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METHOD AND APPARATUS FOR
EXTRACTING STATIC PATTERN BASED ON
OUTPUT OF EVENT-BASED SENSOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This is a reissue application of U.S. Pat. No. 9,921,643,
which was filed as U.S. application Ser. No. 15/017,711 on
Feb. 8 2016 and issued on Mar. 20, 2018, which claims
priority from Korean Patent Application No. 10-2015-
0059746, filed on Apr. 28, 2015 in the Korvean Intellectual
Property Office, the disclosures of which arve incorporated
hevein by reference in their entireties.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2015-0059746, filed on Apr. 28, 2015, in

the Korean Intellectual Property Oflice, the disclosure of
which 1s incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Methods and apparatuses consistent with exemplary
embodiments relate to processing an output of an event-

based sensor.

2. Description of the Related Art

A human-computer interaction (HCI) operates 1n a user
interface. Various user imterfaces used to recognize user
inputs may provide a natural interaction between humans
and computers.

To recognize user mput, various sensors may be used. To
provide a natural interaction, a sensor quickly responding to
a user input may be used. For example, various mobile
devices may need to consume relatively low power while
performing various smart functions using a user interface.
Accordingly, there 1s a need for a sensor that has a low
power consumption, a high response speed, and high reli-
ability for the purpose of sensing. In addition, because an
output of a sensor 1s determined based on an operation
characteristic of the sensor, there 1s a need for a scheme of
processing the output of the sensor.

SUMMARY

Exemplary embodiments may address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
required to overcome the disadvantages described above,
and an exemplary embodiment may not overcome any of the
problems described above.

According to an aspect of an exemplary embodiment,
there 1s provided a pattern extraction method including
receiving a signal indicating an event from an event-based
sensor; extracting a static pattern based on an 1dentification
and time included 1n the recerved event signal; and output-
ting the extracted static pattern,
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2

According to another aspect of an exemplary embodi-
ment, there 1s provided a pattern extraction apparatus includ-
ing an event-based sensor configured to output a signal
indicating an event, the event signal comprising time and an
identification of the event and a processor configured to
extract a static pattern based on the event signal and to

output the extracted static pattern outside the pattern extrac-
tion apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects of exemplary embodi-
ments will become apparent and more readily appreciated
from the following detailed description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 1s a block diagram 1llustrating a pattern extraction
apparatus according to an exemplary embodiment;

FIG. 2 1s a view illustrating a timestamp map according,
to an exemplary embodiment;

FIG. 3 1s a flow diagram illustrating a static pattern
extraction result according to an exemplary embodiment;

FIGS. 4 and 5 are views 1llustrating a ridge of a timestamp
map according to an exemplary embodiment;

FIG. 6 1s a view 1llustrating a process of extracting a static
pattern based on a threshold time interval according to an
exemplary embodiment;

FIGS. 7 and 8 are flow diagrams illustrating a process of
extracting a static pattern when a mimimum number of
clements 1s set according to an exemplary embodiment;

FIGS. 9 and 10 are flow diagrams 1llustrating a process of
extracting a static pattern when a maximum number of
clements 1s set according to an exemplary embodiment;

FIGS. 11 and 12 are views illustrating a process of
extracting a static pattern based on a thickness of an edge
according to an exemplary embodiment;

FIGS. 13 and 14 are views illustrating a process of
extracting a static pattern based on a plurality of regions set
1in a timestamp map according to an exemplary embodiment;

FIG. 15 15 a block diagram 1llustrating another example of
a pattern extraction apparatus according to an exemplary
embodiment;

FIG. 16 1s a flow diagram illustrating a process of
processing a plurality of timestamp maps according to an
exemplary embodiment;

FIG. 17 1s a tlow diagram 1llustrating a result obtained by
processing a plurality of timestamp maps according to an
exemplary embodiment; and

FIG. 18 1s a flowchart illustrating a pattern extraction
method according to an exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Retference will now be made i detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. Exemplary embodi-
ments are described below with reference to the figures.

Particular structural or functional descriptions of exem-
plary embodiments are merely intended for the purpose of
illustration and the exemplary embodiments according to the
concept of the present disclosure may be implemented 1n
various forms and should not be construed as being limited
to those described 1n the present disclosure.

Various alterations and modifications may be made to
exemplary embodiments, some of which will be 1llustrated
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in detail in the drawings. However, 1t should be understood
that these exemplary embodiments are not construed as
limited to the illustrated forms and include all changes,
equivalents or alternatives within the present disclosure.

Although terms of “first” or “second” are used to explain
various components, the components are not limited to the
terms. These terms are used only to distinguish one com-
ponent from another component. For example, a first com-
ponent may be referred to as a second component, or
similarly, the second component may be referred to as the
first component within the scope of the present disclosure.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements or layers should be inter-
preted 1n a like fashion (for example, “between” versus
“directly between,” or “adjacent” versus “directly adja-
cent”).

The terminology used herein 1s for the purpose of describ-
ing particular exemplary embodiments only and i1s not
intended to be limiting of exemplary embodiments. As used
herein, the singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used 1n this specification, specily
the presence of stated features, integers, steps, operations,
clements, components or a combination thereof, but do not
preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined herein, all terms used herein
including technical or scientific terms have the same mean-
ings as those generally understood by one of ordinary skill
in the art. Terms defined 1 dictionaries generally used
should be construed to have meamings matching with con-
textual meanings in the related art and are not construed as
an 1deal or excessively formal meaning unless otherwise
defined herein.

FIG. 1 1s a block diagram 1illustrating a pattern extraction
apparatus according to an exemplary embodiment.

Referring to FIG. 1, a pattern extraction apparatus 100
includes an event-based sensor 110 and a processor 130. The
processor 130 may be implemented by a microprocessor, a
controller, a central processing unit (CPU), an arithmetic
logic unit (ALU), a digital signal processor (DSP), a field
programmable gate array (FPGA), a programmable logic
unit (PLU), one or more general-purpose or special purpose
computers capable of responding to and executing instruc-
tions, or various combinations thereof.

