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EFFICIENT AND ACCURATE 3D OBJECT TRACKING

FIELD OF THE INVENTION

[0001] The present invention relates to methods for measurement of the three-

dimensional (3D) pose of a three-dimensional object.

[0002] The invention has been developed primarily for use in the context of human face
tracking and will be described hereinafter with reference to this application. However,

it will be appreciated that the invention is not limited to this particular field of use.

BACKGROUND OF THE INVENTION

[0003] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of

common general knowledge in the field.

[0004] The tracking of faces and facial features, such as a person’s eyes, has attracted
considerable interest over the past decade, as computers have become sufficiently

powerful to enable practical solutions to this problem.

[0005] There are two known approaches that have been proposed for solving this
problem. The first approach is a geometric approach utilising three-dimensional point
features in the face and geometric reasoning to derive the three-dimensional pose. The

second is a non-linear optimisation of the parameters of an appearance model.

[0006] The first approach using point features has an advantage that it is a deterministic.
Non-iterative approaches provide for short and predictable time to calculate the
solution, and have been popular for real-time systems. Edwards et al (US patent no.

7,043,056) disclose a typical proponent of this methodology.

[0007] The second approach is an iterative, non-linear optimisation problem, which in
general is computationally expensive. Trade-offs in terms of predictable convergence
accuracy are required to achieve predictable computation times. Depending on the
parameters of the appearance mode, an advantage of this approach is that a better
fidelity of tracking can be achieved. It is understood that because the appearance of

the observed object can be modelled and predicted more accurately than with the point
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feature approach. Cootes et al 2001 (T. Cootes, G. Edwards, C. Taylor, “Active
appearance models”, IEEE Transactions on Pattern Analysis and Machine Intelligence,
23(6):681-685, 2001), Cootes et al 2002 (T. Cootes, G. Wheeler, K. Walker, C.
Taylor, “View-based active appearance models”, Image and Vision Computing,
20:657-664, 2002) and Matthews et al (1. Matthews and S. Baker, “Active appearance
models revisited”, International Journal of Computer Vision, Vol. 60, No. 2,
November, 2004, pp. 135 — 164) discloses a typical implementation of this
methodology.

[0008] De la Torre et al (F. De la Torre, M. Black, “Robust parametrized component
analysis: theory and applications of 2D facial appearance models”, Computer Vision
and Image Understanding 91 (2003) 53-71) discloses the use of a person-specific two-
dimensional active appearance model, which is not capable of tracking a person in

three dimensions.

[0009] Dornaika et al (F. Dornaika, J. Ahlberg “Face model adaptation using robust
matching and active appearance models”, Proceedings of Sixth IEEE Workshop on
Applications of Computer Vision, 2002. (WACV 2002), 3-7) and Hu et al (C. Hu, R.
Feris, M. Turk, “Active Wavelet Networks for Face Alignment”, Proceedings of
British Machine Vision Conference, Norwich, 2003) disclose splitting a rendered face
into sub-features, but fail to model and exploit the overlapping nature of facial
features. A typical example for these occlusions occurs when the face is seen in a
semi-profile view, where the ridge of the nose forms an edge over the far cheek.
Previous systems are limited to the non-occluded view to features, and fail as soon as

features start overlapping due to the projection of the facial features in the image.

(0010] It would be appreciated that technical challenges associated with this problem are
considerable, in particular since an object such as the human face has high inter-

individual variations, and the face is a highly articulate object.

[0011] There is a need in the art for automatic tracking of human faces in video

sequences.
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SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to provide an improved form of three-

dimensional object tracking.

[0013] In accordance with a first aspect of the present invention, there is provided a
5 method of tracking an object in an input image stream, the method comprising
iteratively applying the steps of: (a) rendering a three-dimensional object model

according to a previously predicted state vector from a previous tracking loop or the

state vector from an initialisation step; (b) extracting a series of point features from the

rendered object; (c) localising corresponding point features in the input image stream;

10 (d) deriving a new state vector from the point feature locations in the input image

stream.

[0014] This method can also include an initialisation steps of (i) creation of a three-
dimensional model of the object to be tracked; (ii) initial detection of the objects

position within an input image stream.

15 [0015] Step (d) preferably includes the further step of: selecting a set of consistent

features followed by Kalman filtering of the features to provide the new state vector.

