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Method and system for visitor tracking at a POS area

The invention relates to a method and a system for visitor tracking at a POS area.
The invention also relates to a method for running a master user database on an

online and offline shopping server.

C.P. Papageorgion, M. Oren, and T. Poggio; A general framework for object detec-
tion; Sixth International Conference on Computer Vision, pages 555-562, 1998 is one
of the first publications in which Haar wavelets are described for real-time object de-
tection.

From Paul Viola and Michael Jones; Rapid object detection using a boosted cascade
of simple features, Mitsubishi Electric Research Laboratories, Inc., 2004 (TR-2004-
043), Cambridge, Massachusetts, USA (accepted Conference on Computer Vision
and Pattern Recognition, 2001), and Paul Viola and Michael Jones; Robust real-time
object detection; International Journal of Computer Vision, 57(2): 137-154, 2002, a
method for automatically recognizing faces in images is known, wherein Haar wave-
lets are used for detecting Haar-like features. By using a so-called "Integral Image"
which comprises grid point assigned sums, Haar wavelets can be very quickly ap-

plied to the image.

P.l. Wilson, J. Fernandez; Facial Feature Detection Using Haar Classifiers, JCSC 21,
4 (April 2006), CCSC: South Central Conference, describes a further method for rec-
ognizing faces in an image by means of Haar-like features. The area of the image
being analyzed for a facial feature is regionalized to a location with the highest prob-
ability of containing the feature. By regionalizing the detection area, false positives
are eliminated and the speed of detection is increased due to the reduction of the

area examined.

In Sebastian Schmitt, Real-Time Object Detection With Haar-Like Features, June 22,
2010, s-schmitt.de/ressourcen/haar_like_features.pdf several projects using Haar-
like features for detecting objects in real-time are described. In these projects rotated

Haar-like features are used. In order to compute rotated features as fast as the axis-
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aligned ones, a rotated summed area table (RSAT), which corresponds to a rotated
integral image, is used.

N. Dalal and B. Triggs; Histograms of oriented gradients for human detection,
lear.inrialpes.fr/people/triggs/pubs/Dalal-cvpr05.pdf, published in Computer Vision
and Pattern Recognition, 2005, CVPR 2005, IEEE Computer Society Conference on
June 25, 2005 (Volume 1), pages 886-893, vol. 1, ISSN 1063-6919, Print ISBN 0-
7695-2372-2, publisher IEEE, describes a method for detecting humans in images
using Histogram of Oriented Gradient (HOG) descriptors for discriminating humans in
the images. This method is based on evaluating well-normalized local histograms of
image gradient orientations in a dense grid. Local object appearance and shape can
often be characterized rather well by the distribution of local intensity gradients or
edge directions, even without precise knowledge of the corresponding gradient or
edge positions. This is implemented by dividing the image window into small spatial
regions, so-called cells and accumulating for each cell a local 1-D histogram of gra-
dient directions or edge orientations over the pixels of the cell. The combined histo-
gram entries form the representation. Tiling the detection window with a dense (in

fact, an overlapping) grid of HOG descriptors results in a human detection chain.

Ojala, T., Pietikainen, M., Harwood, D.; Performance evaluation of texture measures
with classification based on Kullback discrimination of distributions, published in Pat-
tern Recognition, 1994, vol. 1 - Conference A: Computer Vision & Image Processing,
Proceedings of the 12th IAPR International Conference on 9-13 Oct 1994 (Volume:
1), pages 582-585, Print ISBN 0-8186-6265-4 describes Local binary patterns (LBP)
used for texture classification in computer vision. LBP is based on so-called feature
vectors. To derive a feature vector of an image, the image is divided into cells. Each
pixel of each cell is then compared to each of its neighboring pixels clockwise or
counter-clockwise. The difference in size results in numbers which are combined in a
histogram showing the frequency of each number occurring. Then the histograms of
all cells are concatenated, which gives the feature vector of the image.

Gray-level co-occurrence matrices (GLCM) are another approach for texture classifi-
cation in computer vision (http://www.fp.ucalgary.ca/mhallbey/tutorial.htm). A GLCM

considers the relation between two pixels at a time. Using so-called second order
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texture calculations the GLCM represents the spatial relationship between groups of
two (usually neighboring) pixels, called the reference and the neighbor pixel. The
neighbor pixel is often the pixel with a distance of one pixel to the reference pixel in a
predetermined direction, but the distance between these pixels can also be any other
number other than one. The matrix is a tabulation of how often different combinations
of pixel brightness values, which are grey levels in the case of a grey level image,
occur in the image. By using statistical analysis methods on the GLCM, textures can

be measured and classified.

In Costa, A.F., Humpire-Mamani, G., Traina, A.J.M.; An Efficient Algorithm for Fractal
Analysis of Textures, published in Graphics, Patterns and Images (SIBGRAPI), 2012,
25th SIBGRAPI Conference on 22-25 Aug. 2012, pages 39-46, ISSN 1530-1834,
Print ISBN 978-1-4673-2802-9, published by IEEE, a new and efficient texture fea-
ture extraction method, the so-called Segmentation-based Fractal Texture Analysis
(SFTA) is described. SFTA is performed by extracting texture features, training a
classifier and classification of a texture image. The extraction algorithm consists of
decomposing the input image into a set of binary images from which the fractal di-
mensions of the resulting regions are computed in order to describe segmented tex-
ture patterns. The decomposition of the input image is achieved by the so-called
Two-Threshold Binary Decomposition (TTBD) algorithm. SFTA can perform the tasks
of content-based image retrieval (CBIR) and image classification.

solvePnP is a function of the openCV api (http://docs.opencv.org/2.4/modules/calib3d
/doc/camera_calibration_and_3d_reconstruction.html). The function estimates an
object pose given a set of object points, their corresponding image projections, as
well as a camera matrix and distortion coefficients. First, object points (3D), image
points (2D) and the camera matrix are input into the solvePnP-function. Then,
solvePnP returns a rotation vector (rvec) and a translation vector (tvec) with which
points from the model coordinate system can be mapped to the camera coordinate
system. The camera coordinate system is the camera’s cartesian coordinate system,

it moves with the camera, and the camera is always at the origin.

US 6,711,293 B1 discloses a method and an apparatus for identifying scale invariant

features in an image and use of the same for locating an object in the image, the
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method being called scale invariant feature transform (SIFT). The method is per-
formed by locating pixel amplitude extrema in a plurality of difference images which
are produced from the initial image. First local maximal and minimal amplitude pixels
in each difference image are identified. Then possible maximal and minimal ampli-
tude pixels are identified, followed by identifying the actual maximal and minimal am-
plitude pixels. Then a plurality of component subregion descriptors for each subre-
gion of a pixel region about the pixel amplitude extrema in the plurality of difference
images is produced. For any object in an image, interesting points on the object can
be extracted from the plurality of component subregion descriptors to provide a so-
called “feature description” of the object. This feature description can then be used to

identify the object when attempting to locate the object in another image.

