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Method for determining correspondences between a first and a second image, and

method for determining the pose of a camera

The invention is related to a method for determining correspondences between a first and a

second image, for example for use in an optical tracking and initialization process, such as

an optical keyframe supported tracking and initialization process. Moreover, the present

invention relates to a method for determining the pose of a camera using such method, and

to a computer program product comprising software code sections for implementing the

method.

Keyframe-based 3D Tracking is often required in many computer vision applications such

as Augmented Reality (AR) applications. In this kind of tracking systems the camera posi-

tion and orientation are estimated out of 2D-3D correspondences supported through so-

called keyframes to allow automatical initialization and re-initialization in case of a lost

tracking. This 2D-3D correspondences are often established using CAD models like d e

scribed in: Juri Platonov, Hauke Heibel, Peter Meier and Bert Grollmann, "A mobile mark-

erless AR system for maintenance and repair", In: proceeding of the 5th IEEE and ACM

International Symposium on Mixed and Augmented Reality.

Keyframes are frames with pre-extracted feature descriptors, and a reliable set of 2D-3D

correspondences can therefore be registered into a common coordinate system. By match

ing extracted feature descriptors of a current camera image (a current image of a real envi-

ronment taken by a camera) with the available 3D points' feature descriptors of a keyframe,

2D-3D correspondences in the current image can be established and a rough camera pose

be estimated. Searching the closest keyframe to the estimated pose and backprojecting the

stored 3D points into the current image increases the number of correspondences if the pro

jected points are comparable to the stored 2D appearances in the keyframe. By performing

2D-3D pose estimation, a more accurate camera pose can now be computed to initialize

tracking algorithms like KLT or POSIT (as disclosed in: "Pose from Orthography and Scal

ing with Iterations" - DeMenthon & Davis, 1995).

Recent publications like G.Klein and D . Murray: "Parallel Tracking and Mapping for Small

AR Workspaces", in: Proceeding of the International Symposium on Mixed and Aug

mented Reality, 2007, have shown the advantage of keyframe based (reinitialization



methods. Klein compares a downscaled version of the current image with downscaled key

frames and chooses the image with the best intensity-based similarity as the closest key

frame. Frames from the tracking stage are added as keyframes into the system if many new

feature points can be found and the baseline to all the other keyframes is large enough.

When doing 3D markerless tracking a standard approach can be described using the fol

lowing steps. In this regard, Fig. 4 shows a flow diagram of an exemplary process for key

frame generation:

In Steps 1 and 2, once a set of digital images (one or more images) are acquired, features

are extracted from a set of these "reference" digital images and stored. The features can be

points, a set of points (lines, segments, regions in the image or simply a group if pixels),

etc.

In Step 3, descriptors (or classifiers) may be computed for every extracted feature and

stored. These descriptors may be called "reference" descriptors.

In Step 4, the extracted 2D reference features get registered against 3D points by using

manual, semi-automatically or full automatically registration methods using online recon

struction methods like SLAM or simply by a known CAD model.

In Step 5, the extracted 2D features and assigned 3D points are getting stored with the digi¬

tal image in a structure. This structure is called keyframe.

According to Fig. 5, a standard keyframe supported method for initializing and tracking is

described which comprises the following steps:

In Step 10, one or more current images are captured by a camera, the pose of which shall

be determined or estimated.

In Step 11, for every current image captured, features of the same types used in the key

frames are extracted. These features maybe called "current features".

In Step 12, descriptors (or classifiers) may be computed for every current feature extracted

and stored. These descriptors may be referenced as "current descriptors".



In Step 13, the current features are matched with the reference features using the reference

and current descriptors. If the descriptors are close in terms of a certain similarity measure,

they are matched. For example the dot product or Euclidean distance of vector representa

tions can be used as similarity measurement.

In Step 14, given a model of the target, an outlier rejection algorithm is performed. The

outlier rejection algorithm may be generally based on a robust pose estimation like

RANSAC orPROSAC.

In Step 1 , the keyframe providing the highest number of verified matches is selected to be

the closest keyframe.

