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Video tracking apparatus and method

Field of the Invention

The present invention relates to an apparatus for tracking an object and, in particular, to a video

tracking apparatus.

Background of the Invention

Video tracking arrangements are known in which a PTZ (Pan/Tilt/Zoom) camera system follows a

particular object such as a person, or a vehicle, and such arrangements are becoming popular for

other applications for example with CCTV speed domes. These domes (or PTZ systems) track by

referencing the area or object that is to be followed against its background, and this works well if the

tracked area or object is small compared to the background. If this is not the case, for instance if a

person is being tracked and the camera is zoomed in to see more of the person so that the

background becomes relatively small, then there is not enough background to give meaningful

reference points and the ability to track is lost.

The above problem can be remedied by using two cameras installed separately alongside each other

or some distance away from each other, a static wide angle camera to give a reference frame, and a

narrow (possibly zoom) angle PTZ camera whose tracking input commands are derived from the wide

angle view. This system works well but it is dependent on the distance between the cameras being

known accurately and calibration of the system on initial installation is therefore necessary.

Speed dome solutions are known in which a 360° fish eye lens is suspended from the bottom of a

viewing bubble which can provide tracking information to the dome PTZ system. This approach

denies the view immediately beneath the dome to the PTZ camera but the fish eye lens is close

enough here to provide all the information needed. In any case it is unlikely that the area immediately

beneath the dome will contain a target. Alternative implementations provide multiple cameras

arranged around the periphery of the PTZ unit and merge the individual views into a single view,

which can also provide tracking commands. An advantage of these solutions is that the wide angle

view camera is aware of the whole scene, independently of the PTZ camera which has a limited view.

It is desirable to provide a tracking apparatus that can be easily installed and used to accurately track

an object.



Summary of the Invention

According to a first aspect of the invention, there is provided an object tracking apparatus comprising

a moveable unit; a first image acquisition device mounted on the moveable unit; a second image

acquisition device mounted on the moveable unit; and a control device configured to: determine, from

image data received from the first image acquisition device, positional information of an object

represented in the image data to be tracked; and output a control signal to the moveable unit to

control its movement and cause the second image acquisition device to track the object in

accordance with the determined positional information. Advantageously, the first and second

acquisition devices of the apparatus will move together when tracking an object.

Preferably, the second image acquisition device is mounted on the moveable unit in a fixed position

relative to the first image acquisition device. Advantageously, this avoids the need for calibration of

the relative locations of the first and second image acquisition devices on installation.

The control means may be configured to determine the position information from both image data

received from the first image acquisition device, and the position of the first image acquisition device

relative to the second image acquisition device.

The first image acquisition device and the second image acquisition device may be configured to

point in substantially the same direction, or at the same scene In essence, this means that the optical

axes of the first and second image acquisition devices are substantially parallel.

The predefined field of view of the first image acquisition device may be wider than that of the second

image acquisition device.

The field of view of the first image acquisition device may be less than 360°.

The first image acquisition device may comprise a zoom lens operable to adjust the first predefined

field of view when tracking the object.



The control unit may be configured to generate control signals to control the zoom lens to adjust the

field of view so as to maximise accuracy of tracking of the object.

The control means may be further configured to determine the positional information based on a

known angle of motion of the movable unit.

The first image acquisition device and the second image acquisition device may be housed within a

closed circuit camera (CCTV) dome.

The second image acquisition device and the mounting unit may combine to form a pan tilt zoom

(PTZ) camera.

The movable unit may comprise a pan and tilt gimbal mechanism.

The movable unit may comprise at least one motor controlled by the control unit.

The first and second image acquisition devices may be video acquisition devices, and the image data

may comprise image data of frames of video data.

In one embodiment, one or other, or both of the first and second image acquisition devices is a digital

camera which comprises a lens having an optical axis, and an image acquisition element, such as a

charge coupled device, onto which an image is focussed by the lens which, for the first image

acquisition device may be a zoom lens operable to adjust the first predefined field of view when

tracking the object. The charge coupled device is connected to image processing circuitry in the

camera which generates and outputs image data. For video, the image data may be output as a

series of video frames, possibly encoded and compressed in a digital format, such as MPEG video.