EP 1 850 270 B1 describes a method for determining an interest point in an image
having a plurality of pixels suitable for working at different scales and/or rotations.
The method produces a local feature detector and descriptor being called Speeded
Up Robust Features (SURF). The method comprises filtering an image using at least
three digital filters and then selecting an interest point based on determining a meas-
ure resulting from application of the digital filters. The measure is a non-linear combi-
nation of the outputs of the digital filters and captures variations of an image parame-
ter in more than one dimension or direction. SURF’s feature descriptor is based on
the sum of the Haar wavelet response around the point of interest. SURF descriptors
can be used for object recognition, localization, tracking, registration and classifica-

tion, 3D reconstruction and extracting points of interest in an image.

M. Turk and A. Pentland; Eigenfaces for Recognition, Journal of Cognitive Neurosci-
ence, vol. 3, no. 1, pages 71-86, 1991 discloses a method for recognizing human
faces with computer systems. A collection of face images is transformed by a math-
ematical process called Principle Component Analysis (PCA) into a collection of face
images with a low-dimensional representation. From this transformed collection of
face images a mean face image is calculated. Then the mean face image is sub-
tracted from each face image of the transformed collection resulting in a collection of
difference images. From this collection of difference images a covariance matrix is
deducted, which set of normalized eigenvectors is called set of eigenfaces. This set

of eigenfaces can be used to represent both existing and new faces: A new image of
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a face can be mean-subtracted and projected on the set of eigenfaces such that the
differences between the new face and the mean face are represented by a vector.

This vector can be used for face recognition.

Z. Kalal, K. Mikolajczyk, J. Matas; Tracking-Learning-Detection, published in: IEEE
Transactions on Pattern Analysis and Machine Intelligence (Vol. 34 , Issue 7) , pages
1409-1422, ISSN 0162-8828, December 2011, published by IEEE, describes long-
term tracking of unknown objects in a video stream. The object is defined by its loca-
tion and extent in a single frame. In every frame that follows, the object’s location and
extent is determined or it is indicated that the object is not present. A tracking learn-
ing detection (TLD) framework is disclosed that decomposes the long-term tracking
task into tracking, detection and learning. A tracker follows the object from frame to
frame. A detector localizes all appearances that have been observed so far and cor-
rects the tracker if necessary. Learning estimates detector’s errors by identifying

those errors and updates the detector to avoid those errors in the future.

Babenko, B., Ming-Hsuan Yang, Belongie, S.; Visual tracking with online Multiple In-
stance Learning, published in Computer Vision and Pattern Recognition, 2009,
CVPR 2009, IEEE Conference on 20-25 June 2009, pages 983-990, ISSN 1063-
6919, Print ISBN 978-1-4244-3992-8, published by IEEE, discloses a solution to the
problem of learning an adaptive appearance model for object tracking. A class of
tracking techniques called “tracking by detection” is described, which results in real-
time speed tracking. These methods train a discriminative classifier in an online
manner to separate an object from a background. This classifier bootstraps itself by
using a current tracker state to extract positive and negative examples from a current
frame. Slight inaccuracies in the tracker can therefore lead to incorrectly labeled
training examples, which degrades the classifier and can cause further drift. Using
Multiple Instance Learning (MIL) instead of traditional supervised learning avoids
these problems, and can therefore lead to a more robust tracker with fewer parame-
ter tweaks. Further, a novel online MIL algorithm for object tracking is disclosed.

Fukunaga, K., Hostetler, L.; The estimation of the gradient of a density function, with
applications in pattern recognition, published in: IEEE Transactions on Information
Theory, vol. 21, issue 1, pages 32-40, ISSN 0018-9448, issued Jan 1975, published
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by IEEE describes a nonparametric density gradient estimation using a generalized
kernel approach. Conditions on the kernel functions are derived to guarantee asymp-
totic unbiasedness, consistency, and uniform consistency of the estimates. The re-
sults are generalized to obtain a simple mean-shift estimate that can be extended in
a k-nearest-neighbor approach. Applications of gradient estimation to pattern recog-
nition are presented using clustering and intrinsic dimensionality problems, with the
ultimate goal of providing further understanding of these problems in terms of density

gradients.

An object of the present invention is to provide a method and a system for automati-
cally tracking a visitor in a POS area, wherein the quality of services based on data

achieved by tracking a visitor in the POS area is improved.

A further object of the present invention is to improve the data content of a master

user database of an online shopping system.

One or more of the objects mentioned above are solved by the subject matter of the
independent claims. Preferred embodiments are defined in the corresponding sub-

claims.

A first aspect of the present invention relates to a method for visitor tracking at a POS
area comprising the steps of

- capturing an image of a visitor by facial detection camera in the POS area,

- extracting a biometric face template from the image,

- comparing the biometric face template with biometric face templates of a master
user database, wherein the biometric face templates of the master user database are
each assigned to a user account of an online shopping system and the master user

database comprises online shopping behavior data for each user.

If a match between the biometric face template of the visitor and one of the biometric
face templates of the master user databases is found, then the content of the master

user database is used for supporting a service at the POS area.
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This visitor tracking method detects visitors of the POS area by means of the face in
that a biometric face template is extracted from an image showing the face of the cor-
responding visitor. This biometric face template is used to access data of a user ac-
count of this visitor in an online shopping system. These data comprise online shop-
ping behavior data. At the POS area services can be provided being based on such
online shopping behavior data.

The online shopping behavior can comprise a browsing behavior and/or a shopping
behavior. The browsing behavior comprises a list or table of URLs of websites visited
by the user of the online shopping system which can be combined with time stamps
or statistical data, particularly how often and/or how long the respective websites
were be visited by the user. The shopping behavior comprises data of the purchased
goods and/or services. These shopping behavior data can further comprise
timestamps of each purchase, information of the value of each purchase and infor-

mation about the payment method.

These services can comprise services to the visitor or customer, respectively, ser-
vices in assisting the sales staff of the POS area and services to the management of

a retail shop using this POS area.

An example of the service to a visitor is to automatically send a message to a mobile
device of the visitor, containing information about the retail shop using the POS area,
special offers or any other product information. The online shopping behavior data
are considered in generating this message. The visitor will receive information that
can be individually adapted to their preferences and wishes. Furthermore, terminals
can be provided in the POS area for the visitors in which the visitor can look up in-
formation about the retail shop using this POS area. The information provided at
such a terminal can be personalized to the user on the basis of their online shopping

behavior data retrieved from the master user database.

