wO 20117108914 A2 I 10KV 0O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g ]I ) 0MNF 00N 00 10O O A A
International Bureau S,/ 0
g ' Joy . . .
. .. _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
9 September 2011 (09.09.2011) PCT WO 2011/108914 A2
(51) International Patent Classification: Not classified (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: lznod oAanazlojnaligroéiznlos%a\gélaglg : BAI]{E ? g\% ABI;{’ 1?31\2[,
PCT/MY2010/000301 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
25 November 2010 (25.11.2010) HN, HR, HU, ID, I, IN, IS, JP, KE, KG, KM, KN, KP,
. . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(25) Filing Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(26) Publication Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(30) Priority Data: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
PI 2010000892 1 March 2010 (01.03.2010) MY
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): MIMOS kind of regional protection available). ARIPO (BW, GH,
BERHAD [MY/MY]; Technology Park Malaysia, 57000 GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
Kuala Lumpur (MY). ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SAMUDIN, Nor-
shuhada [MY/MY]; Mimos Berhad, Technology Park
Malaysia, 57000 Kuala Lumpur (MY). MAUL, Tomas
[PT/MY]; Mimos Berhad, Technology Park Malaysia,

57000 Kuala Lumpur (MY). Published:
(74) Agent: DAMODHARAN, Ramakrishna; Kass Interna- —  without international search report and to be republished
tional Sdn . Bhd., Suite 8 - 7 -2 Menara Mutiara Bangsar, upon receipt of that report (Rule 48.2(g))
Jalan Liku Off Jalan Riong, Bangsar, 59100 Kuala
Lumpur (MY).

(54) Title: A VISUAL OBJECT TRACKING AND SEARCHING SYSTEM AND A METHOD THEREOF

Speech Feature Object Spatial —_—
H Location
Command Pattern Posture !
Processmg U;:;:‘n
Object Object Translocat. Query
Registrat, Tracker Detection Interpret.

Auditary Visual Query
! " u

(57) Abstract: A visual object tracking and searching system of a location is provided, the system includes at least one auditory
acquisition means, at least one visual acquisition means, at least one textual input means, wherein the at least one auditory acquisi-
tion means, the at least one visual acquisition means and the at least one textual input means are connectable to at least one pro-
cessing means, wherein the at least one processing means is further connectable to at least one display means such that the at least
one processing means receives auditory, visual and textual input from the at least one auditory acquisition means, the at least one
visual acquisition means, the at least one textual input means to produce an output in the at least one display means.

Figure 1




WO 2011/108914

10

15

20

25

A VISUAL OBJECT TRACKING AND SEARCHING SYSTEM AND A METHOD

THEREOF
FIELD OF INVENTION

The present invention relates to a visual object tracking and searching system of a

location and a method thereof.
BACKGROUND OF INVENTION

Computer vision solutions are used for keeping track of and searching for any class of
object in an indoor environment. The known computer vision solutions are restricted to
academia that tends to be not too concerned with lost objects, but rather with object

tracking.

Most known solutions use RFID tags to track objects which require the user to
continuously increase total number of tags based on number of objects that are being
tracked. Further, RFID tags run a risk of becoming faulty over time. This can prove to

be a rather costly exercise.

U.S. 1999/6127928 describes a method and an apparatus for locating and tracking
documents such as office files in an office environment using RFID technology.
However, this method is only limited for the tracking of documents and not for any other

objects that may be lost as well.

In a known computer vision based application, a camera is fixed on a pair of glasses. A

user is required to wear the glasses during process of registration of items and the
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searching process. However, this method is limited to a single individual and depends
on the user to store the glasses safely in order to use them to track objects. Further, it
is rather cumbersome to use the glasses at all times and this causes the method to be

more prone to human error.

Another problem in vision based solutions for lost objects pertain to objects that are not
visible because of being concealed by body or contained in an enclosure. The objects
are not locatable because of these reasons. A solution is needed to overcome

concealed objects that need to be tracked.

