabil-
dern wiederzugeben, die eine bestimmte gemeinsa-
me Charakteristik aufweisen.

11. Videospeicherungs- und -wiedergabesystem nach
Anspruch 2, wobei eines oder beide Speichermedi-
en hoher Kapazität ein Magnetband umfassen.

12. Videospeicherungs- und -wiedergabesystem nach
Anspruch 2, wobei eines oder beide Speichermedi-
en hoher Kapazität eine Magnetplatte umfassen.

13. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei eines
oder mehrere Videobilder oder Kamerasteuersigna-
le über eine Netzwerkverbindung empfangen wer-
den.

14. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei die
Speichermedien hoher Kapazität eine entnehmbare

oder permanente magnetische, magnetooptische,
optische oder Halbleitervorrichtung aufweisen.

15. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei das
Speichermedium hoher Kapazität eine aufzeich-
nungsfähige optische Platte umfaßt.

16. Videospeicherungs- und -wiedergabesystem nach
einem der vorhergehenden Ansprüche, wobei das
Speichermedium hoher Kapazität eine aufzeich-
nungsfähige magnetooptische Platte umfaßt.

17. Computergesteuertes Verfahren zur Videospeiche-
rung und Videowiedergabe von einer Vielzahl von
Videokameras, wobei jede ein Signal ausgibt, das
ein Videobild darstellt, wobei das Verfahren umfaßt:

digitales Komprimieren von Bildern von den Ka-
meras;
auf der Wiedergabeeinrichtung erfolgendes
Wiedergeben der digital komprimierten Bilder
von den Kameras in verschiedenen Fenstern
auf dem Wiedergabebildschirm, wobei jedes
Fenster einer Aktualisierungsrate und Abmes-
sungen in Pixeln zugeordnet ist;
Variieren der Abmessungen und der Rate, mit
der ein bestimmtes Bild in seinem Fenster ak-
tualisiert wird, entsprechend extern abgeleite-
ten Befehlen;
Speichern der digital komprimierten Bilder in ei-
nem Speichermedium hoher Kapazität und
Variieren der Abmessungen und der Rate, mit
der ein bestimmtes Bild gespeichert wird, ent-
sprechend extern abgeleiteten Befehlen.

18. Verfahren nach Anspruch 17, umfassend: Verwen-
den eines Speichermediums hoher Kapazität, das
zwei Formen von Speichermedien hoher Kapazität
hat, wobei eines willkürlich durchsuchbar ist, wäh-
rend das andere die digital komprimierten Bilder wei-
terhin speichert.

19. Verfahren nach Anspruch 17 oder 18, umfassend:
Empfangen der extern abgeleiteten Befehle von ei-
ner Bedienereingabe.

20. Verfahren nach Anspruch 17 oder 18, umfassend:
Erfassen einer Abweichung von der Bildszene im
Normalzustand, die mindestens einer der Videoka-
meras zugeordnet ist, wobei das Vorkommen der
Abweichung als die Basis zur Erzeugung eines ex-
tern abgeleiteten Befehls verwendet wird.

Revendications

1. Système de stockage de vidéo et d’affichage,
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comprenant :

une pluralité de caméras vidéo, chacune déli-
vrant en sortie un signal représentatif d’une ima-
ge vidéo ;
un moyen pour recevoir les signaux de chaque
caméra et compresser numériquement les ima-
ges;
un support de stockage de grande capacité, et
un ordinateur configuré pour recevoir les images
compressées numériquement, l’ordinateur
étant interfacé à un écran d’affichage, un moyen
pour recevoir des commandes dérivées de ma-
nière externe, et le moyen de stockage de gran-
de capacité,

dans lequel l’ordinateur est programmé pour :

afficher les images compressées numérique-
ment provenant des caméras dans différentes
fenêtres sur l’écran d’affichage, chaque fenêtre
étant associée à une vitesse de mise à jour et
à des dimensions en pixels,
changer les dimensions et la vitesse auxquelles
une image particulière est mise à jour dans sa
fenêtre en accord avec des commandes déri-
vées externes,
stocker les images compressées numérique-
ment dans le support de stockage de grande
capacité, et
changer les dimensions et la vitesse auxquelles
une image particulière est stockée en accord
avec des commandes dérivées externes.

2. Système de stockage de vidéo et d’affichage selon
la revendication 1, dans lequel le support de stocka-
ge de grande capacité possède deux formes de sup-
ports de stockage de grande capacité, une pouvant
être l’objet d’une recherche aléatoire, tandis que
l’autre continue à stocker les images compressées
numériquement.