The sales staff of the retail business at the POS area can be automatically informed
about the shopping behavior of the visitor of the POS area, who is a potential cus-
tomer of the POS area. Thus, the sales staff can provide individually adapted ser-

vices and offers to the visitors of the POS area.
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It is also possible to provide statistical analysis of all visitors visiting the POS area.
This analysis is also based on the online shopping behavior which is retrieved from
the master user database. Each visitor can be classified very precisely, so that the
information content of such a statistical analysis is highly significant and useful for the
management of the retail business using this POS area. Such statistical analyses are
very valuable for assessing the value of a POS area. This provides a strong im-

provement to the management of the retail shop.

Independent of the receiver of the service the amount of data received from the mas-
ter user database can be limited according to the respective law governing data pro-
tection and data security. E.g., the management of the shop does not need any per-
sonal data of the visitors of the POS area for the statistical analysis. Anonymous data
which do not contain a name, detailed address, telephone number are mostly suffi-

cient.

However, the broad basis of the data that comprise both online shopping behavior
data as well as offline shopping behavior data, which can be retrieved by tracking the
visitor in the POS area, significantly improves the services to the visitors or custom-
ers, respectively, sales staff at the POS area, and the management of the retail shop

using this POS area.

If no match is found by comparing the biometric face template with biometric face
templates of the master user database then visitor data extracted from images cap-
tured in the POS area can be stored in a POS database which is independent from
the master user database. The POS database preferably is a local database con-

nected to a visitor tracking system for tracking the visitors in the POS area.

This POS database describes the offline shopping behaviour. This offline shopping
behaviour can also be used for supporting the above mentioned services as long as

the POS database contains a sufficient basis of data.

One of the services provided to the visitors is generating and transmitting a message

to a mobile device of the visitor. The contact data of the mobile device can be re-
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trieved from the master user database. Preferably, it is checked at the POS area
whether the mobile device is present in the POS area. This can be carried out by
checking communication data exchanged between a transceiver in the POS area and

mobile devices located in the POS area.

A visitor of the POS area is tracked by capturing one or more images of the visitor by
one or more cameras and offline shopping behavior data are preferably extracted
from those images. Offline shopping behavior data is e.g. based on the time a visitor
IS spending in front of certain products, advertisements and displays. Furthermore,
offline shopping behavior data can be based on data received from a cash register at
the POS area when the visitor is purchasing certain goods or services. These data
can comprise an identification and an amount of goods and services purchased by

the visitor.

The POS area preferably comprises several types of stationary cameras. Such a
camera can be a facial detection camera that is arranged so that the field of view is
directed towards the face of a visitor in an upright position. Tracking cameras can be
provided, which are tracking the visitors of the POS area with a field of view from

above so that a plurality of visitors can be tracked simultaneously by one camera.

According to a further aspect, the present invention provides a method wherein a
master user database is run on a shopping server, which is part of an online shop-
ping system. A user may log in to the shopping system by means of a client comput-
er comprising a client camera. An image of the user is captured by the client camera
and a biometric face template is extracted from this image, wherein the user’s image

and/or the user’s biometric face template is stored in the master user database.

This method provides a master user database containing biometric face templates of
each user. The biometric face template can be used as an identification for the users
so that the content of the master user database, particularly the content of accounts
of specific users, can be easily connected or related to other data on another system,

which are related to the same person by means of the biometric face template.
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This method is particularly advantageous in combination with the above-described
first aspect of the invention, because all data retrieved from the tracking at the POS
area of a certain visitor can be easily linked to the account data in the master user

database of the same person by means of the biometric face templates.

According to a further aspect, offline shopping behavior data retrieved by tracking a
visitor in a POS area can be added or supplemented to a master user database, if a
biometric face template of the visitor matches with one of the biometric face tem-
plates of the master user database, which means that the visitor is the same person
as the user of the account of the master user database comprising the matching bi-
ometric face template. By adding or supplementing the offline shopping behavior da-
ta to the master user database the information content or information value of the
master user database is increased significantly, because data of the real world are
automatically detected and added to the master user database. Therefore, the mas-
ter user database comprises a very broad basis of data which is highly valuable for

statistical analysis.

As mentioned above, each time the user is logging into the online shopping system
an image of the user is captured and a biometric face template can be extracted and
stored in the master user database. This storing of the biometric face template does
not necessarily mean that an already present face template is completely replaced by
a new biometric face template, but can also be carried out in that an already existing
biometric face template is updated by the data of the newly delivered biometric face
template. Thus, the quality of the biometric face template is improved each time the
user logs into the online shopping system. The biometric face template that is gener-
ated during a log-in procedure can be used as logging criteria for the online shopping
system. Preferably, each time the user logs into the online shopping system at least

one image of the user is captured.
Such a master user database comprising combined online and offline shopping be-

havior data can be used for preparing shopping user profiles, data for supporting ad-

vertisements or for generating further marketing characteristics.
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According to a further aspect the invention refers to a system for visitor tracking at a
POS area which is embodied for carrying out one or more of the methods described

above.

Such a system preferably comprises at least one facial detection camera, at least
one or more tracking cameras, a central control unit connected to the cameras. The
tracking system preferably comprises a storage means hosting a local database,
which is called POS database. The central control unit is preferably connected to a
mobile shopping system comprising a remote storage means hosting a master user
database.

Neighboring cameras of the tracking system are preferably arranged so that the
fields of view are overlapping to such an extent that at least one person can be simul-
taneously detected by both neighboring cameras.

The tracking system is preferably connected by means of a data line to a cash regis-
ter of a POS area, so that data describing payment transactions are available to the
tracking system. The sales transactions can be synchronized to the tracking system

by using timestamp synchronization.

An embodiment of the present invention will be explained in the following by means
of the enclosed drawings, which show in:

Figure 1 schematically a tracking system at a POS area,
Figure 2 a tracking camera with its field of view,
Figure 3 and 4 two tracking cameras with overlapping fields of view in a side

view and in a view from above,

Figure 5to 7 flow charts of certain modules of the tracking system,

Figure 8 and 9 each schematically a further embodiment of a tracking system

and its relationship to an online shopping system, and

11
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Figure 10 and 11 each the data structure of a data set of a POS database and a

master user database.

Figure 1 shows an embodiment of a tracking system 1 for visitor tracking at a POS
area 2. The POS area 2 comprises a point of sale (POS) 3 at which a visitor or cus-
tomer, respectively, of the POS area 2 can finalize a purchase process. In the pre-
sent embodiment the point of sale 3 comprises a cash register 4. A point of sale is
not limited to such a cash register but is any physical point at which any kind of pur-
chase, buying, hiring, renting process between a party which offers a certain good
and/or service and a customer can be finalized. The finalizing of a purchase process
can also be carried out by means of a mobile device instead of a fixed cash register.
In the broadest sense the POS area is any physical area in which goods and/or ser-
vices are presented to initiate purchase a process.