In an alternative embodiment, an analogue camera may be used.

According to a second aspect of the invention, there is provided a method for tracking objects, the

method comprising: determining, from image data received from a first image acquisition device



mounted on a moveable unit, positional information of an object represented in the image data to be

tracked; and outputting a control signal to the moveable unit to control its movement and cause a

second image acquisition device mounted on the moveable unit to track the object in accordance with

the determined positional information.

Determining positional information may comprise determining the positional information from both

image data received from the first image acquisition device, and a position of the first image

acquisition device relative to the second image acquisition device.

According to a third aspect of the invention, there is provided a computer-readable medium

comprising computer-executable instructions which, when executed, cause a processor to perform

the above method for tracking objects.

Brief Description of the Drawings

The invention will now be described by way of example with reference to the accompanying drawings,

in which:

Figure 1 is a schematic view of an apparatus according to an embodiment of the invention.

Figure 2a is a schematic view of an apparatus according to an embodiment of the invention;

Figure 2b is a schematic view of an apparatus according to an embodiment of the invention.

Figure 3 is a flow chart describing the steps performed when tracking an object according to an

embodiment of the invention.

Figure 4 is a flow chart describing the step of determining whether an image contains a target

according to an embodiment of the invention.

Figure 5a is a flow chart describing the step of determining whether an image contains a target

according to an embodiment of the invention.



Figure 5b is a schematic view of an apparatus according to an embodiment of the invention.

Figure 6 is a flow chart describing the steps performed when detecting motion of a target according to

an embodiment of the invention.

Detailed Description of the Drawings

The invention is now described with reference to an exemplary embodiment, as depicted in figures 1

to 6 .

Figure 1 is a schematic view of an apparatus 100 according to an embodiment of the invention. The

apparatus 100 includes a first camera or image acquisition device 102, a second camera or image

acquisition device 104, a movable unit 106 and a control unit 108. The first camera 102 and the

second camera 104 are mounted on the movable unit 106 and the first camera 102, the second

camera 104 and the movable unit 106 are connected electrically with the control unit 108. The first

camera 102 and the second camera 104 point in substantially the same direction, or at the same

scene. In essence, this means that the optical axes of the first and second image acquisition devices

are substantially parallel.

In the embodiment of the invention depicted in figure 2 , the movable unit 106 is a pan and tilt gimbal

mechanism (or pan and tilt shaft). The pan and tilt gimbal mechanism 106 is operated by motor 202

and another motor (not shown)through belts (not shown).

In the disclosed embodiment, the first camera or image acquisition device 102 is a wide angle camera

or is a camera set to a wider zoom than the second camera or image acquisition device 104 which is

a high optical zoom (e.g. greater than 18, 15, 10, 9 , 8 , 7 ,6 ,5 ,4, 3 or 2 times zoom). The wide angle

camera 102 and the zoom camera 104 are mounted on the same gimbal mechanism 106 so that both

the wide angle camera 102 and the zoom camera 104 move by the same amount when the gimbal

mechanism 106 moves.

Whilst the first camera 102 (the "wide angle" camera) and the second camera 104 (the "zoom"

camera) are depicted as being of a similar size in figure 2 , it will be appreciated that the wide angle

camera 102 can be a different to size to the zoom camera 104.



The control unit 108 is a personal computer or any unit comprising a processor configured to control

the movable unit. The control unit 108 is connected to both cameras and the movable unit by a wired

and/or a wireless connection.

Operation of the apparatus in accordance with an embodiment of the invention is now described with

reference to figure 3 .

At step S300, a series of images or frames l0 n i acquired by the wide angle camera 102. It will be

understood that in what follows the term 'image' refers to image data, i.e. a numeric representation of

a two-dimensional image, for example, a bitmap image. Similarly, a series or sequence of images

means a series of frames of image data which might make up a sequence of moving video

represented in video data. An image comprising/including an object should be understood to mean

that a subset of the image data represents the specified object. The acquired image data are

provided to the control unit 108. The image data are provided to the control unit sequentially as they

are received. Alternatively, multiple images are provided to the control unit at the same time. The

image data may be provided to the control unit in a compressed form, in which case the control unit

decompresses the image data before preforming further processing.

