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SYSTEM AND METHOD FOR SOUND BASED SURVEILLANCE
DESCRIPTION

Priority Claim

[0001] This patent application claims priority to India Patent Application No.
201621008860, filed on March 14th, 2016.The entire contents of the aforementioned applica-
tion are incorporated herein by reference.

TECHNICAL FIELD

[0002] The embodiments herein generally relate to a system and method for surveil-
lance, and more particularly, to a system and method for surveillance of an environment by
sensing and analysing sound signals in the ambience.

BACKGROUND

[0003] It is becoming increasingly important to be vigilant to protect human lives and
assets, especially in public spaces such as bus stops, railway stations, airports, hospitals,
schools. Surveillance techniques have been employed in the past and this mostly consisted of
capturing video based evidence. This means, setting up infrastructure that is needed to cap-
ture videography and also employ processing techniques to gather vital information.

[0004] Audio based methods are an alternate technique that can be used to monitor
environments to improve safety and security with reliability. In addition audio based methods
can provide invaluable support to the surveillance efforts. Another benefit is relatively lower
cost in setting up an audio based infrastructure.

[0005] Currently available audio-based surveillance systems work on pattern match-
ing, where the temporal patterns of different sounds that occur repeatedly in an environment
are learnt. There is typically a reference databank of temporal pattern of sounds correspond-
ing to known events. One technique describes a system and method to record recurring

sounds in an ambient environment, and these sounds are compared with sounds pre-captured
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in a reference database. For instance, sounds that co-respond to a regular routine in a day -
such as opening and closing of doors, sound of water boiling, movement of people at a par-
ticular time and so on. Count of sound occurrences are maintained and any deviation from a
pre-defined threshold is marked as an abnormal, for instance if kettle boils at 7 am instead of
6:30 am, if the door opening sound is less than a pre-defined frequency. Visual information
such as an output from a video camera for the environment are used to co-relate any detected
abnormality.

[0006] Yet another known method is to survey sounds emanating from a target envi-
ronment, and capture these to create a preparatory database, wherein these are further studied
by operators who will use the system. The method further describes how an operator will
mark a sound heard in a real scenario and also signals the type of scenario. For instance,
sound of glass breaking, or a gun shot in the audio and marked as a deviation. A spectral
analysis is performed for the location where the sound is heard and this is compared with
similar sounds recorded in the preparatory database to identify events. The process compris-
es identification of similar sounds and performing a match operation in a reference database
before marking it as a definite abnormality.

[0007] Often, these systems are unable to raise an alarm in real-time, especially if the
event requires the analysis of a temporally lengthy sound signal further, there are false nega-
tives for an alarm raised just because an activity or an event may not be in the exact sequence
for a set of activities matched from the reference database. Some of the limitations of exist-
ing audio based systems are that they need to be extensively trained to detect what is an un-
characteristic sound and what is not. Secondly, a sound that is normal around some time of
the day may not necessarily be normal during some other time of the day or when occurring

with another event. Also, current systems do not consider use of mobile sources of sound in-

put.



[0008] There is a need for a system to automatically identify an event based on sound
superimposed by the inputs about the context. Here the context may mean, time, position or
setting of the observation, pre-existing knowledge such as train schedules in a train station, -
class schedules in a school, etc. Identification of an event should also be determined through

self-learning processes configured in the system.
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SUMMARY

[0009] The following presents a simplified summary of some embodiments of the
disclosure in order to provide a basic understanding of the embodiments. This summary is not
an extensive overview of the embodiments. It is not intended to identify key/critical elements
of the embodiments or to delineate the scope of the embodiments. Its sole purpose is to pre-
sent some embodiments in a simplified form as a prelude to the more detailed description that
is presented below.