The POS area 2 comprises one or more displays or advertisements for displaying the
offered goods and/or services. A visitor 5 of the POS area 2 can walk along the dis-
plays and make up their mind whether they want to buy or rent the offered products
or services. The POS area 2 is usually part of a physical real world shop. The POS
area 2 can also be embodied as a commercial or non-commercial fair for offering
goods and services such as a business fair or flea market. Any area comprising dis-
plays or advertisements belongs to the POS area, such as external areas of a shop

building comprising advertisement windows or other displays.

The tracking system 1 comprises several tracking cameras 6 which are arranged
along the walking paths in the POS area 2. In the present embodiment the tracking
cameras 6 are embodied as overhead cameras having its direction of view directed
downward so that these tracking cameras 6 are imaging the visitors 5 with a viewing
direction from above. Each tracking camera 6 is a digital camera for generating elec-
tronically readable image files. Each image file comprises at least one image taken of
a certain field of view 7 which is defined by a lens of the tracking camera 6. The im-
age file can also comprise a video stream which is a continuous sequence of images.
Preferably, the tracking cameras 6 are arranged so closely to each other that the

fields of view 7 of neighboring cameras are overlapping.

12



10

15

20

25

30

The tracking system 1 comprises at least one facial detection camera 8 which is a
digital camera arranged with its direction of view in the POS area 2, so that an image

of a face of a visitor 5 having their head in an upright position can be taken.

In the present embodiment a facial detection camera 8 is located in an entrance area
9 of the POS area 2 and a second facial detection camera 8 is located at the point of
sale 3. The facial detection camera 8 at the entrance area is directed with its direc-
tion of view from the inside of the POS area to the entrance area so that the faces of
the users entering the POS area 2 are captured. It can also be useful to have a facial
detection camera 8 directed with its direction of view from the outside of the POS are
to the entrance area so that the faces of the users leaving the POS area 2 are cap-
tured. With this camera 8 all visitors are captured independently whether they were
buying an article or they were just passing the POS area without buying anything.

In the present embodiment a path starting with the entrance area 9 and ending at the
point of sale 3 is continuously monitored by the cameras 6, 8. It is also possible to
provide cameras for monitoring areas in front of an external advertisement window or

any other external display.

The facial detection cameras 8 define each a field of view 10. The first facial detec-
tion camera 8/1 and a first tracking camera 6/1 located in the entrance area 9 are
arranged so that the corresponding fields of view 7, 10 are overlapping. A visitor 5
can so be simultaneously detected by the first tracking camera 6/1 and the first facial

detection camera 8/1.

Each camera 6, 8 is connected to a data line 11 of a local area network.

The system also comprises a central control unit 12 and a storage means 13 for
hosting a local database 14, which is in the following called “POS database” 14.

The central control unit 12 is connected to a wide area network (WAN) such as the
internet 15 or an intranet. The central control unit 12 has a data connection via the

WAN 15 to a remote storage means 16 hosting a master user database 17.
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The master user database 17 is part of an online shopping system (not shown in the
figures). The online shopping system comprises a web page which can be displayed
on a client computer for offering the user of the client computer certain goods and/or

services.

The client computer can be a desktop computer or any other mobile or stationary de-
vice having an interface to be connected to the WAN and display and input means for
displaying the web page of the online shopping system and entering corresponding
orders. Such client computers are typically mobile phones, tablets, handheld com-

puters, etc.

The online shopping system is embodied in such a way that a user has to register
themselves for using the online shopping system. Therefore, registration data of the
user are stored in the master user database 17. The registration data are allocated in
corresponding user accounts and comprise the full name, email address, mailing ad-
dress and phone number of the user. In a preferred embodiment of the online shop-
ping system the registration data also comprise a biometric face template.

The signing up can be carried out by means of a user name and a password. Such a
signing up procedure is provided for the case that either the user is using a client
computer without camera or someone else being authorized by the user is using the

user’s online shopping account.

The biometric face template is extracted from an image of the face of the user pro-
vided to the online shopping system. Such face images of users are often available in
social media such as Facebook, Twitter, etc. However, the profile images are mostly

not useful for extracting the biometric face template.

A social media account can also be used for signing up to the online shopping sys-
tem, which makes the images of the user’s face available to the online shopping sys-
tem. An image of a user’s face can also be provided in a different way than by means

of a social media account. The online shopping for example can require an image of
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the user face as necessary part of the registration data which have to be supplied by
the user at the first registration for the online shopping system.

Preferably, the client computer comprises a camera having a direction of view di-
rected at the user of the client computer and a software application for capturing an
image of the user each time the user is signing up to the online shopping system.
Then this image can be used for the signing up to the online shopping system. From
this image a biometric face template is extracted by the software application of the
client computer and this client biometric face template is compared to the biometric
face templates of the master user database for authorizing the user of the client
computer for signing up to the mobile shopping system. Only if there is a match be-
tween the client’s biometric face template and the corresponding face template of the
master user database a user is allowed to virtually enter the online shopping system.
This login procedure can be combined with an additional security means such as a

password.

Using the biometric face template as key for authorizing a user to virtually enter the
shopping system on one hand provides a high security for the online shopping sys-
tem that only a registered person is using the corresponding account of the online
shopping system and on the other hand provides an easy access to the online shop-
ping system to the user. The biometric face template can also be combined with fur-

ther data for signing up to the online shopping system, such as a password.

A further advantage of signing up to the online shopping system by means of a bio-
metric face template is that each time that the user signs up to the online shopping
system an actual image of the user and a biometric face template is generated and at
least either the image or the biometric face template is forwarded to the online shop-
ping system. Therefore, the biometric face template included in the registration data
of the master user database can be updated each time that the user signs up to the
online shopping system. This can help improve the accuracy over an extended peri-
od of time where there are physical (biological) changes in the person’s appearance

such as natural aging, make-up and changing hairstyles.
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Using images of a social media account provides sometimes further valuable infor-
mation about the user. E.g. often the places or Geo-locations where the images were
taken are linked to the corresponding images. Such the travel behaviour of the users

can be derived and used for e.g. offering certain travel services.

In the embodiment described above, a biometric face template is extracted from the
user’s image on the client computer and forwarded to the master user database. Al-
ternatively, it is also possible that the client computer forwards the user’s image to
the online shopping system, where in the online shopping system that biometric face
template of the image is extracted and compared to the biometric face templates in-
cluded in the master user database. In such a case the image as well as the bio-
metric face templates of the user can be stored in the corresponding registration data

of the master user database.

In the following different sections and aspects of a method for visitor tracking with the

tracking system 1 described above are explained.

The tracking system 1 comprises a face detection module 19 which is designed for
detecting one or more faces in an image captured by one of the facial detection cam-

eras 8.

The face detection module receives 19 one or more images or frames respectively,

from the facial detection camera 8 (step S1, figure 5).