At step S302, the control unit 108 determines whether any one of the received images from the image

data or frames in the image or video data acquired from the first image acquisition device 102

comprise one or more targets to be tracked. A target may, for example, comprise a person, a vehicle,

an animal etc. This step may be performed automatically or manually by a user of the apparatus, as

discussed in more detail with respect to figures 4 and 5 . If it is determined that none of the received

images comprise a target to be tracked, the control unit 108 causes the gimbal mechanism 106 to

return to a reference position or to remain at the current position and processing returns to step S300.

Alternatively, the control unit 108 may cause the gimbal mechanism 106 to move to any other

position, for example the control unit 108 may cause the gimbal mechanism 106 to move to a position

specified by a user input.

If an image or frame of the series of images or video data is determined to comprise a target to be

tracked, processing proceeds to step S304 at which the motion of the target is determined. The

motion of the target is determined using any motion detection means, such as (but not limited to)

appearance based matching (i.e. colour, image gradients and other higher order visual features). The

motion of the target is determined by comparing the relative position of the target in the first image I , in

which a target is identified (which should be considered to be a template window) to the relative

position of the target in a subsequent image l
i+1

received from the wide angle camera 102. The step

of determining the motion of the target is described in more detail with reference to figure 6 .



At step S306, the control unit 108 causes the movable unit 106 to move in accordance with the

determined target motion in order to track the identified target. The control unit generates input

commands based on the determined motion to tracking software which then causes the gimbal

mechanism to move a required amount (e.g. by a specified angular distance) to ensure that the target

is in view of the wide angle camera 102. The control unit instructs the gimbal mechanism to move

such that the target is centred in the image acquired by the wide angle camera 102. In this manner

the wide angle camera 102 tracks the motion of the target, whilst the zoom camera 104 acquires a

detailed image of the target. If the target is determined to be stationary (i.e. the motion of the target is

determined to be less than a threshold amount), the gimbal mechanism is maintained at a fixed

position.

In a particular embodiment of the invention, the control unit implements a high resolution 2 axis motor

control algorithm based on the determined motion of the object to drive the movable unit 106 so that

the target is maintained in the view of both the mounted cameras.

As discussed above, both the wide angle camera 102 and the zoom camera 104 are mounted on the

gimbal mechanism 106. Accordingly, movement of the gimbal mechanism to track the identified

target based on the image received by the wide angle camera 102 ensures that the target is also in

the view of the zoom camera 104.

The zoom camera 104 then acquires a narrow field image containing the identified object. This narrow

field, or zoom, image provides a more detailed or closer view of the object to be tracked. This is

because the zoom camera 104 is focused (or zoomed) to see more of the object and less of the

background. Generally, this focussing or zooming is achieved through optical means, such as a

zoom lens (see below), on the zoom camera 104, in comparison to a wider angle type lens on the

wide angle camera 102. The wide angle camera 102 has a narrow field of view compared to a 360°

fish eye lens camera. Additionally or alternatively, the wide angle camera 102 may comprise a zoom

lens that can be used to adjust the field of view of the wide angle camera 102 for distance use. The

wide angle camera 102 therefore allows for accurate tracking of an object, even when the target is

distant from the tracking apparatus 100.

In this manner, the control unit 108 can determine, from the image acquired by the wide angle camera

102, the background features that are stationary relative to the object being tracked. Based on this

information, the control unit 108 can 'unwrap' the image and move the gimbal mechanism 106 in

order to substantially centre the wide angle camera 102 and the zoom camera 104 on the identified

target. The term 'unwrap' means that the control unit makes continual adjustments for the movement



of the reference background in the field of view of the first image acquisition device, and then

searches for one or more reference points (new, similar or identical) so as to continue to implement

the control process, as previous reference points disappear from the first image acquisition device's

wider field of view.