[0010] In the view of the foregoing, an embodiment herein provides a computer im-
plemented system for determining an event in an ambient environment. The computer im-
plemented system comprising of a receiver (206) to receive input signals from a configured
sensor network, a frame analyser (208) to create and compare sound frames for predefined
time intervals from input signals received by the receiver, a context builder (210) to associate
contextual information to sound frames, a rule builder (212) to process temporal sound
frames with inputs from the frame analyser and context builder and determine an event, an
alert generator (216) to flag an event and generate alerts, an action logger (214) to capture
event related data; and a central server (218) to store sound signatures of events, related con-
textual information for continual learning of the said system.

[0011] The receiver (206) is further configured to receive a sound signals from a net-
work of sensors. The sound signals are received from a combination of fixed and mobile sen-
SOTS.

[0012] In an embodiment, the system further comprises a frame analyzer (208) to
generate sound frames and incorporate knowledge data to further compare adjacent sound
frames to detect uncharacteristic sound or an event. The system further comprises a context

builder (210) to store a plurality of context data, which is further a subset of knowledge data
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that is input to the frame analyzer (208) to determine uncharacteristic sound.

[0013] The system further comprises a rule builder (212) to create rule data that are
applied to the context data to further determine if an uncharacteristic sound detected by the
frame analyser (208) can be flagged as an event. The rule data is input to the rule builder
(212), which further comprises location data, event priority, time data and sound attribute to
further determine if an uncharacteristic sound detected by the frame analyser (208) can be
flagged as an event.

[0014] In an embodiment, the system further comprises an alert generator (216) to
generate alerts through a plurality of communication means to authorities to alert of any event
in the environment. The system also comprises an action logger (214) to record the time, lo-
cation and priority of an event. Further, the action logger (214) also records the sound frame
in which uncharacteristic sound was detected, and said time, location, priority and sound data
is recorded as an event and stored in the Central Server (218).

[0015] In an aspect, there is provided a computer implemented method for determin-
ing a sound signature of an ambient environment, the method comprising receiving, by a re-
ceiver (206), sound data from a plurality of sensors configured to be in a network; creating
and analysing sound frames, by a frame analyser (208) for signals received by the receiver
(206) ; creating a rule data, by a rule builder (212) to be a part of contextual data set; associat-
ing a contextual data set, by a context builder (210) to the sound frames to determine an
event; generating an alert, by an alert generator to flag an event; recording details of an event,
by an event logger to record time, location, type and priority of an event for continuous learn-
ing; and storing sound signature, by a central server (218) for continual learning.

[0016] In yet another aspect, the step of creating and analysing sound frames com-

prises comparing adjacent sound frames and association of at least one contextual data to de-

termine an event.
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[0017] In yet another aspect, the step of creating a rule data further comprises creating
a rule consisting elements of time, location, priority and a sound attribute, which will be as-
sociated with contextual data set.

[0018] In an embodiment, the step of generating an alert by an Alert Generator com-
prises usage of a communication means to notify authorities of an event along with its de-
scription, time, location and priority. Additionally, the step of recording details if an event by
an event logger comprises storage of time, location, type, priority and sound frame of an

event for continuous learning.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The embodiments herein will be better understood from the following detailed
description with reference to the drawings, in which:

[0020] FIG.1 illustrates a configuration of the computer implemented system for de-
tection of sound signature in a networked environment.

[0021] FIG.2 depicts a detailed computer implemented system for detection of sound
signatures, according to the embodiments disclosed herein.

[0022] FIG.3 illustrates a flow diagram for a computer implemented method for de-
tection of a sound signature in an ambient environment of FIG 2, according to the embodi-
ments as disclosed herein.

[0023] FIG.4 illustrates an embodiment to create and compare sound frames to detect
an uncharacteristic sound.

