WO 2015/125028 PCT/1B2015/000908

We Claim:

A server for identifying and transmitting to a mobile device additional
information relating to a query image obtained by a user with a2 mobile device,
the server comprising:

a reference image database storing one or more reference feature
descriptors associated with one or more reference images,
wherein at least one reference image feature is mapped to a
plurality of addresses in the reference image database using a
plurality of functions,; and

a candidate feature discriptors retrieval module for:
calculating, for each }f the one or more guery image feature
descriptors, a pliNality of addresses using the plurality of
functions, and
for each of the plurality of ad¥resses, calculating a number of
duplicate referencs image feature descriptors stored
within a pre-defined region Xf the reference image

database;

a candidate images retrieval module for:
selecting a set of reference image feature degeriptors based on
the calculated number of duplicate refer

feature descriptors;

an image matching moduie for:
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comparing the selected set of reference image feature
descriptors with the one or more query image feafure
descriptors o determine if any reference image mages
the guery image,

the server further configured to perform the steps of
if a matching reference image is determined, obtaining
additional information associated with the at least one matching
reference image from an annctation database, and

ransmiiting the additional information to the mobile device for
didplaying as additional information relating to the at least one
item &f interest to the user.

2. The server of claim 1, wkerein the processor is further configured to execute a
hash table management mydule.

3. The server of claim 2, wherein the hash {able management module further
comprises a collision resolving moayle, for handling hash collisions; and
an overflow handling module for handigg the association of a new data point
{e.g., a set of feature descriptors) with an\address in a hash table.

4, A computer-implemented method for identifying\and displaying additional
information relating to a first query image obtained\by a user with a mobile
device, the method comprising:

receiving, from the maobile device, a first query including ohg or more guery
image feature descriptors corresponding to at least ong item of interest
to the user included in the first query image;

responsive to receiving the first query, performing a similarity search, \yherein
the similarity search comprises:
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for each of the query image feature descriptors, calculating a plurality
of addresses using a plurality of functions;

for each of the plurality of addresses, calculating a number of duplicate
reference image feature descriptors stored within a certain
region of a database, and wherein at least one reference image
feature is mapped to a plurality of addresses in the reference
image database using the plurality of functions; and

gtermining one or more candidate images based on the number of
duplicate reference image feature descriptors within the certain
region of the reference image database associated with each of
the plurality of addresses, the reference image database storing
one\or more reference image feature descriptors, each of the
refereNce image feature descriptors associated with at least one
referencé\image

cemparing the fealre descriptors for the one or more candidate

images to the \Yuery image feature descriptors to determine if
there is a match\and

if there is a match, acquiring additiogal information associated with the match;
and

transmitting, to the mobile device, the additignal information associated with
the maich for displaying to the user.

5. The computer-implemented method of claim 4,

wherein the number of duplicate reference image feayre descriptors
within a pre-defined region associated with an addregs reflects a
degree of similarity between the duplicate reference imgge feature
descriptors and the first query image feature descriptors Igapped to the
address;
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and wherein the determination of one or more candidate images
comprises:

determining that the number of duplicate reference image feature
descriptors exceeds a pre-determined threshold; and

acquiring the one or more candidate images assoclated with the
duplicate reference image feature deseriptors.

8. The cogputer-implemented method of claim 5, further comprising:

receiving\ from the mobile device, a second guery including one or more
second\yuery image feature descriptors;

comparing the oxe or more first query image feature descriptors with the
one of more sedpnd query image feature descriptors; and

based on a result of the Xomparison:
determining not to perfogm the similarity search; and
acquiring, based on a mapging between the first query and the one or
more candidate images sired in a query cache, the one or more
candidate images;

7. The method of claim 4, wherein
wherein reference image feature descriptor are stored within a database
based on a hash table including a plurality\of buckets, each bucket
heing associated with an address;

wherein the hash table is associated with a family of hgsh functions, the
family of hash functions mapping one feature descripior data pointto a
first set of addresses associated with a first set of buckeXg out of the
plurality of buckets, and each of the first set of buckets stoNpg the one
second feature descriptor data point.
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8. Acomputer-impiemented method for idenfifying and displaying additional
information relating to an image obtained by a user with 2 mobile device, the
method comprising:

acquiring at least one image using the mobile device, the at least one
image comprising at feast one item of interest to the user about which
the user wishes to recelve additional information;

exNacting one or more first features from the at least one image, the one
oNmore first features corresponding o the at least one item of interest;

generating\a first fingerprint representing the one or more first features,;

transmitting, to ] server, a first query including the first fingerprint, the
fingerprint alloxing the server to acquire one or more second images
and determine, bxsed on one or more second images selected based
on the first query, gt the server has additional information relating to
the at least one item oRinterest to the user; and

receiving, from the server, the ddditional information relating to the at least
one item of interest to the useNand dispiaying the additional

information to the user.
9. The computer-implemented method of claint\§, further comprising:

receiving, via the first interface on the mobile dgvice, a user’s selection of
a portion of the first image;

wherein extracting one or more first features from the & least one image

comprises extracting one or miore first features corresgonding to the
selected portion; and
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wherein generating a first fingerprint comprises generating a first
fingerprint representing the one or more first features extracted from
the selected portion of the first image.