Each frame is analyzed by means of the HAAR cascade Viola-Jones method for con-
taining one or more faces (step S2).

For each face a rectangular section of the image is cropped as face thumbnail 18
(step S3).

From each face thumbnail face features are extracted (step S4). Firstly, the eyes are
detected in each face thumbnail by means of the HAAR cascade Viola-Jones meth-
od. When the eyes are identified the face thumbnail is normalized. From the normal-

ized face thumbnail the face features are extracted. The extraction of the face fea-
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tures can be carried out by histogram of gradients (HOG), local binary patterns
(LBP), speed up robust features (SURF), scale-invariant feature transformation
(SIFT) and/or by Eigen-features. These methods for extracting face features are

known and can be used separately or in combination.

If face features are extracted from several thumbnails, then face features relating to
the same face are identified and allocated to each other. The face features relating to
the same face are concatenated into a vector (step S5). This vector forms the bio-

metric face template.

This detection module is used for generating the biometric face templates of visitors

captured with one of the facial detection cameras 8.

The face detection module can also be embodied for generating the biometric face
templates of visitors captured with one of the facial detection cameras 8 by means of
a method as described in the Singapore Patent Application No. 10201504080W (date
of filing: 25 May 2015). This Singapore Patent Application No. 10201504080W is in-
corporated by reference. According to this method an image is captured which con-
tains a face and which is further processed by

analyzing the image for non-facial attributes of the person,

extracting face features from the image,

sorting and/or filtering face templates stored in a database by said non-facial-
attributes,

searching the sorted and/or filtered database for a face-template matching the face of

the image.
By considering non-facial attributes it is easier to find a match with a face-template in
a database, particularly in the POS database 14 and/or in the master user database

17.

Non-facial attributes are particularly used for tracking users at the same day and/or in

the same vicinity and/or the same POS area.
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If the face detection module 19 of the tracking system 1 detects a face a correspond-
ing visitor data set is generated and stored in the POS database 14. The visitor data
set comprises, at least for the time being, all information which is generated and col-
lected by the tracking system 1 of the corresponding visitor, such as one or more im-

ages of this visitor, the biometric face template etc.

Such a face detection module can also be provided in the online shopping system
described above or in the corresponding software application at the client computer
for extracting the biometric face templates of images taken of the user by means of
the camera of one of the client computers.

The tracking system 1 comprises a human detection module for detecting humans in
the images captured by one of the tracking cameras 6. The detection of the humans
is carried out by histogram of gradients (HOG) and/or by means of HAAR-features.
The human detection module is trained in a training phase before using it to track

people in the POS area 2.

All cameras 6, 8 are calibrated with respect to each other. Such a calibration can be
carried out by means of a chess board grid which is placed during the calibration
phase in the POS area 2 so that the chess board grid is visible for at least two neigh-
boring cameras simultaneously. There are known software modules such as

cv2.findChessboardcorners which yield camera matrices and distortion coefficients.

The tracking system 1 comprises a first tracking module 21 which is designed for
passing person information from one of the facial detection cameras 8 to the neigh-
boring tracking camera 6.

The first tracking module 21 receives from the face detection module 19 person in-
formation of a person whose face was detected by the face detection module 19
(step S6, figure 6). This person information can comprise the biometric face template
and/or an image captured of the person by one of the facial detection cameras 8.
This person information can also comprise pre-processed coordinate information re-

lating to the person shown in the image captured by the facial detection camera 8.
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The first tracking module 21 transforms the person information generated by the faci-
al detection camera 8 into three-dimensional coordinates of the person in a world
coordinate system. Specific points of a person are determined in the coordinates in a
coordinate system of the facial detection camera 8 (step S7). These person coordi-
nates are then transformed to a world coordinate system by rotating and translating
the set of person coordinates by means of solvePNP.

The first tracking module 21 also receives an image captured by one of the tracking
cameras 6 that is located next to the facial detection camera 8 and which have an
overlapping field of view (step S8). The image captured by the tracking camera 6 is

taken simultaneously to the one captured by the facial detection camera 8.

The image of the tracking camera 6 is analyzed by means of the human detection
module 20 to extract further person information, which comprises two-dimensional
coordinates. The two-dimensional coordinates are transformed into three-

dimensional coordinates (step S9).

The three-dimensional coordinates of the person captured with the tracking camera 6
are then transformed into world coordinates by rotating and translating the set of co-

ordinates (step S10) e.g. by means of solvePNP.

In step S11 the world coordinates of the person captured by the facial detection
camera 8 and of the person captured by the tracking camera 6 are compared. If there
is three-dimensional spatial overlap with respect to a certain threshold, then this will
be determined as that the coordinates captured by the two cameras 6, 8 relate to the

same person.
If it is determined that the coordinates extracted from the two images do not overlap
sufficiently and therefore relate to different persons, then the program flow returns to

step S9 for extracting coordinates of a further person shown in the image.

If it is determined in step S11 that the coordinates extracted from the images of the

two cameras 6, 8 overlap and thus relate to the same person, the data extracted from
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the images of the two cameras 6, 8 are concatenated by storing them in the same
visitor data set (step S12).

The method described above requires that both cameras 6, 8 have an overlapping
field of view 7, 10. The size of the overlap determines the area where positions of a
detected visitor can be compared.

A second tracking module 22 is provided in the tracking system 1 for generating a

walking trail by means of images captured by one of the tracking cameras 6.

The second tracking module 22 receives an image from the tracking camera 6 (step
S13, figure 7).

A rectangular representation 23 (figure 2) of a person shown in the image is detected
(step S14) by histogram of gradients (HOG) and/or HAAR-like features (step S14). A
Person Model is trained on the basis of the rectangular representation 23. The Per-
son Model represents the specific person shown in the image and can include a
combination of shape (HOG, HAAR etc.), points of interest (SIFT, SURF etc.), a tex-
ture (GLCM: grey level co-occurrence matrix, SFTA: segmentation-based fractal tex-

ture analysis) in various color spaces (HSV, RGB etc.).

A further image is received from that tracking camera 6 (step S15).

In step S16 a further rectangular representation 24 is extracted in a similar way as in
step S14.

An overlap of the rectangular representations 23, 24 is determined (step S17). On
the basis of this overlap it can be determined how far the person has moved between

the moments when the first image and the subsequent image were captured.

If in step S16 no further rectangular representation 24 can be determined, then the
Person Model is used for detecting the person in the image (step S18). This can be
the case, if the person has changed their position in such a way, e.g. by bending for-

ward, that no further rectangular representation can be determined. The Person

20



10

15

20

25

30

Model is more generic, so that coordinates of the person can be determined even if
the position of the person has substantially changed.

In step S19 the coordinates of the person in the different images is added to the visi-
tor data set together with the corresponding time stamps. These data represent a
walking trail of the person In the POS area 2.