In Step 16, using the 2D coordinates from the current frame and the 3D coordinates indi

rectly known through the 2D-(2D-3D) matching an initial camera pose can be computed

using, e.g., common linear pose estimation algorithms like DLT refined by classical non¬

linear optimization methods (Gauss-Newton, Levenberg-Marquard).

In Step 17, to improve this computed first guess of the camera pose, not yet matched 3D

points from the keyframe may be projected into the current camera image using the com-

puted pose.

In Step 18, the descriptors of all projected points (local patch around the point) get com

pared against the local descriptors of known 2D points in the current frame (current image).

Again based on a similarity measurement method these points are handled as matched or

not. Commonly a local 2D tracking like KLT is performed to deal with small displace

ments.

In Step 19, using all new and before known 2D-3D matches the pose estimation step is

again performed to compute a more precise and reliable pose of the camera (Refined Pose

RP).

As limitations of the standard approaches, the 3D points projected into the current camera

image often get rejected because the displacement is often too large for common 2D track

ing algorithms like KLT which is only able to deal with pure translations. Due to the fact

that small rotations can be approximated as translations very small rotations can be handled

but the algorithm will fail in case of a bigger rotation. Also the descriptors generally handle

in-plane rotation, scale and in the best case affine transformations but do not handle per-



spective distortions, this makes the descriptor-based approaches vulnerable when such dis

tortions are present in the image.

An approach for improving the matching process is described in: Vincent Lepetit, Luca

Vacchetti, Daniel Thalmann and Pascal Fua: "Fully Automated and Stable Registration for

Augmented Reality Applications", Proc. Of the Second ΓΕΕΕ and ACM International Sym

posium on Mixed and Augmented Reality (ISMAR2003), where the authors are locally

approximating the object surface around the interest points by planes to synthetically re-

render all patches using the coarse estimated camera pose. All re-rendered patches are used

to create a keyframe which is closer to the current frame and therefore allows increasing

the number of total matches. To speed up the computation all transformations are approxi

mated to be homographies extracted from the projection matrices given the intrinsic p a

rameters of the used camera.

This approach has the disadvantage that this approximation can only be done by knowing

the camera model and an initial guess of the pose which makes the approach not usable in

case the camera parameters are unknown and/or when, e.g., the camera intrinsic parameters

are planned to be estimated on-line.

Therefore, it would be beneficial to provide a method for determining correspondences be¬

tween a first and a second image, which is independent from the used camera model and

not strongly dependent on the initial guess of the pose.

According to one aspect of the invention, there is provided a method for determining corre-

spondences between a first and a second image, the method comprising the steps of:

a) providing a first image and a second image of the real environment,

b) defining a warping function between the first and second image,

c) determining the parameters of the warping function between the first image and the sec¬

ond image by means of an image registration method,

d) determining a third image by applying the warping function with the determined pa

rameters to the first image,

e) determining a matching result by matching the third image and the second image, and

f ) determining correspondences between the first and the second image using the matching

result and the warping function with the determined parameters.

In a possible implementation of the method, with using these matches, a more accurate

pose of the camera can be computed. Also this approach allows a better initialization of 3D



Tracking Systems if the first image (e.g., a keyframe image) is far from the second image

(e.g., a current image). Further, the method is independent from the used camera model and

not strongly dependent on the initial guess of the pose due to the fact that an image regis

tration method is used.

According to an example, the first image may be a reference image (keyframe) with pre-

extracted feature descriptors and a reliable set of 2D-3D correspondences, which may be

generated as described above with reference to Fig. 4. The second image may be a current

image of a real environment which is captured by a camera in a current situation. By defin-

ing a warping function between the first and second image and applying it to the first image

for determining the third image, conditions or changes of the real environment or camera

motion between capturing the first and second images may be assumed and reflected in the

warping function, which may facilitate the matching of images and the determination of

correspondences between the first and a second image.

For example, for determining the correspondences, features are extracted from the third

image (e.g., warped keyframe) and matched against features of the second image (current

image). The correspondences between the first image (keyframe) and the second image are

determined using the matching result and the warping function with the determined pa-

rameters. More particularly, the matches between the second image and the third image get

unwarped using an inverse parameter set of the warping function to establish matches be

tween the second image and the first image.