[0016] The object can comprise a face and the state vector can comprise the three
dimensional pose of the face. In one embodiment, the selecting of a set of features
comprises random sample consensus (RANSAC) selection of the features. The

20 localising step preferably can include utilising a normalised cross-correlation process

to localise the point features.

[0017] It would be appreciated that embodiments of the present invention are has been
primarily developed in the context of human face tracking. However, the present
invention is applicable to other domains where the three-dimensional pose of an

25 arbitrary object is to be measured visually.

[0018] In accordance with a second aspect of the present invention, there is provided a
method of tracking an object in an input image stream, the method comprising steps

of:

(i) creating a three-dimensional model of the object to be tracked;
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(i) localising initial features points in an initial input image stream;

(iii) calculating an initial state vector indicative of the object location within the

(a)

(b)

(c)
(d)

(e)

input image stream, wherein the initial state vector is calculated by
minimising the square error between the initial localised feature points and
corresponding initial feature points of the three-dimensional model
projected into the image plane;

rendering a three-dimensional object model, wherein the object model
accords with either the predicted state vector calculated in step (d) of a
previous iteration or the initial state vector calculated in step (ii), wherein
the rendering includes calculating a mask for the input image stream to
distinguishing between background and foreground pixels;

calculating a predefined number of point features from the rendered object,
wherein the predefined number of locations having highest edginess are
selected as features from the rendered image of the previous iteration for
the following localisation step;

localising corresponding point features in the input image stream;
calculating a new state vector from the localised point features in the input
image stream; and

iteratively performing steps (a) though (d) for providing at each iteration

updated the new state vector from the localised point features.

[0019] The localisation step preferably uses a masked normalised template correlation to

calculate new the localised point features.

[0020] The new state vector is preferably calculated by using Random Sample
Consensus selection and followed by a Kalman filter for estimating the new state
vector. The Kalman filter preferably utilises a constant acceleration motion model of
the object to predict the new state vector of the object from previously calculated state

vectors and the new localised point features.

[0021] In accordance with a third aspect of the present invention, there is provided a
computer program or computer program product comprising a set of instructions for
carrying out a method according to any previously described method of tracking an

object in an input image stream.



WO 2008/106725 PCT/AU2008/000290

20

25

30

-5-

[0022] In accordance with a fourth aspect of the present invention, there is provided a
computer-readable carrier medium carrying a set of instructions that when executed by
one Or More Processors cause one or more processors to carry out a method of tracking

an object in an input image stream, as previously described.

[0023] The carrier medium is preferably a medium bearing a propagated signal
detectable by at least one processor of the one or more processors and representing the

set of instructions.

[0024] In accordance with a fifth aspect of the present invention, there is provided a
system for tracking an object in an input image stream, the system comprising a
processor adapted to receive an input image stream, the processor is further adapted to
perform a method of tracking an object in an input image stream, as previously

described.

[0025] In accordance with a sixth aspect of the present invention, there is provided a
system for tracking an object in an input image stream, the system comprising a
processor adapted to receive an input image stream, the processor is further adapted to
perform the steps of:

(i) creating a three-dimensional model of the object to be tracked;

(i) localising initial features points in an initial input image stream;

(iii) calculating an initial state vector indicative of the object location within the
input image stream, wherein the initial state vector is calculated by
minimising the square error between the initial localised feature points and
corresponding initial feature points of the three-dimensional model
projected into the image plane;

(a) rendering a three-dimensional object model, wherein the object model
accords with either the predicted state vector calculated in step (d) of a
previous iteration or the initial state vector calculated in step (ii), wherein
the rendering includes calculating a mask for the input image stream to
distinguishing between background and foreground pixels;

(b) calculating a predefined number of point features from the rendered object,

wherein the predefined number of locations having highest edginess are
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selected as features from the rendered image of the previous iteration for
the following localisation step;

(c) localising corresponding point features in the input image stream;

(d) calculating a new state vector from the localised point features in the input
image stream; and

(e) iteratively performing steps (a) though (d) for providing at each iteration

updated the new state vector from the localised point features.

[0026] The processor is preferably adapted to perform a masked normalised template
correlation for calculating new localised point features. The processor is preferably
adapted to apply the new localised point features into a Kalman filter for calculating

the new state vector.