Object disambiguation is another problem faced in vision based solutions as there may
be several objects that are similar to requested object. A solution is needed to be able

to narrow down the search to the requested object.

U.S. 1999/6184789 describes a method and apparatus for visually determining object
locations using an object associated with the object locater. A camera is used to only

get the display of the object location for the user after the object has been detected.

There is therefore a need for a practical solution for locating general lost objects within
an environment while considering object disambiguation and objects that are

concealed away from plain sight.
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SUMMARY OF INVENTION

Accordingly there is provided a visual object tracking and searching system of a
location, the system includes at least one auditory acquisition means, at least one
visual acquisition means, at least one textual input means, wherein the at least one
auditory acquisition means, the at least one visual acquisition means and the at least
one textual input means are connectable to at least one processing means, wherein
the at least one processing means is further connectable to at least one display means
such that the at least one processing means receives auditory, visual and textual input
from the at least one auditory acquisition means, the at least one visual acquisition
means, the at least one textual input means to produce an output in the at least one

display means.

There is also provided a method of tracking and searching for objects visually in a
location, the method includes the steps of registering data of objects of interest (Ol)
from a location in a database in reference to a plurality of frames acquired from an at
least one visual acquisition means, categorizing said data of Ol based on
predetermined attributes, searching the database for an object of interest (Ol) using
categorized data in database, searching for the Ol at a specified previous location as
updated in the database, displaying at least one location of the Ol to a user and

updating the database with current location of Ol.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying description and
drawings, it being understood that various changes in the details may be made without
departing from the scope of the invention or sacrificing any of the advantages of the

present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be fully understood from the detailed description given herein
below and the accompanying drawings which are given by way of illustration only, and

thus are not limitative of the present invention, wherein:

Figure 1 depicts a block diagram of a visual object tracking and searching system of a

location in a preferred embodiment of the present invention;

Figure 2 is a high level flow chart of the method involving detecting of translocation
behaviors and updating of object locations in a preferred embodiment of the present

invention;

Figure 3 is a flowchart showing a method of input request for an object of Interest (Ol)

in the preferred embodiment of the present invention;

Figure 4 is a flowchart showing a method of input request for an Ol using a microphone

as means of input in the preferred embodiment of the present invention; and

Figure 5 is a flowchart showing a method of input request for an Ol using a keyboard

as means of input in the preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a visual object tracking and searching system of a
location and a method thereof. A detailed description of a preferred embodiment of the
invention is disclosed herein. It should be understood, however, that the disclosed
preferred-embodiment are merely exemplary of the invention, which may be embodied
in various forms. Therefore, the details disclosed herein are not to be interpreted as
limiting, but merely as the basis for the claims and for teaching one skilled in the art of

the invention.

The following detailed description of the preferred embodiment will now be described in

accordance with the attached drawings, either individually or in combination.

While the following description may describe example embodiment of the present
invention in relation to locating lost objects, the invention is not limited to and can be
applicable to other types of object searching where similar advantages may be

obtained.

Figure 1 depicts a block diagram of a visual object tracking and searching system of a
location. The system includes at least one auditory acquisition means, at least one
visual acquisition means and at least one textual input means which are connectable to
at least one processing means. The at least one processing means is further
connectable to at least one display means such that the at least one processing means
receives auditory, visual and textual input from the at least one auditory acquisition
means, the at least one visual acquisition means, the at least one textual input means
to produce an output in the at least one display means. An example of the at least one

auditory acquisition means is a microphone, used for command interpretation. At least
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one visual acquisition means such as high resolution cameras are used to acquire
visual input for tracking objects. An example of the at least one textual input means is a
keyboard. At least one processing means used in this embodiment is a typical personal
co.mputer with peripherals. The at least one display means used in this embodiment is

selected from Liquid Crystal Displays (LCDs) and motorized lasers.

