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Description
Description of the Related Art.

[0001] The present invention relates to a video camera system for tracking a moving object. There are numerous
known video surveillance systems which may be used to track a moving object such as a person or vehicle. Some such
systems utilize a fixed camera having a stationary field of view (FOV). To fully cover a given surveillance site with a fixed
camera system, however, it will oftentimes be necessary to use a significant number of fixed cameras.

[0002] Movable cameras which may pan, tilt and/or zoom may also be used to track objects. The use of a PTZ (pan,
tilt, zoom) camera system will typically reduce the number of cameras required for a given surveillance site and also
thereby reduce the number and cost of the video feeds and system integration hardware such as multiplexers and
switchers associated therewith.

[0003] Visual surveillance systems will also often rely upon human operators. The use of human operators, however,
is subject to several limiting factors such as relatively high hourly costs, susceptibility to fatigue when performing tedious
and boring tasks, inability to concentrate on multiple images simultaneously and accidental/intentional human error. To
reduce the impact of such human limitations, automated video tracking systems have been used to assist or replace
human operators.

[0004] Three primary steps typically employed in automated video tracking systems involve background subtraction,
target detection and target tracking. The use of fixed cameras greatly simplifies and speeds the background subtraction
and target detection processes. When a PTZ system is employed, the camera is typically repositioned by analyzing the
motion of the target object and predicting a future location of the target object. The camera is then adjusted to reposition
the estimated future location of the target object in the center of the FOV. The camera may then remain stationary as
the target object moves away from the center of the FOV and a new estimated future target location is computed. The
camera will then be repositioned to once again recenter the target object. Such discrete camera movements are con-
tinually repeated to track the target object. Conventionally, each discrete camera movement occurs at the fastest camera
movement speeds available

wherein each of the panning movements will be conducted at a common pan rate, each of the tilting movements will be
conducted at a common tilt rate and each of the zooming movements, i.e., adjusting the focal length of the camera, will
be conducted at a common zoom rate. The resulting series of discrete camera movements typically leads to a video
image which is "jumpy" in comparison to a video image produced by the manual tracking of a target object by a skilled
human operating a joystick or other camera control.

[0005] EP 0557 007 A2 describes a picture processing apparatus using a moveable camera attached to a camera
controller. WO 94/28377 relates to a method and a device for the registration of the movement of a vehicle by means
of pairs of video cameras, which are located at a distance above the ground for the vehicle. US 3,943,561 describes a
system for optically detecting moving targets within a field of view, including a monochromatic image detector.

Summary of the invention

[0006] The present invention provides an automated video tracking system having a movable camera wherein the
automatic adjustment of the camera when tracking a target object may be done continuously and at various speeds to
provide a video image with relatively smooth transitional movements during the tracking of the target object.

[0007] The invention comprises, in one form thereof, a video tracking system which includes a video camera having
a field of view wherein the camera is selectively adjustable and adjustment of the camera varies the field of view of the
camera. Also included is at least one processor which is operably coupled to the camera. The processor receives video
images acquired by the camera and selectively adjusts the camera. The processor is programmed to detect a moving
target object in the video images and adjust the camera to track the target object wherein the processor adjusts the
camera at a plurality of varied adjustment rates.

[0008] The invention comprises, in another form thereof, a video tracking system including a video camera having a
field of view wherein the camera is selectively adjustable and adjustment of the camera varies the field of view of the
camera. Also included in the system is at least one processor which is operably coupled to the camera. The processor
receives video images acquired by the camera and selectively adjusts the camera. The processor is programmed to
detect a moving target object in the video images and estimate a target value wherein the target value is a function of
a property of the target object. The property may be the velocity of the target object. The processor adjusts the camera
at a selected adjustment rate which is a function of the target value.

[0009] In alternative embodiments, such systems may include a processor which selects the adjustment rate of the
camera as a function of at least one property of the target object. The at least one property of the target object may
include the velocity of the target object. The camera may be selectively adjustable at a variable rate in adjusting at least
one of a panning orientation of the camera and a tilt orientation of the camera.
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[0010] The processor may also be programmed to select the adjustment rate of the camera based upon analysis of
a first image and a second image wherein the first image is acquired by the camera adjusted to define a first field of
view and the second image is acquired by the camera adjusted to define a second field of view. The first and second
fields of view may be partially overlapping and the determination of the selected adjustment rate by the processor may
include identifying and aligning at least one common feature represented in each of the first and second images. The
camera may also define a third field of view as the camera is being adjusted at the selected adjustment rate with a third
image being acquired by the camera when it defines the third field of view and wherein the first, second and third images
are consecutively analyzed by the processor. The camera may have a selectively adjustable focal length and the proc-
essor may select the focal length of the camera as a function of the distance of the target object from the camera.
[0011] The adjustment of the camera may include selective panning movement of the camera wherein the panning
movement defines an x-axis, selective tilting movement of the camera wherein the tilting movement defines a y-axis,
and selective focal length adjustment of the camera wherein adjustment of the focal length defines a z-axis with the x,
y and z axes being oriented mutually perpendicular. The processor may adjust the camera at a selected panning rate
which is a function of the velocity of said target object along the x-axis and at a selected tilting rate which is a function
of the velocity of the target object along the y-axis. The camera may also be adjusted at a first selected adjustment rate
until the processor selects a second adjustment rate and communicates the second adjustment rate to the camera.
[0012] The tracking system may also include a display device and an input device operably coupled to said system
wherein an operator may view the video images on the display device and input commands or data into the system
through the input device. The display device and input device may be positioned remotely from said camera.

[0013] The invention comprises, in yet another form thereof, a video tracking system including a video camera having
a field of view wherein the camera is selectively adjustable and adjustment of the camera varies the field of view of the
camera. The system also includes at least one processor operably coupled to the camera. The processor receives video
images acquired by the camera and selectively adjusts the camera. The processor is programmed to detect a moving
target object in the video images and adjust the camera and track the target object. During tracking of the target object,
the processor communicates a plurality of commands to the camera and the camera is continuously and variably ad-
justable in accordance with the commands without intervening stationary intervals.

[0014] The camera of such a system may be selectively adjustable at a variable rate in adjusting at least one, or each,
of a panning orientation of the camera and a tilt orientation of the camera. The camera may acquire images for analysis
by the processor while being adjusted and the continuous and variable adjustment of the camera includes varying either
a direction of adjustment or a rate of adjustment. The commands may involve a first command which adjusts the camera
at a selected rate and direction until a second command is received by the camera.

[0015] The invention comprises, in still another form thereof, a video tracking system including a video camera having
a field of view wherein the camera is selectively adjustable and adjustment of the camera varies the field of view of the
camera. The system also includes at least one processor operably coupled to the camera wherein the processor receives
video images acquired by the camera and selectively adjusts the camera. The processor is programmed to detect a
moving target object in the video images and adjust the camera and track the target object. The processor can consec-
utively analyze first, second and third images acquired by the camera wherein each of the images records a different
field of view. The processor communicates to the camera a first command selectively adjusting the camera and a second
command selectively adjusting the camera. The camera is adjusted in accordance with the first command during at least
a portion of a first time interval between acquisition of the first and second images. The camera is adjusted in accordance
with the second command during at least a portion of a second time interval between acquisition of the second and third
images. The camera is continuously adjusted between acquisition of the first image and the third image.

[0016] The invention comprises, in another form thereof, a method of tracking a target object with a video camera.
The method includes providing a video camera which has a field of view and is selectively adjustable wherein adjustment
of the camera varies the field of view of the camera. The method also includes adjusting the camera at a selectively
variable adjustment rate to track a target object. The adjustment rate may be selected as a function of at least one
property of the target object.

[0017] The invention comprises, in yet another form thereof, a method of tracking a target object with a video camera.
The method includes providing a video camera which has a field of view and is selectively adjustable wherein adjustment
of the camera varies the field of view of the camera. The method also includes detecting a target object in images
acquired by said camera, estimating a target value which is a function of at least one property of the target object and
adjusting the camera at a selectively variable rate wherein the adjustment rate of the camerarate is selected as a function
of the target value.

[0018] In alternative embodiments of the above-described methods, the at least one property of the target object may
include the velocity of the target object. The adjustment rate may be selected based upon analysis of a first image and
a second image wherein the first image is acquired by the camera when adjusted to define a first field of view and the
second image is acquired by the camera when adjusted to define a second field of view. The first and second fields of
view may be partially overlapping and the determination of the adjustment rate may include identifying and aligning at
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least one common feature represented in each of the first and second images. The adjusting of the camera at a selectively
variable adjustment rate may include adjusting at least one, or each, of a panning orientation of the camera and a tilt
orientation of the camera and the selected variable adjustment rates may be selected as a function of the velocity of the
target object. The determination of the adjustment rates may also involve the use of a proportionality factor which is a
function of the real world distance of the target object from the camera. The adjustment of the camera may also include
adjusting the camera at a first selected adjustment rate until a second selected adjustment rate is communicated to the
camera.

[0019] The invention comprises, in another form thereof, a method of tracking a target object with a video camera.
The method includes providing a video camera which has a field of view and is selectively adjustable wherein adjustment
of the camera varies the field of view of the camera. The method also includes adjusting the camera to track a target
objectwherein the adjustment of the camera includes selectively and variably adjusting atleast one adjustment parameter
and wherein the camera is continuously adjustable during the selective and variable adjustment of the at least one
adjustment parameter.

[0020] The selective and variable adjustment of at least one adjustment parameter of the camera may include the
adjustment of at least one, or each, of a panning orientation of said camera and a tilt orientation of said camera. The
adjustment of such parameters may be selective and variable. The selective and variable adjustment of such parameters
may include the varying of either the direction of adjustment or the rate of adjustment and the rate of adjustment may
be selected as a function of the velocity of the target object.

[0021] The invention comprises, in another form thereof, a method of tracking a target object with a video camera.
The method includes providing a video camera which has a field of view and is selectively adjustable wherein adjustment
of the camera varies the field of view of the camera. The method also includes detecting a target object in images
acquired by the camera and acquiring first, second and third images wherein each of the first, second and third images
record a different field of view. The method also includes communicating a first command to the camera selectively
adjusting the camera and communicating a second command to the camera selectively adjusting the camera. Further
included is the step of continuously adjusting the camera between acquisition of the first image and acquisition of the
third image wherein the camera is adjusted in accordance with the first command during at least a portion of a first time
interval between acquisition of the first image and acquisition of the second image and the camera is adjusted in ac-
cordance with the second command during at least a portion of a second time interval between acquisition of the second
image and acquisition of the third image.