[0024] It should be appreciated by those skilled in the art that any block diagram
herein represent conceptual views of illustrative devices embodying the principles of the pre-
sent subject matter. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudo code, and the like represent various processes which may be sub-

stantially represented in computer readable medium and so executed by a computing device
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or processor, whether or not such computing device or processor is explicitly shown.
DETAILED DESCRIPTION

[0025] The embodiments herein and the various features and advantageous details
thereof are explained more fully with reference to the non-limiting embodiments that are il-
lustrated in the accompanying drawings and detailed in the following description. The exam-
ples used herein are intended merely to facilitate an understanding of ways in which the em-
bodiments herein may be practiced and to further enable those with skill in the art to practice
the embodiments herein. Accordingly, the examples should not be construed as limiting the
scope of the embodiments herein.

[0026] The words "comprising," "having," "containing," and "including," and other
forms thereof, are intended to be equivalent in meaning and be open ended in that an item or
items following any one of these words is not meant to be an exhaustive listing of such item
or items, or meant to be limited to only the listed item or items.

[0027] It must also be noted that as used herein and in the appended claims, the singu-
lar forms "a," "an," and "the" include plural references unless the context clearly dictates oth-
erwise. Although any devices and methods similar or equivalent to those described herein can
be used in the practice or testing of embodiments of the present disclosure, the preferred, de-
vices and methods are now described.

[0028] Some embodiments of this disclosure, illustrating all its features, will now be
discussed in detail. The disclosed embodiments are merely exemplary of the disclosure,
which may be embodied in various forms. Before setting forth the detailed explanation, it is
noted that all of the discussion below, regardless of the particular implementation being de-
scribed, is exemplary in nature, rather than limiting.

[0029] Referring now to the drawings, and more particularly to FIGS. 1 through 4,

where similar reference characters denote corresponding features consistently throughout the
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figures, there are shown preferred embodiments and these embodiments are described in the
context of the following exemplary device and method.

[0030] Figure 1 illustrates network enablement of the system (102) determine an un-
characteristic sound associated with an activity in an ambient environment. In an embodi-
ment, the system (102) is connected to a network (104) to facilitate multiple communications
within a wide variety of networks and protocol types, including wired networks, for example,
LAN, cable, etc., and wireless networks, such as WLAN, cellular, or satellite to a configured
network of sensors.

[0031] Figure 2 illustrates various modules of the system (102) to determine an un-
characteristic sound. Sound-based surveillance and its embodiment described herein directly
reports patterns through a learning method. In an embodiment, the system includes one or
more processors, communication interface or input/output (I/O) interface, and memory or one
or more internal data storage devices (not shown) operatively coupled to the one or more pro-
cessors. The one or more processors can be implemented as one or more microprocessors,
microcomputers, microcontrollers, digital signal processors, central processing units, state
machines, logic circuitries, and/or any devices that manipulate signals based on operational
instructions. Among other capabilities, the processor(s) is configured to fetch and execute
computer-readable instructions stored in the memory. In an embodiment, system can be im-
plemented in a variety of computing systems, such as a laptop computer, a desktop computer,
a notebook, a workstation, a mainframe computer, a server, a network server, cloud, hand-
held device, wearable device and the like.

[0032] The I/O interface can include a variety of software and hardware interfaces,
for example, a web interface, a graphical user interface, and the like and in an embodiment,

the I/O interface can include one or more ports for connecting a number of devices to one an-

other or to another server.
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[0033] The memory may include any computer-readable medium known in the art in-
cluding, for example, volatile memory, such as static random access memory (SRAM) and
dynamic random access memory (DRAM), and/or non-volatile memory, such as read only
memory (ROM), erasable programmable ROM, flash memories, hard disks, optical disks, and
magnetic tapes. In an embodiment, the various modules of the device 200 can be stored in the
memory.