In comparison to the previous approach described in Lepetit et al.: "Fully Automated and

Stable Registration for Augmented Reality Applications", as mentioned above, the pro

posed method of Lepetit et al. is decomposing a computed projection matrix using a known

3D plane corresponding to a local feature in the image, a known previous pose (R, t) and a

known camera intrinsic into a homography used for warp patches. The approach according

to the present invention, however, is appropriate to directly compute the homography by

only taking the current image and the keyframe image into account and is therefore inde

pendent from the camera intrinsic and the previous computed pose.

According to an embodiment of the invention, the definition of the warping function is

based on an assumption about the geometry of the real environment. For example, the ge-

ometry of the real environment is assumed to be planar. In this embodiment, as a condition

reflected in the warping function it may be assumed that the camera is moved in a way be-



tween the situations when capturing the first and second images which allows to neglect

depth information when finding correspondences between the images.

According to another embodiment, the definition of the warping function is based on

changes in the real environment between capturing the first image and capturing the second

image. For example, a warping function may be used based on techniques for tracking de-

formable surfaces like described in: Ezio Malis, "An efficient unified approach to direct

visual tracking of rigid and deformable surfaces", Intelligent Robots and Systems, IROS

2007.

For example, the assumption about the geometry of the real environment and/or the

changes in the real environment between capturing the first image and the second image

may be acquired from an environment model, a three-dimensional reconstruction method, a

time-of-flight camera, stereovision and/or a structured-light-based approach where the light

may be visible or infra-red (e.g. Microsoft Kinect device).

According to another embodiment of the invention, the definition of the warping function

is based on an assumed camera motion between capturing the first image and capturing the

second image. For example a linear translation between capturing the first image and cap-

curing the second image can be assumed as a camera motion.

According to another embodiment of the invention, the definition of the warping function

is based on illumination changes in the real environment or in the image between the first

image and the second image. For example, a warping function may be used based on tech-

niques for tracking surfaces under varying lighting conditions like described in: Geraldo

Silveira and Ezio Malis, "Real-time Visual Tracking under Arbitrary Illumination

Changes", Computer Vision and Pattern Recognition, 2007, CVPR'07.

In an embodiment of the invention, the image registration method may be selected accord-

ing to the definition of the warping function.

In a further embodiment, the image registration method is based on an iterative minimiza

tion process, wherein a first set of pixels in the first image is compared with a computed set

of pixels in the second image and the computed set of pixels in the second image used for

the comparison varies at each iteration. For example, the comparison in the image registra

tion method is based on image intensity differences.



According to an embodiment, an initial estimate of the parameters of the warping function

may be provided to the iterative minimization process. For example, the initial estimate of

the parameters of the warping function is determined using an estimate of camera motion

between capturing the first image and capturing the second image.

According to an embodiment of the invention, step e) of the method is further comprising

the steps of extracting features from the third image, extracting features from the second

image, and determining the matching result by matching the extracted features from the

third and the second images. For example, the method further comprises the step of provid

ing initial correspondences between the first image and the second image, wherein the

matching result is determined only for the extracted features that are not present in the in i

tial correspondences.

Particularly, the initial correspondences may be determined using an image matching m e

thod. For example a state of the art method may be used as described above with reference

to Fig. 5. Also, initial correspondences may be determined manually.

According to another aspect of the invention, there is provided a method for determining

the pose of a camera, comprising the steps of:

a) providing at least one reference image and a reference pose of the camera in a common

coordinate system while capturing the at least one reference image,

b) capturing a current image,

c) determining correspondences between the current image and the at least one reference

image according to the method of one of the preceding claims, wherein the first image is

set to be the reference image or the current image, and the second image is set to be the

current image or the reference image, respectively, and

d) determining the pose of the camera based on the determined correspondences.

