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(57) Abstract: The embodiments relate to a method and to technical equipment for implementing the method. The method com -
prises receiving an image with location information from a client; requesting processed region data from a media server based on the
location information, said processed region data comprising one or more images with the corresponding location information; apply-
ing a first process for determining a pose of a device for the received image by means of the processed region data; if the first pro -
cess fails to result the pose of the device, applying a second process for determining a pose of a device for the received image by
means of the processed region data; saving the image with the determined pose of the device to the media server; providing the im-
age and the pose of the device to a client for client rendering.
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A METHOD AND TECHNICAL EQUIPMENT FOR DETERMINING A POSE OF A
DEVICE

Background

This section is intended to provide a background or context to the invention
that is recited in the claims. The description herein may include concepts that
could be pursued, but are not necessarily ones that have been previously conceived
or pursued. Therefore, unless otherwise indicated herein, what is described in this
section is not prior art to the description and claims in this application and is not
admitted to be prior art by inclusion in this section.

Augmented reality is a concept that aims to enhance people’s view of the world by
superimposing virtual objects on the real world in a way that persuades the viewer
that the virtual object is part of the real environment. Mobile augmented reality
technology can provide intuitive user experience by utilizing a global camera pose of
an image.

There is a need for a solution that improves the camera pose in terms of accuracy
and efficiency.

Summary

Now there has been invented an improved method and technical equipment
implementing the method targeted to the aforementioned need. Various aspects of
the invention include a method, an apparatus, a system, and a computer readable
medium comprising a computer program stored therein, which are characterized by
what is stated in the independent claims. Various embodiments of the invention are
disclosed in the dependent claims.

According to a first aspect, there is provided a method, comprising receiving an
image with location information from a client; requesting processed region data from
a media server based on the location information, said processed region data
comprising one or more images with the corresponding location information; applying
a first process for determining a pose of a device for the received image by means of
the processed region data; if the first process fails to result the pose of the device,
applying a second process for determining a pose of a device for the received image
by means of the processed region data; saving the image with the determined pose
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of the device to the media server; providing the image and the pose of the device to
a client for client rendering.

According to a second aspect, there is provided an apparatus comprising at least
one processor, memory including computer program code, the memory and the
computer program code configured to, with the at least one processor, cause the
apparatus to perform at least the following receiving an image with location
information from a client; requesting processed region data from a media server
based on the location information, said processed region data comprising one or
more images with the corresponding location information; applying a first process for
determining a pose of a device for the received image by means of the processed
region data; if the first process fails to result the pose of the device, applying a
second process for determining a pose of a device for the received image by means
of the processed region data; saving the image with the determined pose of the
device to the media server; providing the image and the pose of the device to a client
for client rendering.

According to a third aspect, there is provided a system comprising at least one
processor, memory including computer program code, the memory and the computer
program code configured to, with the at least one processor, cause the system to
perform at least the following receiving an image with location information from a
client; requesting processed region data from a media server based on the location
information, said processed region data comprising one or more images with the
corresponding location information; applying a first process for determining a pose of
a device for the received image by means of the processed region data; if the first
process fails to result the pose of the device, applying a second process for
determining a pose of a device for the received image by means of the processed
region data; saving the image with the determined pose of the device to the media
server; providing the image and the pose of the device to a client for client rendering.

According to a fourth aspect, there is provided an apparatus comprising at least
means for processing; means for storing; means for receiving an image with location
information from a client; means for requesting processed region data from a media
server based on the location information, said processed region data comprising one
or more images with the corresponding location information; means for applying a
first process for determining a pose of a device for the received image by means of
the processed region data; if the first process fails to result the pose of the device,
means for applying a second process for determining a pose of a device for the
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received image by means of the processed region data; means for saving the image
with the determined pose of the device to the media server; means for providing the
image and the pose of the device to a client for client rendering.

According to a fifth aspect, there is provided a computer program product embodied
on a non-transitory computer readable medium, comprising computer program code
configured to, when executed on at least one processor, cause an apparatus or a
system to implement aforementioned method.

According to an embodiment, if the second process fails to result the pose of the
device, applying a third process for determining a pose of a device for the received
image.

According to an embodiment, the third process is a sensor based approach.

According to an embodiment, the first process is a fast localization method.

According to an embodiment, the second process is a coordinate tagging method or
a sensor based approach.

According to an embodiment, the media server comprises data categorized in
processed regions and unprocessed regions.

According to an embodiment, the pose of the device determined either according to
the fast localization method or the coordinate tagging method is saved with the
image to the processed region.

According to an embodiment, the pose of the device determined according to the
sensor based approach is saved with the image to the unprocessed region.

According to an embodiment, it is detected when the images in the unprocessed
region reaches a predefined threshold, wherein the method comprises transferring

the images from the unprocessed region to processed region.

According to an embodiment, the image comprises a complete image or extracted
image features.

According to an embodiment, the media server is an intelligent media cloud.
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According to an embodiment, the image is an outdoor image.

According to an embodiment, the image is an indoor image.

According to an embodiment, a local camera pose is determined for the indoor
image, and transforming the local camera pose to a global camera pose.

According to an embodiment, the device is a camera.

According to an embodiment, the image has been captured by the device.

According to an embodiment, the location information is related to the client and/or
the device.

According to a sixth aspect, there is provided a method for determining a pose of a
device, comprising receiving an image from a client; determining a global camera
pose for the image; returning metadata comprising at least the global camera pose
to the client; receiving a request from the client, said request comprising a request
for media content based on the global camera pose of the image; returning the
media content to the client.

According to a seventh aspect, there is provided an apparatus comprising at least
one processor, memory including computer program code, the memory and the
computer program code configured to, with the at least one processor, cause the
apparatus to perform at least the following receiving an image from a client;
determining a global camera pose for the image; returning metadata comprising at
least the global camera pose to the client; receiving a request from the client, said
request comprising a request for media content based on the global camera pose of
the image; returning the media content to the client.