[0022] The first and second commands may selectively adjust at least one, or each, of a panning orientation of the
camera and a tilt orientation of the camera. The adjustment of such parameters may be at a selectively variable adjustment
rate and the rates may be selected as a function of the velocity of the target object.

[0023] The invention comprises, in yet another form thereof, a video tracking system having a video camera with a
selectively adjustable focal length. Also included is at least one processor operably coupled to said camera wherein the
processor receives video images acquired by the camera and selectively adjusts the focal length of the camera. The
processor is programmed to detect a moving target object in the video images and adjust the focal length of the camera
as a function of the distance of the target object from the camera. The camera of the system may also have a selectively
adjustable panning orientation and a selectively adjustable tilting orientation wherein the processor adjusts the panning
orientation and the tilting orientation to maintain the target object centered in the video images and selectively adjusts
the focal length of the camera as a function of the tilt angle.

[0024] The invention comprises, in still another form thereof, a method of automatically tracking a target object with
avideo camera. The method includes providing a video camera having a selectively adjustable focal length and adjusting
the focal length of the camera as a function of the distance of the target object from the camera. The camera used with
such a method may also have a selectively adjustable panning orientation and a selectively adjustable tilting orientation
wherein tracking the object involves adjusting the panning and tilting orientation of the camera and selectively adjusting
the focal length of the camera as a function of the tilt angle of camera.

[0025] An advantage of the present invention is that it provides video images which reflect relatively fluid transitional
camera movements during the tracking of the target object and which do not "jump" from point to point when tracking
the target object. The resulting video is typically regarded as more pleasant to view and less distracting to human
operators who are viewing the video to observe the behavior of the target object.

[0026] Another advantage of the presentinvention is that it allows for images acquired for automatic tracking purposes
to be obtained while the camera is in motion and thus does not require the camera to rest in a stationary position for
image acquisition during the tracking of a target object.

[0027] Yetanother advantage of the present invention is that it allows the system to continue tracking a target object
while a human operator manually repositions the camera because the tracking system may utilize a series of images
which do not have a common field of view to track the target object.

[0028] Still another advantage of the present invention is that it may be used with conventional pan, tilt, zoom (PTZ)
cameras and, thus, facilitates the retrofitting and upgrading of existing installations having such conventional PTZ cam-
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eras.
Drawings

[0029] The above mentioned and other features and objects of this invention, and the manner of attaining them, will
become more apparent and the invention itself will be better understood by reference to the following description of an
embodiment of the invention taken in conjunction with the accompanying drawings, wherein:

Figure 1 is a schematic view of a video surveillance system in accordance with the present invention.

Figure 2 is a schematic view of the automated tracking unit.

Figure 3 is a flowchart representing the operation of the video surveillance system.

Figure 4 is a flow chart representing the different status levels of the tracking unit.

Figure 5 is a flow chart representing the reacquisition subroutine which is used when the target object is lost.

[0030] Corresponding reference characters indicate corresponding parts throughout the several views. Although the
exemplification set out herein illustrates an embodiment of the invention, in one form, the embodiment disclosed below
is not intended to be exhaustive or to be construed as limiting the scope of the invention to the precise form disclosed.

Description of embodiments

[0031] In accordance with the present invention, a video surveillance system 20 is shown in Figure 1. System 20
includes a camera 22 which is located within a partially spherical enclosure 24. Enclosure 24 is tinted to allow the camera
to acquire images of the environment outside of enclosure 24 and simultaneously prevent individuals in the environment
being observed by camera 22 from determining the orientation of camera 22. Camera 22 includes a controller and motors
which provide for the panning, tilting and adjustment of the focal length of camera 22. Panning movement of camera 22
is represented by arrow 26, tilting movement of camera 22 is represented by arrow 28 and the changing of the focal
length of the lens 23 of camera 22, i.e., zooming, is represented by arrow 30. As shown with reference to coordinate
system 21, panning motion may track movement along the x axis, titling motion may track movement along the y-axis
and focal length adjustment may be used to track movement along the z-axis. In the illustrated embodiment, camera 22
and enclosure 24 are a Phillips AutoDome® Camera Systems brand camera system, such as the G3 Basic AutoDome
® camera and enclosure, which are available from Bosch Security Systems, Inc. formerly Phillips Communication,
Security & Imaging, Inc. having a place of business in Lancaster, Pennsylvania. A camera suited for use with present
invention is described by Sergeant et al. in U.S. Pat. No. 5,627,616 entitled Surveillance Camera System which is hereby
incorporated herein by reference.

[0032] System20alsoincludes ahead end unit32. Head end unit 32 may include a video switcher or a video multiplexer
(not shown). For example, the head end unit may include an Allegiant brand video switcher available from Bosch Security
Systems, Inc. formerly Phillips Communication, Security & Imaging, Inc. of Lancaster, Pennsylvania such as aLTC 8500
Series Allegiant Video Switcher which provides inputs for up to 64 cameras and may also be provided with eight inde-
pendent keyboards and 8 monitors. Head end unit 32 includes a keyboard 34 and joystick 36 for operator input and a
display device 38 for viewing by the operator. A 24 volt a/c power source is provided to power both camera 22 and an
automated tracking unit 50.

[0033] lllustrated system 20 is a single camera application, however, the present invention may be used within a larger
surveillance system having additional cameras which may be either stationary or moveable cameras or some combination
thereof to provide coverage of a larger or more complex surveillance area. One or more VCRs may also be connected
to head end unit 32 to provide for the recording of the video images captured by camera 22 and other cameras in the
system.

[0034] The hardware architecture of tracking unit 50 is schematically represented in Figure 2. A power line 42 connects
power source 40 to converter 52 to power tracking unit 50. Tracking unit 50 receives a video feed from camera 22 via
video line 44 and video line 45 is used to communicate video images to head end unit 32. In the illustrated embodiment,
video lines 44, 45 are coaxial, 75 ohm, 1 Vp-p and include BNC connectors for engagement with tracking unit 50. The
video images provided by camera 22 are analog and may conform to either NTSC or PAL standards. When tracking
unit 50 is inactive, i.e., turned off, video images from camera 22 pass through tracking unit 50 to head end unit 32 as
shown by analog video line 54. AMOFSET based circuit provides a video input buffer 56 and video decoder 58 performs
video decoding and passes the digitized video images to processor 60. In the illustrated embodiment, video input is no
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greater than 1 Vp-p and if the video signal exceeds 1 Vp-p it will be clipped to 1 Vp-p. Video processing is performed
by processor 60 running software which is described in greater detail below. Processor 60 may be a TriMedia TM-1300
programmable media processor available from Phillips Electronics North America Corporation. At start up, processor
60 loads a bootloader program from serial EEPROM 62. The boot program then copies the application code from flash
memory 64 to SDRAM 66 for execution. In the illustrated embodiment, flash memory 64 provide 1 megabyte of memory
and SDRAM 66 provides 8 megabytes of memory. Since the application code from flash memory 64 is loaded on SDRAM
66 upon start up, SDRAM is left with approximately 7 megabytes of memory for video frame storage.

[0035] As shown in Figure 2, a video data bus and 12C bus connects processor 60 with video decoder 58, a 12C bus
connects processor 60 with EEPROM 62, a XIO bus connects processor 60 with flash memory 64, a SDRAM bus
connects processor 60 with SDRAM 66 and a XIO bus connects processor 60 with UART 68. UART 68 is used for serial
communications and general purpose input/output. UART 68 has a 16 character FIFO buffer, a 6 bit input port and an
8-bit output port that is used to drive status LED 70, error LED 72 and output relay 74 through the use of small signal
transistors. Relay line 49 communicates the status of double pole, single throw relay 74 to head end unit 32. A RS-232
level converter 76 provides communication between UART 68 and RS-232 serial line 48. The characteristics of RS-232
line 48 and the communications conveyed thereby in the illustrated embodiment are a 3 wire connection, 19200 baud,
8 data bits, no parity, 1 stop bit and no handshaking.

[0036] In the illustrated embodiment, the only commands conveyed to tracking unit 50 which are input by a human
operator are on/off commands. Such on/off commands and other serial communications between head unit 34 and
tracking unit 50 are conveyed by bi-phase line 46 from head unit 34 to camera 22 and to tracking unit 50 from camera
22 viaRS-232line 48. In the illustrated embodiment, tracking unit 50 is provided with a sheet metal housing and mounted
proximate camera 22. Alternative hardware architecture may also be employed with tracking unit 50. Such hardware
should be capable of running the software described below and processing at least approximately 5 frames per second
for best results.

[0037] Tracking unit 50 performs several functions, it controls video decoder 58 and captures video frames acquired
by camera 22; it registers video frames taken at different times to remove the effects of camera motion; it performs a
video content analysis to detect target objects which are in motion within the FOV of camera 22; it calculates the relative
direction, speed and size of the detected target objects; it sends direction and speed commands to camera 22; it performs
all serial communications associated with the above functions; and it controls the operation of the status indicators 70,
72 and relay 74.