The typical computer further includes a plurality of modules such as speech
recognition, command interpretation, object registration, feature extraction, pattern
matching, object tracker, object searcher, posture exiractor, translocation detector,
spatial reasoning, location uncertainty reasoning, query interpreter and disambiguator.
However, it is to be understood that the plurality of modules described herein may

further include other modules that are seen fit according to application.

Output of the system further includes a sound synthesizer for producing synthetic
speech or sound for interaction with a user. A log manager is further used to manage a
database of locations, translocations, characteristics of objects and previous queries. A
camera controller may also be used to switch on or off the cameras or zoom as seen

fit.

The system is used to search for lost objects such as pens, sets of keys, remote

controls and other similar objects.

A method of tracking and searching for objects visually in a location is described.
Figure 2 shows a high level flow chart of the method involving detection of translocation
behaviors and updating of object locations. The method includes the steps of
registering data of objects of interest (Ol) from a location in a database in reference to

a plurality of frames acquired from an at least one visual acquisition means,
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categorizing said data of Ol based on predetermined attributes, searching the database
for an object of interest (Ol) using categorized data in database, searching for the Ol at
a specified previous location as updated in the database, displaying at least one

location of the Ol to a user and updating the database with current location of Ol.

Registration of data of Ol is done by collecting data of all objects and locations involved
are stored in a database. The registration is conducted by means of speech recognition
through microphone, by means of text input through keyboard and visual feature

extraction through cameras.

The collected location data is then categorized upon capturing a plurality of images
from a respective camera. Each segment of a location assigned to a camera is
identified upon coordination by view found by the camera. Categorization is conducted
based on attributes such as color, shape and semantic type. Examples of semantic
types are as follows, but not restricted to, electronic devices, kitchen appliances,
personal belongings and hazardous household items. However, it is to be appreciated
that these items and categories are to be defined by users based on applications that

the invention is used for.

As seen in Figure 2, for each new frame captured from a camera, behavior of Ol is
computed by detecting any translocation of the Ol from frame to frame. If no
translocation is found, each subsequent frame is continuously checked for each Ol.
However, if translocation is detected for a specific Ol, the database is searched for the
Ol if it is registered. If the Ol is registered in the database, location of the Ol is tracked
and stored in the database. This aspect of the invention is detection of translocation

behaviors and updating of object locations.
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Figure 3 depicts a flowchart of input request for an Ol. Once the system receives the
request, the database is referred for information updates, such as locations and
categories of said Ol. From the database, a previously specified location of the Ol is
found. The location is then traced and searched to locate the Ol. Upon detecting the
0|, size of the Ol is considered. If the size of the Ol on display is smaller than a
predetermined limit, the camera assigned to the location is instructed to zoom in to the
Ol. In this example, the predetermined limit of the size of view on display is set at 25 x
25 pixels. Further, the system identifies if there are more than one of the Ol that is
detected. If there is more than one Ol, an output indicating the same is displayed via a
display means or a loudspeaker to users. A user is then able to manually select the Ol
as required. Upon selecting the Ol, the database is then updated with a latest location

of the Ol. The searching step is then considered as successful.

Figure 4 shows a flowchart of the method as described above using a microphone as
means of input. A search keyword associated with an Ol is pronounced to trigger the
search in the system. If a related Ol is found, object name is cross checked in the
database for registration. If the Ol is not found, characteristics of the Ol are
pronounced carefully to detect the Ol accurately. Name of the Ol is informed to user by
auditory means such as a loudspeaker. Inaccurate pronunciations may require user to
pronounce the Ol name and characteristics repetitively until the correct Ol is detected.

Further steps are then carried out as per the method as described in Figure 3.