[0027] The invention has particular application in human performance assessment, the
evaluation of the ergonomics of the design of human-machine interfaces, in safety
applications to monitor distraction and fatigue, and in entertainment applications,
where measurements are taken from a real person to be then rendered by a computer

on an avatar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A preferred embodiment of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:
FIG. 1 is a flowchart of a method according to an embodiment of the invention;
FIG. 2 is a flowchart of a method similar to Fig. 1, showing initialisations steps
FIG. 3 is a schematic view of a system according to an embodiment of the
invention; and
FIG. 4 is a schematic view of a system according to an embodiment of the

invention, shown tracking a three-dimensional object.

DESCRIPTION OF THE PREFERRED AND OTHER EMBODIMENTS

[0029] The proposed method incorporates the advantages of both high accuracy in
predicted appearance (and therefore high fidelity), and fast and predictable
computation of point feature calculation. The preferred embodiment relates to

methods for highly accurate yet efficient visual measurement of the three-dimensional

2
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pose of a three-dimensional object. It would be appreciated that three-dimensional
pose is a measure indicative of a three dimensional location and orientation, typically
represented as six parameters. The method utilises components of feature based
tracking methods with appearance-based methods referred to as “active appearance
models”. The result is a highly efficient and accurate method to track and visually

measure the pose of an object.
Overview of the preferred embodiment

[0030] Referring to FIG. 1, a flowchart representation 100 of method according to an
embodiment of the present invention is disclosed, this method comprises the steps of:
(a) rendering a three-dimensional face model according to a predicted state
vector; 120
(b) extracting a number of point features from the rendered face image; 140
(c) localising point features; 160 and

(d) deriving a new state vector from the point feature locations 180.

[0031] Referring to FIG. 2, an initial step of a method 200, according to the preferred
embodiment (and other related methods), includes creating a suitable three-
dimensional model 210 of a face that is to be tracked - or equivalently an object that is
to be tracked. Within this method, the makeup of the model is dependant on the type
of tracking method. By way of example only, the model used in the method according
to the preferred embodiment consists of a textured three-dimensional model of a face.
This model allows a computer rendering of the face in any position and orientation.
Locating a face within an image 215 provides an initial estimated facial location. Once
the facial location is identified within an image, texture is mapped onto a generic thee-
dimensional model of a face by projecting the texture onto the vertices. By way of
example only, Loy et al (Patent Cooperation Treaty, Application No.
PCT/AU2003/000345, Publication Number WO/2003/081532) discloses a method

used to identify the facial location within an image.

[0032] It would be appreciated by a person skilled in the art that the texture is mapped
onto a generic thee-dimensional model of a face by projecting the texture onto the
vertices. By way of example only, a method of texture mapping in described in

Dornaika et al.
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[0033] After the above initialisation steps are performed, a main tracking loop is
entered. This tracking loop utilises the textured three-dimensional model and
estimates the state vector of the face for each image in an image stream. The steps
involved in this tracking loop are described below:

(1) Rendering a three-dimensional face model according to a predicted state
vector, 120. This predicted state vector is preferably derived from a
previous tracking loop or a state vector from the initialisation steps.

(2) Extracting a number of point features from the rendered face image, 140.

(3) Localising point features, 160. Point feature localisation is derived with a
suitable point feature localisation method. In the preferred embodiment the
point feature localisation method is normalised cross-correlation.

(4) Deriving a new state vector from the point feature locations 180. In the
preferred embodiment, derivation of this new state vector from the point
feature locations is performed through “Random Sample Consensus”
(RANSAC) selection of a set of consistent features, and is followed by a
Kalman filter to estimate the new state vector which in the present case is

the three-dimensional pose.

[0034] This tracking loop, comprising steps (1) through (4) can be iterated indefinitely,

or until the tracking of the face fails and a new initialisation is required.

[0035] By way of example only, individual steps are described in more detail below.

Step (0) - Initialisation

[0036] Initialisation requires the localisation of the face as a whole and key individual
features. In the preferred embodiment, a method disclosed by Loy et al is utilised for
the production of this localisation. This method allows the localisation of the face, the
location of the four eye corners, the nostrils if visible and the two mouth corners.

These features are represented as reference points R = { r,eR’ } of the model.

[0037] Since this three-dimensional model uses a rigid three-dimensional model, only
six pose parameters (for example including three translational and three rotational) are
need to be estimated for fitting a generic three-dimensional face geometry model to the

image. This generic model ‘M’ comprises corner vertices v, and triangular planar
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surfaces s, and approximates an average face geometry. This generic molde can be

expressed in the following equation.