According to an embodiment, step b) of this aspect is further comprising the step of provid

ing an initial estimate of the current pose of the camera in the common coordinate system

while capturing the current image, and in step c) the current image is matched with at least

one reference image selected from a set of reference images, wherein the selection is based

on the distance of the reference pose to the estimate of the current pose.

For example, the initial estimate of the pose of the camera is acquired by using an optical

tracking method, inertial sensor information and/or stereo vision.



In the context of the invention, an inertial sensor may, e.g. continuously, provide sensor

information including the position and/or orientation of an object or device with regard to

the environment, by using any combination of the following: magnetometer (e.g. a com

pass), motion sensor/ rotation sensor (accelerometers/ gyroscopes), gravity sensor, and

other sensors providing such information.

According to another aspect of the invention, there is provided a computer program product

adapted to be loaded into the internal memory of a digital computer and comprising soft

ware code sections by means of which the methods as described above may be performed

when said product is running on said computer.

The invention will now be explained with reference to the following description of exem

plary embodiments together with accompanying drawings, in which:

Fig. 1 shows a flow diagram of an embodiment of the invention, wherein Fig.

1a shows an overall process of determining a pose of a camera and fig.

l b shows a refinement method for determining the pose,

Figs. 2 and 3 show exemplary images of a real object in connection with the method as

described with reference to Fig. 1,

Fig. 4 shows a flow diagram of a standard process for keyframe generation,

Fig. 5 shows a flow diagram of a standard process for initialization and tracking

based on use of keyframes.

With reference to Fig. 1, an embodiment of a method according to aspects of the invention

will be explained in more detail. The skilled person will understand that the following de-

scription is only an example of a possible implementation of aspects of the method accord¬

ing to the invention, and that the method or steps thereof may also be used in any other

fields or applications where correspondences between a first and a second image shall be

determined.



In the embodiment of Fig. 1, a keyframe supported method for initializing and tracking is

described which implements aspects of the present invention. In this embodiment, the de

scribed method serves for determining the pose of a camera, which captures one or more

images of a real environment, in relation to an object of the real environment. In general, at

least one reference image (e.g., keyframe image) is provided which includes data of a ref

erence pose of the camera in a common coordinate system while capturing the reference

image. This reference image serves as a basis for determining the pose of the camera while

capturing a current image of the real environment. For determining the pose of the camera,

correspondences between the current image and the at least one reference image are deter

mined according to aspects of the present invention.

More specifically, in Steps 30 to 36 a process for determining of an initial estimate of a

camera pose is performed which substantially corresponds to the initialization process as

described above with respect to parts of Fig. 5 . It uses reference images or keyframes hav

ing reference features and reference descriptors of the type as described above with refer

ence to Fig. 4.

Particularly, in Step 30, one or more current images are captured by a camera, the pose of

which shall be determined and tracked. In Step 31, for every current image captured, fea

tures of the same types as used in the reference images are extracted. These features are

called "current features". In Step 32, descriptors (or classifiers) are computed for every cur

rent feature extracted and stored. These descriptors are referenced as "current descriptors".

In Step 33, the current features are matched with the reference features using the reference

and current descriptors. If the descriptors are close in terms of a certain similarity measure,

they are matched. For example the dot product or Euclidean distance of vector representa

tions can be used as similarity measurement. In Step 34, given a model of the target, an

outlier rejection algorithm is performed. The outlier rejection algorithm may, for example,

be based on a robust pose estimation like RANSAC or PROSAC. As an output in step 34

filtered correspondences are provided which are the remaining correspondences after the

outlier rejection or removal. The filtered correspondences are also provided as an input to

the process according to step 40, as explained in more detail below with reference to Fig.

lb. In Step 35, the keyframe providing the highest number of verified matches is selected

to be the closest keyframe. In Step 36, using the 2D coordinates of image features from the

current image and the 3D coordinates indirectly known through the 2D-(2D-3D) matching,

an initial camera pose P can be computed using, e.g., common linear pose estimation algo

rithms like DLT refined by classical non-linear optimization methods (Gauss-Newton,



Levenberg-Marquard). In Step 40, a refined camera pose RP is determined according to a

process as set out in Fig. lb.