3. Système de stockage de vidéo et d’affichage selon
la revendication 1 ou la revendication 2, dans lequel
le moyen pour recevoir des commandes dérivées de
manière externe comprend une entrée d’opérateur.

4. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le moyen pour recevoir des commandes
dérivées de manière externe pour détecter une dé-
viation par rapport à la scène d’image d’état normal
associée à au moins une des caméras vidéo, l’exis-
tence de la déviation étant utilisée comme base pour
générer une commande dérivée de manière externe.

5. Système de stockage de vidéo et d’affichage selon
la revendication 4, comprenant en outre une mémoi-

re pour stocker les informations de la déviation dé-
tectée en conjonction avec les données d’image.

6. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
comprenant en outre un moyen associé avec l’ordi-
nateur pour contrôler le fonctionnement d’une, ou de
plusieurs, des caméras vidéo.

7. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le moyen pour compresser numérique-
ment l’image provenant d’une caméra particulière
est disposé au niveau de l’emplacement de la ca-
méra.

8. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le moyen pour compresser numérique-
ment l’image provenant d’une caméra particulière
est disposé au niveau de l’emplacement de l’ordina-
teur.

9. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
comprenant en outre un ordinateur séparé associé
avec chaque caméra, les ordinateurs étant reliés en
réseau ensemble par un bus de communication
commun, permettant à un opérateur situé au niveau
d’un ordinateur particulier d’afficher les images col-
lectées par d’autres caméras dans des fenêtres sé-
parées sur l’écran d’affichage de cet opérateur.

10. Système de stockage de vidéo et d’affichage selon
la revendication 9, dans lequel les ordinateurs sé-
parés sont configurés pour afficher un sous-ensem-
ble d’images de caméra qui possèdent une caracté-
ristique commune particulière.

11. Système de stockage de vidéo et d’affichage selon
la revendication 2, dans lequel un ou les deux sup-
ports de stockage de grande capacité comprennent
une bande magnétique.

12. Système de stockage de vidéo et d’affichage selon
la revendication 2, dans lequel un ou les deux sup-
ports de stockage de grande capacité comprennent
un disque magnétique.

13. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel un ou plusieurs signaux de contrôle de
caméra ou d’images vidéo sont reçus par l’intermé-
diaire d’une connexion de réseau.

14. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le support de stockage de grande capa-
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cité comprend un dispositif magnétique, un dispositif
magnéto-optique, un dispositif optique ou un dispo-
sitif à semi-conducteur fixe ou amovible.

15. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le support de stockage de grande capa-
cité comprend un disque optique enregistrable.

16. Système de stockage de vidéo et d’affichage selon
l’une quelconque des revendications précédentes,
dans lequel le support de stockage de grande capa-
cité comprend un disque magnéto-optique enregis-
trable.

17. Procédé contrôlé par ordinateur pour stocker et af-
ficher des vidéos provenant d’une pluralité de camé-
ras vidéo, chacune délivrant en sortie un signal re-
présentatif d’une image vidéo, le procédé compre-
nant les étapes consistant à :

compresser numériquement les images prove-
nant des caméras ;
afficher sur un écran les images compressées
numériquement provenant des caméras dans
différentes fenêtres de l’écran d’affichage, cha-
que fenêtre étant associée à une vitesse de mise
à jour et à des dimensions en pixels,
changer les dimensions et la vitesse auxquelles
une image particulière est mise à jour dans sa
fenêtre en accord avec des commandes déri-
vées de manière externe,
stocker les images compressées numérique-
ment dans un support de stockage de grande
capacité, et
changer les dimensions et la vitesse auxquelles
une image particulière est stockée en accord
avec des commandes dérivées de manière ex-
terne.

18. Procédé selon la revendication 17, comprenant l’éta-
pe consistant à utiliser un support de stockage de
grande capacité qui possède deux formes de sup-
ports de stockage de grande capacité, une pouvant
être l’objet d’une recherche aléatoire, tandis que
l’autre continue à stocker les images compressées
numériquement.

19. Procédé selon la revendication 17 ou la revendica-
tion 18, comprenant l’étape consistant à recevoir les
commandes dérivées de manière externe depuis
une entrée d’opérateur.

20. Procédé selon la revendication 17 ou la revendica-
tion 18, comprenant l’étape consistant à détecter une
déviation par rapport à la scène d’image d’état nor-
mal associée à au moins une des caméras vidéo,
l’existence de la déviation étant utilisée comme base

pour générer une commande dérivée de manière
externe.
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