_ 3
M = {v,. eR’,s S }
[0038] It would be appreciated by a person skilled in the art that, representation of
5 surface as a plurality of adjacent triangle is a technique used in three-dimensional
graphic rendering and modelling. However, it would also be appreciated that other

models are appropriate for use in the present invention.

[0039] By way of example only, this model captures a face from the forehead to the chin
(typically in the vertical direction), and the area up to the ears (typically in the

10 horizontal direction). This model excludes the hair of the person.

[0040] Three-dimensional pose P = {rp eR, 1,eR’ }, comprising rotational
components 7, € R’ and translational components ¢ s R’, is estimated by aligning the
three-dimensional model with the localised image features. By way of example only,
this alignment can be made such that the square-error between the reference points of

15 the three-dimensional model projected into the image plane R( p) and the image
locations of the image points R, is minimised. This alignment minimisation can be

represented by the following equation.

P =" (S| R(p)- &)

v,t

[0041] Dornaika et al describes a method using a weak perspective assumption that is
20 utilised in the preferred embodiment. It would be appreciated by a person skilled in
the art that there are a number of optimisation techniques that can be used for

performing model alignment.

[0042] Texture for each model triangle can be extracted from an image and stored with a
three-dimensional geometric model. Combining the three-dimensional geometry and

25 the texture for determining a three-dimensional model required for tracking. The
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predicted head pose P after initialisation is equivalent to the fitted three-dimensional

model pose P

Step (1) - Rendering

[0043] In the rendering step, the textured three-dimensional face model is typically
rendered according to the head pose as predicted by the state estimation step (or the
initialisation step if this is the first iteration). This can be computed using common

computer graphics methods known to a person skilled in the art.

[0044] It would be appreciated that hardware (for example 3D graphics card) and/or
software (for example OpenGL) can be to accelerate this step. The person skilled in

the art is aware of these techniques.

[0045] The output of this step includes a rendered face image and a mask for

distinguishing between pixels that are background and pixels that are foreground.

Step (2) - Feature extraction

[0046] A set of features F ={f, } are selected for use in the following steps. In the

preferred embodiment, the set of features are dynamic and can vary at each tracking

cycle to optimise robustness.

[0047] It would be appreciated that, by way of example only, feature extraction methods
can use either an entire image rendered face image (for example as disclosed in Cootes
et al 2001 and Cootes et al 2002), vertices extracted from the model (for example as
disclosed in Dornaika et al), or feature sets extracted from a frontal view without

occlusions.

[0048] A drawback associated with using the entire rendered face is that the state vector
can only be calculated in an iterative and computationally expensive manner.
Depending on the distance metric used to establish the similarity of the rendered image
with the live image from the camera, this approach typically has a significant
sensitivity to inhomogeneous lighting conditions. Vertices or pre-extracted features
can lack the ability to model and exploit the edges created from partial self-occlusion
of the face due to the ridge of the nose occluding the far cheek when the head is rotated

slightly.
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[0049] To overcome these limitations, the method disclosed herein uses features

- computed from the rendered image in a previous tracking iteration. A predefined
number of locations with the highest edginess are selected as features from the
rendered image of the previous iteration for the following localisation step. The

5 edginess ‘e’ of the location (x, y) in image ‘ / ’ is defined as the magnitude of the

gradient of the image location, as calculated using the following equation.

o(1(xy)) = |M

dxdy

[0050] An exhaustive search is performed to find f, with the highest gradient values in

the image. The output of this step includes a set of tracking features F = { L }

10 Step (3) - Feature localisation

[0051] Features selected in the previous step must be localised in a newly acquired
image of the face. It would be appreciated by a person skilled in the art that this
localisation could be computed using a number of methods used for feature
localisation and tracking. In the preferred embodiment, a masked normalised template

15 correlation is used to calculate the new location of the features.

[0052] For localisation, a 16x16 pixel template centred on the feature location f, is

extracted from the rendered image and masked by the rendering mask of the face, to
exclude any background pixel which might be part of region defined by the 16x16

pixel template.

20 [0053] A person skilled in the art is aware of the commonly used formulation of

normalised cross-correlation, as expressed in the following equation.

Zx’y(l(u+x,v+ ) ) ( y)
zx’y(l(u+v,v+y . )zzxy xy

Clu,v )=

[0054] In this equation, / is the image and T is the template. T is the brightness

normalised template T = T(x, y)— T and T is the template mean. iu,v is the local

25 image mean at location (u,v) , the mean of the image underneath the template whose
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top left corner lies on pixel (u,v). Furthermore, the sums and image mean are subject

to the masking, i.e. not considering pixels that are masked out.