[0038] The operation of system 20 will now be described in greater detail. When tracking unit 50 is first activated the
first step involves initializing camera 22 and positioning camera 22 to watching for a person or moving object to enter
the FOV of camera 22 by taking repeated images as 24-bit YUV color images as either NTSC or PAL CIF resolution
images. Alternatively, camera 22 may be moved through a predefined "tour" of the surveillance area after initialization
and watch for a person or other moving object to enter the FOV of camera 22 as camera 22 searches the surveillance
area. For reference purposes, two images or frames acquired by camera 22 for analysis will be labeled:

1,1,

[0039] In the exemplary embodiment, camera 22 is continually acquiring new images and the computational analysis
performed by processor 60 to compare the current image with a reference image takes longer than the time interval
between the individual images acquired by camera 22. When processor 60 completes its analysis, it will grab a new
image for analysis. The time interval between two images which are consecutively grabbed by processor 60 is assumed
to be constant by illustrated tracking unit 50. Although the time interval between two consecutively grabbed images may
differ slightly, the variations are considered sufficiently small and the processing efficiencies achieved by this assumption
to be sufficiently great to justify this assumption. As used herein unless otherwise indicated, the term consecutive images
refers to images which are consecutively grabbed by processor 60 for analysis as opposed to images which are con-
secutively acquired by camera 22. A QCIF resolution sub-sample (i.e., an image having a quarter of the resolution of
the NTSC or PAL CIF resolution image) of the current /; and I, images is created. The sub-sample groups adjacent
pixels together to define an average value for the grouped pixels. The purpose of the sub-sampling process is to reduce
the time consumed by motion detection. A second sub-sample of the first sub-sample (resulting in images having 1/16
the resolution of the original CIF resolution images) may also be taken to further increase the speed of the motion
detection process. Such sub-sampling, however, reduces the resolution of the images and can potentially degrade the
ability of system to detect the features and targets which are the subjects of interest. For reference purposes these sub-
sampled images are labeled:
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1 72 51 g2
I, I, 1,,1,
[0040] If only a single sub-sample of each image is taken, these sub-samples are labeled:
I 7yl
1,1,

[0041] Alternatively, these subsamples may be labeled ', and 1l,,.

Target Object Detection

[0042] Initially, the camera may be stationary and monitoring a specific location for a moving target object. System 20
looks for a moving target object by computing the image difference between the two most current images every time a
new frame is grabbed by processor 60. The image difference is calculated by taking the absolute value of the difference
between associated pixels of each image. When images | and |, are aligned, either because camera 22 took each
image with the same FOV or because one of the images was mapped to the second image, the image difference, A , is
calculated in accordance with the following equation:

A=|I,-1, |

[0043] A histogram of these differences is then calculated. If there is a moving target in the two images, the histogram
will usually have two peaks associated with it. The largest peak will typically be centered around zero and corresponds
to the static regions of the image. The second major peak represents the pixels where changes in image intensity are
high and corresponds to the moving areas within the image, i.e., a moving target object. The pixels associated with the
second peak can be considered as outliers to the original Gaussian distribution. Since they will typically constitute less
than 50% of the total number of pixels in the illustrated embodiment, they are detected using the estimation technique
Least Median of Squares.

[0044] An alternative method that may be used with the present invention and which provides for the manual identi-
fication of a target object for tracking purposes is discussed by Trajkovic et al. in U.S. Pat. App. Pub. 2002/0140813 A1
entitled Method For Selecting A Target In An Automated Video Tracking System which is hereby incorporated herein
by reference. A method for detecting motion of target objects that may be used with the present invention is discussed
by Trajkovic in U.S. Pat. App. Pub. 2002/0168091 A1 entitled Motion Detection Via Image Alignment which is hereby
incorporated herein by reference.

Identification of Point of Interest

[0045] After detecting motion, a point of interest (POI) corresponding to the centroid of the moving target object is then
identified. By calculating the convolution with Sobel operators of arbitrary order, the Sobel edge detection masks look
for edges in both the horizontal and vertical directions and then combines this information into a single metric as is known
in the art. More specifically, at each pixel both the Sobel X and Sobel Y operator is used to generate a gradient value
for that pixel. They are labeled gx and gy respectively. The edge magnitude is then calculated by equation (1):

EdgeMagnitude =\ gx* + gy’ (1)

[0046] The edge of the moving target object will have large edge magnitude values and these values are used to
define the edges of the target object. The centroid of the target object or area of motion is found by using the median
and sigma values of the areas of detected motion. The centroid, which is the point of interest or POI, is then found in
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both frames and its image position coordinates stored as (x(0), y(0), and x(1), y(1)) .

[0047] Three related coordinate systems may be used to describe the position of the PO, its real world coordinates
(X, Y, Z) corresponding to coordinate system 21 shown in Figure 1, its image projection coordinates (x, y) and its camera
coordinates ( a, B, k) which correspond to the camera pan angle, camera tilt angle and the linear distance to the POI.
The two positions of the POI captured by the two images allow for the determination of the 3-D position of the POI in
both frames as well as the relative velocity of the POI during the time interval between the two frames. A simplified
representation of the moving person or target objectin the form of the 2-D location in the image is used in this determination
process.

[0048] Tracking unit 50 does not require the two images which are used to determine the motion of the POI to be
taken with the camera having the same pan, tilt and focal length settings for each image. Instead, tracking unit 50 maps
or aligns one of the images with the other image and then determines the relative velocity and direction of movement
of the POI. Two alternative methods of determining the velocity and direction of the POI motion are described below.
The first method described below involves the use of a rotation matrix R while the second method uses a homography
matrix determined by matching and aligning common stationary features which are found in each of the two images
being analyzed.

Rotation Matrix Method

[0049] When camera 22 is pointing in a direction determined by pan and tilt angles o and (3 respectively, the rotation
matrix, R, determined by these angles is given by:

1 0 0 cosf 0 sinpg
R=|0 cosa -sina 0 1 0 |=
0 sina cosa |[-sinff O cospf
cos 0 sin § ry (2)
sinasinff cosa -sinacosf|=|r,
—cosasin 8 sina cosacos r)

[0050] For an arbitrary point having image projection coordinates (x, y), the relation between the world coordinates,
P,,, of an arbitrary point P and its camera coordinates, P, is given as:

P,=RP,

and the relation between the world coordinates and the image projection coordinates (x, y) is given by:

r, P

w

T
ry P,

y=f

+y,

wherein f is the focal length of the camera, (x, y) are the current image projection coordinates of the POI, and (xg, yo)
are the previous image projection coordinates of the POI.
[0051] Using the above equations:
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T
P
x(0) = r L» 4 x, => r] P(O)(x(0) — x,) = /1" P(0) (3a)
3 w .
rT
y(0) = :, 5 Yo => ry P(0)(y(0)—y,) = fr; P(0) (3b)
3 w

[0052] Assuming the target object to be a person of average height, the height can be considered a constant (i.e.,
Z(0) = Z = Constant) and equations (3a) and (3b) will represent a linear system with two unknowns (X(0), Y(0)) which
is easily solved. The position of the POI in the second image, (X(1), Y(1)), can be computed in a similar manner, and
the real world velocity of the target object in the x and y directions, X’ and Y’ respectively, can be found by:

X'=X(1)-X(0) (3c)

'=Y(1)-Y(0) (3d)

[0053] Although the values for X’ and Y’ obtained in accordance with equations (3c) and (3d) are literally distances,
the time interval between consecutive images grabbed by processor 60 will be substantially constant as discussed above
and, thus, the distance traveled by the target object during all such constant time intervals is directly proportional to the
velocity of the target object and may be used as a proxy for the average velocity of the target object during the time
interval between the acquisition of the two images. The sign of the velocity values is indicative of the direction of motion
of the POI. In alternative embodiments, the actual velocity may be calculated and/or images acquired at more varied
time intervals may be used. With this knowledge of the velocity and direction of motion of the POI, the pan and tilt velocity
of camera 22 can be controlled to keep the target object centered within the FOV of camera 22.

[0054] In one embodiment, camera control also includes adjusting the focal length based upon the calculated distance
between camera 22 and the centroid of the target object, i.e., the POI. The destination focal length is assumed to be
proportional to the distance between the POl and the camera, this distance, i.e., D(k), is found by the following equation:

D) =||P, ()| = X (k)? + Y (k)* + 2

wherein:
P.,(k) represents the three dimensional location of the point in the world coordinate system;
X(k) is the distance of the POI from the focal point of the camera in the X direction in the real world;
Y (k) is the distance of the POI from the focal point of the camera in the Y direction in the real world; and
Z is the current focal length of the camera, i.e., the distance between the camera and the focal plane defined by the
current zoom setting.

[0055] Itis desired to keep this distance expressed as focal length units by use of the following:

D(k) = f (k)

wherein:
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f(k) is the focal length of the camera at time step k; and
c is a constant.

[0056] The focal length at each time step is computed using

fuy=28

c

[0057] With the current image projection of the POI given by (x., y¢), then it holds

X Y X, x. -x, Y, y.—¥
x - c+x, c= __C_+ C:> C=c—=xc",._c_=_c___= n 4
. fz 0> Y ch y Z 7 Z 7 y (4)

c

wherein:

X Y;and Z. are the current real world coordinates of the POI; and
Xen @and y ., are the horizontal and vertical distances respectively of between the center of the image and the current
image coordinates of the POI.

[0058] To achieve the desired or destination position of camera 22, it may also be necessary to rotate the camera
about its pan and tilt axes. The rotation matrix given by equation 2 may be used to compute the desired position as follows:

T
r' P
xd=f 17‘ C+x0
ry F,
T
r, P
yd:f T C+y0
ry P,

wherein x4 and y, are the destination image coordinates of the POI.
or equivalently:

T
Xy =X _h P,

X, = =
& S/ "3TPc
(5)
y _Ya "o =rZTPc
“ f rBTPc

wherein x4, and y,, are the respective horizontal and vertical distances separating the two points (xq, yg) from (x4, yq).
[0059] Combining equation (4) with equation (5) provides:
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T
Pelx. v 2T =2 = 1) Z=ln v Wz-2.FL

[0060] After expansion, this equation may be written as:
x,_, cos f+sin f=x, (-x,, cosasin S+ y,, sina + cosa cos f)

X, sinasin f+y_ cosa—sinacos f =y, (-x, cosasin f+y, sina + cosa cos )

wherein x;, and y, are the camera coordinate equivalents of x4, and yq4,. The angles of rotation can then be found by
iteratively solving this equation. The angles determined by this process represent the movement of the target object
between the two consecutive images, |, and |,, previously analyzed. As discussed above, the time interval between two
such consecutive images is a substantially constant value and thus the angles determined by this process are target
values which are a function of the velocity of the target object in the time interval between the acquisition of the two
images. The determined angles are also a function of the original location of the target object relative to the camera, the
acceleration of the object and the previous orientation of the camera.

Homography Matrix Method

[0061] An alternative method of determining a target value which may be used in the control of camera 22 to track the
target object and which is representative of a property of the target object involves detecting corners in images |, and
I,. Corners are image points that have an intensity which significantly differs from neighboring points. Various methods
of identifying and matching such corners from two images are known in the art.