10\ A device for identifying and displaying additional information relating to an
e of interest, the device comprising a processor for executing one or more
magules comprising:

image acquisition module for acquiring an image inciuding the item
of irNerest;

a feature \jescriptor generation module for extracting one or more
image felture quantities associated with the image,

a fingerprint geneXation module for:

generating a quel fingerprint based on the extracted one or more
image feature qugntities,; and

transmitting the query Kagerprint to a server, wherein the query
fingerprint allows the Sgrver o perform, based on the query
fingerprint, a similarity sexgch in a database storing one or more
reference feature descriptors and {0 acquire one or more
candidate images associated Wth at least one of the one or
more reference feature descriptors based on a resuit of the
similarity search;

an image matching module for determining whether the image matches
with the one or more candidate images,; and

an additional database module for acquiring, based on {h
determination at the image matching module, additional formation
associated with at least one of the one or more candidate irRages
for displaying as additional information relating to the at least
item of interest to the user.
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1.

CLAIMS

A server for identifying and transmitting to a mobile device additional information
relating to a query image obtained by a user with a mobile device, the server

comprising:

a reference image database storing one or more reference feature
descriptors associated with one or more reference images, wherein
at least one reference image feature descriptor is mapped to a
plurality of first addresses within an address space in the reference
image database using a plurality of functions, and wherein the
plurality of functions is configured to map one or more feature
descriptors to the same address space; and

a processor for executing one or more modules comprising:

a query receiving module for receiving, from the mobile device, a first

query including one or more query image feature descriptors;

a candidate feature descriptors retrieval module for:
calculating, for each of the one or more query image feature
descriptors, a plurality of second addresses using the
plurality of functions, and
for each of the plurality of second addresses, determining a number
of duplicate reference image feature descriptors stored

within a pre-defined region of the reference image database;

a candidate images retrieval module for:
selecting a set of reference image feature descriptors based on the
determined number of duplicate reference image feature

descriptors;

-37 -



an image matiching module for:
comparing the selected set of reference image feature descriptors
with the one or more query image feature descriptors to
determine if any one of the one or more reference images

match the query image,

wherein, if a matching reference image is determined, the server is further
configured to perform the steps of
obtaining additional information associated with the at least one

matching reference image from an annotation database, and

transmitting the additional information to the mobile device for
displaying as additional information relating to the at least one item

of interest to the user.

The server of claim 1, wherein the processor is further configured to execute a

hash table management module for:

providing, for each of the plurality of second addresses, one or more
references to one or more of the reference image feature
descriptors based on a relationship between each of the plurality of

second addresses and each of the plurality of the first addresses;

and wherein the number of duplicate reference image feature descriptors

is determined based on the relationship.

The server of claim 2, wherein the hash table management module further
comprises a coflision resolving module for:
using a random function to calculate the plurality of the first addresses.
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A computer-implemented method for identifying and displaying additional
information relating to a first query image obtained by a user with a maobile

device, the method comprising:

receiving, from the mobile device, a first query including one or more query
image feature descriptors corresponding to at least one item of interest to

the user included in the first query image;

responsive to receiving the first query, performing a similarity search, wherein the

similarity search comprises:

for each of the query image feature descriptors, calculating a plurality of

addresses using a plurality of functions;

for each of the plurality of addresses, determining a number of duplicate
reference image feature descriptors stored within a certain region of
a reference image database storing one or more reference image
feature descriptors, each of the reference image feature descriptors
being associated with at least one reference image, wherein at
least one reference image feature descriptor is mapped to a
plurality of addresses within an address space in the reference
image database using the plurality of functions, and wherein the
plurality of functions is configured to map one or more feature

descriptors to the same address space; and

determining one or more candidate reference images based on a number
of duplicate reference image feature descriptors within the certain
region of the reference image database associated with each of the

plurality of addresses;
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comparing the feature descriptors for the one or more candidate reference
images to the query image feature descriptors to determine if there

is a match; and

if there is a match, acquiring additional information associated with the match;

and

transmitting, to the mobile device, the additional information associated with the

match for displaying to the user.
The computer-implemented method of claim 4,

wherein the number of duplicate reference image feature descriptors within a
pre-defined region associated with an address reflects a degree of
similarity between the duplicate reference image feature descriptors and

the first query image feature descriptors mapped to the address;

and wherein the determination of one or more candidate reference images

comprises:

determining that the number of duplicate reference image feature
descriptors exceeds a pre-determined threshold; and

acquiring the one or more candidate reference images associated with the
duplicate reference image feature descriptors.