[0034] The system (102) as illustrated in Figure 2 comprises a plurality of modules
that determine an event through data processing. The receiver (206) receives input signals
from the ambience through a configuration of networked sensors. Sensors may be attached to
non-moving asset or a location or alternately could be attached to a moving asset. Location
data may be gathered in absolute terms like GPS or could be inferred approximately based on
the sounds transmitted from different sensors. A frame analyser (208) generates sound frames
for a defined time interval (t). The generated frames are processed to identify events. A con-
text builder (210) comprises data elements — time data, location data — which is GPS data and
a knowledge component- these data elements stored in the central server (218) are used for
continuous learning in the system, with one of the objectives being to reduce false positives.
The context builder (216) provides the knowledge component which is the contextual infor-
mation relevant at that point in time for the ambient environment to determine the event. An
action logger (214) records data pertaining to an alert event. An alert generator (218), on re-
ceiving indication of an event generates an alert communication to external devices and sys-
tems.

[0035] The steps of the computer implemented method of the present disclosure will
now be explained with reference to the components of the system (102) as depicted in FIG. 2.
At step 302, the Receiver (206) receives an input signal. The input signal received by the Re-

ceiver (206) comprises sound signal received from a configured sensor network and location
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data — latitude/longitude data from a GPS to indicate or construct a relative map of the arca
under surveillance. In an embodiment, an area could be that of a school and a relative map
generated could be of classrooms, libraries, dining area, and playground and so on.

[0036] The Receiver (206) receives signals from a plurality of sensors (shown in Fig-
ure 1) that are configured to be in a network. In an embodiment, sensors can be fixed or mo-
bile. Fixed sensors are affixed to a particular location in the ambient area. In an embodiment,
fixed sensors are placed in classrooms, libraries, cafeterias and so on. Mobile sensors are pre-
sent with the subject, for instance a wearable — in an embodiment, a mobile sensor can be
worn by the school staff or students to capture ambient sound. It is pertinent to note that for
mobile sensor configuration, location information can change and this is constantly updated
by the system. In an embodiment, wherein a system is used in a school environment, sensors
are placed in fixed locations — classrooms, common areas etc. In yet another embodiment,
mobile (wireless) sensors are fixed on student ID cards, or personal wearable objects such as
watches and every student and staff also wears a sensor. In a further embodiment, the move-
ment of a school staff wearing a sensor may be tracked to confirm to the prescribed schedule
by the Central Server (218).

[0037] In an exemplary embodiment, a sensor map is created by the receiver (206)
and stored in the central server (218). The sensor map indicates for compartmentalized areas
of the ambient environment, and the sensors that are active for a given area in an ambient en-
vironment.

[0038] The active sensors for an area are marked as a cluster of sensors in the sensor
map generated by the receiver (206). In an exemplary embodiment, the sensor map indicates
a cluster of sensors placed at different areas of a school such as a playground, library, assem-
bly area, laboratory, classrooms, washrooms, staff rooms. The sensor map indicates the num-

ber and identities of fixed and mobile sensors that are present for a given area in the ambient

10
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environment.

[0039] In an embodiment, sensors- both mobile and fixed are labelled for identifica-
tion of location within the premises. For instance, students of class 1 will have sensors that
indicate that they belong to a dynamic group for class 1. One of the objectives of sensor
placements and clusters is to determine and monitor their location. In an embodiment — both
fixed and mobile sensors receive inputs from the location inside the school. For instance,
some students of class 1 and class 2 could be aggregated because they learn the same elective
subject. The sensor map will indicate movement of sensors from Class 1 and movement of
sensors from Class 2 to a new location within the school premises which is to be monitored.
The central server (218) will receive sound inputs from all the sensors of types fixed and mo-
bile to enable the monitoring of their contexts.

[0040] The receiver (206) collates inputs from the mobile sensors and fixed sensors
and creates the sensor map. In addition, the inputs received from all sensors are also stored in
the central server (218). If a group of mobile sensors are located close to a fixed sensor, then
the sound received or rather processed frames will be strongly correlated. In an embodiment,
if a class is in progress, mobile sensors worn by students and the fixed sensor placed in the
classroom will transmit similar sound signals, which is analysed by the frame analyser (208).