[0062] One such known corner detection method is the MIC (minimum intensity change) corner detection method.
The MIC corner detection method uses a corner response function (CRF) that gives a numerical value for the corner
strength at a given pixel location. The CRF is computed over the image and corners are detected as points where the
CRF achieves a local maximum. The CRF is computed using the following equation:

R = min (ra, rs)

wherein:

R is the CRF value;
ra is the horizontal intensity variation; and
rg is the vertical intensity variation.

[0063] The MIC method uses a three step process wherein the first step involves computing the CRF for each pixel
in a low resolution image. Pixels having a CRF above a first threshold T, are identified as potential corners. This initial
step will efficiently rule out a significant area of the image as non-corners because the low resolution of the image limits
the number of pixels which require the computation of the CRF. The second step involves computing the CRF for the
potential corner pixels using the full resolution image. If the resulting CRF is below a second threshold, T,, the pixel is
not a corner. For pixels which have a CRF which satisfies the second threshold, T,, another interpixel approximation
for determining an intensity variation for the pixel may also be computed and compared to a threshold value, e.g., T. If
the response is below the threshold value, the pixel is not a corner. The third step involves locating pixels having locally
maximal CRF values and labeling them corners. Nearby pixels having relatively high CFR values but which are not the
local maximal value will not be labeled corners. Lists, PCL1 and PCL2, of the detected corners for images | and I,
respectively are then compiled and compared. The corners in the two images are compared/matched using a similarity
measure such as a normalized cross-correlation (NCC) coefficient as is known in the art.
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[0064] When camera 22 is adjusted between the acquisition of the two images |, and |, it is necessary, to detect the
target object in the most recently acquired image, to align the images so that the background remains constant and that
only objects displaying motion relative to the background are detected. The adjustment of camera 22 may take the form
of panning movement, tilting movement or adjustment of the focal length of camera 22. Geometric transforms may be
used to modify the position of each pixel within the image. Another way to think of this is as the moving of all pixels from
one location to a new location based upon the camera motion. One such method for transforming a first image to align
it with a second image wherein the camera was adjusted between the acquisition of the two images is discussed by
Trajkovic in U.S. Pat. App. Pub. No. 2002/0167537 A1 entitled Motion-Based Tracking With Pan-Tilt-Zoom Camera
which is hereby incorporated herein by reference.

[0065] Alignment of consecutive images requires translation, scaling and rotation of one image to align it with the
previous image(s). Of these three operations translation is the simplest. Warping, a process in which each pixel is
subjected to a general user-specified transformation, may be necessary to reduce, expand, or modify an image to a
standard size before further processing can be performed. Images produced by such geometric operations are approx-
imations of the original. The mapping between the two images, the current /; and a reference /I, images is defined by:

p =sORQO™' p=Mp (6)

where p and p’ denote the homographic image coordinates of the same world point in the first and second images, s
denotes the scale image (which corresponds to the focal length of the camera), Q is the internal camera calibration
matrix, and R is the rotation matrix between the two camera locations.

[0066] Alternatively, the relationship between the image projection coordinates p and p’, i.e., pixel locations (x,y) and
(X', y'), of a stationary world point in two consecutive images may be written as:

Compx+mpy+myg,

x (7a)

My X+ My, Y + My,

My X+myy+my (7b)
myx+my)y+m;,

[0067] Where I-mu _an is the homography matrix M that maps (aligns) the first image to the second image.

[0068] The main problem of image alignment, therefore, is to determine the matrix M . From equation (6), it is clear
that given s, Q and R it is theoretically straightforward to determine matrix M . In practice, however, the exact values of
s, Q, and Rare generally notknown. Equation (6) assumes that the camera center and the center of rotation are identical,
which is typically only approximately true. Additionally, in order to retrieve precise values of camera settings, i.e., pan
and tilt values for determining R and zoom values for determining s, the camera must stop which will create unnatural
motion and, depending on the system retrieving the camera settings, may take a considerable length of time.

[0069] The exemplary embodiment of the present invention computes the alignment matrix M directly from the images
using equations (7a) and (7b) to avoid the necessity of acquiring information on the camera position and calibration.
The point matches between the two images is performed by first taking a QCIF sub-sample of the two images /; and /,
to obtain:

1,1}

[0070] Itis also possible to take a further QCIF sub-sample of the sub-sampled images to provide the following set of
lower resolution images:

12
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LI 5,1,

[0071] The corners are then found in the low resolution images using the MIC corner detector described above. The
homography matrix is then computed based upon a plurality of corresponding coordinates (x,y) and (x’, y’) in the low
resolution image. Corner matching is then performed on the higher resolution image by finding the best corners around
positions predicted by the homography matrix calculated using the low resolution images. A robust method such as the
RANSAC algorithm which is known in the art may be used with the higher resolution images to identify "outlier" corner
points which likely correspond to moving objects within the image. The "outlier" corner points identified by the RANSAC
algorithm are not used in the calculation of the homography matrix using the higher resolution images to avoid the bias
which would be introduced by using moving points in the calculation of the homography matrix. After removing the
"outlier" corners using the RANSAC algorithm, the higher resolution images are used to the calculate the homography
matrix M.

[0072] The translation, rotation, and scaling of one image to align it with the second image can then be performed. A
translation is a pixel motion in the x or y direction by some number of pixels. Positive translations are in the direction of
increasing row or column index: negative ones are the opposite. A translation in the positive direction adds rows or
columns to the top or left to the image until the required increase has been achieved. Image rotation is performed relative
to an origin, defined to be at the center of the motion and specified as an angle. Scaling an image means making it
bigger or smaller by a specified factor. The following approximation of equations (7a) and (7b) are used to represent
such translation, rotation and scaling:

- x =s(xcosa - ysina) +1,

y =s(ysina +xcosa) +1,

wherein

s is the scaling (zooming) factor.

o is the angle of rotation about the origin;

t, is the translation in the x direction; and

t, is the translation in the y direction.

[0073] By introducing new independent variables a; = s cos a and a2 = s sin o, equation (8) becomes:

y =a2x+a,y+ty

[0074] After determining ay, a, t, and t,, the two images, |; and I,, can be aligned and the determination of the velocity
and direction of the target object motion can be completed.

[0075] To create smooth camera motion camera 22 is controlled in a manner which allows camera 22 to be constantly
in motion. If the POl is to the left of the center of the field of view processor 60 communicates a command to camera
22 which instructs camera 22 to pan left at a particular panning velocity or rate of adjustment. The panning velocity is
determined by the distance the POl is from the center of the image. There is a linear relationship between the selected
panning velocity and the distance between the center of the most recently acquired image and the POI in the horizontal
or x direction. Similarly, the tilting rate and direction of camera 22 is determined by the vertical distance, i.e., in the y
direction, between the POI and the center of the most recently acquired image. Proportionality factors are also applied
to account for distance of the target object from the camera.

[0076] The distance of the target object from the camera also influences the desired panning velocity. For a target
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object moving at a given speed in the x direction, the panning angle will have to be adjusted at a slower rate to track the
object the more distant the object is from the camera. The distance of the target object from the camera also impacts
the desired value of the camera tilt and focal length. Assuming a common height for all target objects and that the target
object are moving on a planar surface which is parallel to the panning plane, the tilt angle which places the target object
in the center of the image will be determined by the distance of that object from the camera, similarly, to maintain the
target object at a given image height and assuming all target objects are the same height, the desired focal length of
the camera will be determined by the distance of the target object from the camera.

[0077] In the exemplary embodiment, the panning and tilting velocity of camera 22 are determined by the following
equations:

Xvel = (Xaeita / Xnigh ) * sin(tilt angle)

Yveir = (Yaelta / Ynign ) * sin(tilt angle)

wherein:

Xye is the velocity or rate at which the panning angle is adjusted;

Y.,e is the velocity or rate at which the tilting angle is adjusted,;

Xgelta IS the distance between the POl and the center of the image in the x direction;

Y4elta 1S the distance between the POI and the center of the image in the y direction;

Xhigh @nd Yhign are normalization factors; and sin (tilt angle) is the sine of the camera tilt angle (measured with
reference to a horizontal plane) and provides a proportionality factor which is used to account for the target object
distance from the camera. The resulting values X, and Y, are computed using the distance of the POI from the
center of the image and the distance of the target object from the camera and, as described above, the distance of
the POI from the center of the image is related to the movement of the target object over a constant time value, thus
values X, and Y, are a function of several properties of the target object, its position relative to the camera in the
real world and the position of the target object centroid within the FOV which is a function of the velocity and
acceleration of the target object and thus, values X, and Y, are also functions of the velocity and acceleration of
the target object.

[0078] A proportionality factor which is a function of the distance of the target object from the camera is used to adjust
the selected panning and tilting adjustment rates because this distance impacts the effects of the panning and tilting
adjustment of the camera. With regard to the panning motion of the camera, for example, when the target object is
distant from the camera only minimal panning movement will be required to track movement of the target object in the
x direction and maintain the target in the center of the image. If the target object is closer to the camera, the camera will
be required to pan more quickly to track the target object if it were to move at the same speed in the x direction. Similarly,
a higher rate of tilting is required to track targets which are closer to the camera than those which are more distant when
such targets are moving at the same speed.

[0079] Additionally, the focal length adjustment rate and direction, i.e., how quickly to zoom camera 22 and whether
to zoom in or out, is determined using the distance of the target object from the camera. The process described above
for aligning two images having different scales, i.e., acquired at different focal lengths, allows for system 20 to utilize
dynamic zooming, i.e., adjusting the focal length of camera 22 during the tracking of the target object instead of requiring
the camera to maintain a constant zoom or focal length value during tracking or for acquiring compared images. In the
exemplary embodiment, the largest detected moving object is selected as the target object provided that the size of the
target object is larger than a predetermined threshold value, e.g., 10% of the field of view. Once tracking of the target
object begins, the focal length of camera 22 is adjusted in a manner which attempts to maintain the target object between
10%-70% of the FOV. Tracking of the target may stop if the size of the object falls outside of this range. The focal length
of camera 22 is adjusted to account for the distance of the target object from the camera with the goal of keeping the
target object size relatively constant, e.g., 20% of the FOV, and which facilitates the observation of the target object.
[0080] More specifically, the desired focal length is determined by first estimating the target distance between the
target object and the camera as follows:
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Target Distance = Camera Height / Sin (tilt angle)

wherein the tilt angle is determined with reference to a horizontal plane. Camera 22 is mounted at a known height and
this height is input into tracking unit 50 during installation of system 20. Next, the resolution-limited FOV width (R-L FOV
width) is calculated:

R-L FOV width = Number of effective pixels /
Number of lines of resolution required to

identify an intruder

wherein:

Number of effective pixels is 768(H) for NTSC video images and 752(H) for PAL video images; and
Number of lines of resolution to identify an intruder is in lines of resolution per foot, in the exemplary embodiment,
e.g., 16 lines per foot.