In an exemplary embodiment, for convemence of descrip-
tion, an operation and a structure of a pattern extraction
apparatus will be described, however, exemplary embodi-
ments may be extended to various apparatuses. For example,
exemplary embodiments may also be applicable to various
computing apparatuses including pattern extraction appara-
tuses, mobile apparatuses, or various security apparatuses.
The mobile apparatuses may include, for example, smart-
phones or wearable devices.

The event-based sensor 110 outputs an event signal in
response to a dynamic input. The event signal may include
time mformation and identification information correspond-
ing to the dynamic input. The dynamic input may include an
event to change light incident on at least one pixel 1n the
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event-based sensor 110. The identification information may
be an address of a plurality of pixels included in the
event-based sensor 110. The time mmformation may include
a timestamp indicating a time at which the dynamic input 1s
sensed by at least one pixel in the event-based sensor 110.
Heremafter, a process by which the event-based sensor 110
generates an event signal will further be described according
to an exemplary embodiment.

The event-based sensor 110 may include a plurality of
sensing pixels. The event-based sensor 110 may generate an
event signal including identification information of an active
pixel sensing an event among the plurality of sensing pixels.
The event-based sensor 110 may use a neuromorphic sens-
ing scheme, according to an exemplary embodiment.

The dynamic input may include an event to change light
incident on at least one pixel in the event-based sensor 110,
as described above. The event may be, for example, an event
associated with a change 1n an mput. The event may include,
for example, an event 1n which an itensity of incident light
changes, an event 1n which a color of incident light changes,
an event in which a volume of input sound changes, an event
in which a frequency of mput sound changes, or an event 1n
which a strength of stimulation changes. The event-based
sensor 110 may be an event-based vision sensor. When the
event-based sensor 110 1s an event-based vision sensor, the
identification information may include location information
indicating at least one pixel sensing the dynamic input
among a plurality of pixels included i1n the event-based
sensor 110. Hereinafter, for convenience of description, the
event-based sensor 110 1s assumed as an event-based vision
sensor to sense an event 1n which an intensity of incident
light changes, however, there 1s no limitation thereto and this
1s provided by way of an example only. Accordingly, exem-
plary embodiments may also be applied to various event-
based sensors.

The plurality of sensing pixels in the event-based sensor
110 may sense an event, for example, an event 1n which an
intensity of incident light changes. A sensing pixel that
senses an event among the plurality of sensing pixels may be
referred to as an “active pixel.” In response to the active
pixel sensing an event, an activation signal may be gener-
ated.

The 1dentification information may include location infor-
mation indicating at least one pixel sensing the dynamic
input among a plurality of pixels included 1n the event-based
sensor 110, as described above, according to an exemplary
embodiment. The event-based sensor 110 may generate the
identification information of the active pixel. For example,
the event-based sensor 110 may generate an event signal
including location information to i1dentily an active pixel
based on an activation signal generated by the active pixel.
The event-based sensor 110 may asynchronously generate
and output an event signal and accordingly, may operate at
a high speed and low power 1n comparison to a frame-based
vision sensor configured to scan all pixels for each frame.

The i1dentification information may be an address of a
plurality of pixels included in the event-based sensor 110.
The event-based sensor 110 may generate an asynchronous
address event (AE) signal based on active pixels. For
example, when a change 1n a log intensity after a last event
exceeds an upper threshold or a lower threshold, the event-
based sensor 110 may generate an ON event signal or an
OFF event signal. The event-based sensor 110 may addi-
tionally generate timing information of the event signal. The
event-based sensor 110 may interface with a synchronous
system based on the timing information. Due to a low
density and a low latency of an output of the event-based
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sensor 110, the event-based sensor 110 may be used for a
high-speed object tracking application requiring feedback of
a quick response. The high-speed object tracking application
may include, for example, high-speed robotics.

An event-based sensor may be used to acquire an 1image
from various apparatuses including a smartphone, a tablet
personal computer (PC), a television (1V) and a display. In
an example, an event-based sensor may be used in an
interface of a smartphone. The event-based sensor may be
used 1n, for example, a non-contact gesture recognition
interface. The interface may be used to recognize a gesture
to unlock a smartphone, a gesture to turn up a volume of the
smartphone, or a gesture to turn over pages on the smart-
phone. The event-based sensor may accurately and efli-
ciently recognize a non-contact gesture. In another example,
an event-based sensor may be used 1n a security camera. In
this example, the event-based sensor may be used to recog-
nize an object that stops moving using the security camera.

The event-based sensor 110 may output an event signal.
An output of an event-based vision sensor may include an
event signal corresponding to a real activity as well as an
event signal corresponding to a background noise activity.
The event signal corresponding to the background noise
activity may be generated by a junction leakage current or a
thermal noise occurring in switches connected to floating,
nodes 1n sensing pixels of the event-based sensor 110.

To perform filtering on the event signal corresponding to
the background noise activity, the event-based sensor 110
may generate a pass flag to identify event signals that are
spatiotemporally associated with each other. Thus, the
event-based sensor 110 may reduce a communication and
computation load, and may enhance an information rate. In
an exemplary embodiment, because a background noise
activity has a random pattern, 1t may be easily removed
through filtering using a spatial correlation by way of an
example.

The event-based sensor 110 may use a power-gating
scheme. The power-gating scheme may be a scheme of
mimmizing power consumption by activating only a com-
munication circuit and a threshold detection circuit corre-
sponding to a sensing pixel that senses an event. Also, the
event-based sensor 110 may use a correlation filter chip. By
using the correlation filter chip, the event-based sensor 100
may be applied to an embedded neuromorphic visual and
auditory system requiring low power consumption and quick
response.

The time 1nformation may 1nclude a timestamp indicating,
a time at which the dynamic mnput i1s sensed by at least one
pixel in the event-based sensor 110, as described above,
according to an exemplary embodiment. The event-based
sensor 110 may generate a timestamp indicating a time at
which the dynamic mput i1s sensed by an active pixel. In
response to the active pixel sensing an event, an activation
signal may be generated. In an example, the event-based
sensor 110 may generate a timestamp based on a time at
which an activation signal 1s generated. In another example,
the processor 130 may generate a timestamp 1n response to
the event signal being received from the event-based sensor
110.