[0041] In yet another embodiment, the monitoring of mobile sensors can be activated
and de-activated by the central server (218) as they come into or go out of the monitored zone
and this will be reflected in the sensor map. A monitored zone is an area within the environ-
ment that is being monitored for occurrence of an event. In an embodiment, a library or the
bus parking lot can be a monitored zone. For instance, a sensor can be configured to switch
off once a child leaves the school bus. Sensor activation and de-activation helps in monitor-
ing only sensors that are present in a monitored zone. In a different embodiment, if one or

two sensors from a cluster of mobile sensors do not show signs of activity, it could signal an
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event or be a cause for concern.

[0042] With reference to step 304, the sound signals from a cluster of sensors are re-
ceived by the receiver (206) and further transmitted as sound input to a frame analyzer (208)
for frame analysis and comparison.

[0043] At step 304, on receiving signals from a cluster of sensors, the frame analyser
(208) creates sound frames of the captured sound signals over a time period t(k). The sound
frames are coupled with location data, and context data from the context builder (210) — col-
lectively termed as knowledge data set (¢). Temporal signal x(t) is analysed across a time pe-
riod t(k) into distinct overlapping time frames F. Each frame comprises temporal sound signal

and knowledge data (K) — (location data and contextual data). Each frame is represented as:

F(t) = {(F1, K), (F2,K), ...(FN, K)}

[0044] Refer to Figure 4, which comprises sound data received by the receiver (206)
analysed by the frame analyser (208) to compare adjacent frames. In the present embodi-
ment, the frame analyser (208) compares sound frames. A set of adjacent frames are com-
pared — in this embodiment, (F1, F2, F3) is compared with (F2, F3, F4),... (Fn-1, Fn, Fn+1).
Deviations between sound frames are recorded in the central server (218) and high deviations
observed between successive frames, signals the possibility of an event, which is marked at
time interval t (k). In an embodiment, frame analysis comprises generating sound frames for
time t(k) from the sound signals for a frame comprising frame data. Further, frame data com-
prises various attributes of the sound signal in association with a knowledge data. Inan em-
bodiment, knowledge data further comprises contextual data and location data. Location data
is derived from the sensor map, generated by the Receiver (206). Referring to Figure 4,
frames are created for time t(k) , and these frames are compared for an overlapping time be-

tween two adjacent frames to determine in sound attributed being processed.

12
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[0045] In an embodiment, the frame analyser (208) observes attributes of sound sig-
nals — Zero crossing rate (ZCR), Energy, pitch, formant, Linear Prediction Coefficients
(LPC), Linear Prediction Cepstrum Coefficients (LPCC), Mel-Frequency Cepstrum Coeffi-
cients (MFCCs) + delta MFCC + delta-delta-MFCC, Perceptual Linear Prediction Cepstral
Coefficients (PLPCC) harmonic cepstral coefficients (HCC), and perceptual harmonic
cepstral coefficients (PHCC)

[0046] At this stage, a superimposition with contextual knowledge is essential to de-
termine probability of occurrence of an uncharacteristic event. At step 306, knowledge data
(K) comprising a knowledge data set (¢) is collated from the context builder (210). With ref-

erence to Figure 2, the context builder (210) further comprises a rule builder (212) to create

rules that are used to correlate with the knowledge data set (¢) and the deviation in sound sig
nal analysed by the frame analyzer (208).

[0047] In an embodiment, the Rule builder (212) creates a rule set that is superim-
posed on the output of the frame analyzer (208). The Rule builder (212) comprises rules that
can be defined based on the attributes of activity of the cluster of sensors, time of the day, lo-
cation, schedule information and sound signal attributes. In addition, a priority can be set to
defined levels such as Low, Medium, High or Emergency so that an event is flagged. The rule
builder (212) is used to create a supervised learning model to determine an event. A combina-
tion of rules can be applied. In an embodiment, if there are multiple rules that can be applied
for location, for instance a playground and time between 3 pm and 5 pm, all those rules are
part of the context to determine the probability of occurrence of an event.