According to a eighth aspect, there is provided a computer program product
embodied on a non-transitory computer readable medium, comprising computer
program code configured to, when executed on at least one processor, cause an
apparatus or a system to implement a method according to sixth aspect.

According to an ninth aspect, there is provided an apparatus comprising at least
means for processing; means for storing; means for receiving an image from a client;
means for determining a global camera pose for the image; means for returning
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metadata comprising at least the global camera pose to the client; means for
receiving a request from the client, said request comprising a request for media
content based on the global camera pose of the image; means returning the media
content to the client.

According to an embodiment, the image is an indoor image.

According to an embodiment, the image is an outdoor image.

According to an embodiment, the metadata further comprises at least one of the
following: a field of view, focal length, depths, image aspect.

Description of the Drawings

In the following, various embodiments of the invention will be described in more
detail with reference to the appended drawings, in which

Fig. 1 shows an embodiment of an apparatus;

Fig. 2 shows an embodiment of a layout of an apparatus;

Fig. 3 shows an embodiment of a system;

Fig. 4 shows an embodiment of a hybrid registration system with intelligent
media cloud;

Fig. 5 shows an example of two regions;

Fig. 6 shows an example of a process where an unprocessed region becomes
a processed region;

Fig. 7 shows an example of a camera pose calculation for indoor image(s);

Fig. 8 shows an example of a client rendering;

Fig. 9 shows an embodiment of components in a tagging engine;

Fig. 10 shows an example of a camera orientation in a 3D space;

Fig. 11 shows an example of a camera pose in the Earth-Centered, Earth-Fixed
Cartesian coordinate system (CCS_3D_ ECEF);

Fig. 12 shows an example of the inputs and output of local registration
component;

Fig. 13 shows an example of a street-view x-ray;

Fig. 14 shows a flowchart of a method according to an embodiment; and

Fig. 15 shows a flowchart of a method according to another embodiment.
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Description of Example Embodiments

In the following, several embodiments of the invention will be described in the
context of camera pose in augmented reality applications. The camera pose of
associated images represents 3D locations and orientations of the camera at the
time when the image was taken. The camera location can be simply described as
XL, YL, ZL. The orientation can be described as the roll, yaw and pitch angles of
rotating the camera from a reference placement to its current placement (see Figure
10). Also, the orientation can be represented by rotation matrices or quaternions,
which are mathematically equivalent to Euler angles. With the camera location and
orientation, one can define the camera movement with six degrees of freedom (6-
DoF) in a coordinate system. The present embodiments particularly relate to the
camera pose defined in the CCS_3D_ECEF system (Figure 11).

Figures 1 and 2 illustrate an apparatus according to an embodiment. The apparatus
50 is an electronic device for example a mobile terminal or a user equipment of a
wireless communication system. The embodiments disclosed in this application can
be implemented within any electronic device or apparatus which is able to process
image data, such as still images, alternatively also video images. The apparatus 50
may comprise a housing 30 for incorporating and protecting the device. The
apparatus 50 may further comprise a display 32 in the form of a liquid crystal display
or LED (Light Emitting Diodes) display. According to an embodiment, the display
may be any suitable display technology suitable to display an image or video. The
apparatus 50 may further comprise a keypad 34. According to an embodiment, any
suitable data or user interface mechanism may be employed. For example, the user
interface may be implemented as a virtual keyboard or data entry system as part of a
touch-sensitive display. The apparatus may comprise a microphone 36 or any
suitable audio input which may be a digital or analogue signal input. The apparatus
50 may further comprise an audio output device, which may be any of the following:
an earpiece 38, a speaker or an analogue audio or digital audio output connection.
The apparatus 50 may also comprise a battery (according to another embodiment,
the device may be powered by any suitable mobile energy device, such as solar cell,
fuel cell or clockwork generator). The apparatus may further comprise a camera 42
capable of recording or capturing images and/or video, or may be connected to one.
The camera 42 may be capable of recording or detecting individual frames which are
then passed to the codec 54 or controller for processing. According to an
embodiment, the apparatus may receive the image data for processing from another
device prior to transmission and/or storage. According to an embodiment, the
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apparatus 50 may receive either wirelessly or by a wired connection the image for
processing. The camera 42 comprises an image sensor for converting an optical
image into an electronic signal. The image sensor may be a CCD (Charge-Coupled
Device) sensor or a CMOS (Complementary metal-oxide—semiconductor) sensor.

According to an embodiment, the apparatus 50 may further comprise an infrared port
for short range line of sight communication to other devices. According to an
embodiment, the apparatus 50 may further comprise any suitable short range
communication solution such as for example a Bluetooth wireless connection or a
USB/firewire wired solution.

The apparatus 50 may comprise a controller 56 or processor for controlling the
apparatus. The controller 56 may be connected to memory 58 which, according to an
embodiment, may store both data in the form of image and audio data, and/or may
also store instructions for implementation on the controller 56. The controller 56 may
further be connected to codec circuitry 54 suitable for carrying out coding and
decoding or audio and/or video data or assisting in coding and decoding carried out
by the controller 56.

The apparatus 50 may further comprise a card reader 48 and a smart card 46, for
example a UICC and UICC reader for providing user information and being suitable
for providing authentication information for authentication and authorization of the
user at a network.

The apparatus 50 may comprise radio interface circuitry 52 connected to the
controller and suitable for generating wireless communication signals for example for
communication with a cellular communications network, a wireless communications
system or a wireless local area network. The apparatus 50 may further comprise an
antenna 44 connected to the radio interface circuitry 52 for transmitting radio
frequency signals generated at the radio interface circuitry 52 to other apparatus(es)
and for receiving radio frequency signals from other apparatus(es).

According to an embodiment, the apparatus 50 is any type of mobile terminal, fixed
terminal, or portable terminal including a mobile handset, station, unit, device,
multimedia computer, multimedia tablet, Internet node, communicator, desktop
computer, laptop computer, notebook computer, netbook computer, tablet computer,
personal communication system (PCS) device, personal navigation device, personal
digital assistants (PDAs), audio/video player, digital camera/camcorder, positioning
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device, television receiver, radio broadcast receiver, electronic book device, game
device, or any combination thereof, including the accessories and peripherals of
these devices, or any combination thereof. It is also contemplated that the
apparatus 50 can support any type of interface to the user (such as “wearable”
circuitry, etc.).