[0055] Around the predicted position of each feature, a search window is located.
Within this search window, an exhaustive search is performed to find the location of

5 the feature with the aforementioned correlation technique. The location of that point

(or pixel) with the highest correlation score is selected as the new feature location fk i

[0056] The output of the feature localisation step includes the new feature locations F

for the set of selected features F .
Step (4) - State Estimation

10 [0057] In the preferred embodiment, by way of example only, the state vector consists
of the six three-dimensional pose-parameters only. This state vector can be calculated
by applying the new feature locations into a Kalman filter of the type as disclosed by
Edwards et al. This Kalman filter utilises a constant acceleration motion model of the
face to predict the new position of the face from previous estimates and the newly

15 acquired measurements. The Kalman filter can also allows the prediction of the head

pose state vector P for the next image frame.

[0058] The output of the state estimation step includes the predicted state vector P ,
which is forwarded to the rendering step in the next iteration of the algorithm. It
would be appreciated that steps (1) though (4) can be applied iteratively to provide a

20 relatively efficient and accurate method for three-dimensional object tracking.

[0059] By way of example only, an embodiment of a method of tracking an object in an
input image stream, comprises the steps of:
(1) creating a three-dimensional model of the object to be tracked;
(i1) localising initial features points in an initial the input image stream;

25 (iil) calculating an initial state vector indicative of the object location within the
input image stream, wherein the initial state vector is calculated by
minimising the square error between the initial localised feature points and
corresponding initial feature points of the three-dimensional model

projected into the image plane;
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(a) rendering a three-dimensional object model, wherein the object model
accords with either the predicted state vector calculated in step (d) of a
previous iteration or the initial state vector calculated in step (ii), wherein
the rendering includes calculating a mask for the input image stream to
distinguishing between background and foreground pixels;

(b) calculating a predefined number of point features from the rendered object,
wherein the predefined number of locations having highest edginess are
selected as features from the rendered image of the previous iteration for
the following localisation step;

(c) localising corresponding point features in the input image stream;

(d) calculating a new state vector from the localised point features in the input
image stream; and

(e) iteratively performing steps (a) though (d) for providing at each iteration

updated the new state vector from the localised point features.

[0060] It would be further appreciated that this method can be performed in real-time or

on live video data.

[0061] It would be appreciated that the above methods can be performed, at least in part,
by a computer program. A computer program or computer program product
comprising a set of instructions for carrying out a method as previously described. A
computer-readable carrier medium can embody the above methods. This computer-
readable carrier medium carrying a set of instructions that when executed by one or
more Processors cause one or more processors to carry out a method according to a
previously described method. This carrier medium is a medium bearing a propagated
signal detectable by at least one processor of the one or more processors and

representing the set of instructions.

[0062] FIG. 3 discloses a schematic view of a system according to an embodiment. A
computer system 310, includes a processor 312 adapted to performer the steps of:
(a) rendering a three-dimensional face model according to a predicted state
vector;
(b) extracting a number of point features from the rendered face image;

(c) localising point features; and
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(d) deriving a new state vector from the point feature locations.

[0063] In an embodiment, the processor 312 is adapted to receive model data from a
data storage device 314. This model data is indicative of a suitable three-dimensional
-model of a face (or object) that is to be tracked. It would be appreciated that, in an
alternative embodiment, model data can be received from an external data storage

device.

[0064] In an embodiment, the processor 312 is further adapted to receive live video data
from a video capture device 320. It would be appreciated that, in an alternative
embodiment, video data can be received from a data storage device (for example data
storage device 314). The processor is adapted to locate a face (or object) within an
image to provide an initial estimated facial location. Once the facial location is
identified within an image, texture is mapped onto a generic thee-dimensional model

of a face by projecting the texture onto the vertices.

[0065] FIG. 4 discloses a schematic view of an embodiment shown tracking a three-
dimensional object 410 in real time. In this embodiment a computer system 310 is
couples to a video capture device in the form of a video camera 320. The video
camera is adapted to transmit video data, which is received by the computer system.
The computer system performs a method of measuring the three-dimensional (3D)
pose of a three-dimensional object as previously disclosed. Data indicative of the
measured three-dimensional pose can be output on an output devise 420. It would be
appreciated that, in an alternative embodiment, data indicative of the measured three-

dimensional pose can be stored in data storage device for later retrieval.
Variations

[0066] A number of variations of the above embodiment can include the use of more
than one camera and the use of alternative methods employed in the individual

computational steps.