[0048] Refer to Table 1 for sample attributes that can comprise a rule in the Rule

builder (212)

13
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Table 1: Attributes for Rule Building

Attribute Values

Sensor Sensor ID

Group Ex: Class-1; Elective = French, etc.

Sensor Type Ex: Fixed or Mobile

[Priority [Ex: High|Medium|Low

Time Ex: 12 pmto 2 pm

Location [Ex: Playground or assembly, classroom, cafeteria

Day Ex: specify time schedule

Sensor Map Intensity Correlate with sensor map, cluster of sensors and location

Time duration of deviation

Correlate with time duration for which noise was observed

during fame comparison

Schedule

Correlate with time, activity mentioned in the schedule

Sensor Position

ICorrelate with position of mobile sensors and fixed sensor
in the sensor map/monitored zone — position of admin

staff and position of sensors worn by students

[0049] In an exemplary embodiment, a rule could be configured to indicate that an ar-

ea such as a playground, where students of class 8 have play time and the time of day is noon,

then any deviation in sound signal can be marked as low priority and not an abnormal event,

as it has been observed that this is play time. In yet another embodiment, a rule could be con-

figured such that for art class, if students from one sensor cluster move to another sensor

cluster, then priority can be low because of schedule information — students from different

classes will come together for the class.

[0050] In yet another embodiment, a rule could be configured such that there is a de-

14
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viation in sound signal for the bus parking area after 5 pm, priority accorded for the event
should be high, as there could be chances that a school child is left behind and attention from
school is required. Similarly, in yet another embodiment, a rule could be created such that for
any Saturday or Sunday or school holiday, priority should be very high for any deviation in
sound signal. Rules created are observed over time, and these rules can be modified or edited
based on patterns observed.

[0051] In step 308, the knowledge data set (¢) is applied along with rules from the
rule builder (212) and contextual data. If there is a sudden change in sound signal — for in-
stance, increase in amplitude, change in emotion, sound of breaking etc., should be a cause of
alarm. It is critical to determine when an uncharacteristic sound is heard in these environ-
ments and how quickly can these be identified and an alert can be issued. In the present em-
bodiment, contextual knowledge can comprise schedule for a school, and various classes, and
a schedule for a student/faculty or administrators. Schedule can be obtained from a central
server (218) that is managed by the school administration. In an embodiment, if a sudden de-
viation in sound is detected for a cluster of sensors from a classroom for Class 8, the schedule
for Class 8 is first obtained from the central server (218), and applicable rules from the rule
builder (212) are applied. In an embodiment, for sound deviation where location is play-
ground and time is between 4 pm and 5 pm, and priority accorded is low, the sound deviation
observed is not marked as an event. In yet another embodiment, for a rule where: location is
cafeteria time is between 12 pm and 2 pm, and if sound deviation is for time more than 30
secs priority is high for uncharacteristic sound signature. A sound deviation for long time du-
ration indicates probability of a possible accident/incident. In yet another embodiment, if a
mobile sensor (attached to a student) is scen as a lone object in a sensor map, an event alarm

can be triggered.

[0052] In step 310, subsequent to application of rule, an event is flagged by the alert
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generator (214). The alert generator (214) invokes communication means such as a pager,
mobile phone to an authority. In the present embodiment, the alert generator (214) will in-
voke communication means to inform the school administration. Further in step 312, the dis-
tinct sound-deviation observed by the frame analyser (208) is recorded and stored in the cen-
tral server (218) as an event signature, along with supporting knowledge data set of the ambi-
ence — time, location, priority. In addition, a type of event is also added as a descriptor. In an
embodiment, type of event could be accident in cafeteria, child left behind and so son. These
frame with sound deviation and supporting knowledge data set is recorded in the action log-
ger (214). These details form a repository of elements that are critical to continuous learning
of the system.