The apparatus 50 may include or be associated with applications and sensors. In
one embodiment, the apparatus 50 has connectivity to an identification platform via
the communication network. In one embodiment, the identification platform performs
one or more functions associated with processing one or more images to determine
camera location information and/or camera pose information, wherein these
information are represented according to a global coordinate system, thereby
causing, at least in part, an association of these information with the one or more
images as meta-data information. Although the various embodiments described
herein are discussed with respect to a global coordinate system based on an Earth
centered Earth Fixed (ECEF) global coordinate system, it is contemplated that the
various embodiments are applicable to any global coordinate system for identifying
locations. For example, other applicable global coordinate systems include, but are
not limited to, a world geodetic system (WGS84) coordinate system, a universal
transverse Mercator (UTM) coordinate system, and the like.

According to an embodiment, the applications may be any type of application that is
executable at the apparatus 50, such as media player applications, social networking
applications, calendar applications, content provisioning services, location-based
service applications, navigation applications and the like. In one embodiment, one of
the applications at the apparatus 50 may act as a client for identification platform and
perform one or more functions associated with the functions of the identification
platform by interacting with the identification platform over communication network.

According to an embodiment, the sensors may be any type of sensor. In certain
embodiments, the sensors may include, for example, a camera/imaging sensor for
gathering image data, an audio recorder for gathering audio data, a global
positioning sensor for gathering location data, a network detection sensor for
detecting wireless signals or network data, temporal information and the like. In one
scenario, the camera sensors may provide the users of the apparatus 50 with 3D
pose estimation, tracking and clustering functions for suitable camera placement. In
one scenario, the sensors may include location sensors (e.g., GPS), light sensors,
oriental sensors augmented with height sensor and acceleration sensor, tilt sensors,
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moisture sensors, pressure sensors, audio sensors (e.g., microphone), or receivers
for different short-range communications (e.g., Bluetooth, WiFi, etc.).

The apparatus 50 may display, via applications, one or more images (e.g. pictures or
videos). In one embodiment, one or more elements depicted in one or more images
may be landmarks or sites within an image. According to an embodiment, sensors of
the apparatus 50 may permit the user to select an element of one or more images.
This element selection may then prompt identification platform to process the image
data to obtain Global Positioning System (GPS) information associated with the
image. The images may depict physical places, but they may also include virtual or
computer-generated scenery. In one embodiment, the identification platform may
track images, match the images and extract 3D information from the images and
then translate the 3D information to the global coordinate system.

Figure 3 shows a system configuration comprising a plurality of apparatuses,
networks and network elements according to an embodiment. The system 10
comprises multiple communication devices which can communicate through one or
more networks. The system 10 may comprise any combination of wired or wireless
networks including, but not limited to a wireless cellular telephone network (such as
a GSM, UMTS, CDMA network, etc.), a wireless local area network (WLAN), such as
defined by any of the IEEE 802.x standards, a Bluetooth personal area network, an
Ethernet local area network, a token ring local area network, a wide area network,
and the internet.

The system 10 may include both wired and wireless communication devices or
apparatus 50 suitable for implementing present embodiments. For example, the
system shown in Figure 3 shows a mobile telephone network 11 and a
representation of the internet 28. Connectivity to the internet 28 may include, but is
not limited to, long range wireless connections, short range wireless connections,
and various wired connections including, but not limited to, telephone lines, cable
lines, power lines, and similar communication pathways.

Some of further apparatus may send and receive calls and messages and
communicate with service providers through a wireless connection 25 to a base
station 24. The base station 24 may be connected to a network server 26 that allows
communication between the mobile telephone network 11 and the internet 28. The
system may include additional communication devices and communication devices
of various types.
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The communication devices may communicate using various transmission
technologies including, but not limited to, code division multiple access (CDMA),
global systems for mobile communications (GSM), universal mobile telephone
system (UMTS), time divisional multiple access (TDMA), frequency division multiple
access (FDMA), transmission control protocol-internet protocol (TCP-IP), short
messaging service (SMS), multimedia messaging service (MMS), email, instant
messaging service (IMS), Bluetooth, IEEE 802.11 and any similar wireless
communication technology. A communications device involved in implementing
various embodiments of the present invention may communicate using various
media including, but not limited to, radio infrared, laser, cable connections or any
suitable connection.

Related technology knows also a first process for a binary feature based fast camera
pose recover approach, which is able to recover camera pose from a pre-registered
database within less than 1 second. Such a process has been disclosed in
PCT/CN2013/073057. The fast localization pipeline of the first process is configured
determine the camera pose of an image. Despite the fast responsive speed, the
recovered camera pose is limited within a local coordinate system (this means that
the relative position/orientation among different objects is known, but not the exact
position/orientation in a global coordinate system). Another shortcoming in this first
process lies in the fact that the binary feature matching is more sensitive to varying
imaging conditions, thus, the success rate of recovering camera pose is lower as
compared with the following (i.e. second) process.

Related technology also knows a second process for determining camera location
information and/or camera pose information associated with at least one camera
capturing one or more images. Such a process has been disclosed in
PCT/FI12014/050167 and US 14/015610. In such process, a user takes a video with
her/his apparatus, said video being automatically uploaded to an ECEF coordinate
tagging engine. The ECEF coordinate tagging engine generates a geocoordinate-
tagged video data. The ECEF coordinate tagging engine comprises 3D
reconstruction component and data alignment component. Once video is uploaded,
ECEF coordinate tagging engine extracts the key frames, reconstructs the scene as
a 3D point cloud and recovers camera poses with a CCS_3D_Local system. The
video is rendered and returned to the user. While this process performs reasonably
well in many cases, the processing is time consuming. Often it may take several
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minutes or longer time for the server to recover the global camera pose. Therefore
this second process cannot be used alone in real-time applications.