In Fig. lb, an embodiment of a method for determining correspondences between a first

and a second image is described which may serve to determine a refined pose of a camera,

and may be used in Step 40 of the process according to Fig. la. In the present implementa

tion and context of the process according to Fig. 1a, the first image as referred to below is

set to be the reference image (e.g., closest keyframe) and the second image as referred to

below is set to be the current image captured by the camera. However, according to another

embodiment, the first image may be set to be the current image captured by the camera and

the second image may be set to be the reference image (e.g., closest keyframe).

Particularly, the approach shown in Figure lb is directly computing a transformation using

an efficient image alignment/registration method, as depicted on the right hand side of Fig.

lb. Based on, for example, the image difference between the first image provided in Step

40 1 and the second image provided in Step 402 which gives a photometric error y(x) (Step

403), a parameter update d is computed (Step 405) in case the error is larger than a speci¬

fied threshold ε (decision made in Step 404). The parameter set x (which is explained in

more detail below) gets updated with the computed parameter update d (Step 406) and a

warped keyframe is generated using the assumed warping method and the parameter set x

(Step 407). Iteratively repeating these steps, the photometric error y(x) gets minimized. If

the error is below the given threshold ε, features get extracted from the warped keyframe

(Step 408) and matched against features which are extracted from the second image (Step

410), wherein in this embodiment additionally 3D points are projected into the second im-

age using the pose P (Step 409). For example, the method further comprises the step of

providing initial correspondences between the first image and the second image, wherein

the matching result of Step 410 is determined only for the extracted features that are not

present in the initial correspondences. The matches between the second image and warped

first image (third image) get unwarped using the inverse parameter set x to establish

matches between the second image and the first image (Step 411). With using these

matches, a more accurate pose RP can be computed (Step 412). Also this approach allows a

better initialization of 3D Tracking Systems if the first image (e.g., keyframe) is far from

the current image.

More particularly, in Step 401, with the first image (keyframe image) a parameter set x is

provided comprising an optional initial estimate of the reference pose (i.e. the pose of the



camera when capturing the keyframe image). Particularly, in a preferred embodiment, the

initial estimate of parameter set x is including the three-dimensional translation and the

three dimensional rotation in the common coordinate system between the pose of the cam

era when capturing the keyframe image and the pose of the camera when capturing the cur-

rent image. The initial estimate is optional when the camera is assumed to be static when

capturing the first image and the second (or current) image. The initial values of the rota

tion and translation would then be zero. In a preferred embodiment, the initial estimate can

be provided by e.g. an inertial sensor or an external tracking system.

In step 403, a first set of pixels in the first image (keyframe image) is compared with a

computed set of pixels in the second image (current image), the computed set of pixels b e

ing indicative of a part of the second image. In this way, the photometric error y(x) may be

computed. In the following iterative minimization process according to steps 403-407, a

first set of pixels in the first image is compared with a computed set of pixels in the second

image, wherein the computed set of pixels in the second image used for the comparison

varies at each iteration. Particularly, the photometric error y(x) is computed using the data

of the second image and the first image. This error is used in the cost function phi(d) of a

non-linear optimization that searches for an update d of the parameter set x. Regularization

can optionally be integrated into phi(d).

According to Step 405, a parameter update d of the parameter set x is computed from the

photometric error y(x) and applied to the parameter set x in Step 406, and a warped key

frame is generated in Step 407 using the assumed warping method and the parameter set x.

For more details about how to compute the update given the photometric error, one could

use any of the following references:

B. Lucas and T. Kanade, "An iterative image registration technique with application to ste

reo vision," in JCAI, p. 674-679, 1981.

S. Baker and I . Matthews, "Equivalence and efficiency of image alignment algorithms", in

IEEE CVPR, p. 1090-1097, 2001.

S. Benhimane and E. Malis, "Real-time image-based tracking of planes using Efficient

Second-order Minimization", p.943-948, in IEEE RS IROS 2004.



The steps 403-407 are iteratively repeated wherein the photometric error y(x) gets mini¬

mized. If the error is below the given threshold ε, features are extracted from the warped

keyframe (Step 408).