[0067] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.
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[0068] As used herein, unless otherwise specified the use of the ordinal adjectives
“first”, “second”, “third”, etc., to describe a common object, merely indicate that
different instances of like objects are being referred to, and are not intended to imply
that the objects so described must be in a given sequence, either temporally, spatially,

in ranking, or in any other manner.

[0069] Unless specifically stated otherwise, as apparent from the following discussions,
it is appreciated that throughout the specification discussions utilizing terms such as
“processing”, “computing”, calculating”, “determining”, “applying”, “deriving” or the
like, refer to the action and/or processes of a computer or computing system, or similar
electronic computing device, that manipulate and/or transform data represented as
physical, such as electronic, quantities into other data similarly represented as physical

quantities.

[0070] In a similar manner, the term “processor” may refer to any device or portion of a
device that processes electronic data, e.g., from registers and/or memory to transform
that electronic data into other electronic data that, e.g., may be stored in registers
and/or memory. A “computer” or a “computer system” or a “computing machine” or a

“computing platform” may include one or more processors.

[0071] It will be understood that the steps of methods discussed are performed in one
embodiment by an appropriate processor (or processors) of a processing (i.e.,
computer) system executing instructions (computer-readable code) stored in storage. It
will also be understood that the invention is not limited to any particular
implementation or programming technique and that the invention may be implemented
using any appropriate techniques for implementing the functionality described herein.
The invention is not limited to any particular programming language or operating

system.

[0072] It would be appreciated that, some of the embodiments are described herein as a
method or combination of elements of a method that can be implemented by one or
more processors of a computer system or by other means of carrying out the function.
Thus, a processor with the necessary instructions for carrying out such a method or
element of a method forms a means for carrying out the method or element of a

method. Furthermore, an element described herein of an apparatus embodiment is an
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example of a means for carrying out the function performed by the element for the

purpose of carrying out the invention.

[0073] In alternative embodiments, the computer system comprising one or more
processors operates as a standalone device or may be configured, e.g., networked to
other processor(s), in a networked deployment. The one or more processors may
operate in the capacity of a server or a client machine in server-client network
environment, or as a peer machine in a peer-to-peer or distributed network

environment.

[0074] Thus, one embodiment of each of the methods described herein is in the form of
a computer-readable carrier medium carrying a set of instructions, e.g., a computer

program that are for execution on one or more processors.

[0075] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus,
appearances of the phrases “in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all referring to the same
embodiment, but may refer to the same embodiment. Furthermore, the particular
features, structures or characteristics may be combined in any suitable manner, as
would be apparent to one of ordinary skill in the art from this disclosure, in one or

more embodiments.

[0076] Similarly it should be appreciated that in the above description of exemplary
embodiments of the invention, various features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of one or more of the
various inventive aspects. This method of disclosure, however, is not to be interpreted
as reflecting an intention that the claimed invention requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing disclosed embodiment. Thus,
the claims following the Detailed Description are hereby expressly incorporated into
this Detailed Description, with each claim standing on its own as a separate

embodiment of this invention.
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[0077] Furthermore, while some embodiments described- herein include some but not
other features included in other embodiments, combinations of features of different
embodiments are meant to be within the scope of the invention, and form different
embodiments, as would be understood by those in the art. For example, in the

5 following claims, any of the claimed embodiments can be used in any combination.

[0078] In the description provided herein, numerous specific details are set forth.
However, it is understood that embodiments of the invention may be practiced without
these specific details. In other instances, well-known methods, structures and
techniques have not been shown in detail in order not to obscure an understanding of

10 this description.

[0079] Although the invention has been described with reference to specific examples it
will be appreciated by those skilled in the art that the invention may be embodied in

many other forms.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method of tracking an object in an input image stream, said method comprising
iteratively applying the steps of:
(a) rendering a three-dimensional object model according to a previously
5 predicted state vector from a previous tracking loop or a state vector from
an initialisation step;
(b) extracting a series of point features from said rendered object;
(c) localising corresponding point features in said input image stream;
(d) deriving a new state vector from said localised point feature in the input

10 image stream.

2. A method as claimed in claim 1 further comprising an initialisation step of
(i) creation of a three-dimensional model of said object to be tracked;

(i1) initial detection of said objects position within said input image stream.