Since the wide angle camera 102 and the zoom camera 104 are fixed to the same gimbal mechanism

106, calibration of the cameras can be performed during manufacture, thereby avoiding the need for

calibration during installation of the tracking apparatus 100.

Step S304 is now described in more detail with reference to figures 4 and 5 . In an embodiment of the

invention, one or both of the methods described with reference to figures 4 and 5 are used to

determine if the image received from the wide angle camera 102 comprises a target to be tracked.

At step S400 of figure 4 , the control unit 108 determines whether a received image comprises an

object to be tracked using image processing means, for example: single image object recognition

algorithms, motion based background subtraction algorithms, edge detection, or feature extraction.

Additionally or alternatively, the target may be identified in accordance with a user input in which a

display unit and input means (see below) are connected to the control unit 108 and the input means

can be manipulated by a user to identify an object, and generate object recognition data for the

control unit corresponding to the reference point in the field of view of the first image acquisition

device of the object to be tracked. The object recognition data stores identifying characteristics of the

object to be tracked and is continually applied to the image data from the zoom camera 104 to

determine the object's position in the image represented by the image data. The control unit then

outputs control signals to the movable unit 106 to cause the object to be centred in the image. This

way, the object will be tracked as it moves across the scene which is being acquired by the wide

angle camera 102..

In the embodiment of the invention described with reference to figure 5b, the apparatus 100

additionally comprises a display unit 500 and input means 502 connected to the control unit, as

shown in figure 5a. The display unit 500 and the input means 502 are connected to the control unit

via one or both of a wired and a wireless connection. The display unit comprises any means suitable

for displaying image data for example, a monitor of a personal computer, a television screen or a

touch screen monitor. The input means 502 comprises any means for inputting a user selection, e.g.,

a mouse, a keyboard, etc.

At step S500, the control unit 108 causes the initial image data l0 to be displayed on the display unit

500. At step S502, the control unit 108 receives an input from a user via the input means 502. This



input identifies a subset of the image data l0, the identified subset of data corresponding to the target

to be tracked. The input may, for example, comprise a user using the input means to draw a box

around the image data corresponding to the target, or using the input means to identify or select the

image data corresponding to the target by some other means. Additionally or alternatively, the input

may comprise the user visually identifying a target in the image data and using the input means to

input a command to move the gimbal mechanism in order to centre the wide angle camera 102 on the

identified target.

The control unit 108 determines (or causes a processor to determine) the motion of the target to be

tracked as described in Figure 6 . At step S600, the control unit 108 identifies a reference object R0 in

the background of the image data I,. In this case, the background of the image data comprises image

data other than the data identified as corresponding to the target. The reference object R0 is a subset

of the background image data corresponding to a stationary identifiable object in the background of

the image, for example data corresponding to a road, a kerb, a tree, a part of a building etc.

At step S602, the data corresponding to the target is separated or extracted from the background data

of image I,. This extraction is performed using a segmentation technique, e.g. appearance based

matching based on colour, image gradients and/or other higher order features. At step S604 the

location of the target relative to the reference object R0 is determined.

Steps S602 and S604 are then repeated using the subsequently received image data If it is

determined that the subsequently received image data l
i+1

does not comprise a target, then

processing continues at step S306, at which the control unit may cause the gimbal mechanism to

remain stationary or to return to a central or initial position.

At S606 the motion of the target is determined from the difference between the relative position of the

target to the reference object R0 in image data l
i+1

and the relative position of the target to the

reference object R0 in image data I,. The motion detection algorithm can additionally take into account

physical constraints such as continuous motion (i.e. predicting where the target will be in the next

frame given the previously observed motion), for example through the use of particle filtering or

bootstrap techniques.