Then a desired focal length is calculated which will provide a sufficient number of lines of resolution to continue tracking
of the target object is calculated:

Desired Focal Length = Format * Target Distance
(ft) / R-L FOV width

wherein:

Format is the horizontal width in mm of the CCD (charge-coupled device) used by the camera, e.g., 3.6 mm for
camera 22. In the illustrated embodiment, camera 22 is instructed to adjust its focal length setting by changing the
focal length to the desired focal length value. The focal length adjustment of camera 22 is thus a point-to-point
adjustment of the focal length. It would be possible in an alternative embodiment, however, for camera 22 to be
commanded to move at a selected adjustment rate which is selected based upon the difference between the current
focal length and the desired focal length similar to the manner in which the pan and tilt adjustments are made rather
than to simply move to a given zoom setting.. Camera 22 would then continue to the adjust the focal length at the
specified rate (and inthe chosendirection, i.e., increasing or decreasing the focal length of the camera) until processor
60 communicated a second command altering the rate or direction of focal length adjustment. Such a second
command could be to change the rate of change to 0 which would correspond to a constant focal length value.

[0081] In summary, the video content analysis algorithm performs the following functions:

- Tracker Initialization: The tracker is initialized to position the camera and wait for a moving target object to enter the
camera FOV.

- Background Subtraction: Images are compared to subtract the background and detect moving target objects.

- Corner Detection and Matching: Corner features in the background are identified and matched to estimate changes
in camera position between acquisition of the images.

- Warping: Images are geometrically distorted to align images taken with differing fields of view and detect the moving
target object in such images.

- Region Location and Extraction: Locating the target object in each new frame involves locating and extracting the
image region corresponding to the target object.

- Point of Interest (POI) Computation: A simplified representation of the target object and its centroid is located within
the two dimensional framework of the image.

- Calculate adjustment rates for PTZ camera: Determine pan, tilt and focal length adjustment rates for camera and
communicate commands to the camera.
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[0082] Figure 3 provides a flow chart which graphically illustrates the general logic of the video content analysis
algorithm used by system 20 as described above and which uses the homography matrix approach instead of the rotation
matrix approach to identify and track the target object. As shown in Figure 3, after turning tracking unit 50 on, it is
initialized at step 80 by loading a bootloader program from EEPROM 62 and copying the application code from flash
memory 64 to SDRAM 66 for execution. Block 82 represents the remaining memory of SDRAM 66 which is available
as a ring buffer for storage of video image frames for processing by processor 60. At decision block 84 processor 60
determines if the first flag is true. The first flag is true only when no images from camera 22 have been loaded to SDRAM
66 for analysis by processor 60. Thus, when tracking unit 50 is turned on, the first time decision block 84 is encountered,
the first flag will be true and processor 60 will proceed to block 86. Block 86 represents the grabbing of two images by
processor 60. Processor 60 then proceeds to block 88 where the current tilt value of camera 22 for each of the two
images are obtained from the integral controller of camera 22 for later use to calculate the destination focal length.
[0083] Next, block 90 represents the taking of subsamples of the two most recently grabbed images. At block 92, the
image difference of the two subsampled images is calculated to determine if any moving objects are present in the
images. (If a moving object is found then the intruder tracking functionality of unit 50 is engaged, i.e., ITE Triggering.) If
amoving object is present in the images, the centroid of the moving target object is located at block 94. A corner detection
method is then used to detect corner features in the subsampled images and generate lists of such corners at block 96.
Next, at block 98, the data for images |, and |, are swapped. The swapping of image data is done so that when a new
image is grabbed and placed in the buffer after completing the calculations called for in steps 100-104 the new image
and data associated therewith will overwrite the image and data associated with the older of the two images already
present in the buffer. At block 100 the POl is calculated using the highest resolution images if the POl was determined
using subsample images at block 94. The destination or desired focal length is then calculated at block 102. The pan
and tilt velocity, X, and Y, are calculated at block 104. Next, at block 106, processor 60 communicates a command
to camera 22 to adjust the focal length to the desired focal length; to pan at an adjustment rate and direction corresponding
to the magnitude and sign of X,;; and to tilt at an adjustment rate and direction corresponding to the magnitude and
sign of Y.

[0084] The process then returns to block 84 where the first flag will no longer be true and the process will proceed to
block 108 where a single new image will be grabbed and overwrite image |, in the buffer. The tilt value of camera 22 for
new image |, is then obtained at block 110 from the integral controller of camera 22 for later calculation of the desired
focal length. The new image is then subsampled at block 112 and corners are detected and a list of such corners created
for the subsampled images at block 114. The warping and alignment process described above is then performed at
block 116 to align images I, and |,. At block 118, the image difference of the two aligned images is then calculated to
determine if a moving object is included in the images. If a moving target object is present in the images, the centroid
of the target object is determined at block 120. At block 122 images |, and |, and the data associated therewith are
swapped as described above with respect to block 98. At block 124 the size of the detected target object, i.e., the
Blob_Size, is compared to a threshold value and, if the target object is not large enough, or if no target object has been
found in the images, the process returns to block 84. If the target object is larger than the threshold size, the process
continues on to block 100 through 106 where the adjustment parameters of camera 22 are determined and then com-
municated to camera 22 as described above.

[0085] In the illustrated embodiment, camera 22 may pan and tilt at different specified velocities, i.e., at selectively
variable adjustment rates, and when processor 60 communicates a command to camera 22, processor 60 instructs
camera 22 to pan in a selected direction and at a selected rate, to tilt in a selected direction and at a selected rate, and
to change the focal length to a desired focal length. After receiving this first command, camera 22 will adjust by moving
to the specified focal length and panning and tilting in the specified directions and at the specified rates until camera 22
receives a second command instructing it to pan in a new selected direction and at a new selected rate, to tilt in a new
selected direction and at a new selected rate, and to change the focal length to a new desired focal length. The panning
and tilting of camera 22 may also cease prior to receiving the second command if camera 22 has a limited panning or
tilting range and reaches the limit of its panning or tilting range. By instructing camera 22 to pan and tilt in selected
directions and at selected rates instead of instructing camera 22 to move to new pan and tilt orientations and then stop,
camera 22 may be continuously adjusted during the tracking of the target object without stationary intervals separating
the receipt and execution of the adjustment commands and thereby provide a stream of video images with relatively
smooth transitional movements.

[0086] Thus, during operation of system 20, processor 60 may consecutively analyze a series of images which may
all record different FOVs. As processor 60 analyzes images and repeatedly adjusts camera 22 to track the target object,
the series of images may include three images consecutively analyzed by processor 60, i.e., first, second and third
images, wherein each image records a different FOV. Processor 60 will have communicated a previous command to
camera 22 based upon earlierimages and camera 22 will be adjusted in accordance with this first command as it analyzes
the first and second images, the analysis of the first and second images will result in a second command to camera 22
and camera 22 will be adjusted in accordance with this second command as it analyzes the second and third images
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to formulate the next adjustment command for camera 22. As described above, camera 22 will continue to pan and tilt
in accordance with the first command until receipt of the second command. In this manner, camera 22 may be continuously
adjusted as it acquires a series of images having different fields of views without requiring stationary intervals for the
acquisition of images having common FOVs or separating the execution of adjustment commands.

[0087] The video content analysis algorithm described above assumes that camera 22 is mounted at a known height
and works best when the surveillance area and target objects conform to several characteristics. For best results, the
target should be 30% to 70% of the image height, have a height to width ratio of no more than 5:1 and move less than
25% of the image width between processed frames at a constant velocity. System 20 tracks only one moving target at
a time. If multiple targets are within the FOV, system 20 will select the largest target if it is 20% larger than next largest
target. If the largest target is not at least 20% larger than next largest target, system 20 may change targets randomly.
Alternative target object identification methods may also be used to distinguish between moving objects, such as those
analyzing the color histogram of the target object. It is best if the area of interest is within 1 standard deviation of the
mean intensity of the surrounding environment. Best results are also obtained when the plane of the target motion is
parallel to the panning plane. System 20 uses background features to detect "corners" and register subsequent images,
therefore it may fail in excessively featureless environments or if targets occupy a majority of the FOV and obscure such
corner features. Divergence from these assumptions and characteristics is not necessarily fatal to the operation of system
20 and may merely degrade performance of system 20. These assumptions concerning the illustrated embodiment
cover a large subset of video surveillance applications related to restricted areas where people are not supposed to be
present. It is also possible for those having ordinary skill in the art to adapt illustrated system 20 to cover additional
situations which are not necessarily limited to these assumptions and characteristics.

[0088] As shown in Figure 4, tracking unit 50 has three main states: 1) Tracker OFF, 2) Looking for Target and 3)
Tracking Target. Tracking unit 50 is turned on and off by a human operator inputting commands through an input device
such as keyboard 34 or joystick 36. The on/off commands are routed through bi-phase cable 46 to camera 22 and RS-
232 line to tracking unit 50. Tracking unit 50 communicates its current status with LED indicators 70, 72 and relay 74.
For example, LED 70 emits light when unit 50 is on and flashes when unit 50 is tracking a target object. When unit 50
is tracking a target object, relay 74 communicates this information to head end unit 34 via relay line 49. LED 72 emits
light when unit 50 is turned on but has experienced an error such as the loss of the video signal.

[0089] In the exemplary embodiment, if tracking unit 50 is on, either looking for a target or tracking a target, and a
higher priority activity is initiated, tracking unit 50 will turn off or become inactive and after the higher priority activity has
ceased and a dwell time has elapsed, i.e., the higher priority activity has timed out, tracking unit 50 will turn back on and
begin looking for a target.