The present embodiments provide a hybrid real-time camera pose recovery solution
and an intelligent media cloud to improve the robustness of a pipeline that is used for
recovering the camera pose of the image. The hybrid system according to
embodiments is able to recover the camera pose within 1 second in the best case,
and on the other hand, the high success rate is maintained even in the worst case. A
media server, which according to an embodiment is an intelligent media cloud, is
utilized to improve the efficiency and robustness of image registration. The intelligent
media cloud is configured to try to improve the registration possibility by providing
the updated region data.

The system according to an embodiment comprises three parts: a client 410, a
media server, such as an intelligent media cloud 420 and a hybrid registration 430,
as shown in Figure 4.

The method steps according to embodiment comprise the following: A 3D city model
is generated (1) with a coordinate tagging method according to second process of
the related technology by extracting geo-location metadata from street-view images.
Such extracted geo-location metadata contains registered images, corresponding
camera poses and reconstructed 3D point clouds defined within, for instance, a local
3D Cartesian coordinate system (CCS_3D_Local system) with known origin and
axes. The camera poses and point clouds can be uniquely mapped to 3D ECEF
Cartesian coordinate system (CCS_3D_ECEF) or other global coordinate system
(e.g., WGS84, UTM, etc.). The results are saved into the Intelligent Media Cloud
420, e.g. “Processed Region A", “Processed Region B”, etc. thus creating the
Intelligent Media Cloud 420.

The client uploads (2) image (or image features, e.g. SIFT (Scale-invariant feature
transform) features) together with GPS information to a server 415. The client may
either upload the image or the image feature for further processing. The benefit of
uploading only the features is to protect user’'s privacy, e.g. some user may don’t
want their photos to be stored in the cloud. In the following processes, the server
uses image matching for comparing the image features to the images in the
intelligent media cloud. Since the image matching only compares the image features,
all the processes remain the same even though only features were uploaded at this
point.
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The server 415 receives (3) from the intelligent media cloud 420 “Processed Region
data” that corresponds the uploaded image. The correspondences are determined
by the GPS information. In other words, with a given (e.g. outdoor) photo from a
mobile device, the server 415 loads a corresponding “processed region data" based
on the photo’s GPS from the Intelligent Media Cloud 420.

The “Processed region data” and the uploaded image (or image features) from the
client 410 are provided to the hybrid registration pipeline 430 as an input.

At first, the hybrid registration pipeline 430 applies a first process, such as the fast
localization pipeline (4) of related technology to the “Processed region data” and the
uploaded image. If the first process (4) is able to recover the global camera pose, the
server 415 saves (9) the image (or image features) together with the information on
the camera pose as an image metadata to the Processed region in the Intelligent
Media Cloud 420, It is appreciated that the fast localization method takes less than
one second to recover the camera pose, when succeeded.

If the hybrid registration pipeline 430 is not able to recover the global camera pose
with the first process (4), the hybrid registration pipeline 430 applies a second
process, which is a more robust pipeline (known from the second process of the
related technology), also known as a coordinate tagging method (5), to determine
the photo’s camera pose. If the hybrid registration pipeline 430 is able to recover the
camera pose, the server 415 saves (9) the image (or image features) together with
its metadata 435 comprising the information on the camera pose back to the
Processed Region in the Intelligent Media Cloud 420. The coordinate tagging
method takes from 1 minute to several minutes to recover the camera pose.

Later, the client may upload a second photo (referred as photo B), whereby the
Intelligent Media Cloud may provide the updated region data, which includes the
previous photo A. The successful registration chance with fast localization pipeline of
the first process will be much increased, because there is a high chance to find the
matches between photo A and photo B, which are taken with the same device and
environmental conditions. In this way, the system is learning the environment as well
as the camera’s settings, which results in an improvement in the camera pose
tracking.
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If the hybrid registration pipeline 430 is neither able to recover the camera pose with
the second process, the hybrid registration pipeline 430 is configured to apply a third
process, which is to use sensors (6) of the phone to determine the camera pose. The
sensors can include one or more of the following: an accelerometer, a gyroscope or
a compass. In this case, the server 415 saves (10) the image (or image features)
together with its rough camera pose to an Unprocessed Region 422 in the Intelligent
Media Cloud 420. So, the next time, the corresponding image(s) can be added as
new key frames for fast localization recovery to improve the successful registration
rate.

It is appreciated that according to an embodiment, instead of using the coordinate
tagging method as the second process, the sensor based approach may be used as
the second process.

The reason why the aforementioned processes (4) or (5) may fail, is that the
uploaded image may too different from image(s) in the corresponding “Processed
Region data”, i.e. images may have be taken from a different viewing angle, different
lighting condition, or different time of the day.

For example, the fast localization method is able to recover the camera pose, if the
uploaded image is not significantly different from image(s) in the corresponding
“‘Processed Region data”, i.e. images may have be taken from a similar viewing
angle, similar lighting condition, or time of the day. In order to determine that, the
extracted binary features (from these two images) can be used to match the images
to each other. If the uploaded image has features that can be matched with the
features in the images in the “Processed Region data”,

For example, the coordinate tagging method is able to recover the camera pose, if
the first photo (referred as photo A) is somehow different from the images in the
corresponding “Processed Region data”. This means that the uploaded image may
have been taken from quite a different viewing angle, lighting condition, or the time
the day. As a result, the binary features extracted from the two images cannot be
matched with each other.

The sensor based approach is needed, if the uploaded image is completely different
from the corresponding image in the “Processed Region data”, e.g. the
corresponding image is a photo of a building, but the uploaded image is a photo
taken at the same position but the camera is towards the ground, or the image is
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taken from a very different environment setting (such as lighting and view).In that
case, the uploaded image has no features that could be matched with the features in
the images in the “Processed Region data”, the server 415.

Finally, as a result (8), the photo and metadata comprising the camera pose are
ready to be used in rendering 440 in the client 410. The client 410 renders 440 the
photo together with the corresponding “Region data”, providing augmented reality
applications being discussed later.