The processor 130 extracts a static pattern associated with
the dynamic input, based on the event signal. As described
above, according to an exemplary embodiment, the dynamic
input may include an event to change light incident on at
least one pixel 1in the event-based sensor 110. The static
pattern may correspond to an appearance of an object
associated with the dynamic mput. For example, the
dynamic mput may include a motion of an object, and the
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static pattern may correspond to an appearance of the object
in a state 1n which the motion stops. Hereinalter, according
to an exemplary embodiment, a process by which the
processor 130 extracts the static pattern will further be
described.

The processor 130 may store the 1dentification 1nforma-
tion and the time information based on the event signal, and
may extract the static pattern based on the stored identifi-
cation information and the stored time information. For
example, the processor 130 may extract the static pattern
based on history of the identification information and the
time information based. The i1dentification information and
the time information may be stored in a memory 140 in the
form of a timestamp map. The pattern extraction apparatus
100 may include a memory 140 to store a timestamp map.
A memory may be internal to the pattern extraction appa-
ratus or may be external thereto connected via a network.
The memory may include a bufler, a flash memory, a hard
drive, and so on. The timestamp map will be further
described with reference to FIG. 2 according to an exem-
plary embodiment.

FIG. 2 1s a view illustrating a timestamp map according,
to an exemplary embodiment. Referring to FIG. 2, a time-
stamp map 200 includes elements corresponding to pixels 1n
the event-based sensor 110. For example, an element 201
stores a timestamp corresponding to a pixel located at (1, 1)
among pixels included 1n the event-based sensor 110.

Each of the elements 1n the timestamp map 200 may store
a latest time at which a timestamp signal corresponding to
cach of the elements 1s received. For example, referring to
FIG. 2, last time when a timestamp signal corresponding to
the element 201 located at (1, j) 1s received 1s T, , and last
time when a timestamp signal corresponding to an element
202 located at (1, j+1) 1s recerved 1s T, ;. In the following
description, a time point in which a timestamp signal 1s
received may be referred to as a “timestamp” according to
an exemplary embodiment.

When a timestamp signal 1s received, the processor 130
may update the timestamp map 200 based on the recerved
timestamp signal. For example, the processor 130 may
detect an element corresponding to the received timestamp
signal among a plurality of elements included 1n the time-
stamp map 200, and may update a value stored in the
detected element to a timestamp at which the timestamp
signal 1s received.

The processor 130 may store a time 1n which a new
timestamp signal 1s received 1 a millisecond (ms) or less or
a microsecond (us) or less, for each of the elements, accord-
ing to an exemplary embodiment. The processor 130 may
extract the static pattern based on a timestamp of a last
timestamp signal recerved in each of the elements, regard-
less of a history of timestamp signals received over time.
Thus, the processor 130 may extract the static pattern with
a small amount of calculation and a small memory capacity.

The processor 130 may overwrite the received time
information using a storage element corresponding to the
received 1dentification information. The processor 130 may
discard a value stored in advance 1n the storage element, and
may store the recerved time information in the storage
clement. The static pattern will further be described with
reference to FI1G. 3 according to an exemplary embodiment.

FIG. 3 1s a flow diagram illustrating a static pattern
extraction result according to an exemplary embodiment.
FIG. 3 illustrates an output 10 based on an event signal at a
time t,, an output 21 based on an event signal at a time t,,
and a static pattern 22 extracted based on a timestamp map.
In FIG. 3, the time t, corresponds to a state 1n which an
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object 1s moving, and the time t, corresponds to a state 1n
which the object 1s stationary. The object exists in sensing
area at the time t, and t,. Since the event-based sensor 110
may output an event signal 1n response to a dynamic input
as described above, according to an exemplary embodiment,
an output corresponding to the event signal may basically
change from the output 10 to the output 21 when the object
stops moving. However, when a pattern 1s extracted from a
timestamp map based on a method that will be described
below, according to an exemplary embodiment, the output
10 may be reconstructed 1n the form of the static pattern 22.

Referring back to FIG. 1, according to an exemplary
embodiment, the processor 130 extracts the static pattern
associated with the dynamic input based on the 1dentification
information and the time information included 1n the event
signal. For example, the processor 130 may extract the static
pattern based on a ridge of a timestamp map. A timestamp
of a last received timestamp signal may be stored in the
timestamp map. When an object 1s moving, various time-
stamps may be stored in the timestamp map. When times of
the timestamps are assumed as altitudes, timestamps 1n a
predetermined time slot may form a ridge. The processor
130 may extract the ridge from the timestamp map. The
ridge will be further described with reference to FIGS. 4 and
5, according to an exemplary embodiment.

FIGS. 4 and § are views 1llustrating a ridge of a timestamp
map according to an exemplary embodiment. FIG. 4 1llus-
trates a timestamp map generated based on an event signal
for a moving object. In FIG. 4, an X axis and a Y axis each
represent location information of a pixel sensing a dynamic
iput, and a Z axis represents a timestamp. Accordingly, the
location information may correspond to coordinates of the
timestamp map, and time iformation may correspond to an
altitude of the timestamp map. In FIG. 4, when the altitude
increases, elements of the timestamp map may become dark.
Accordingly, a darkest region of the timestamp map of FIG.
4 may correspond to a ridge or peak of movement.

FIG. 5 1s a two dimensional diagram of the timestamp
map such as the one shown in FIG. 4 according to an
exemplary embodiment. In FIG. §, an X axis and a Y axis
cach represent location information of a pixel sensing a
dynamic input. Accordingly, the location information may
correspond to coordinates of the timestamp map. Also, “2.1”
through “2.8” of a color map 1n a right side of a graph of
FIG. 5 may refer to timestamp values of a pixel sensing a
dynamic mput. For example, a region with a color corre-
sponding to “2.8” in the timestamp map may include pixels
having a timestamp value of “2.8.” As shown 1n FIG. 5, even
though a moving object stops, information on a movement
of the object may remain in the timestamp map. The
information on the movement of the object may include
movement history of the object.

The darkest region corresponding to the ridge in the
timestamp map indicates information about a latest move-
ment. For example, pixels having a timestamp value of “2.8”
in the timestamp map may include information about the
latest movement. The processor 130 may extract a static
pattern based on the ridge of the timestamp map and
accordingly, may provide imnformation on an appearance of
the object despite a stationary state of the object, according
to an exemplary embodiment.