The computer-implemented method of claim 5, further comprising:

receiving, from the mobile device, a second query including one or more

second query image feature descriptors;
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comparing the one or more first query image feature descriptors with the one

or more second query image feature descriptors; and

based on a result of the comparison:
determining not to perform the similarity search; and
acquiring, based on a mapping between the first query and the one or
more candidate reference images stored in a query cache, the one or

more candidate images.

The computer-implemented method of claim 4, wherein
the reference image feature descriptors are stored within a database based
on a hash table including a plurality of hash buckets, each hash bucket
being associated with an address,

each hash bucket being associated with an address within the address space;
wherein the plurality of functions are configured to map one or more
feature descriptors to one or more hash buckets of out the same set of
hash buckets.

The server of claim 1, wherein each of the plurality of first addresses is

associated with a single reference image feature descriptor.

The server of claim 2, wherein the hash table management module further

comprises an overflowing handling module for:

determining whether the one of the plurality of first addresses is
associated with a first reference image feature descriptor when the one
of the plurality of first addresses is calculated;

responsive to determining that the one of the plurality of first addresses is

associated with the first sentence image feature descriptor:
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disassociating the one of the plurality of first addresses from the first
reference image feature descriptor; and
associating the one of the plurality of first addresses with a second

reference image feature descriptor.

10.  The server of claim 1, wherein the processor is further configured to execute the
candidate images retrieval module for:
ranking one or more sets of reference image descriptors, each set being
associated with a combination of the determined numbers of duplicate
reference image feature descriptors; and
selecting the set of reference image feature descriptors based on a result

of the ranking.

11.  The server of claim 1, wherein the processor is further configured to execute the
candidate images retrieval module for:
excluding, from the selected set of reference image feature descriptors,
one or more reference images associated with a calculated number of
duplicate reference image feature descriptors that is below a

predefined threshold.

12.  The server of claim 1, wherein the reference image descriptors are stored within
the databased based on a hash table including a plurality of hash buckets, each hash
bucket being associated with an address within the address space; wherein the plurality
of functions are configured to map one or more feature descriptors to one or more hash

buckets out of the same set of hash buckets.
13.  The computer-implemented method of claim 4, further comprising:

receiving, from the mobile device, a second query including or ore more

second query image feature descriptors;
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comparing the one or more first query image feature descriptors with the
one or more second query image feature descriptors; and

based on a result of the comparison:

determining not to perform a similarity search; and

acquiring, based on a mapping between the first query and the one or
more candidate reference images stored in a query cache, the one or
more candidate images.

14. A device for identifying and displaying additional information relating to an item of
interest, the device comprising a processor for executing one or more modules
comprising:
an image acquisition module for acquiring a first query image including the
item of interest;
a feature descriptor generation module for extracting a plurality of first query
image feature descriptors associated with the first query image;
a fingerprint generation module for:
generating a first query fingerprint based on the extracted first query
image feature descriptors; and
transmitting the first query fingerprint to a server, wherein the first query
fingerprint enables the server to perform, based on the first query
fingerprint, a similarity search in a database storing a plurality of
reference image feature descriptors and to acquire one or more
candidate images associated with at least one of the reference image
feature descriptors retrieved from the database by mapping the query
feature descriptors to addresses, or adjacent addresses, to which
reference image feature descriptors are most frequently mapped; and
an image matching module for determining whether the first query image

matches with at least one of the one or more candidate images;
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wherein the determination at the image matching module enables acquisition
of additional information associated with at least one of the one or more
candidate images for displaying as additional information relating to the at

least one item of interest to the user.

15.  The device of claim 14, wherein the processor is further configured to execute
the image matching module for:
estimating a first set of relative positions between the first query image
feature descriptors;
for at least one of the one or more candidate images:
determining a set of corresponding reference image feature descriptors
that correspond to the first query image feature descripiors;
calculating a second set of relative positions between the set of
corresponding feature descriptors; and
determining a degree of fit between the first query image and the
candidate image based on a relationship between the first set of
relative positions and the second set of relative positions;
wherein the determination of whether the first query image matches with at
least one of the one or more candidate images is based on the determined

degree of fit.

16.  The device of claim 15, wherein the determining of the set of corresponding
feature descriptors that correspond to the first query image feature descriptors
comprises calculating one or more feature distances between one or more reference

image feature descriptors and the first query image feature descriptors.