As shown in Figure 4, the intelligent media cloud 420 comprises different regions.
The regions correspond to territorial areas. Different regions are divided by locations,
and they may have various sizes, e.g. 1km? or 2km?. The sizes can be defined in the
server side, and they may vary from hundred square meters to hundred square
kilometers. If there are multiple images in the same area but with different
time/lighting/weather/seasons conditions, they can be grouped according to the
conditions which may greatly improve the successful registration rate of images.

There are two types of regions — one is called Processed Region 423 and the other
one is called Unprocessed Region 422. The generation of the different regions is
illustrated in Figure 5. The Processed Region 515 (Fig. 4: 423) is generated by a
coordinate tagging method 513 known from the second process of the related
technology from a set of street-view images 512 as input, and the result 514
comprises a set of images, 3D point clouds and camera poses in a global coordinate
system, e.g. ECEF, WGS86. An Unprocessed Regions 510 (Fig. 4:422) comprises
only a set of images and their rough camera poses 509 obtained from a sensor data
in the camera phone. This type of region is generated by the sensor based approach
508 in the Hybrid Registration (Fig. 4: 6).

There are two main differences between the Processed Region and Unprocessed
Region. At first, the Processed Region has accurate camera pose, which can be
used as reference in Hybrid Registration, however, the Unprocessed Region only
contains the rough camera pose which cannot be used as reference in the Hybrid
Registration Step. Secondly, the Unprocessed Region does not contain the 3D point
cloud. Furthermore, the two types of Regions are able to grow by adding new
images, or both images and 3D point clouds.

The Unprocessed Region can become Processed Region (shown in Figure 4 with
reference 7), if the images in unprocessed region are successfully registered and
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corresponding point clouds are generated. This is illustrated in Figure 6. When the
number of images in the Unprocessed Regions 610 reaches the threshold N, this set
of images is processed 615 with the coordinate tagging method according to the
second process of related technology to have Processed Regions 620. The
threshold may be for example 20. As a result, the rough camera poses are corrected
to be accurate camera poses and the corresponding 3D point cloud is generated.

The client rendering (Fig. 4: 440) is configured to render the photo together with the
corresponding “region data” for augmented reality applications. As examples of such
augmented reality applications utilizing the photo and the corresponding region data,
the following is provided:

1) City discovering: superimpose POI (Point of interest) information to the 3D
scene. A use case according to an embodiment is as follows: When a
tourist visits a place, s/he likes to discover the soundings with a wearable
glass-like device with live camera. The client can automatically upload an
image (or image features) to the server for camera pose recovery. Once
the camera pose is recovered, in the client side, the POI information can
be superimposed to 3D scene.

2) Zoom in for details: Once the pose of glass device is recovered in the
client, a user can select a specific region in the view and zoom in to the
details by display another image which is close to the selected region.

3) Different time or season or weather conditions at the same “region” to
construct multiple global but “time/season” aware database.

Once the user’'s image is registered, the user is able to browse other images at
different time and season with the same location.

In previous, a method to fast track the recovery of global camera pose of outdoor
images was disclosed (see Figure 14). An intelligent media cloud, which is an
example of a media server, is utilized to improve the efficiency and robustness of
image registration. In the method an image with location information (e.g. GPS) is
uploaded from a client to a server 1410. A corresponding processed region data is
requested 1420 from a media server based on the location information. The
processed region data comprises one or more images with the corresponding
location information. For each uploaded image, and therefore also for the uploaded
image in question, a first process is applied 1430 for determining a pose of a device
of the uploaded image by means of the processed region data. If the first process
does not result the pose of the device 1433, applying a second process 1434 for
determining a pose of a device of the uploaded image by means of the processed
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region data. If the second process does not result the pose of the device 1433,
applying a third process 1434 for determining a pose of a device of the uploaded
image. After having determined the pose of the device either by means of a first, a
second or a third process, the image with the determined pose of the device is saved
to the media server 1440. The image and the pose of the device can then be
provided to the client for client rendering 1450. The first process according to an
embodiment is a fast localization pipeline. The second process according to an
embodiment is a coordinate tagging method. The third process according to an
embodiment is a sensor based approach.

An image being associated with the global camera pose can be exploited in image
sharing service, such as e.g. social media. This may provide an intriguing user
experience. In the following, an accurate global camera pose of indoor images is
disclosed. Such embodiments provide an enhanced user experience allowing visual
content to be positioned in the correct size/position/ pose even when viewing from
indoors to outdoors or vice versa. In addition, the embodiments enable seamless
navigation between indoor and outdoor environments.

According to an embodiment, the processing can be divided into two main steps,
named “Calculation of the indoor camera pose” and “Client rendering”.

Figure 7 illustrates the Calculation of the indoor camera pose. At first the client 700
takes an indoor image 710 and uploads A it to the server 720. In the server side 720,
the indoor image 725 together with the registered media database 727 is used as
input to a tagging engine 728. The tagging engine 728 calculates the global camera
pose of the indoor image and returns B the metadata 730 back to the client. The
metadata 730 may comprise at least one of the following: the global camera pose,
field of view, focal length, depths and image aspect.

Figure 8 illustrates the Client rendering. The client 800 requests A the media content
based on the global camera pose of the indoor image. The content provider service
820 transmits B the content, and the client 800 renders the indoor image in the client
800.

The tagging engine (Fig. 7: 728) is discussed in more detailed manner with reference
to Figure 9. The tagging engine 900 comprises data processing components, i.e.
registered media database 930, Local camera pose calculation 920 and transform
the local indoor camera pose to global 940.
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The (geo-registered) registered media database 930 is a database that contains
media data, including images and point clouds of indoors environments. The images
have global coordinates in CCS_3D ECEF. The registered media database 930 is
generated as follows:

- The indoor media (images and point clouds) can be captured with an
image capturing device. An example of the image capturing device is a
traveling robot comprising a Kinect sensor and cameras.

- With the predefined route for the robot on the floor plan, the position of the
point cloud and camera pose can be accurately defined with regarding to
the building.