Referring back to FIG. 1, the processor 130 extracts a
ridge based on 1dentification information and time informa-
tion of a timestamp map. The processor 130 may determine
the ridge using various schemes. In an exemplary embodi-
ment, the processor 130 may determine a ridge based on
clements storing time information within a threshold time
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interval among a plurality of elements included i the
timestamp map. In another exemplary embodiment, the
processor 130 may track a ridge so that a thickness of an
edge included 1n the ndge may be equal to or less than a
threshold thickness. Hereinafter, a process of determining a
ridge will further be described with reference to FIGS. 6
through 12 according to an exemplary embodiment.

FIG. 6 1s a view 1llustrating a process of extracting a static
pattern based on a threshold time interval according to an
exemplary embodiment. FIG. 6 illustrates a 20x20 time-
stamp map with timestamps. The timestamp map of FIG. 6
shows that an object moved during a period from a time “29”
to a time “36” and that a current time 1s now past the time
“36.”

The processor 130 may determine a ridge based on
clements storing time information within a threshold time
interval among a plurality of elements included 1n a time-
stamp map. For example, the processor 130 may set the
threshold time interval based on a current time. According to
an exemplary embodiment, elements corresponding to time-
stamps within the threshold time interval based on the
current time may be used to determine a ridge.

For example, the processor 130 may set the threshold time
interval to a umit time of *“5” from the current time. When the
current time 1s set to a time “40,” elements corresponding to
timestamps, each having a value equal to or greater than
“35,” may be determined to form a rnidge, as shown 1n the
timestamp map of FIG. 6 according to an exemplary
embodiment.

The processor 130 may adjust a length of the threshold
time interval based on a number of extracted elements.
When a large number of elements or a small number of
clements exist during the threshold time 1nterval, 1t may be
dificult to recognize an appearance of an object. Accord-
ingly, the processor 130 may adjust the length of the
threshold time iterval to a level suitable for recogmition of
the appearance of the object. For example, the processor 130
may set a reference value of a number of elements included
in a static pattern, and may adjust the length of the threshold
time 1nterval based on the reference value. The reference
value may include at least one of a minimum value and a
maximum value. In an exemplary embodiment, a reference
value may be set 1n advance or may be dynamically adjusted
based on a certain condition e.g., sharpness of a static
pattern. The processor 130 may determine a ridge based on
clements storing time mformation within the threshold time
interval with the adjusted length. When a minimum number
of elements 1s set to “25,” elements corresponding to time-
stamps, each having a value of “35” or “36,” 1n the time-
stamp map of FIG. 6 may be determined to form a ridge.
Hereinafter, a process of adjusting a number of elements will
be further described with reference to FIGS. 7 through 10
according to an exemplary embodiment.

In an exemplary embodiment, a number of elements being,
extracted may be too many or not enough, which would
make 1t diflicult to recognize an appearance of an object. In
an exemplary embodiment, whether the number of elements
1s too many or not enough may be determined based on a
reference value. The reference value may be experimentally
determined. For example, an object 1s detected from a
portion where a motion occurs, an 1mage ol the object 1s
acquired from an event occurring during the motion, and a
number of pixels used to generate the image 1s calculated. In
this example, a number of pixels required to reconstruct the
image may be predicted. In an event-based sensor, an event
occurs 1n only a portion where a motion occurs, and accord-
ingly 1 an exemplary embodiment only the portion where
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the motion occurs 1s analyzed regardless of a portion where
a motion does not occur at least once.

FIGS. 7 and 8 are flow diagrams 1llustrating a process of
extracting a static pattern when a mimmum number of
clements 1s set according to an exemplary embodiment.
Referring to FIG. 7, a time diagram corresponding to an
clement in which an event 1s sensed shows a number of
elements 1in which an event 1s sensed over time. In FIG. 7,
the number of the elements 1n which the event 1s sensed may
repeatedly increase and decrease, which may indicate that a
moving state and a stationary state of an object are repeated.

Also, FIG. 7 illustrates an element included 1n a static
pattern and a number of elements used to extract the static
pattern over time. The number of the elements used to
extract the static pattern may be controlled by adjusting a
length of a threshold time interval.

In FIG. 7, th; denotes a minimum number of elements.
The processor 130 may adjust a length of a threshold time
interval so that the number of the elements included 1n the
static pattern may be equal to or greater than the minimum
number th,. For example, in a portion 31 of FIG. 7, the
number of the elements 1n which the event 1s sensed may
decrease 1n response to an object being stationary according
to an exemplary embodiment.

In this example, the processor 130 may properly adjust the
length of the threshold time interval so that the number of
the elements included in the static pattern may be equal to
or greater than the minimum number th,. When the length of
the threshold time interval 1s properly adjusted, a sharpness
of the static pattern may be enhanced.

FIG. 8 illustrates an operation of the processor 130 to
sharpen the static pattern for example 1n the portion 31 of
FIG. 7, according to an exemplary embodiment. For
example, when the number of the elements 1n the static
pattern 1s less than the minmimum number th,, the static
pattern may have low sharpness due to an insuflicient
number of elements used to extract the static pattern. The
processor 130 may increase a number of elements used to
extract the static pattern by increasing the length of the
threshold time interval (tp), to enhance the sharpness of the
static pattern. As shown 1n FIG. 8, a sharpness of a static
pattern representing an appearance of an object may increase
in response to an increase 1n the length of the threshold time
interval.

FIGS. 9 and 10 are flow diagrams 1llustrating a process of
extracting a static pattern when a maximum number of
clements 1s set according to an exemplary embodiment. FIG.
O shows a number of elements over time, a minimum
number th, of elements, and a maximum number th, of
clements. The processor 130 may adjust a length of a
threshold time interval so that a number of elements
included in the static pattern may be equal to or greater than
the minimum number th, and may be equal to or less than
the maximum number th,. For example, 1n a portion 32 of
FI1G. 9, a number of elements in which an event 1s sensed
increases based on a movement of an object. In this example,
the processor 130 may properly adjust the length of the
threshold time interval so that the number of the elements
include 1n the static pattern may be equal to or less than the
maximum number th, . When the length of the threshold time
interval 1s properly adjusted, a sharpness of the static pattern
may be enhanced. An exemplary embodiment of the mini-
mum number th, has been described above and accordingly,
turther description thereotf will not be repeated here.