As in steps S16 to S18 further information about the person is extracted from the im-

ages, it is possible to improve the Person Model on the basis of this information.

With the procedure described above, a person can be tracked and a corresponding
walking trail can be generated on the basis of different images taken by a certain
tracking camera 6. For detecting objects and tracking the objects further algorithms
are known, such as tracking learning detection (TLD), visual tracking with online mul-
tiple instance learning (online MIL) and mean shift. These known algorithms can be
used alternatively or in combination with the above-described process for tracking a

visitor and generating the walking trail.

The tracking system 1 comprises a third tracking module 25 for joining walking trails
generated by two tracking cameras 6. The walking trails of two tracking cameras 6
can be joined if the fields of view 7 of the two cameras 6 overlap (figure 3, 4). A visi-
tor 5 located in the overlapping range of the fields of view 7 is simultaneously tracked
by both cameras 6. This means that both tracking cameras 6 simultaneously capture

an image in which the visitor 5 is shown.

The world coordinates of the visitor are determined in the same way as described
above with the steps S8 to S10 The coordinates of the visitor are compared and if
they overlap within a certain threshold then this is determined as being the same
person shown in the images taken simultaneously by the two different tracking cam-
eras 6. The coordinates and time stamps of the walking trails generated by each
tracking camera 6 are then stored in the same visitor data set so that the walking
trails of the different tracking cameras 6 are connected. Thus it is possible to connect

walking trails of several pairs of neighboring tracking cameras 6 by means of the third
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tracking module 25 so that a visitor can be tracked throughout the complete area
which is covered by the tracking cameras 6.

The control unit 12 comprises a database administration module 26 which provides

access to the POS database 14 as well as to the master user database 17.

Each time when one of the facial detection cameras 8, particularly the facial detection
camera 8 located in the entrance area 9, generates a biometric face template, the
database administration module 26 extracts a vector to match (VTM), which is an
excerpt of the biometric face template and which represents the face template.

The VTM is compared to corresponding vectors of user data sets in the master user
database. The data set comprising a vector that is closest to the VTM is determined
by means of a match score. The best (typically highest) match score represents the

closest match.

It is determined whether the closeness or the match score, respectively, is above a
certain threshold, so that the person detected by the facial detection camera 8 in the
POS area 2 is regarded as the same person to whom the account in the online shop-
ping system matching the VTM belongs. This means that the user of this account is

actually present in the POS area 2.

The visitor data set generated by the system 1 and describing the shopping behavior
of a visitor 5 of the POS area 2 is transmitted to the master user database 17 and
stored in the account of the corresponding user. Thus, the data of the account of the
online shopping system is supplemented by offline shopping behavior data based on
the physical activities of the visitor 5 in the real world, namely the POS area 2. As
soon as a match between the visitor and user of an account of the master user data-
base 17 is achieved, all information generated in the tracking system 1 and relating
to a certain visitor 5 are stored in the account of the online shopping system of the
visitor instead of storing it in the local POS database 14.

If the closeness between the VTM and the vectors of the accounts in the master user

database 17 are not sufficient to be regarded as representing the same person, the
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data set generated in the system 1 for describing the behavior of the corresponding
visitor 5 in the POS area 2 is stored in the local POS database 14. The POS data-
base 14 is also called “anonymous database”, because it describes visitors 5 of the
POS area 2 without a hame, address or any contact data of the visitors. However,
the data set of the POS database 14 comprises the biometric face template of the
visitor and/or one or more images of the visitor, so that the biometric face template of
a newly detected visitor 5 can also be compared with the data sets of the POS data-
base 14, if no matching account is available in the master user database 17. The
provision of a biometric face template and/or one or more images showing the face of
the visitor allows to check the POS database 14 each time when a new user is regis-
tering for a new account in the master user database 17 whether the POS database
14 comprises a data set describing the real life shopping behavior of the new user of
the online shopping system. If this is the case, the corresponding data set can be
transferred to the master user data base 17 and stored together with the account in-

formation of the new user.

The system 1 comprises a service module 27 which provides several service func-
tions to the visitors 5 of the POS area 2, to sales staff of the POS area 2 and to the

management of the POS area 2.

The service module 27 automatically creates messages to a mobile device used by a
visitor 5 which is present in the POS area 2. The visitor 5 is identified by the face de-
tection module 19 and if a corresponding data set in the master user database 17 is
available, contact data comprised in this data set are used by the service module 27
to send a message to the visitor's mobile device. The message can contain e.g. in-
formation about special offers. The content of the message can be generated auto-
matically by considering the visitor's buying behavior which is stored in the corre-
sponding data set or account in the master user data base 17 and which is based on
the former activities of the visitor in the online shopping system and/or their shopping
behavior in a POS area also monitored by the system 1 according to the present in-
vention. Therefore, it is possible to automatically generate messages to the visitor

which are specifically adapted to the special interests of this visitor.
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Before transmitting the message to the visitor's mobile device, it can be useful to
check by means of the contact data available in the data set of the master user data-
base 17 and communication data determined in the POS area 2, whether the corre-
sponding mobile device is present in the POS area 2. Thus, communication data can
be based on WIFI communication, Bluetooth communication or any other standard
local area communication between the mobile device and corresponding transceivers

in the POS area 2 which are connected to the system 1.

The online shopping system can also comprise functions for a loyalty program for

customers of retail businesses.

The automatic identification of the visitor 5 in the POS area 2 can also be used for
such a loyalty program for customers of retail businesses, with which shoppers can
collect points for purchases and redeem them for vouchers, goods or money. The
user is automatically identified by capturing their face and all goods and services
purchased by the visitor are automatically registered by the cash register 4, which is
connected to the central control unit 12 by means of the data line 11. Thus, the cus-
tomer retention can easily be improved without a need for the customer to perform

any administrational activities.

The sales staff of the retail business at the POS area 2 can automatically be in-
formed by the service module 27 about the shopping behavior of the visitor present
at the POS area 2. Thus, the sales staff can provide individually adapted services
and offers to the visitors 5 of the POS area 2. The sales staff preferably uses mobile
devices to which information about the shopping behavior of the visitor are transmit-
ted automatically by the service module 27. This shopping behavior can be displayed
in a diagram showing values for typical characteristics of the visitor, such as interests

in certain kinds of goods, credit rating of their credit cards, etc.

The service module 27 can generate a statistical analysis of all visitors visiting the
POS area 2, wherein also the online shopping behavior, which is registered in the
master user database 17 can be considered. Each visitor can be classified very pre-
cisely, so that the information content of such a statistical analysis is very significant

and useful for the management of the retail business using this POS area 2. Such
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statistical analyses are very valuable for assessing the value of a POS area. With
these statistical analyses not only the footfall of the POS area 2 can be detected but
also the type of customer can be classified. It is also possible to analyze the efficien-
cy of advertisement and displacements in the POS area 2 and their effect on the cus-
tomers. With the present invention a significant improvement in managing and con-
trolling of retail business is achieved, because not only data of the real world retail
business (offline buying behavior), but also data of the online buying behavior are
considered. The basis for the data is enlarged significantly, when the data of the real
shopping world and the data of the virtual shopping world are automatically connect-
ed.