- In order to define the media data in coordinates, such as for example
CCS_3D_ECEF, the indoor media data and the outdoor street data are
connected. The robot may travel through the entrances and capture image
data of the surroundings outside environment. After this, the entrance will
be globally fixed by visual match to the outside images. Instead or in
addition to, the robot may capture images through the windows of the
building to get a visual match to the outside images.

- Similarly, if there is more than one floor in the building, the robot can travel
through the stairs, so the media data in different floors can be connected.

- Since the outdoor images and the indoor images are connected, all the
indoor media data can be defined in coordinates, e.g. CCS_3D_ECEF,
and stored them into the registered media database which will be used for
localization of other indoor images.

Local camera pose calculation 920 is disclosed next. Given an indoor image from a
user, the tagging engine 900 is configured to firstly locate this indoor image with the
help of the near media data from the registered media database 930. This step can
be done with structure from motion techniques. In this step, both the user captured
indoor images (e.g. image A) and the images (e.g. image a, b, c, ...z) from the
Registered media database are used as inputs, and the output are their camera
pose in CCS_3D local coordinate system. This is illustrated in Figure 12.

Transform the local indoor camera pose to global 930 is disclosed next. The purpose
of this step is to get the camera pose of indoor image in CCS 3D ECEF
coordinates. As shown in Figure 12, the camera pose of two source images are all in
CCS_3D _local coordinates. However, the images (image a, b, c, ...z) from
Registered media database also have the camera pose in CCS 3D _ECEF
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coordinates. Then, it is possible to find a transform M from the CCS_3D_local
coordinates to CCS 3D _ECEF coordinates. Therefore, the transform M can be
applied to indoor image (e.g. image A in Figure 12) for obtaining its global camera
pose in CCS_3D_ ECEF coordinates.

After the local to global transform, substantially all geo-metadata in global coordinate
system is obtained, including the global camera pose of indoor image, field of view,
focal length, depth and image aspect.

Based on the output of tagging engine, the indoor image can be rendered in different
use cases. Examples are given below:

1.

An augmented reality application for seeing through building walls: Firstly
POl information can be superimposed, which indicates the globally
registered indoor images on the camera viewfinder. The POls inside
buildings can be added in the correct location, perspective, and pose. For
example, a POl may comprise an advertisement or display inside a
building. Then, if the user selects one POI, then all the obstacles between
the user and the selected POI are faded away. Because the current view
and the selected indoor image are all globally located with 6 DoF camera
pose, it is able to calculate a path between these two images, the
rendering effect may be applied, the current image in the viewfinder is
faded away and the current view is gradually transited to the selected
image view.

. Street-view x-ray: a) Explore an indoor hot-spot. When a map is used to

navigate on the street, the user can select a building and draw a rectangle
1310 on the wall to enable the see-through-effect 1320, as shown in
Figure 13. It is realized that by the see-through-effect, the user is able to
see through the building wall and the indoor hotspot as if s/he had a direct
line of sight to it. b) In some cases, indoor locations may have visual
content such as advertisements or displays. According to present
embodiments, the user is able to view these through the walls, while the
displays/advertisements are kept in the correct position/orientation/pose
because of the global indoor image registration. For example, viewing the
headlines of a newspaper in a kiosk, updating the newspaper every day.
The updating of the headlines can be done either base on real user
images (if there are fresh user provided images of that indoor location that
day) or then using computer graphics to modify the location in the image
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containing the headlines artificially, after retrieving the headline information
from a service.

. In some cases, when a user takes a photo from the street (or views

through augmented reality), the system can automatically reveal views
through some sections in building walls to the indoor visual hotspots. In
this case, the system needs to determine, based on the user’'s current
viewing camera pose, where is the location in the building wall where a
hole needs to be made, and through which the user will see the visual
hotspot. That is, the system automatically reveals some objects inside the
buildings for the user. The difference to the previous is that the system will
suggest to the user that there are visual hotspots available from user’'s
view angle, and ask whether the user want to see them or not. The
selection of which hotspots to show to the user may be based on the user
preferences, such as hobbies or general interests. For example, a music
enthusiast will see band advertisements through the walls of concert halls,
a movie enthusiast will see movie advertisement through the walls of a
movie theatre, etc.

. Indoor images can be rendered by using a method of related technology

for visualizing geo-located image and video galleries on 3D maps. An
example of such a method is disclosed in US14/158249. This method of
related technology describes how to render high quality visual content
where professionally generated street view content is augmented with user
provided visual content. Present embodiments enable using the technique
for indoor images as well. More specifically, use of indoor captured images
for a mixed reality application, increasing the visual quality of image data
and getting up-to-date image content. This is particularly suitable for the
indoor environments changing frequently, such as movie theatre (obtaining
images of users containing up-to-date information on the movie posters).
For the rendering case, both the global camera pose of the registered
image and the current viewing angle need to be known.

. Indoor navigation, based on global camera pose and pointing position

(orientation). Enables also starting navigation inside a building and
continuing in a seamless manner outside the building. For example,
consider routing a pedestrian from one large shopping mall to another, into
a desired section. Correspondingly, routing a pedestrian from a street in a
seamless manner to a certain indoor location. For example, sending the
current position to a friend with a request to meet in that location.
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The pipeline according to embodiments is illustrated in Figure 9. Basically, once the
user takes an indoor image with his/her mobile phone, the image is automatically
uploaded to the tagging engine, and then the tagging engine generates the metadata
(see Figure 7). Finally, the image is rendered in the client.

The functionality of the tagging engine was discussed with reference to Figure 9. The
client rendering is discussed in the following. Rendering is a step giving the final
appearance to animation. Given the metadata of the indoor image, the image can be
rendered in the client side. This provides the camera parameters (field of view,
camera pose, focal length) for each image, so any standard augmented reality
rendering technique can be used.