3. A method as claimed in claim 1 wherein said step (d) further includes the step of
15 selecting a set of consistent features followed by Kalman filtering of said features

for deriving said new state vector.
4. A method as claimed in claim 1 wherein said object comprises a face.

5. A method as claimed in claim 4 wherein said state vector comprises the three-

dimensional pose of said face.

20 6. A method as claimed in claim 3 wherein the selecting of a set of features

comprises random sample consensus (RANSAC) selection of said features.

7. A method as claimed in claim | wherein said localising step includes utilising a

normalised cross-correlation process to localise said point features.

8. A method of tracking an object in an input image stream, the method comprising
25 steps of:
(i) creating a three-dimensional model of said object to be tracked;

(i) localising initial features points in an initial said input image stream;
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(i) calculating an initial state vector indicative of said object location within
said input image stream, wherein said initial state vector is calculated by
minimising the square error between said initial localised feature points and
corresponding initial feature points of said three-dimensional model
projected into the image plane;

(a) rendering a three-dimensional object model, wherein said object model
accords with either said predicted state vector calculated in step (d) of a
previous iteration or said initial state vector calculated in step (ii), wherein
said rendering includes calculating a mask for said input image stream to
distinguishing between background and foreground pixels;

(b) calculating a predefined number of point features from said rendered
object, wherein said predefined number of locations having highest
edginess are selected as features from said rendered image of the previous
iteration for the following localisation step;

(c) localising corresponding point features in said input image stream;

(d) calculating a new state vector from said localised point features in said
input image stream; and

(e) iteratively performing steps (a) though (d) for providing at each iteration

updated said new state vector from said localised point features.

A method according to claim 8, wherein said localisation step uses a masked

normalised template correlation to calculate new said localised point. features.

A method according to claim 8 or claim 9, wherein said new state vector is
calculated by using Random Sample Consensus selection and followed by a

Kalman filter for estimating said new state vector.

A method according to claim 10, wherein said Kalman filter utilises a constant
acceleration motion model of said object to predict said new state vector of said
object from previously calculated state vectors and said new localised point

features.

A method of tracking an object substantially as herein described with reference to
any one of the embodiments of the invention illustrated in the accompanying

drawings and/or examples.
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A computer program or computer program product comprising a set of

instructions for carrying out a method according to any one of claims 1 to 12.

A computer-readable carrier medium carrying a set of instructions that when
executed by one or more processors cause one or more processors to carry out a

method according to any one of claims 1 to 12.

A carrier medium as recited in claim 14, wherein the carrier medium is a medium
bearing a propagated signal detectable by at least one processor of said one or

more processors and representing said set of instructions.

A system for tracking an object in an input image stream, said system comprising
a processor adapted to receive an input image stream, said processor is further

adapted to perform a method according to any one of claims 1 to 12.

A system for tracking an object in an input image stream, the system comprising
a processor adapted to receive an input image stream, said processor is further
adapted to perform the steps of:

(1) creating a three-dimensional model of said object to be tracked;

(i) localising initial features points in an initial said input image stream;

(iii) calculating an initial state vector indicative of said object location within
said input image stream, wherein said initial state vector is calculated by
minimising the square error between said initial localised feature points and
corresponding initial feature points of said three-dimensional model
projected into the image plane;

(a) rendering a three-dimensional object model, wherein said object model
accords with either said predicted state vector calculated in step (d) of a
previous iteration or said initial state vector calculated in step (ii), wherein
said rendering includes calculating a mask for said input image stream to
distinguishing between background and foreground pixels;

(b) calculating a predefined number of point features from said rendered
object, wherein said predefined number of locations having highest
edginess are selected as features from said rendered image of the previous
iteration for the following localisation step;

(c) localising corresponding point features in said input image stream;
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(d) calculating a new state vector from said localised point features in said
input image stream; and
(e) iteratively performing steps (a) though (d) for providing at each iteration

updated said new state vector from said localised point features.

18. A system according to claim 17, wherein said processor is adapted to perform a
masked normalised template correlation for calculating new said localised point

features.

19. A system according to claim 17, wherein said processor is adapted to apply said
new localised point features into a Kalman filter for calculating said new state

vector.

20. A system for tracking an object in an input image stream substantially as herein
described with reference to any one of the embodiments of the invention

illustrated in the accompanying drawings and/or examples.
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