The entire tracking apparatus 100 is enclosed in a housing 170, for example a CCTV speed dome

'bubble'. The control unit 108 may also be enclosed (partially, but preferably wholly) within the

housing 170, and preferably attached to the movable unit 106 (e.g. gimbal mechanism). The control

unit 108 may preferably be integrated into one or other of the image acquisition devices and be

embedded with the image processing circuitry of the one or other image acquisition devices. When



the apparatus is placed inside a speed dome 'bubble', the wide angle camera view will be distorted

because it will not be looking through a central axis of the bubble. However, as described, the image

data acquired by the wide angle camera 102 is only required to allow the control unit 108 to determine

tracking input (or commands) for causing the gimbal mechanism 106 to track the target. The image

data acquired by the wide angle camera 102 is not required to provide a detailed view of the target

because such a view is instead obtained by the image data acquired by the zoom camera 104. As

described above, the control unit 108 only requires relative positional information in order to

determine the movement required by the gimbal mechanism 106. The distortion of the image

acquired by the wide angle camera 102 is constant and therefore does not prevent the control unit

from accurately determining the required relative positional information.

The present invention has been described above in exemplary form with reference to the

accompanying figures which represent embodiments of the invention. It will be understood that there

are further embodiments of the invention that also fall within the scope of the invention as defined by

the following claims.



Claims

1. An object tracking apparatus comprising:

a moveable unit;

a first image acquisition device mounted on the moveable unit;

a second image acquisition device mounted on the moveable unit; and

a control device configured to:

determine, from image data received from the first image acquisition device , positional

information of an object represented in the image data to be tracked; and

output a control signal to the moveable unit to control its movement and cause the

second image acquisition device to track the object in accordance with the determined

positional information.

2 . The apparatus of claim 1, wherein the second image acquisition device is mounted on the

moveable unit in a fixed position relative to the first image acquisition device.

3 . The apparatus of claim 2 , wherein the control means is configured to determine the position

information from both image data received from the first image acquisition device, and the position of

the first image acquisition device relative to the second image acquisition device.

4 . The apparatus of any one of the preceding claims, wherein the first image acquisition device

and the second image acquisition device are configured to point in substantially the same direction

towards a scene for image acquisition.

5 . The apparatus of any one of the preceding claims, wherein the first image acquisition device

has a first predefined field of view, and the second image acquisition device has a second predefined

field of view, the first predefined field of view being wider the second predefined field of view.

6 . The apparatus of claim 5 , wherein the first predefined field of view is less than 360°.



7 . The apparatus of any one of the preceding claims, wherein the first image acquisition device

comprises a zoom lens operable to adjust the first predefined field of view when tracking the object.

8 . The apparatus of claim 7 , wherein the control unit is configured to generate control signals to

control the zoom lens to adjust the field of view so as to maximise accuracy of tracking of the object.

9 . The apparatus of any of the preceding claims, wherein the control means is further configured

to determine the positional information based on a known angle of motion of the movable unit.

10. The apparatus of any of the preceding claims, wherein the first image acquisition device and

the second image acquisition device are housed within a closed circuit camera (CCTV) dome.

11. The apparatus of any of the preceding claims, wherein a combination of the second image

acquisition device and the mounting unit is a pan tilt zoom (PTZ) camera.

12. The apparatus of any of the preceding claims, wherein the movable unit comprises a pan and

tilt gimbal mechanism.

13. The apparatus of any one of the preceding claims, wherein the movable unit comprises at

least one motor controlled by the control unit.

14. The apparatus of any one of the preceding claims, wherein the first and second image

acquisition devices are video acquisition devices, and the image data comprises image data of frames

of video data.

15. A method for tracking objects, comprising:

determining, from image data received from a first image acquisition device mounted on a

moveable unit, positional information of an object represented in the image data to be tracked; and

outputting a control signal to the moveable unit to control its movement and cause a second

image acquisition device mounted on the moveable unit to track the object in accordance with the

determined positional information.



16. The method of claim 15, wherein determining positional information comprises determining the

positional information from both image data received from the first image acquisition device, and a

position of the first image acquisition device relative to the second image acquisition device.

17. A computer-readable medium comprising computer-executable instructions which, when

executed, cause a processor to perform the steps of claim 15 or claim 16.

18. An apparatus substantially as hereinbefore described with reference to any one of figures 1 to

6 .

19. A method substantially as hereinbefore described with reference to any one of figures 1 to 6 .
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