As one example, Nokia City Lens augmented reality application, the augmented
content is rendered on top of a live viewfinder view from the built-in camera of the
device. The placement of the augmented content is calculated based on the position
and orientation of the device, which in turn are estimated from sensor inputs: GPS,
compass, accelerometer, and gyroscope. Alternatively, Nokia City Scene can be
used in a similar fashion. Instead of a live camera view, City Scene uses previously
captured panorama images and 3D models for its rendering.

As a summary of the previous embodiment, there is a method for obtaining global
camera pose for indoor images (See figure 15). Client takes an image and uploads it
to the server containing registered media database (obtained using robot camera)
1510. According to an embodiment, the image is an indoor image. According to
another embodiment, the image is an outdoor image. Using the image and
registered media database, the method comprises calculating the local camera pose
of the image as well as registered media database (using e.g. SFM technique) 1520.
By using globally and locally registered media database, the method may apply
transforms to the image for obtaining its global camera pose. The metadata
comprising the global camera poser is returned to the client 1530. Another request
from a client is received, which request comprises a request of media content based
on the global camera poser of the image 1540. The media content, comprising e.g.
street view images, registered image, is provided to the client 1550.

In the previous an embodiment for a hybrid real-time global camera pose recovery
solution and an embodiment for obtaining a global camera pose for indoor/outdoor
images have been discussed. It is appreciated that these embodiments can be
combined to provide further embodiments.
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The various embodiments may provide advantages. An efficient and robust hybrid
camera pose is implemented to recover the global camera pose of images. For
Glass related wearable device, it is very important to know exactly where the glass is
looking at. Therefore, the global camera pose of view needs to be fast recovered.
The present embodiments also provide enhanced user experience allowing visual
content to be positioned in the correct size/position/pose even when viewing from
indoors to outdoors and vice versa. The present embodiments also provide
seamless navigation between indoor and outdoor environments.

The various embodiments of the invention can be implemented with the help of
computer program code that resides in a memory and causes the relevant
apparatuses to carry out the invention. For example, a device may comprise circuitry
and electronics for handling, receiving and transmitting data, computer program code
in @ memory, and a processor that, when running the computer program code,
causes the device to carry out the features of an embodiment. Yet further, a network
device like a server may comprise circuitry and electronics for handling, receiving
and transmitting data, computer program code in a memory, and a processor that,
when running the computer program code, causes the network device to carry out
the features of an embodiment.

It is obvious that the present invention is not limited solely to the above-presented
embodiments, but it can be modified within the scope of the appended claims.
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Claims:

1. A method, comprising:
- receiving an image with location information from a client;
- requesting processed region data from a media server based on the location
information, said processed region data comprising one or more images with
the corresponding location information;
- applying a first process for determining a pose of a device for the received
image by means of the processed region data;
- if the first process fails to result the pose of the device, applying a second
process for determining a pose of a device for the received image by means
of the processed region data;
- saving the image with the determined pose of the device to the media
server;
- providing the image and the pose of the device to a client for client
rendering.

2. The method according to claim 1, wherein if the second process fails to result the
pose of the device, applying a third process for determining a pose of a device for
the received image.

3. The method according to claim 2, wherein the third process is a sensor based
approach.

4. The method according to claim 1 or 2 or 3, wherein the first process is a fast
localization method.

5 The method according to claim 1 or 4, wherein the second process is a coordinate
tagging method or a sensor based approach.

6. The method according to any of the claims 1 to 5, wherein the media server
comprises data categorized in processed regions and unprocessed regions.

7. The method according to claim 6, wherein the pose of the device determined
either according to the fast localization method or the coordinate tagging method is
saved with the image to the processed region.
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8. The method according to claim 6, wherein the pose of the device determined
according to the sensor based approach is saved with the image to the unprocessed
region.

9. The method according to any of the previous claims 6 to 8, further comprising
detecting when the images in the unprocessed region reaches a predefined
threshold, wherein the method comprises transferring the images from the
unprocessed region to processed region.

10. The method according to any of the previous claims 1 to 9, wherein the image
comprises a complete image or extracted image features.

11. The method according to any of the previous claims 1 to 10, wherein the media
server is an intelligent media cloud.

12. The method according to any of the previous claims 1 to 11, wherein image is an
outdoor image.

13. The method according to any of the previous claims 1 to 12, wherein the image
is an indoor image.

14. The method according to claim 13, determining a local camera pose for the
indoor image, and transforming the local camera pose to a global camera pose.

15. The method according to any of the claims 1 to 14, wherein the device is a
camera.

16. The method according to any of the claims 1 to 15, wherein the image has been
captured by the device.

17. The method according to any of the claims 1 to 16, wherein the location
information is related to the client and/or the device.

18. An apparatus comprising at least one processor, memory including computer
program code, the memory and the computer program code configured to, with the
at least one processor, cause the apparatus to perform at least the following:

- receiving an image with location information from a client;
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- requesting processed region data from a media server based on the location
information, said processed region data comprising one or more images with
the corresponding location information;

- applying a first process for determining a pose of a device for the received
image by means of the processed region data;

- if the first process fails to result the pose of the device, applying a second
process for determining a pose of a device for the received image by means
of the processed region data;

- saving the image with the determined pose of the device to the media
server;

- providing the image and the pose of the device to a client for client
rendering.

19. The apparatus according to claim 18, wherein if the second process fails to result
the pose of the device, the apparatus is further configured applying a third process
for determining a pose of a device for the received image.

20. The apparatus according to claim 19, wherein the third process is a sensor
based approach.

21. The apparatus according to claim 18 or 19 or 20, wherein the first process is a
fast localization method.

22. The method according to claim 18 or 21, wherein the second process is a
coordinate tagging method or a sensor based approach.

23. A system comprising at least one processor, memory including computer
program code, the memory and the computer program code configured to, with the
at least one processor, cause the system to perform at least the following:
- receiving an image with location information from a client;
- requesting processed region data from a media server based on the location
information, said processed region data comprising one or more images with
the corresponding location information;
- applying a first process for determining a pose of a device for the received
image by means of the processed region data;
- if the first process fails to result the pose of the device, applying a second
process for determining a pose of a device for the received image by means
of the processed region data;
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- saving the image with the determined pose of the device to the media
server,

- providing the image and the pose of the device to a client for client
rendering.