ACTIVITY (PRIORITY RANKING) | TRACKING UNIT ACTION

Joy Stick Movement (1) Tracker changes to OFF status

Camera Initiated Movement (2) Tracker changes to OFF status

Timing Out of Camera Initiated Movement | (3) Tracker changes to Looking for Target status
Timing Out of Joystick Movement (3) Tracker changes to Looking for Target status
On Command from Head End Unit (4) Tracker changes to Looking for Target status
Off Command from Head End Unit (4) Tracker changes to OFF status

[0090] In alternative embodiments, the tracking unit may give up control of camera 22 during human operator and/or
camera initiated movement of camera and continue to analyze the images acquired by camera 22 to detect target objects.
The continued detection of target objects while the camera is under the control of an operator or separate controller is
possible because the tracking unit 50 does not require the images used to detect the target object to be acquired while
the camera is stationary or for the images to each have the same field of view.

[0091] Once tracking unit 50 has detected a target object, it will continuously track the target object until it can no
longer locate the target object, for example, the target object may leave the area which is viewable by camera 22 or
may be temporarily obscured by other objects in the FOV. When unit 50 first loses the target object it will enter into a
reacquisition subroutine. If the target object is reacquired, tracking unit will continue tracking the target object, if the
target has not been found before the completion of the reacquisition subroutine, tracking unit 50 will change its status
to Looking for Target and control of the camera position will be returned to either the camera controller or the human
operator. The reacquisition subroutine is graphically illustrated by the flow chart of Figure 5. In the reacquire mode,
tracking unit 50 first keeps the camera at the last position in which the target was tracked for approximately 10 seconds.
If the target is not reacquired, the camera is zoomed out in discrete increments wherein the maximum zoom in capability
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of the camera corresponds to 100% and no zoom (i.e., no magnifying effect) corresponds to 0%. More specifically, the
camera is zoomed out to the next lowest increment of 20% and looks for the target for approximately 10 seconds in this
new FOV. The camera continues to zoom out in 20% increments at 10 second intervals until the target is reacquired or
the camera reaches its minimum zoom (0%) setting. After 10 seconds at the minimum zoom setting, if the target has
not been reacquired, the status of tracking unit 50 is changed to "Looking for Target", the position of camera 22 returns
to a predefine position or "tour" and the positional control of the camera is returned to the operator or the controller
embedded within camera 22.

[0092] As described above, system 20 uses a general purpose video processing platform that obtains video and
camera control information from a standard PTZ camera. This configuration and use of a standard PTZ camera also
allows for the retrofitting and upgrading of existing installations having installed PTZ cameras by the installing tracking
units 50 and coupling tracking units 50 with the existing PTZ cameras. A system which could be upgraded by the addition
of one or more tracking units 50 is discussed by Sergeant et al. in U.S. Pat. No. 5,517,236 which is hereby incorporated
herein by reference. By providing tracking units 50 with a sheet metal housing their mounting on or near a PTZ camera
to provide for PTZ control using image processing of the source video is facilitated. System 20 thereby provides a stand
alone embedded platform which does not require a personal computer-based tracking system.

[0093] The present invention can be used in many environments where it is desirable to have video surveillance
capabilities. For example, system 20 may be used to monitor manufacturing and warehouse facilities and track individuals
who enter restricted areas. Head end unit 32 with display 38 and input devices 34 and 36 may be positioned at a location
remote from the area being surveyed by camera 22 such as a guard room at another location in the building. Although
system 20 includes a method for automatically detecting a target object, the manual selection of a target object by a
human operator, such as by the operation of joystick 36, could also be employed with the present invention. After manual
selection of the target object, system 20 would track the target object as described above for target objects identified
automatically.

[0094] Generally, the video tracking system may further comprise a video camera having a field of view, said camera
being selectively adjustable wherein adjustment of said camera varies the field of view of said camera; and at least one
processor operably coupled to said camera wherein said processor receives video images acquired by said camera and
selectively adjusts said camera; said processor programmed to detect a moving target object in said video images and
estimate a target value, said target value being a function of a property of said target object, said processor adjusting
said camera at a selected adjustment rate, said selected adjustment rate being a function of said target value.

[0095] Said camera may be selectively adjustable at a variable rate in adjusting at least one of a panning orientation
of said camera and a tilt orientation of said camera. Selective adjustment of said camera may include selective panning
movement of said camera, said panning movement defining an x-axis, selective tilting movement of said camera, said
tilting movement defining a y-axis, and selective focal length adjustment of said camera, adjustment of the focal length
defining a z-axis, said X, y and z axes oriented mutually perpendicular.

[0096] Said processor may adjust said camera at a selected panning rate, said selected panning rate being a function
of the velocity of said target object along said x-axis and said processor adjusts said camera at a selected tilting rate,
said selected tilting rate being a function of the velocity of said target object along said y-axis. Said processor may be
programmed to estimate said target value based upon a first image and a second image wherein said first image is
acquired by said camera adjusted to define a first field of view and said second image is acquired by said camera
adjusted to define a second field of view.

[0097] Said first and second fields of view may be partially overlapping wherein determination of said selected adjust-
ment rate by said processor includes identifying and aligning at least one common feature represented in each of said
first and second images. Said camera may be adjusted at a first selected adjustment rate until said processor selects
a second adjustment rate and communicates said second adjustment rate to said camera. Said camera may define a
third field of view as said camera is adjusted at said selected adjustment rate and wherein a third image is acquired by
said camera when defining said third field of view, said first, second and third images being consecutively analyzed by
said processor.

[0098] Said camera may have a selectively adjustable focal length and said processor selects the focal length of said
camera as a function of the distance of the target object from said camera. The tracking system may further comprise
a display device and an input device operably coupled to said system wherein an operator may view said video images
on said display device and input commands or data into said system through said input device, said display device and
input device being positionable remote from said camera. Said camera may be selectively adjustable at a variable rate
in adjusting at least one of a panning orientation of said camera and a tilt orientation of said camera.

[0099] Said processor may adjust said camera at a selectively variable panning rate and at a selectively variable tilting
rate. Said camera may acquire images for analysis by said processor while being adjusted.

[0100] Said camera may be selectively adjustable at a variable rate in adjusting at least one of a panning orientation
of said camera and a tilt orientation of said camera. Said first command may adjust said camera at a selected rate and
direction until said second command is received by said camera.
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[0101] A method of tracking a target object with a video camera may comprise providing a video camera having a field
of view, said camera being selectively adjustable wherein adjustment of said camera varies the field of view of said
camera; and adjusting said camera at a selectively variable adjustment rate to track a target object. Said camera may
be adjusted at an adjustment rate which is selected as a function of at least one property of the target object. At least
one property of the target object may include a velocity of the target object. Said adjustment rate may be selected based
upon analysis of a firstimage and a second image wherein said first image is acquired by said camera adjusted to define
a first field of view and said second image is acquired by said camera adjusted to define a second field of view.

[0102] Said first and second fields of view are partially overlapping and wherein determination of said adjustment rate
includes identifying and aligning at least one common feature represented in each of said first and second images.
Determination of said adjustment rate may include the use of a proportionality factor which is a function of the real world
distance between the target object and said camera. Said camera may be adjusted at a first selected adjustment rate
until said processor selects a second adjustment rate and communicates said second adjustment rate to said camera.
[0103] Adjusting said camera at a selectively variable adjustment rate may comprise adjusting at least one of a panning
orientation of said camera and a tilt orientation of said camera. Said camera may be selectively adjustable at a variable
rate in adjusting each of a panning orientation of said camera and a tilt orientation of said camera. Said camera may be
selectively adjustable at a variable rate in adjusting each of a panning orientation of said camera and a tilt orientation
of said camera, and wherein each of said variable adjustment rates are selected as a function of the velocity of the target
object.

[0104] A method of tracking a target object with a video camera may further comprise: providing a video camera having
a field of view, said camera being selectively adjustable wherein adjustment of said camera varies the field of view of
said camera; detecting a target object in images acquired by said camera; estimating a target value which is a function
of at least one property of the target object; and adjusting said camera at a selectively variable rate wherein said
adjustment rate of said camera rate is selected as a function of said target value.

[0105] At least one property of the target object may include a velocity of the target object. Adjusting said camera at
a selectively variable adjustment rate may include selecting said adjustment rate based upon analysis of a first image
and a second image wherein said first image is acquired by said camera adjusted to define a first field of view and said
second image is acquired by said camera adjusted to define a second field of view.

[0106] Said first and second fields of view may be partially overlapping and wherein determination of said adjustment
rate includes identifying and aligning at least one common feature represented in each of said first and second images.
The camera may have a selectively adjustable focal length and the method further comprises adjusting the focal of said
camera as a function of the distance of the target object from the camera. Adjusting the camera further may comprise
adjusting the camera at a first selected adjustment rate until a second selected adjustment rate is communicated to the
camera. Adjusting said camera at a selectively variable adjustment rate may comprise adjusting at least one of a panning
orientation of said camera and a tilt orientation of said camera. Adjusting said camera at a selectively variable adjustment
rate may include selectively adjusting at a variable rate each of a panning orientation of said camera and a tilt orientation
of said camera.

[0107] The step of adjusting said camera may include selecting a first adjustment rate and direction for adjusting the
camera and continuing to adjust the camera at the first adjustment rate and direction until a second adjustment rate and
direction are selected.

[0108] A method of tracking a target object with a video camera, may comprise: providing a video camera having a
field of view, said camera being selectively adjustable wherein adjustment of said camera varies the field of view of said
camera; and adjusting said camera to track a target object wherein said adjustment of said camera includes selectively
and variably adjusting at least one adjustment parameter and wherein said camera is continuously adjustable during
said selective and variable adjustment of said at least one adjustment parameter. Selectively and variably adjusting said
at least one adjustment parameter of said camera may include the adjustment of at least one of a panning orientation
of said camera and a tilt orientation of said camera. Selectively and variably adjusting said at least one adjustment
parameter of said camera may include adjusting said camera at a selectively variable rate in the adjustment of at least
one of a panning orientation of said camera and a tilt orientation of said camera. Selectively and variably adjusting said
at least one adjustment parameter of said camera may include adjusting said camera at a selectively variable rate in
the adjustment of each of a panning orientation of said camera and a tilt orientation of said camera. Selective and variable
adjustment of said at least one adjustment parameter may include varying one of a direction of adjustment and a rate
of adjustment. At least one of the adjustment parameters may be adjusted at a variable adjustment rate selected as a
function of the velocity of the target object.