For example, the definition of the warping function in Step 407 is based on an assumption

about the geometry of the real environment. For example, the geometry of the real envi

ronment is assumed to be planar. Further, the definition of the warping function may be

based on changes in the real environment between capturing the first image and capturing

the second image. For example, the assumption about the geometry of the real environment

and/or the changes in the real environment between capturing the first image and the sec

ond image may be acquired from an environment model, a three-dimensional reconstruc

tion method, a time-of-flight camera, stereovision and/or a structured-light-based approach

where the light is visible or infra-red (e.g. Microsoft Kinect device).

Moreover, the definition of the warping function may be based on an assumed camera m o

tion between capturing the first image and capturing the second image. For example a lin

ear translation between capturing the first image and capturing the second image can be

assumed as a camera motion. Further, the definition of the warping function may be based

on illumination changes in the real environment or in the image between the first image

and the second image. For example, a warping function may be used based on techniques

for tracking surfaces under varying lighting conditions.

For example, the image registration method can be selected according to the definition of

the warping function. In a further embodiment, the image registration method may be

based on an iterative minimization process, as set out above. For example, the comparison

in the image registration method is based on image intensity differences.

Figs. 2 and 3 show exemplary images of a real object RO in connection with the method as

described with reference to Fig. 1. As can be seen from Fig. 2, a feature extracted in the

current image (current frame CF) may be feature Fl, which corresponds to feature F2 of

the real object RO in the keyframe KF. However, without the refinement method according

to the invention, as described above, the displacement may be too big for common match

ing algorithms, so that the features F l and F2 may not be found as corresponding to each

other. On the other hand, as shown in Fig. 3, with the method according to the invention

such as the one as described in Fig. lb, finding correspondences between the warped key

frame image WKF and the current image CF may be facilitated since the deviation between

the corresponding features F3 and F l is significantly reduced. In this regard, similar results



can be achieved if, according to another embodiment, the first image is set to be the current

image captured by the camera and the second image is set to be the reference image (e.g.,

closest keyframe), wherein the current image is subject to warping to reduce deviation be

tween corresponding features of the first and second images.



Claims

1. A method for determining correspondences between a first and a second image, compris

ing the steps of:

a) providing a first image and a second image of the real environment,

b) defining a warping function between the first and second image,

c) determining the parameters of the warping function between the first image and the

second image by means of an image registration method,

d) determining a third image by applying the warping function with the determined p a

rameters to the first image,

e) determining a matching result by matching the third image and the second image, and

f) determining correspondences between the first and the second image using the match-

ing result and the warping function with the determined parameters.

2 . The method according to claim 1, wherein the definition of the warping function is based

on an assumption about the geometry of the real environment.

3. The method according to claim 2, wherein the geometry of the real environment is as

sumed to be planar.

4. The method according to one of claims 1-3, wherein the definition of the warping func

tion is based on changes in the real environment between capturing the first image and

capturing the second image.

5 . The method according to one of claims 2-4, wherein the assumption about the geometry

of the real environment and/or the changes in the real environment between capturing

the first image and the second image are acquired from at least one of an environment

model, a three-dimensional reconstruction method, a time-of-flight camera,stereovision

and structured-light-based approach.



6. The method according to one of claims 1-5, wherein the definition of the warping func

tion is based on an assumed camera motion between capturing the first image and cap

turing the second image.

7 . The method according to one of claims 1-6, wherein the definition of the warping func

tion is based on illumination changes in the real environment or in the image between

the first image and the second image.

8. The method according to one of claims 1-7, wherein the image registration method is

selected according to the definition of the warping function.

9 . The method according to one of claims 1-8, wherein the image registration method is

based on an iterative minimization process, wherein a first set of pixels in the first im

age is compared with a computed set of pixels in the second image and the computed

set of pixels in the second image used for the comparison varies at each iteration.

10. The method according to claim 9, wherein the comparison in the image registration

method is based on image intensity differences.

11. The method according to one of claims 9-10, wherein an initial estimate of the parame

ters of the warping function is provided to the iterative minimization process.