[0053] In an embodiment, context data, knowledge data — comprising time, location
and priority accorded to the event is recorded in the central server (218) for continual learn-
ing. The detection of an event is also co-related with the rule that is applied by the Rule
builder (212).

[0054] In an embodiment, the system maps events to the rules applied from the rule
builder (212). Priority of event and type of event data is abstracted for the event detected.
This mapping enables the system to perform continuous learning. In yet another embodiment,
mapping of event to rules, priority aids the system to identify an event. For instance, if a de-
viation in sound is detected by the frame analyzer (208) after feature extraction of sound sig-
nal, location data and knowledge data is determined to be library, and sensor map determines
2 active sensors in the area after time 3 pm, the system can automatically mark the event as
an event that is to be investigated. This judgement from the system is triggered as a result of
multiple rule applications from the rule builder (212).

[0055] Thus, in accordance with the present disclosure, analysis of sound signals to

determine an event can be determined with the help of context sensitive data for an environ-
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ment. Frame analysis for a different sound frames are performed to detect deviation and the
observed deviation is further co-related with context data.

[0056] The written description describes the subject matter herein to enable any per-
son skilled in the art to make and use the embodiments of the present disclosure. The scope
of the subject matter embodiments defined here may include other modifications that occur to
those skilled in the art. Such other modifications are intended to be within the scope if they
have similar elements that do not differ from the literal language of the claims or if they in-
clude equivalent elements with insubstantial differences from the literal language.

[0057] It is, however to be understood that the scope of the protection is extended to
such a program and in addition to a computer-readable means having a message therein; such
computer-readable storage means contain program-code means for implementation of one or
more steps of the method, when the program runs on a server or mobile device or any suitable
programmable device. The hardware device can be any kind of device which can be pro-
grammed including e.g. any kind of computer like a server or a personal computer, or the
like, or any combination thereof. The device may also include means which could be e.g.
hardware means like e.g. an application-specific integrated circuit (ASIC), a field-
programmable gate array (FPGA), or a combination of hardware and software means, e.g. an
ASIC and an FPGA, or at least one microprocessor and at least one memory with software
modules located therein. Thus, the means can include both hardware means and software
means. The method embodiments described herein could be implemented in hardware and
software. The system may also include software means. Alternatively, the system of the pre-
sent disclosure may be implemented on different hardware devices, e.g. using a plurality of

CPUs.
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[0058] The embodiments herein can comprise hardware and software elements. The
embodiments that are implemented in software include but are not limited to, firmware, resi-
dent software, microcode, etc. The functions performed by various modules comprising the
device of the present disclosure and described herein may be implemented in other modules
or combinations of other modules. For the purposes of this description, a computer-usable or
computer readable medium can be any apparatus that can comprise, store, communicate,
propagate, or transport the program for use by or in connection with the instruction execution
system, apparatus, or device. The various modules described herein may be implemented as
software and/or hardware modules and may be stored in any type of non-transitory computer
readable medium or other storage device. Some non-limiting examples of non-transitory
computer-readable media include CDs, DVDs, BLU-RAY, flash memory, and hard disk
drives.

[0059] Further, although process steps, method steps, techniques or the like may be
described in a sequential order, such processes, methods and techniques may be configured to
work in alternate orders. In other words, any sequence or order of steps that may be described
does not necessarily indicate a requirement that the steps be performed in that order. The
steps of processes described herein may be performed in any order practical. Further, some
steps may be performed simultaneously.

[0060] The preceding description has been presented with reference to various em-
bodiments. Persons having ordinary skill in the art and technology to which this application
pertains will appreciate that alterations and changes in the described structures and methods
of operation can be practiced without meaningfully departing from the principle, spirit and

scope.
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MCSLLP

CLAIMS

1.