In the embodiment described above information relating to the image of the face,
such as the biometric face template, of a user is used for registering in the online
shopping system and is also used for identifying a visitor 5 in the POS area 2. There-
fore, it is easy to combine corresponding data generated in the mobile shopping sys-
tem and in the real world shopping system 1 if the corresponding images or biometric

face templates are matching.

In the embodiment described above the data sets of the visitors 5 are only stored in
the POS database 14 if no corresponding matching account in the master user data-

base 17 is available.

Figure 10 and 11 show examples of the data structure of the POS database 14 and

the master user database 17.

The POS database 14 comprises data sets 29 for visitors who enter the POS area 2.
Each data set of a certain visitor comprises at least a face template generated by
means of the face detection module 19. The face template is used as a biometric
identifier. The data set 29 can comprise one or more face templates. A single face
template can also be based on several images which are captured on subsequent
visits to the POS area 2.

The data set 29 can comprise walk-in information. The walk-in information comprises

a list of visits or physical walk-in sessions, respectively, of the respective visitor. The
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walk-in information can also comprise a time stamp of the moment when the user
has entered the POS area 2. If the POS area 2 comprises several entrance areas 9,
then the walk-in information can be an identification code of one specific entrance
area 9. By the face template in combination with the walk-in information it is recorded
which visitor has been visiting which part of a certain POS area 2. The walk-in infor-
mation can further comprise a facial-based age and/or gender which can be extract-

ed from the images by means of the face detection module 19.

This data set 29 of the POS database can additionally comprise information about
the shopping trail. The shopping trail is recorded by means of coordinates of the visi-
tor and corresponding time stamps. The shopping trail can be a complete shopping
trail from the entrance area 9 to the point of sale 3. The shopping trail can also be a
partial shopping trail of a visitor who enters a POS area 2 and leaves the POS area 2
without finalizing a purchase process. Such a partial shopping trail can also be rec-
orded at an external area of a shop building at which the user is looking at an adver-

tisement window or any other display.

The data set of the user can also comprise information about the purchased items
and the purchase time. These data are provided by the cash register 4 when a pur-
chase process is finalized. These data usually comprise an ID of each purchased

article, the price and a timestamp.

After entering the POS area 2 by a visitor the face template is generated by the face
detection module 19. This face template is compared to the existing face templates in
the POS database. If a similar face template is found then this is judged as the visitor
present in the POS area 2 being the same person to whom the existing data set be-
longs. In such a case all data generated by monitoring this visitor is entered in the
existing data set. Each data set 29 can thus comprise several face templates, several
pieces of walk-in information, several shopping trails and of course several pur-

chased items with different purchase times.

The master user database comprises data sets 30 for each user (Figure 11). Each
data set contains at least personal information and preferably a face template. The

personal information can comprise email address, physical address, phone number
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and/or any personal details which are usually acquired upon a user signing up to the
online shopping system.

The data set comprises one or more face templates which are used as biometric
identifiers. The face template can be extracted from one or more images captured
when the user is signing up to the online shopping system. The face template can
also be based on one or more images captured from the tracking system 1 at the
POS area 2. Preferably the face template of the data set 30 of the master user data-
base has the same or a similar structure as the face template of the data set 29 of
the POS database. This makes it easy to calculate the distance between a face tem-
plate of the POS database and a face template of the master user database and au-

tomatically judging whether these face templates belong to the same human being.

This data set can further comprise a time stamp when the user was signing up to the

online shopping system for the first time.

The data set can also comprise a unique communication ID of a client device used
by the user or an app used on the client device for communicating with the online
shopping system. The client device can be a desktop computer or any mobile device
such as a mobile phone, tablet etc. The communication ID can be a telephone num-

ber, email address, IP address, Skype address, an app-ID or a combination thereof.

This data set can also contain online shopping behavior data. The online shopping
behavior data comprise browsing behavior data and/or shopping behavior data. The
browsing behavior data describe the websites that were browsed by the user. The
shopping behavior data describe the goods and/or services purchased with the
online shopping system. These data can comprise corresponding time stamps. The
shopping behavior data can also comprise information on one or more abandoned
online-carts. The browsing behavior data and/or shopping behavior data can be rec-
orded as plain data describing each item individually by a data value. As these data
can grow to a large amount of data it can be appropriate to carry out a statistical
analysis and to record statistical values, such as mean values, standard deviations

etc. for describing the behavior. With such statistical values certain detailed data can
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be omitted and the amount of data can be reduced. This makes it easier and faster to

browse the data describing the browsing behavior and the shopping behavior.

If the face template of a visitor of the POS area 2 is matching with the face template
of a data set of the master user data base 17 then the respective data of the POS
database 14 (walk-in & time; shopping trail; offline purchase time and items) are
added to the data set of this user. In such a case the data describing the face tem-
plates of the POS database and the master user database are preferably combined.
This combination can be carried out by just copying the face template data of the
POS database to the data set 30 of the master user database. This combination can
alternatively be carried out by calculating a new single face template which is based
on both the face template of the data set 29 of the POS database as well as the face

template of the data set 30 of the master user database.

The data structure of the data sets of the databases 14, 17 as shown in Figures 10
and 11 can be used in the above-described first embodiment of the tracking system
1.

With this system the data of the online shopping system are supplemented with of-
fline shopping behavior data based on the physical activities of the visitor in the real
world. This improves the online shopping system and makes it possible for the user
of the online shopping system to be provided with information also selected on the

basis of their offline shopping behavior.

As mentioned above the online shopping system can also comprise the function of a
loyalty program for customers of retail businesses, with which shoppers can collect
points for purchases and redeem them for vouchers, goods or money. With this
tracking system a visitor of a certain POS area 2 is monitored and data of each visit
are recorded in the POS data base. If such a visitor becomes a user of the online
shopping system then they already have a history describing their offline shopping
behavior in the POS area 2. Thus the loyalty program can immediately use this histo-
ry and provide corresponding points for purchases to the user. Thus, customers of
the real world shops having such a tracking system 1 can be motivated much easier

to sign up to the online shopping system.
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The online shopping system can also be used mainly for such a loyalty program and
even need not comprise a purchase function with which the users can carry out
online purchases. Such an embodiment of the online shopping system allows a rela-
tively small shop or a small chain of shops to easily establish and run a loyalty pro-
gram which is highly efficient, because it detects every visit of the corresponding cus-
tomers and thus considers every shopping activity of said customer in real time. The
information about the shopping activities are very detailed and this information is

generated without the need to enter any data manually.