24. An apparatus comprising at least:

- means for processing;

- means for storing;

- means for receiving an image with location information from a client;

- means for requesting processed region data from a media server based on
the location information, said processed region data comprising one or more
images with the corresponding location information;

- means for applying a first process for determining a pose of a device for the
received image by means of the processed region data;

- if the first process fails to result the pose of the device, means for applying a
second process for determining a pose of a device for the received image by
means of the processed region data;

- means for saving the image with the determined pose of the device to the
media server;

- means for providing the image and the pose of the device to a client for
client rendering.

25. A computer program product embodied on a non-transitory computer readable
medium, comprising computer program code configured to, when executed on at
least one processor, cause an apparatus or a system to implement a method
according to any of the claims 1 to 17.

26. A method for determining a pose of a device, comprising

- receiving an image from a client;

- determining a global camera pose for the image;

- returning metadata comprising at least the global camera pose to the client;

- receiving a request from the client, said request comprising a request for
media content based on the global camera pose of the image;

- returning the media content to the client.

27. The method according to claim 26, wherein the image is an indoor image.

28. The method according to claim 26, wherein the image is an outdoor image.
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29. The method according to claim 26 or 27 or 28, wherein the metadata further
comprises at least one of the following: a field of view, focal length, depths, image
aspect.

30. An apparatus comprising at least one processor, memory including computer
program code, the memory and the computer program code configured to, with the
at least one processor, cause the apparatus to perform at least the following:

- receiving an image from a client;

- determining a global camera pose for the image;

- returning metadata comprising at least the global camera pose to the client;

- receiving a request from the client, said request comprising a request for

media content based on the global camera pose of the image;

- returning the media content to the client.

31. A computer program product embodied on a non-transitory computer readable
medium, comprising computer program code configured to, when executed on at
least one processor, cause an apparatus or a system to implement a method
according to any of the claims 26 to 29.

32. An apparatus comprising at least:
- means for processing;
- means for storing;
- means for receiving an image from a client;
- means for determining a global camera pose for the image;
- means for returning metadata comprising at least the global camera pose to
the client;
- means for receiving a request from the client, said request comprising a
request for media content based on the global camera pose of the image;
- means returning the media content to the client.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/FI2014/050532

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: GO6T, GO6K

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

FI, SE, NO, DK

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

EPO-Internal, WPI, XPI3E, XPESP, INSPEC, Internet

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X YIl, W. et al. 'Distributed visual processing for augmented reality', 2012 1-32
IEEE International Symposium on Mixed and Augmented Reality (ISMAR)
[online], November 5, 2012 [retrieved on 20.3.2015], pp. 41-48. Retrieved
from the internet: <URL.: hitp://ieeexplore.ieee.org/xpl/articleDetails.jsp?
arnumber=6402536> <DOI: 10.1109/ISMAR.2012.6402536>
abstract; sections 3-4
X WO 2011048497 A2 (UNIV SINGAPORE [SG]) 28 April 2011 (28.04.2011) 1-32
abstract; paragraphs [0025]-[0028], [0033], [0038]-[0039], [0057]; Figure 4
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 or priority
"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theoty underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive stepy
"L"  document which may throw doubts on priority claim(s) or which when the document is taken alone
is cited to establish the publication date of another citation or other "y document of particular relevance; the claimed invention cannot
special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"*  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search

20 March 2015 (20.03.2015)

Date of mailing of the international search report

26 March 2015 (26.03.2015)

Name and mailing address of the ISA/FI
Finnish Patent and Registration Office
P.O. Box 1160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328

Authorized officer
Mika Inki

Telephone No. +358 9 6939 500
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Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

LIM, H. et al. 'Real-time image-based 6-DOF localization in large-
scale environments', 2012 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR) [online], June 16, 2012 [retrieved on
20.3.2015], pp. 1043-1050. Retrieved from the internet: <URL.: http://
ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6247782> <DOI:
10.1109/CVPR.2012.6247782>

abstract; sections 1-3

WAGNER, D. et al. 'Real-Time Detection and Tracking for Augmented
Reality on Mobile Phones', IEEE Transactions on Visualization and
Computer Graphics [onling], Vol. 16, No.3, May/June 2010 [retrieved
on 20.3.2015], pp. 355-368. Retrieved from the Internet: <URL.: http://
ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5226627> <DOI:
10.1109/TVCG.2009.99>

abstract; sections 1, 3-4

CALONDER, M. et al. 'BRIEF: Binary Robust Independent
Elementary Features', European Conference on Computer

Vision (ECCV 2010) [online], September 5, 2010 [retrieved on
20.3.2015], pp. 778-792. Retrieved from the internet: <URL: http:/
link.springer.com/chapter/10.1007%2F978-3-642-15561-1_56> <DOlI:
10.1007/978-3-642-15561-1_56>

the whole document

WO 2014162044 A1 (NOKIA CORP [FI]) 09 October 2014 (09.10.2014)
cited in the application
the whole document

WO 2014146292 A1 (NOKIA CORP [FI])
25 September 2014 (25.09.2014)

cited in the application

the whole document

WO 2014153724 A1 (NOKIA CORP [FI]) 02 October 2014 (02.10.2014)
the whole document, especially claim 1
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Invention I: Claims 1-25 are directed towards determining the pose of a device using two processes. Only if
the first process fails, the second process is used to determine the pose. This two-stage process comprises
the first special technical feature. Claims 1-25 do not mention retrieval of media content based on the pose.

Invention II: Claims 26-32 are directed towards a method for retrieving media content from a media server
based on device pose. This pose is apparently determined at a second server, but no additional features
are claimed about the pose determination process. The media content retrieval is considered to comprise a
second special technical feature.

Since the above-mentioned groups of claims do not share one or more of the same or corresponding special
technical features that define contribution over the prior art, a technical relationship between the inventions,
as required by PCT Rule 13.2, does not exist. Accordingly, the international application does not relate to one
invention or to a single general inventive concept.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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