12. The method according to claim 11, wherein the initial estimate of the parameters of the

warping function is determined using an estimate of camera motion between capturing

the first image and capturing the second image.

13. The method according to one of claims 1-12, wherein step e) is further comprising:

- extracting features from the third image,

- extracting features from the second image,



- determining the matching result by matching the extracted features from the third and

the second image.

1 . The method according to claim 13, further comprising:

- providing initial correspondences between the first image and the second image and

- determining the matching result only for the extracted features that are not present in

the initial correspondences.

15. The method according to claim 14, wherein the initial correspondences is determined

using an image matching method.

16. A method for determining the pose of a camera, comprising the steps of:

a) providing at least one reference image and a reference pose of the camera in a common

coordinate system while capturing the at least one reference image,

b) capturing a current image,

c) determining correspondences between the current image and the at least one reference

image according to the method of one of the preceding claims, wherein the first image

is set to be the reference image or the current image, and the second image is set to be

the current image or the reference image, respectively,

d) determining the pose of the camera based on the determined correspondences.

17. The method according to claim 16, wherein step b) is further comprising the step of

providing an initial estimate of the current pose of the camera in the common coordi

nate system while capturing the current image, and in step c) the current image is

matched with at least one reference image selected from a set of reference images,

wherein the selection is based on the distance of the reference pose to the estimate of

the current pose.

18. The method according to claim 1 , wherein the initial estimate of the pose of the cam

era is acquired by using at least one of an optical tracking method, inertial sensor in

formation and stereo vision.



19. A computer program product adapted to be loaded into the internal memory of a digital

computer and comprising software code sections by means of which the method ac

cording to any of claims 1 to 18 is performed when said product is running on said

computer.















A . CLASSIFICATION O F SUBJECT MATTER

INV. G06K9/64 G06T7/00
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G06K G06T

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

JING CH ET AL: "An Improved Real -Time 1-19
Natural Feature Tracki ng Al gori thm for A R
Appl i cati on" ,
PROCEEDINGS OF THE INTERNATIONAL
CONFERENCE ON ARTI FICIAL REALITY AND

TELEXISTENCE-WORKSHOP, XX, XX,
1 November 2006 (2006-11-01) , pages
119-124, XP008084001 ,
the whol e document

-/-

Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

o r priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel o r cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) o r involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation o r other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition o r document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

12 October 2011 19/10/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Rimassa, Simone



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

CLARK A J ET AL: " Perspecti ve correcti on 1-19
for improved v i sual regi strati on usi ng

IMAGE AND VISION COMPUTING NEW ZEALAND,
2008. IVCNZ 2008. 23RD INTERNATIONAL
CONFERENCE, I EEE, PISCATAWAY, NJ , USA,
26 November 2008 (2008-11-26) , pages 1-6,
XP031412648,
ISBN : 978-1-4244-3780-1
abstract

CHRIST0PHE DEHAIS ET AL: " From renderi ng 11-19
t o tracki ng poi nt-based 3 D model s " ,
IMAGE AND VISION COMPUTING,
vol . 28, no. 9 ,
1 September 2010 (2010-09-01) , pages
1386-1395 , XP55009224,
ISSN : 0262-8856, D0I :
10. 1016/j . imavi s .2010.03 .001
abstract
secti on 3 .4. Compari son wi t h tradi t i onal
approaches

FR 2 946 444 Al (TOTAL IMMERSION [FR] ) 1-19
10 December 2010 (2010-12-10)
abstract

TA0 GUAN ET AL: " Fast Scene Recogni t i on 1-19
and Camera Rel ocal i sati on for Wi de Area
Augmented Real i t y Systems" ,
SENSORS,
vol . 10, no. 6 ,
1 January 2010 (2010-01-01) , pages
6017-6043 , XP55009223 ,
ISSN : 1424-8220, D0I : 10.3390/sl00606017
abstract



Patent document Publication Patent family Publication
cited in search report date member(s) date

FR 2946444 Al 10-12-2010 WO 2010142897 A2 16-12-2010


	abstract
	description
	claims
	drawings
	wo-search-report