17.  The device of claim 15, wherein the device is further configured to perform the

steps of:
determining a first pose of the first query image based on the first set of

relative positions;
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comparing the first pose with a second pose associated with a previously
acquired query image;
based on a result of the comparison, determining whether a tracking is lost;
and
when it is determined that a tracking is lost:
causing the image acquisition module to acquire a second query image;
causing the feature descriptor generation module to extract a plurality of
second query image feature descriptors associated with the second
query image; and
causing the fingerprint generation module to:
generate a second query fingerprint based on the extracted second
query image feature descriptors; and

transmit the second query fingerprint to the server.

18.  The device of claim 14, wherein the processor is further configured to execute
the image acquisition module for:
acquiring a plurality of images;
associating each of the acquired plurality of images with each of a plurality of
first timestamps;
detecting an initiation to take a snapshot;
associating the initiation with a second timestamp; and
selecting an image out of the plurality of images as the first query image
based on a relationship between each of the plurality of first timestamps

and the second timestamp.

19.  The device of claim 18, wherein the processor is further configured to execute
the image acquisition module for detecting a motion of the device; wherein the selection
of the image out of the plurality of images as the first query image is also based on the

detected motion.
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20.  The device of claim 14, further comprising:

a query cache for storing a mapping between one or more previously-
received query fingerprints and one or more previously-acquired candidate
images; and

a query cache management module for determining whether the first query
fingerprint matches with any of the one or more previously-received query
fingerprints stored in the query cache;

wherein, if the query cache management module determines that the first
query fingerprint matches with at least one of the one or more previously-
received query fingerprints stored in the query cache, the device is further
configured to perform the steps of:

determining not to transmit the first query fingerprint to the server; and
causing the image matching module to determine whether the first
query image matches with any of the previously-acquired candidate

images.

21.  The device of claim 20, wherein, if the query cache management module
determines that the first query fingerprint matches with none of the one or more
previously-receive query fingerprints stored in the query cache, the device is further
configured to perform the step of:
after the image matching module determines that the first query image
matches with at least one of the one or more candidate images, adding a
mapping between the first query fingerprint and the one or more candidate

images to the query cache.

22. The device of claim 14, wherein the device is further configured to perform the
steps of:
providing an interface to receive a selection of a portion of the first query

image; and
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causing the feature descriptor generation module to extract the first query
image feature descriptors associated with the selected portion of the first

query image.

23.  The device of claim 14, wherein the device is further configured to perform the
steps of:
providing an interface to receive a selection of a portion of the first query
image; and
causing the additional database module to acquire the additional information

based on the selection.

24.  The device of claim 14, wherein at least one reference image feature descriptor
is mapped, with a plurality of functions, to a plurality of addresses within an address
space in the database; and wherein the plurality of functions is configured to map one or

more feature descriptors to the same address space.

25.  The device of claim 24, wherein the similarity search includes determining a
number of duplicate reference image feature descriptors within a pre-defined region of
the database, wherein the pre-defined region of the database is associated with one or
more addresses calculated from the first query image feature descriptors included in the
first query fingerprint using the plurality of functions.

26. A computer-implemented method for identifying and displaying additional
information relating to an image obtained by a user with a mobile device, the method
being implemented by the mobile device and comprising:
acquiring a first query image comprising at least one item of interest to the
user about which additional information is to be displayed,
extracting a plurality of first features from the first query image, wherein the
first features correspond to the at least one item of interest;
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generating a first query, wherein the first query includes the extracted first
features;

transmitting the first query to a server, wherein the first query enables the
server to acquire one or more reference images by mapping the query
feature descriptors to addresses, or adjacent addresses, to which
reference image feature descriptors are most frequently mapped and to
determine, based on the one or more reference images acquired based on
the first query, that the server stores additional information about the at
least one item of interest; and

receiving, from the server, the additional information about the at least one
item of interest; and

displaying the additional information about the at least one item of interest to

the user.

27.  The computer-implemented method of claim 26, further comprising:

receiving, via an interface on the mobile device, a user’s selection of a portion
of the first query image;

wherein extracting a plurality of first features from the first query image
comprises extracting a plurality of first features corresponding to the
selected portion; and

wherein generating a first query comprises generating a first query
representing the extracted first features corresponding to the selected

portion.

28.  The computer-implemented method of claim 26, further comprising:
storing the extracted first features;
acquiring a second query image;
extracting a plurality of second features from the second query image;
determining a relationship between the stored first features and the extracted

second features; and
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based on the relationship, determining not to transmit a second query
including information representing the extracted second features to the

server.

29. The computer-implemented method of claim 26, wherein the acquired one or
more reference images are associated with a plurality of second features; wherein
duplicates of at least one of the second features are stored within a pre-defined region

associated with an address calculated from the first features.
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