[0109] A method of tracking a target object with a video camera, said method may comprise: providing a video camera
having a field of view, said camera being selectively adjustable wherein adjustment of said camera varies the field of
view of said camera; detecting a target object in images acquired by said camera; acquiring first, second and third
images, each of said first, second and third images recording a different field of view; communicating a first command
to said camera selectively adjusting said camera; communicating a second command to said camera selectively adjusting
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said camera; and continuously adjusting said camera between acquisition of said firstimage and acquisition of said third
image wherein said camera is adjusted in accordance with said first command during at least a portion of a first time
interval between acquisition of said first image and acquisition of said second image and said camera is adjusted in
accordance with said second command during at least a portion of a second time interval between acquisition of said
second image and acquisition of said third image. Said first and second commands selectively may adjust at least one
of a panning orientation of said camera, a tilt orientation of said camera, and a focal length of said camera. Said first
and second commands may selectively adjust said camera at a selectively variable adjustment rate in the adjustment
of at least one of a panning orientation of said camera and a tilt orientation of said camera. Said first and second
commands may select a variable adjustment rate for each of a panning orientation of said camera and a tilt orientation
of said camera. At least one of the variable adjustment rates may be selected as a function of the velocity of the target
object.

[0110] A video tracking system may comprise: a video camera having a selectively adjustable focal length; and at
least one processor operably coupled to said camera wherein said processor receives video images acquired by said
camera and selectively adjusts the focal length of said camera; said processor programmed to detect a moving target
object in said video images and adjust the focal length of said camera as a function of the distance of the target object
from the camera. Said camera may have a selectively adjustable panning orientation and a selectively adjustable tilting
orientation; said processor adjusting said panning orientation and said tilting orientation to maintain the target object
centered in the video images and wherein said processor selectively adjusts the focal length of said camera as a function
of the tilt angle.

[0111] A method of automatically tracking a target object with a video camera may comprise: providing a video camera
having a selectively adjustable focal length; and adjusting the focal length of the camera as a function of the distance
of the target object from the camera. The camera may have a selectively adjustable panning orientation and a selectively
adjustable tilting orientation and said method further includes adjusting the panning and tilting orientation of the camera
to track the target object and selectively adjusting the focal length of the camera as a function of the tilt angle of camera.

Claims
1. A video tracking system (20) comprising:

a video camera (22) having a field of view, said camera (22) being selectively adjustable wherein adjustment
of said camera (22) varies the field of view of said camera (22); and

at least one processor (60) operably coupled to said camera (22) wherein after an initial tracking analysis cycle,
said processor (60) receives subsequent video images acquired by said camera (22), characterized in that
the processor selectively calculates an adjustment rate of said camera (22) and adjusts said camera (22) in
accordance with the calculated adjustmentrate during an entire time interval between receipt of each subsequent
video image; said processor (60) programmed to detect a moving target object in said video images and adjust
said camera (22) to track said target object between receipt of each subsequent video image, said processor
(60) adjusting said camera (22) at a plurality of varied adjustment rates, during tracking of the target object said
processor (60) analyzes first, second, and third video images acquired by said camera (22) and communicates
a plurality of commands to said camera (22), said commands including a first command to adjust said camera
(22) at a first selected adjustment rate based on a comparison of said first and second video images and a
second command to adjust said camera (22) at a second selected adjustment rate based on a comparison of
said second and third video images, said camera being continuously adjusted at the first selected adjustment
rate until the second command is received by said camera (22) for adjusting said camera (22) at the second
selected adjustment rate.

2. The video tracking system (20) of claim 1, characterized in that said processor (60) selects the adjustment rate of
said camera (22) as a function of at least one property of the target object.

3. Thevideo tracking system (20) of claim 2, characterized in that the at least one property of the target object includes
a velocity of the target object.

4. The video tracking system (20) of any of claims 1 to 3, characterized in that said first image is acquired by said
camera (22) adjusted to define a first field of view and said second image is acquired by said camera (22) adjusted

to define a second field of view.

5. The video tracking system (20) of claim 4, characterized in that said first and second fields of view are partially
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overlapping and wherein determination of said first selected adjustment rate by said processor (60) includes iden-
tifying and aligning at least one common feature represented in each of said first and second images.

The video tracking system (20) of any of claims 1 to 5, characterized in that said camera (22) has a selectively
adjustable focal length and said processor (60) selects the focal length of said camera (22) as a function of the
distance of the target object from said camera (22).

The video tracking system (20) of claim 4, characterized in that said camera (22) defines a third field of view as
said camera (22) is being adjusted at said first selected adjustment rate and wherein said third image is acquired
by said camera (22) when defining said third field of view, said first, second and third images being consecutively
analyzed by said processor (60).

The video tracking system (20) of any of claims 1 to 7, characterized in that said camera (22) is selectively adjustable
at a variable rate in adjusting at least one of a panning orientation of said camera (22) and a tilt orientation of said
camera (22).

The video tracking system (20) of any of claims 1 to 7, characterized in that selective adjustment of said camera
(22) includes selective panning movement of said camera (22), said panning movement defining an x-axis, selective
tilting movement of said camera (22), said tilting movement defining a y-axis, and selective focal length adjustment
of said camera (22), adjustment of the focal length defining a z-axis, said x, y and z axes oriented mutually perpen-
dicular.

The video tracking system (20) of claim 9, characterized in that said processor (60) adjusts said camera (22) at a
selected panning rate, said selected panning rate being a function of the velocity of said target object along said x-
axis and said processor (60) adjusts said camera (22) at a selected tilting rate, said selected tilting rate being a
function of the velocity of said target object along said y-axis.

The video tracking system (20) of claim 1, characterized in that it further comprises a display device (38) and an
input device (34, 36) operably coupled to said system (20) wherein an operator may view said video images on said
display device (38) and input commands or data into said system (20) through said input device (34, 36), said display
device (38) and input device (34, 36) being positionable remote from said camera (22).

The video tracking system (20) of any of claims 1 to 11, characterized in that said camera (22) being continuously
and variably adjusted in accordance with said first and second commands without an intervening stationary interval.

The video tracking system (20) of claim 12, characterized in that said camera (22) is adjusted at the second
selected adjustment rate when the second command is received by said camera (22).

The video tracking system (20) of any of claims 12 and 13, characterized in that continuous and variable adjustment
of said camera (22) includes varying at least one of a direction of adjustment and a rate of adjustment.

The video tracking system (20) of any of claims 1 to 14, characterized in that said processor (60) consecutively
analyzes said first, second and third images acquired by said camera (22), each of said images recording a different
field of view, wherein said camera (22) is continuously adjusted between acquisition of said first image and said
third image.

Patentanspriiche

1.

Videoverfolgungssystem (20), das umfasst:

eine Videokamera (22) mit einem Sichtfeld, wobei die Kamera (22) wahlweise einstellbar ist, wobei das Einstellen
der Kamera (22) das Sichtfeld der Kamera (22) variiert; und

mindestens einen Prozessor (60), der betriebstechnisch an die Kamera (22) gekoppelt ist, wobei nach einem
anfanglichen Verfolgungsanalysezyklus der Prozessor (60) von der Kamera (22) erfasste folgende Videobilder
empféangt, dadurch gekennzeichnet, dass der Prozessor wahlweise eine Einstellrate der Kamera (22) be-
rechnet und die Kamera (22) in Ubereinstimmung mit der berechneten Einstellrate wéhrend eines gesamten
Zeitintervalls zwischen dem Empfang von jedem folgenden Videobild einstellt; der Prozessor (60) programmiert
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ist, ein sich bewegendes Zielobjekt in den Videobildern zu detektieren und die Kamera (22) einzustellen, um
das Zielobjekt zwischen dem Empfang von jedem folgenden Videobild zu verfolgen, der Prozessor (60) die
Kamera (22) auf mehrere variierte Einstellraten einstellt und der Prozessor (60) ein erstes, ein zweites und ein
drittes durch die Kamera (22) erfasstes Videobild wahrend der Verfolgung des Zielobjekts analysiert und der
Kamera (22) mehrere Befehle tGbermittelt, wobei die Befehle einen ersten Befehl, um die Kamera (22) auf eine
erste ausgewahlte Einstellrate aufgrund eines Vergleichs des ersten und des zweiten Videobilds einzustellen,
und einen zweiten Befehl, um die Kamera (22) auf eine zweite ausgewabhlte Einstellrate aufgrund eines Ver-
gleichs des zweiten und des dritten Videobildes einzustellen, enthalten, wobei die Kamera fortlaufend auf die
erste ausgewahlte Einstellrate eingestellt wird, bis der zweite Befehl durch die Kamera (22) empfangen wird,
um die Kamera (22) auf die zweite ausgewahlte Einstellrate einzustellen.

Videoverfolgungssystem (20) nach Anspruch 1, dadurch gekennzeichnet, dass der Prozessor (60) die Einstellrate
der Kamera (22) als eine Funktion mindestens einer Eigenschaft des Zielobjektes auswahlt.

Videoverfolgungssystem (20) nach Anspruch 2, dadurch gekennzeichnet, dass die mindestens eine Eigenschaft
des Zielobjektes eine Geschwindigkeit des Zielobjektes enthalt.

Videoverfolgungssystem (20) nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass das erste Bild
durch die Kamera (22) erfasst wird, die eingestellt ist, um ein erstes Sichtfeld zu definieren, und das zweite Bild
durch die Kamera (22) erfasst wird, die eingestellt ist, um ein zweites Sichtfeld zu definieren.

Videoverfolgungssystem (20) nach Anspruch 4, dadurch gekennzeichnet, dass sich das erste und das zweite
Sichtfeld teilweise Uberdecken und wobei die Bestimmung der ersten ausgewahlten Einstellrate durch den Prozessor
(60) enthalt, mindestens eine gemeinsame Eigenschaft, die in jedem des ersten und des zweiten Bildes wiederge-
geben wird, zu identifizieren und auszurichten.