A system to detect events by monitoring sound signals of an environment, wherein the

system comprises:
a processor;
a memory coupled to the processor;

a receiver, executable by the processor, to receive input signals from a
configured sensor network, wherein the input signals comprises a combination of

sound signals and location data of the environment;

a frame analyzer, executable by the processor, to create and compare sound
frames for predefined time intervals from the input signals received by the receiver,
wherein the frame analyzer compares adjacent set of sound frames (F;, Fa, ...Fx)
comprising knowledge data (K) to determine deviation in sound signals and time (t)

of occurrence;

a context builder, executable by the processor, to associate contextual
information and apply at least one rule from a rule builder to the sound frames to

determine the context;

an alert generator, executable by the processor, to flag an event, generate alerts

and communicate with authorities regarding the event;

an action logger, executable by the processor, to record the at least one sound
associated with the event and contextual information associated with the event in a

central server; and

the central server to store at least one sound frame and contextual information

of the event, for continual learning.

The system as claimed in claim1, wherein the configured sensor network comprises a
network of fixed and mobile sensors, wherein the mobile sensors further comprise

wearable devices affixed to an object being monitored in the environment.
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The system as claimed in claim 1, wherein the receiver on receiving input signals
from the configured sensor network, creates a sensor map to indicate sound activity of

a cluster of sensors in monitored zone of the environment.

The system as claimed in claim 1, wherein the rule builder comprises a configured
rule data that can be modified; further the configured rule data can be re-configured

from observed sound signals.

The system as claimed in claim 5, wherein the configured rule data comprises rule

elements of location, time, sound attributes and a priority.

The system as claimed in claim 3, wherein the alert generator signals an alert on the

sensor map generated by the receiver.

A computer-implemented method to detect events by monitoring sound signals of an

environment, wherein the method comprises:

receiving, by a receiver, at least one input signal from a configured sensor

network;

creating and analyzing sound frames, by a frame analyzer for the at least one
input signal received by the receiver, wherein the frame analyzer compares adjacent
set of sound frames (F;, F», ...Fn) comprising knowledge data (K) to determine

deviation in sound signals and time (t) of occurrence;

associating a contextual data set, by a context builder to the sound frames to

determine an event;
generating at least one alert, by an alert generator to flag an event;

recording details of an event, by an event logger to record time, place, type

and priority of an event for continuous learning; and

storing at least one sound frame and associated contextual data, by a central

server for continual learning.

The computer implemented method as claimed in claim 8, wherein the at least one

input signals comprise a combination of sound signals and location data.

The computer implemented method as claimed in claim 8, wherein the receiving of

input signals by the receiver further comprises creation of a sensor map to indicate
' 20



10

15

20

25

10.

1.

12.

13.

MCSLLP

monitored zone of the environment indicating sound activity of a cluster of networked

SENsors.

The computer implemented method as claimed claim 8, wherein associating of a
contextual data set comprises superimposing contextual data set, wherein the
contextual data set further comprises a schedule, time of the day, priority, sound
activity from sensor map and application of at least one rule to the sound frames being

compared.

The computer implemented method, as claimed in claim 12, wherein the application
of at least one rule further comprises creating of a rule data, wherein the rule data
further comprises at least one of schedule, location, time of the day, sound attributes
and assigning of a priority.

The computer implemented method as claimed in claim 9, wherein, generating an

alert comprises indicating an alert on the sensor map for a cluster of sensors and

communicating to authorities via communication means.

A computer program product comprising a non-transitory computer readable medium
having a computer readable program embodied therein, wherein the computer
readable program, when executed on a computing device causes the computing device

to:
receive at least one input signal from a configured sensor network;

create and analyze sound frames for the at least one input signal received,
wherein adjacent set of sound frames (F;, F2, ...Fn) comprising knowledge data (K)

are compared to determine deviation in sound signals and time (t) of occurrence;
associate a contextual data set to determine an event;
generate at least one alert to flag an event;

record details of an event pertaining to time, place, type and priority of an

event for continuous learning; and

store at least one sound frame by a central server for continual learning,
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