FIG. 10 1s a flow diagram illustrating an image 1n which
the time interval 1s decreased such as an operation of the
processor 130 1n the portion 32 of FIG. 9, according to an
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exemplary embodiment. For example, when the number of
the elements 1n the static pattern 1s greater than the maxi-
mum number th,, an edge of the static pattern may be
excessively thickened and noise may occur 1n an appearance
of an object, due to an extremely large number of elements
used to extract the static pattern. The processor 130 may
properly control the number of elements used to extract the
static pattern by reducing the length of the threshold time
interval, to enhance a sharpness of the static pattern. As
shown 1n FIG. 10, a sharpness of a static pattern representing,
an appearance ol an object may increase in response to a
decrease 1n the length of the threshold time 1nterval, accord-
ing to an exemplary embodiment.

As described above, according to an exemplary embodi-
ment, the processor 130 may track a ridge so that a thickness
of an edge included 1n the ndge may be equal to or less than
a threshold thickness. A process of tracking a ridge will be
further described with reference to FIGS. 11 and 12.

FIGS. 11 and 12 are views 1illustrating a process of
extracting a static pattern based on a thickness of an edge
according to an exemplary embodiment. FIG. 11 illustrates
a 20x20 timestamp map with timestamps. The timestamp
map of FIG. 11 shows that an object moved during a period
from a time “29” to a time “36” and that a current time 1s
after the time *“36.”

The processor 130 may track a ridge so that a thickness of
an edge included 1n the rndge may be equal to or less than a
threshold thickness. For example, when the thickness of the
edge 1s determined based on a number of elements 1n an
X-axis direction, and when a threshold thickness 1s set to
“5,” elements or pixels corresponding to timestamps, each
having a value between “33” and “36,” may be determined
to form a ridge, as shown in the timestamp map of FIG. 11,
according to an exemplary embodiment. The thickness of
the edge may be determined by various schemes. The
thickness of the edge may be determined, for example, based
on a number of elements 1n an X-axis direction, a number of
clements 1n a Y-axis direction, a width perpendicular to a
direction of the ridge, or various combinations thereof. This
1s provided by way of an example and not by way of a
limitation.

Tracking of a ridge may be applicable to an exemplary
embodiment 1n which an object has a pattern. For example,
when an object has a pattern, pixels used to reconstruct the
pattern as well as pixels used to reconstruct a visible outline
may be required. In an exemplary embodiment, a plurality of
pixels may be used to represent an appearance of the object,
in comparison to when an object does not have a pattern.
Also, a static pattern may be properly extracted from a
timestamp map through tracking of a ridge based on a
thickness of an edge.

Referring to FIG. 12, according to an exemplary embodi-
ment, a moving object may have a pattern, for example, a
repetitive pattern. For example, when a number of elements,
instead of a thickness of an edge included 1 a ridge, 1s used
to extract a static pattern, the static pattern may have a low
sharpness due to an isuilicient number of elements used to
extract the pattern together with a visible outline of the
object. Conversely, when the thickness of the edge 1n the
ridge 1s directly used to extract a static pattern, a sharp
appearance ol an object may be obtained as shown 1n static
patterns 41 and 42 at points 1n time “1” and “2”” based on a
proper number ol elements used to extract the pattern
together with the visible outline of the object.

A threshold thickness may be variously defined. For
example, the threshold thickness may be defined as a mini-
mum thickness, an average thickness and a maximum thick-
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ness among thicknesses of edges included i a nidge, or
various combinations thereof. When the threshold thickness
1s defined as the average thickness, the processor 130 may
track the ridge so that a thickness of each of the edges 1n the
ridge may be equal to or less than the average thickness. The
processor 130 may extract a sharp static pattern of an object
with a complex pattern by tracking a ridge based on a
thickness of an edge in the ridge according to an exemplary
embodiment.

A process ol extracting a static pattern 1n an example 1n
which a timestamp map includes a single region has been
described above according to an exemplary embodiment.
According to yet another exemplary embodiment, the time-
stamp map may include a plurality of regions. The processor
130 may set a plurality of regions 1n a timestamp map, and
may extract a static pattern from each of the regions. When
a plurality of objects exist, the processor 130 may set a
plurality of regions corresponding to the plurality of objects
in a timestamp map. When a plurality of regions are set 1n
a timestamp map, a static pattern of each of a plurality of
objects may be clearly extracted, despite a time diflerence
between movements of the objects. The plurality of regions
will be further described with reference to FIGS. 13 and 14,
according to an exemplary embodiment.

FIGS. 13 and 14 are views 1illustrating a process of
extracting a static pattern based on a plurality of regions set
in a timestamp map according to an exemplary embodiment.
FIG. 13 illustrates movements of an object during a period
from a time t, to a time t,, first static patterns 51 and 52, and
second static patterns 61 and 62. The first static patterns 51
and 52 may be extracted from a single region, and the second
static patterns 61 and 62 may be extracted from a plurality
of regions. In the following description of an exemplary
embodiment, a hand and a head of a user may be referred to
as a first object and a second object, respectively. In FIG. 13,
the first object and the second object move together at the
time t,, and the second object moves at the time t..

When a single region 1s set 1n a timestamp map, a criterion
to extract a static pattern may be equally applied to the entire
timestamp map. In an exemplary embodiment, when the first
object and the second object move in overlapping time
intervals 1n the time t,, both an appearance of the first object
and an appearance of the second object may be extracted as
shown 1n the first static pattern 51. In another exemplary
embodiment, when the first object does not move and the
second object moves 1n the time t,, a ndge may be formed
based on a movement of the second object. In this exemplary
embodiment, the appearance of the second object may be
extracted, as shown in the second static pattern 52 without
the first object.