Videoverfolgungssystem (20) nach einem der Anspriche 1 bis 5, dadurch gekennzeichnet, dass die Kamera (22)
eine wahlweise einstellbare Brennweite besitzt und der Prozessor (60) die Brennweite der Kamera (22) als eine
Funktion des Abstandes des Zielobjektes von der Kamera (22) auswahlt.

Videoverfolgungssystem (20) nach Anspruch 4, dadurch gekennzeichnet, dass die Kamera (22) ein drittes Sicht-
feld definiert, wenn die Kamera (22) auf eine erste ausgewahlte Einstellrate eingestellt wird, und wobei das dritte
Bild durch die Kamera (22) erfasst wird, wenn das dritte Sichtfeld definiert ist, wobei das erste, das zweite und das
dritte Bild nacheinander durch den Prozessor (60) analysiert werden.

Videoverfolgungssystem (20) nach den Anspriichen 1 bis 7, dadurch gekennzeichnet, dass die Kamera (22)
wahlweise auf eine variable Rate durch Einstellen einer Schwenkausrichtung der Kamera (22) und/oder einer Kip-
pausrichtung der Kamera (22) einstellbar ist.

Videoverfolgungssystem (20) nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass das wahlweise
Einstellen der Kamera (22) eine ausgewahlte Schwenkbewegung der Kamera (22), wobei die Schwenkbewegung
eine x-Achse definiert, eine ausgewahlte Kippbewegung der Kamera (22), wobei die Kippbewegung eine y-Achse
definiert, und eine ausgewahlte Brennweiteneinstellung der Kamera (22), wobei die Einstellung der Brennweite eine
z-Achse definiert, enthalt, wobei die die x-, y- und z-Achse jeweils senkrecht ausgerichtet sind.

Videoverfolgungssystem (20) nach Anspruch 9, dadurch gekennzeichnet, dass der Prozessor (60) die Kamera
(22) auf eine ausgewahlte Schwenkrate einstellt, wobei die ausgewahlte Schwenkrate eine Funktion der Geschwin-
digkeit des Zielobjektes entlang der x-Achse ist, und der Prozessor (60) die Kamera (22) auf eine ausgewabhlte
Kipprate einstellt, wobei die ausgewahlte Kipprate eine Funktion der Geschwindigkeit des Zielobjektes entlang der
y-Achse ist.

Videoverfolgungssystem (20) nach Anspruch 1, dadurch gekennzeichnet, dass es ferner eine Anzeigevorrichtung
(38) und eine Eingabevorrichtung (34, 36) umfasst, die betriebstechnisch an das System (20) gekoppelt sind, wobei
ein Bediener die Videobilder auf der Anzeigevorrichtung (38) sehen und Befehle oder Daten in das System (20)
durch die Eingabevorrichtung (34, 36) eingeben kann, wobei die Anzeigevorrichtung (38) und die Eingabevorrichtung
(34, 36) entfernt von der Kamera (22) positionierbar sind.

Videoverfolgungssystem (20) nach einem der Anspriiche 1 bis 11, dadurch gekennzeichnet, dass die Kamera
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(22) fortlaufend und variabel in Ubereinstimmung mit dem ersten und dem zweiten Befehl ohne ein stationéres
Zwischenintervall eingestellt wird.

Videoverfolgungssystem (20) nach Anspruch 12, dadurch gekennzeichnet, dass die Kamera (22) auf die zweite
ausgewahlte Einstellrate eingestellt wird, wenn der zweite Befehl durch die Kamera (22) empfangen wird.

Videoverfolgungssystem (20) nach einem der Anspriiche 12 und 13, dadurch gekennzeichnet, dass das konti-
nuierliche und variable Einstellen der Kamera (22) enthalt, eine Einstellrichtung und/oder eine Einstellrate zu vari-
ieren.

Videoverfolgungssystem (20) nach einem der Anspriiche 1 bis 14, dadurch gekennzeichnet, dass der Prozessor
(60) nacheinander das erste, das zweite und das dritte durch die Kamera (22) erfasste Bild analysiert, wobei jedes
der Bilder einen anderen Sichtbereich aufzeichnet, wobei die Kamera (22) kontinuierlich zwischen der Erfassung
des ersten und des dritten Bildes eingestellt wird.

Revendications

1.

Systeme de poursuite vidéo (20) comprenant:

une caméra vidéo (22) ayant un champ de vision, cette caméra (22) étant sélectivement réglable, le réglage
de la caméra (22) faisant varier le champ de vision de cette caméra (22); et

au moins un processeur (60) opérationnellement accouplé a la caméra (22), aprés un cycle d’analyse de
poursuite initial, ce processeur (60) recevant des images vidéo ultérieures acquises par la caméra (22),
caractérisé en ce que

le processeur calcule sélectivement un taux de réglage de la caméra (22) et régle cette caméra (22) selon le
taux de réglage calculé au cours de la totalité de I'intervalle de temps entre la réception de chacune des images
vidéo ultérieures, ce processeur (60) étant programmé pour détecter un objet cible mobile dans les images
vidéo et réglant la caméra (22) pour poursuivre cet objet cible entre la réception de chacune des images vidéo
ultérieures, le processeur (60) réglant la caméra (22) sur plusieurs cycles de réglage variables, au cours de la
poursuite de I'objet cible, le processeur (60) analysant des premiere, seconde et troisieme images vidéo acquises
par la caméra (22) et communiquant un ensemble de commandes a la caméra (22), ces commandes comprenant
une premiere commande permettant de régler la caméra (22) sur un premier taux de réglage sélectionné a
partir d’'une comparaison de la premiére et de la seconde images vidéo, et une seconde commande permettant
de régler la caméra (22) sur un second taux de réglage sélectionné a partir d'une comparaison des seconde
et troisiéme images vidéo, la caméra étant réglée en continu sur le premier taux de réglage sélectionné jusqu’a
ce que la seconde commande soit regue par la caméra (22) pour régler cette caméra (22) sur le second taux
de réglage sélectionné.

Systeme de poursuite vidéo (20) conforme a la revendication 1,

caractérisé en ce que

le processeur (60) sélectionne le taux de réglage de la caméra (22) en fonction d’au moins une propriété de I'objet
cible.

Systeme de poursuite vidéo (20) conforme a la revendication 2,
caractérisé en ce que
la propriété de I'objet cible comprend la vitesse de cet objet cible.

Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a 3,

caractérisé en ce que

la premiére image est acquise par la caméra (22) réglée pour définir un premier champ de vision et la seconde
image est acquise par la caméra (22) réglée pour définir un second champ de vision.

Systeme de poursuite vidéo (20) conforme a la revendication 4,

caractérisé en ce que

le premier et le second champ de vision se chevauchent partiellement et la détermination du premier taux de réglage
sélectionné par le processeur (60) comprend l'identification et I'alignement d’au moins une caractéristique commune
représentée dans chaque image parmi la premiére et la seconde image.
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Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a 5,

caractérisé en ce que

la caméra (22) a une distance focale réglable sélectivement et le processeur (60) choisit la distance focale de la
caméra (22) en fonction de la distance de I'objet cible de la caméra (22).

Systeme de poursuite vidéo (20) conforme a la revendication 4,

caractérisé en ce que

la caméra (22) définit un troisieme champ de vision alors que la caméra (22) est réglée sur le premier taux de
réglage choisi, et la troisieme image est acquise par la caméra (22) en définissant le troisieme champ de vision, les
premiéere seconde et troisieme images étant consécutivement analysées par le processeur (60).

Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a7,

caractérisé en ce que

lacaméra (22) est sélectivementréglable a un taux variable en réglant an moins une orientation parmi une orientation
panoramique de la caméra (22) et une orientation d’inclinaison de cette caméra (22).

Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a7,

caractérisé en ce que

le réglage sélectif de la caméra (22) comprend un mouvement panoramique sélectif de cette caméra (22), ce
mouvement panoramique définissant un axe des x, un mouvement d’inclinaison sélectif de cette caméra (22), ce
mouvement d’inclinaison définissant un axe y, et un réglage sélectif de la focale de la caméra (22), ce réglage de
la focale définissant un axe z, les axes x, y et z étant orientés perpendiculairement les uns aux autres.

Systeme de poursuite vidéo (20) conforme a la revendication 9,

caractérisé en ce que

le processeur (60) regle la caméra (22) a un taux de mouvement panoramique sélectif, ce taux de mouvement
panoramique sélectif étant une fonction de la vitesse de I'objet cible le long de I'axe des x et le processeur (60)
regle la caméra (22) a un taux de mouvement d’inclinaison sélectif, ce taux de mouvement d’inclinaison sélectif
étant une fonction de la vitesse de I'objet cible le long de I'axe y.

Systeme de poursuite vidéo (20) conforme a la revendication 1,

caractérisé en ce qu’

il comporte en outre un dispositif d’affichage (38) et un dispositif d’entrée (34, 36) opérativement accouplés au
systeme (20), un opérateur pouvant visionner les images vidéo sur le dispositif d’affichage (38) et entrer des com-
mandes ou des données dans le systeme (20) par le dispositif d’entrée (34, 36), le dispositif d’affichage (38) et le
dispositif d’entrée (34, 36) pouvant étre positionnés a distance de la caméra (22).

Systeéme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a 11,

caractérisé en ce que

la caméra (22) est réglée en continu et de maniéere variable en fonction de la premiére et de la seconde commande
sans qu’un intervalle stationnaire intervienne.

Systeme de poursuite vidéo (20) conforme a la revendication 12,

caractérisé en ce que

la caméra (22) est réglée sur le second taux de réglage sélectionné lorsque la seconde commande est regue par
la caméra (22).

Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 12 et 13,

caractérisé en ce que

le réglage continu et variable de la caméra (22) comprend la modification de la direction de réglage et/ou du taux
de réglage.

Systeme de poursuite vidéo (20) conforme a I'une quelconque des revendications 1 a 14,

caractérisé en ce que

le processeur (60) analyse consécutivement les premiére seconde et troisi€me images acquises par la caméra (22),
chacune de ces images enregistrant un différent champ de vision, la caméra (22) étant réglée en continue entre
'acquisition de la premiére image et de la troisieme image.
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