Figure 8 schematically shows a further embodiment, wherein the same parts are des-
ignated with the same reference signs. Therefore a further description of these parts

can be omitted.

In this tracking system 1 the POS database 14 is used to store the data sets of each
visitor 5 visiting the POS area 2 at least once. If a matching account is available in
the master user database 17 of an online shopping system 28, the relevant data of
the account are read from the master user data base 17 and supplemented to the
data set of the corresponding visitor 5 in the POS database 14. In this tracking sys-
tem 1 the POS database 14 is supplemented by the information enclosed in the mas-
ter user database 17. In this embodiment it is not the master user database 17 of the
online shopping system 28 that is supplemented by the real world shopping behavior
data generated by the system 1 but the local POS database 14 is supplemented by
the data of the master user database 17 of the online shopping system. Therefore, in
the tracking system 1 a POS database 14 is generated and maintained for providing
the above-mentioned service functions without the need to download remote data

each time.

Figure 9 shows a further embodiment of the tracking system 1, which is similar to the
one of figure 8. However, tracking system 1 is connected to several online shopping
systems 28 which are independent from each other. The POS database 14 is sup-
plemented by the content of the master user databases 17 of the different online
shopping systems 28. Thus, the databases for the service functions can be enlarged

even more.
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The embodiments according to Figures 8 and 9 are particularly advantageous for
using the basis of the data of large online shopping systems in real world shops.
Such a system allows to run a real world shop more efficiently, because due to the
detailed data of the online shopping system the services provided to the potential
customers can be improved significantly and the management board of the real world
shop know their customers much better than without the data of the online shopping

system.

On the other hand, it is also possible that the online shopping system described
above in the first embodiment can be connected to several real world tracking sys-
tems 1 so that the content of the master user data base 17 is automatically supple-
mented by the shopping behavior in a plurality of POS areas 2. Thus, the online
shopping system contains information on the users, which is also based on the real
world shopping behavior (offline shopping behavior), which makes the corresponding
statistical data for describing the shopping behavior of the user much more reliable
for statistical analysis. This data can also be used for the online shopping system.
E.g. analyzing the time a visitor 5 is spending in front of a certain advertisement or
displacement in the POS area 2 provides detailed information about the personal

interests and wishes of the corresponding visitor 5.

The data structure of the databases 14, 17 used in the embodiments according to
Figures 8 and 9 differs from the one shown in Figures 10 and 11 in that certain data
of the master user database (personal information, sign-up time stamp, communica-
tion ID and/or online shopping behavior) are added to the corresponding data sets of
the POS database 14.

In the above described embodiments the modules 19, 20, 21, 22, 25, 26, and 27 are

embodied as software modules which are stored and executable on the central con-
trol unit 12.
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List of Reference Signs

system

POS area

point of sale

cash register

visitor

tracking camera

field of view

facial detection camera
entrance area

field of view

data line

central control unit
storage means

POS database

WAN

remote storage means
master user database
thumbnail

face detection module
human detection module
first tracking module
second tracking module
rectangular representation
rectangular representation
third tracking module
database administration module
service module

online shopping system
data set of POS database

data set of master user database
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Claims

Method for visitor tracking at a POS area (2) comprising the steps of

- capturing an image of a visitor (5) by a facial detection camera (8) at the
POS area (2),

- extracting a biometric face template from the image,

- comparing the biometric face template with biometric face templates of a
master user database, wherein the biometric face templates of the master us-
er database are each assigned to a user account of an online shopping sys-
tem and the master user database comprises online shopping behavior data
for each user,

- if a match between the biometric face template of the visitor and one of the
biometric face templates of the master user database is found then the content
of the master user database is used for supporting a service at the POS area

(2).

Method according to claim 1,

wherein if no match is found between the visitor’s biometric face template and
the face templates of the master user database then visitor’s data extracted
from images captured in the POS area (2) are stored in a POS database (14)

which is independent from the master user database.

Method according to claim 1 or 2,
wherein contact data comprised in a data set of the master user database cor-
responding to the visitor’s account are used to send an automatic message to

a mobile device of said visitor.

Method according to claim 3,
wherein it is checked whether a mobile device listed in the data set is present
at the POS area.

Method according to claim 3 or 4,
wherein the visitor’s online shopping behavior data are used for generating the

content of the message.
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10.

Method according to one of the claims 1 to 5,
wherein a visitor of the POS area (2) is tracked by capturing one or more im-
ages of the visitor by one or more cameras and offline shopping behavior data

are extracted from said images.

Method according to claim 6,
wherein several types of stationary cameras (6, 8) are used for detecting visi-

tors of the POS area.

Method according to claim 6 or 7, wherein one or more of the following types
of stationary cameras are used:

- facial detection camera (8)

- tracking camera (6)

Method, particularly according to one of the claims 1 to 8, wherein

a master user database is run on a shopping server, which is part of an online
shopping system, wherein a user may login to the shopping system by means
of a client computer comprising a client camera and a image of the user is
captured by the client camera and a biometric face template is extracted from
the image and the user’s image and/or the user’s biometric face template is
stored in the master user database.

Method according to claim 9, further comprising the steps of

- tracking a visitor of a POS area (2) by capturing one or more images of the
visitor by one or more cameras (6, 8) and extracting offline shopping behavior
data from said images,

- analyzing at least one of the one or more images for a biometric face tem-
plate of the visitor (5),

- comparing the biometric face template with biometric face templates of a
master user database, wherein the biometric face templates of the master us-
er database are each assigned to a user account of an online shopping sys-
tem and the master user database comprises online shopping behavior data

for each user,
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11.

12.

13.

14.

15.

16.

- if a match between the biometric face template of the visitor and one of the
biometric face templates of the master user database is found then said offline

shopping behavior data are added to the master user database.

Method according to claim 9 or 10,
wherein the storing of the biometric face template comprises an updating of an

existing biometric face template of the same user.

Method according to one of the claims 9 to 11,
wherein the image is captured during a login procedure of the user by the cli-
ent-camera and the image is analyzed for a biometric face template which is

used as login criteria for the online shopping system.

Method according to one of the claims 9 to 12,
wherein each time when the user is logging into the online shopping system at

least one image of the user is captured.

Method according to one of the claims 9 to 13,

wherein the master user data base comprising combined online and offline
shopping behavior data is analyzed for preparing shopping user profiles, data
for supporting advertisements or for generating further marketing characteris-
tics.

System for visitor tracking at a POS area (2) comprising
at least a facial detection camera (8) at the POS area (2) and
and a central control unit (12) which is embodied for carrying out the method

according to one of the claims 1 to 14.
System according to claim 15 comprising

several cameras (6, 8) wherein the cameras are arranged with their fields of

views (7, 10) so that the field of views (7, 10) of neighboring cameras overlap.
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