When a plurality of regions are set 1n a timestamp map,
an appearance of each of the first object and the second
object may be properly extracted. When the plurality of
regions are set, diflerent criteria to extract a static pattern
may be applied for each of the regions 1n the timestamp map.
For example, the processor 130 may set a criterion to extract
a static pattern so that a ridge may be formed based on the
appearance of the first object 1n a first region. Also, the
processor 130 may set another criterion to extract a static
pattern so that a ndge may be formed based on the appear-
ance ol the second object 1n a second region, as shown 1n
clement 62 of FIG. 13.

FI1G. 14 illustrates a first region 71 and a second region 72
for a plurality of objects 1n a timestamp map according to an
exemplary embodiment. The first region 71 and the second
region 72 may correspond to the first object and the second
object, respectively. The first region 71 may include ele-
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ments corresponding to timestamps, each having a value
between “33” and “57.” The second region 72 may include
clements corresponding to timestamps, each having a value
between “60” and “63.” Accordingly, the first object and the
second object may be determined to sequentially move
according to an exemplary embodiment. That 1s, 1n an
exemplary embodiment, regions may be determined based
on the timestamps. In other words, each region may corre-
spond to a particular, non-overlapping range of timestamps
such as region A, all imestamps having values between 1
and 15, region B, all timestamps having values between 16
and 30. For example, when a hand of a user moves,
timestamp values maybe generated. Using these generated
timestamp values, regions may be set. The above 1s provided
by way of an example, not by way of a limitation. For
example, regions may be determined by a pre-trained clas-
sifier.

The processor 130 may set the first region 71 and the
second region 72 based on a distribution of the timestamps.
For example, the processor 130 may set the first region 71
and the second region 72 based on a part of an object
corresponding to a dynamic input. The processor 130 may
set individual criteria to extract a pattern for each of the first
region 71 and the second region 72. For example, the
processor 130 may set individual threshold time intervals for
cach of the first region 71 and the second region 72. Also, the
processor 130 may track a ridge based on a thickness of an
edge included in the ridge from each of the first region 71
and the second region 72. The processor 130 may set
individual threshold thicknesses for each of the first region
71 and the second region 72. Hereinalter, a representative
process ol extracting a static pattern based on a threshold
time 1nterval 1s described according to an exemplary
embodiment, by way of an example and not by way of a
limitation.

The processor 130 may extract a static pattern of the first
object from the first region 71 based on a first threshold time
interval for the first region 71, and may extract a static
pattern of the second object from the second region 72 based
on a second threshold time interval for the second region 72.
For example, when a current time 1s set to “63” in the
timestamp map of FIG. 14, the first threshold time interval
and the second threshold time interval may be set as unit
times of “10” and *3,” respectively.

The above-described process of extracting a static pattern
based on a single region may be applied to a process of
extracting a static pattern based on a plurality of regions. For
example, the processor 130 may adjust a length of a thresh-
old time 1nterval based on a number of elements included 1n
cach of the first region 71 and the second region 72. The
processor 130 may adjust the length of the threshold time
interval based on a number of valid event signals received
based on each of the first region 71 and the second region 72.
The valid event signals may refer to event signals processed
to be valid. Whether an event signal 1s valid may be
determined based on a time at which the event signal is
received. In response to a new event signal being received
based on each of the first region 71 and the second region 72,
the processor 130 may adjust the length of the threshold time
interval. In other words, the processor 130 may adjust the
length of the threshold time interval only when a new event
signal 1s recerved. The above description may be applicable
to adjusting of the threshold time interval in the other
situations. This 1s provided by way of an example only and
not by way of a limitation.

FIG. 15 15 a block diagram 1llustrating a pattern extraction
apparatus according to yet another exemplary embodiment.
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Referring to FIG. 15, a pattern extraction apparatus 100-2
includes an event-based sensor 110, a depth sensor 120, and
a processor 130. The pattern extraction apparatus 100-2 may
generate a plurality of timestamp maps for each depth, and
may extract static patterns from the plurality of timestamp
maps for each depth. The pattern extraction apparatus 100-2
may properly reconstruct a static pattern of each of a
plurality of objects by managing the plurality of timestamp
maps for each depth, despite an occlusion between the
objects.

The event-based sensor 110 outputs an event signal in
response to a dynamic input. The event signal may include
identification information and time information correspond-
ing to the dynamic mput. The above description of the
event-based sensor 110 and the processor 130 of FIG. 1 may
also be applicable, by way of an example, to the event-based
sensor 110 and the processor 130 of FIG. 15 and accord-
ingly, further description of the event-based sensor 110 and
the processor 130 of FIG. 15 will not be repeated here.

The depth sensor 120 outputs depth information. The
depth sensor 120 includes a plurality of sensing pixels. The
depth sensor 120 may output depth information sensed by
the plurality of sensing pixels. The depth sensor 120 may
have the same resolution as that of the event-based sensor
110. In response to a dynamic mput, the depth sensor 120
may output depth information corresponding to the dynamic
input. Although not shown 1n FIG. 15, the depth sensor 120
may receive an event signal, and may output depth infor-
mation sensed by a pixel corresponding to location infor-
mation of the received event signal.

The processor 130 may generate a plurality of timestamp
maps for each of different depths. The processor 130 may
update one of the timestamp maps based on the event signal
received from the event-based sensor 110 and the depth
information recerved from the depth sensor 120. For
example, when first depth information 1s received 1n
response to a first event signal, the processor 130 may
update a timestamp based on the first event signal 1n a first
timestamp map corresponding to a first depth region. An
operation of the processor 130 1n association with a plurality
of imestamp maps will be described with reference to FIGS.
16 and 17, according to an exemplary embodiment.

FIG. 16 1s a flow diagram illustrating a process of
processing a plurality of timestamp maps according to an
exemplary embodiment. FIG. 16 1llustrates the processor
130, a first timestamp map 210, a second timestamp map 220
and a third timestamp map 230. The first timestamp map
210, the second timestamp map 220 and the third timestamp
map 230 may correspond to a first depth region, a second
depth region and a third depth region, respectively. The first
timestamp map 210 through the third timestamp map 230
may be referred to as two-dimensional (2D) timestamp
maps.