Figure 5 shows a flowchart of the method as described above using a keyboard as
means of input. A search keyword associated with an Ol is input into the system and
the search is initiated. A list of attributes associated with the Ol, such as list name,
classification, shape and color of Ol is displayed. Required attributes are then selected
from the list. A resulting Ol is then displayed. If the resuiting Ol is correct, further steps

are then carried out as per the method described in Figure 3. If the resulting Ol is
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incorrect, the list of attributes is displayed again for the user to select most accurate

attributes associated with the Ol. This step is repeated until a correct Ol is displayed.

The system and method as described above solves a problem of object disambiguation
and a problem of tracking unseen objects. Object disambiguation is addressed by
allowing the user to be able to manually select the required Ol from a list of possible Ol
displayed as seen in Figure 3. Tracking of unseen objects is solved by identifying
locations previously inhabited by the Ol and assuming that behavioral characteristics of
the Ol is predictable based on the previously inhabited locations as seen in Figure 3. It
is also assumed that one of the reasons why an object is thought to be lost is because
it is occluded from user’s vision. With the assistance of the invention, the user is able to

detect hidden Ols.

It can be seen that the described embodiment of the invention is able to detect object
translocation behaviors and requests the user to reveal the object that is being
relocated by representing and reasoning about uncertainties of object location. This is
an improvement over prior art in this field as this combination of features are not found

in other computer vision based solutions.

It is to be understood that the embodiments of the invention described are
exchangeable for other variations of the same in order to be used in various
applications. The present embodiment of the invention is intended for, but not restricted

to, locating lost objects in a specific location.
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10

CLAIMS

1.

A visual object tracking and searching system of a location, the system includes:

at least one auditory acquisition means, at least one visual acquisition means, at
least one textual input means,

wherein the at least one auditory acquisition means, the at least one visual
acquisition means and the at least one textual input means are connectable to at
least one processing means,

wherein the at least one processing means is further connectable to at least one
display means such that the at least one processing means receives auditory,
visual and textual input from the at least one auditory acquisition means, the at
least one visual acquisition means, the at least one textual input means to produce

an output in the at least one display means.

The system as claimed in claim 1, wherein the system further produces auditory
output from at least one loudspeaker connectable to the at least one processing

means.

The system as claimed in claim 1, wherein the at least one auditory acquisition

means is a microphone.

The system as claimed in claim 1, wherein the system produces visual output in

Liquid Crystal Display (LCD).

The system as claimed in claim 1, wherein the system produces visual output in

motorized lasers.

PCT/MY2010/000301
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6. The system as claimed in claim 1, wherein the at least one textual input means is a

keyboard.

7. The system as claimed in claim 1, wherein the at least one processing means is a

5 personal computer.

8. The system as claimed in claim 1, wherein the at least one visual acquisition means

is a camera.

10 9. A method of tracking and searching for objects visually in a location, the method

includes the steps of:

15 ii.
iii.
iv.

20 V.
vi.

registering data of objects of interest (Ol) from a location in a database
in reference to a plurality of frames acquired from an at least one visual
acquisition means;

categorizing said data of Ol based on predetermined attributes;
searching the database for an object of interest (Ol) using categorized
data in database;

searching for the Ol at a specified previous location as updated in the
database;

displaying at least one location of the Ol to a user; and

updating the database with current location of Ol.

10. The method as claimed in claim 9, wherein searching the database for the Ol

further includes the steps of determining translocation of Ol within the plurality of

25 frames and updating the translocation in the database.
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11. The method as claimed in claim 9, wherein registration of data is conducted by

means of speech recognition, text input and visual feature extraction.

12. The method as claimed in claim 9, wherein searching for the Ol at a specified

previous location is used to compute behavior of Ol.

13. The method as claimed in claim 10, wherein if no translocation of Ol is found,

subsequent plurality of frames are continuously checked for each Ol.

14. The method as claimed in claim 10, wherein if the Ol is registered in database,

location of the Ol is tracked and stored in the database.

15. The method as claimed in claim 10, wherein if a list of Ol is found, a user selects

the Ol manually.

16. The method as claimed in claim 15, wherein data of the manually selected Ol is

updated in the database.
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