When an event signal 1s received, the processor 130 may
select a timestamp map corresponding to the event signal
from the first timestamp map 210 through the third time-
stamp map 230 based on depth information. For example,
when the depth imnformation corresponds to the first depth
region, the processor 130 may select the first timestamp map
210. The processor 130 may update the first timestamp map
210 based on identification information and time informa-
tion included in the event signal.

The processor 130 may extract a ridge from at least one
of the first timestamp map 210 through the third timestamp
map 230. An exemplary process ol extracting a ridge has
been described above and accordingly, further description of
the process will not be repeated here. The processor 130 may

10

15

20

25

30

35

40

45

50

55

60

65

14

extract a static pattern based on the extracted ridge. For
example, the processor 130 may extract a plurality of static
patterns from each of the first timestamp map 210 through
the third timestamp map 230. Also, the processor 130 may
generate a single composite map based on the first time-
stamp map 210 through the third timestamp map 230, and
may extract a static pattern based on a ridge of the composite
map. When timestamps corresponding to the same coordi-
nates 1n the first timestamp map 210 through the third
timestamp map 230 overlap, the processor 130 may generate
a single composite map based on a latest timestamp among
the overlapping timestamps. For example, a composite map
may be generated based on a latest timestamp from all three
timestamp maps. In other words, 1n an exemplary embodi-
ment, from various timestamp maps (one for each depth),
the highest value for each pixel 1s obtained and one com-
posite map 1s generated.

Exemplary embodiments may be modified to a scheme of
generating a three-dimensional (3D) timestamp map,
although not shown 1n the drawings, instead of a plurality of
2D timestamp maps. For example, a 3D timestamp map may
store a pair of time information and depth information 1n an
clement corresponding to identification information. The
processor 130 may store time information and depth infor-
mation 1n a storage element corresponding to identification
information.

In an exemplary embodiment, the depth information may
be quantized to predetermined depth regions. In an exem-
plary embodiment, the processor 130 may generate a 3D
timestamp map 1ncluding a pair of latest time information
and latest depth information for each of the depth regions. In
response to a reception of new depth information quantized
to the same depth region as depth mformation of a pair of
time imnformation and the depth information that are stored in
advance, the processor 130 may overlap a pair of new time
information and the new depth information on a correspond-
ing clement.

FIG. 17 1s a tlow diagram 1llustrating a result obtained by
processing a plurality of timestamp maps according to an
exemplary embodiment. FIG. 17 illustrates static patterns
91, 92 and 93 extracted from a plurality of timestamp maps.
Each of the static patterns 91, 92 and 93 includes a first
object corresponding to a user’s hand and a second object
corresponding to a user’s face. In FIG. 17, the first object
and the second object are assumed to have different depths,
and an arrow 1n each of the static patterns 91 and 92 indicate
a movement direction of the first object.

The processor 130 may update an event signal corre-
sponding to the first object 1n a first timestamp map, and may
update an event signal corresponding to the second object in
a second timestamp map. Accordingly, when an occlusion
between the first object and the second object occurs, a static
pattern of the first object and a static pattern of the second
object may be independently reconstructed. For example,
referring to FIG. 17, an occlusion between the first object
and the second object may occur between times t2 and t3. In
this example, both the first object and the second object may
be independently reconstructed based on the plurality of
timestamp maps as shown 1n the static pattern 93.

The processor 130 may set a plurality of regions 1n at least
one of the plurality of timestamp maps. The processor 130
may set the plurality of regions based on a distribution of
timestamps. The processor 130 may set individual criteria to
extract a pattern for each of the regions. For example, the
processor 130 may set individual threshold time intervals for
cach of the regions, and may adjust a length of each of the
threshold time intervals based on a number of elements
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included in each of the regions. The above description may
be applicable to a pattern extraction process for the plurality
of regions, according to an exemplary embodiment.

FIG. 18 1s a flowchart illustrating a pattern extraction
method according to an exemplary embodiment.

Referring to FIG. 18, 1n operation 500, a pattern extrac-
tion apparatus receives an event signal in response to a
dynamic input. The event signal may be output by an
event-based sensor. In operation 600, the pattern extraction
apparatus extracts a static pattern associated with the
dynamic mnput based on 1dentification mnformation and time
information included 1n the event signal. The above-descrip-
tion of FIGS. 1 through 17 1s also applicable to the pattern
extraction method of FIG. 18, by way of an example, and
accordingly, further description thereof will not be repeated
here.

In yet another exemplary embodiment, both the thickness
of the edges and the number of elements may be used to
determine a static pattern associated with the event signal. In
an exemplary embodiment, the number of elements may be
adjusted so that an edge may have a preset thickness. For
example, when an object 1s moving, an event signal may be
generated 1n an edge of the object, and the number of
clements may be adjusted so that edges corresponding to the
event signal may continue to have a thickness of average
about 2 pixels. This 1s provided by way of an example and
not by way of a limitation. In an exemplary embodiment, a
combination of the thickness of the edges and the number of
clements may be used to generate the pattern.

The elements or components described herein may be
implemented using hardware components, software compo-
nents, or a combination thereof. For example, the hardware
components may include microphones, amplifiers, bandpass
filters, audio to digital convertors, and processing devices. A
processing device may be implemented using one or more
general-purpose or special purpose computers, such as, for
example, a processor, a controller and an ALU, a DSP, a
microcomputer, an FPGA, a PLU, a microprocessor or any
other device capable of responding to and executing mstruc-
tions 1n a defined manner. The processing device may run an
operating system (OS) and one or more software applica-
tions that run on the OS. The processing device also may
access, store, manipulate, process, and create data 1in
response to execution of the software. For purpose of
simplicity, the description of a processing device 1s used as
singular; however, one skilled 1n the art will appreciated that
a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a processing device may include multiple proces-
sors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
CEeSSOrs.

The software may include a computer program, a piece of
code, an 1nstruction, or some combination thereof, to inde-
pendently or collectively instruct or configure the processing,
device to operate as desired. Soiftware and data may be
embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or 1 a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software also may
be distributed over network coupled computer systems so
that the software 1s stored and executed 1n a distributed
tashion. The software and data may be stored by one or more
non-transitory computer readable recording mediums.

The above-described exemplary embodiments may be
recorded 1n non-transitory computer-readable media includ-
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ing program instructions to implement various operations
which may be performed by a computer. The media may also
include, alone or 1n combination with the program instruc-
tions, data files, data structures, and the like. The program
instructions recorded on the media may be those specially
designed and constructed for the purposes of the exemplary
embodiments, or they may be of the well-known kind and
available to those having skill 1n the computer software arts.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, tloppy disks, and
magnetic tape; optical media such as CD ROM discs and
DVDs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as code produced by a compiler, and
files containing higher level code that may be executed by
the computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules 1n order to perform the operations of the above-
described exemplary embodiments, or vice versa.

Although a few exemplary embodiments have been
shown and described, the present mventive concept 1s not
limited thereto. Instead, it will be appreciated by those
skilled 1n the art that changes, modifications, and varations
may be made to these exemplary embodiments without
departing from the principles and spirit of the disclosure, the
scope of which 1s defined by the claims and their equiva-
lents.

What 1s claimed 1s:
1. A pattern extraction method comprising:
receiving an event signal indicating an event from an
event-based sensor;
extracting a static pattern, which represents an object,
based on an identification and time included in the
event signal; and
outputting the extracted static pattern,
wherein the 1dentification comprises location information
of each of a plurality of pixels of the event-based sensor
that sensed the event and the time comprises a time
point 1 which the event i1s detected by a respective
pixel from among said each pixel, and
wherein the extracting comprises generating a map com-
prising a plurality of elements corresponding to the
location information of the plurality of pixels of the
event-based sensor in which the time point 1s a value of
a respective element from among the plurality of ele-
ments,
wherein the map is a three dimensional (3D) map and the
extracting comprises extracting a vidge from the 31
map generated based on the identification and the time.
2. The pattern extraction method of claim 1, further
comprising:
detecting the event, which 1s a motion event, by the
event-based sensor, which 1s a motion sensor, based on
dynamic input,
wherein the dynamic mput comprises an event to change
at least one of color and 1ntensity of light incident on at
least one pixel from among the plurality of pixels 1n the
event-based sensor.
3. The pattern extraction method of claim 2, wherein the
static pattern 1s an appearance of the object 1n a motionless
state associated with the dynamic put.
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4. The pattern extraction method of claim 1, wherein the
event indicates a motion of the object, and wherein the static
pattern corresponds to an appearance of the object in a state
in which the motion stops.

5. The pattern extraction method of claim 1, wherein the
location information indicates the each pixel that senses a
motion of the object among the plurality of pixels of the
event-based sensor.

6. The pattern extraction method of claim 1, wherein the
time point 1s a timestamp 1n which the event 1s detected
based on sensing dynamic mput by the each pixel.

7. The pattern extraction method of claim 1, wherein the
extracting comprises:

storing the identification and the time for each of a

plurality of received events; and

extracting the static pattern based on the 1dentification and

the time.

8. The pattern extraction method of claim 7, wherein the
storing comprises:

storing, for each element of the event-based sensor, the

identification comprising address of the element and
the time indicating last change of the respective ele-
ment; and

in response to an event changing a state of the respective

clement, overwriting the time for the respective ele-
ment 1n the address for the respective element.

[9. The pattern extraction method of claim 1, wherein the
map 1s a three dimensional (3D) map and the extracting
comprises extracting a rnidge from the 3D map generated
based on the identification and the time.}

10. The pattern extraction method of claim [9] /, wherein
the 1dentification corresponds to coordinate values on the 3D
map, and the time corresponds to an altitude on the 3D map.

11. The pattern extraction method of claim [9] /, wherein
the extracting of the nndge comprises extracting at least two
clements of the plurality of elements which store the time
within a threshold time interval among the plurality of
clements 1included 1n the 3D map.

12. The pattern extraction method of claim 11, wherein
the extracting of the ridge further comprises:

generating a new threshold time interval by adjusting a

length of the threshold time interval based on a number
of the elements that are extracted; and

extracting the at least two elements within the new

threshold time interval.

13. The pattern extraction method of claim [9] /, wherein
the extracting of the ridge comprises tracking the ridge so
that a thickness of an edge 1n the ridge 1s equal to or less than
a threshold thickness.

14. The pattern extraction method of claim 1, wherein the
extracting comprises:

setting a region of the map from which the static pattern

1S to be extracted; and

extracting [a] the ridge from the region based on a

threshold time interval.

15. The pattern extraction method of claim 14, wherein
the setting comprises setting the region based on a part of the
object corresponding to dynamic mput which generates the
event of the event-based sensor.

16. The pattern extraction method of claim 14, wherein
the extracting the ridge Turther comprises at least one of:

adjusting a length of the threshold time 1nterval based on

a number of valid event signals receirved 1n the region;
and

adjusting the length of the threshold time interval in

response to a new event signal being received in the set
region.
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17. The pattern extraction method of claim 1, wherein the
extracting further comprises:

recerving depth information corresponding to dynamic

input sensed by the event-based sensor;

storing the depth information 1n a corresponding element

from among the plurality of elements; and

extracting the static pattern based on the location, the time

point, and the depth information.

18. A computer program stored in a non-transitory com-
puter-readable recording medium to implement the method
of claim 1 through a combination with hardware.

19. The pattern extraction method of claim 1, further
comprising:

receiving at least one additional signal indicating at least

one additional [even] event from the event-based sen-
sor; and

updating at least one point in the map based on the

identification and the time,

wherein the extracting of the static pattern 1s asynchro-

nous from the generating and the updating of the map,
and

[whereing] wherein the location is an (x, y) location for

cach sensing element of the event-based sensor and the
time point 1s the value for each of the (x, y) location.

20. The pattern extraction method of claim 1, wherein the
event-based sensor outputs the information and the time
only for sensing elements of the sensor that changed value
from off to on or vice versa forming the event.

21. A pattern extraction method comprising:

recerving an event signal indicating an event from an

event-based sensor;

extracting a pattern, which represents a motionless object,

based on an identification and time included in the
event signal; and

outputting the pattern,

wherein the extracting comprises:

generating a plurality of maps corresponding to a
plurality of depth regions based on the 1dentification
and the time; and

extracting a ridge from at least one of the plurality of
maps.

22. The pattern extraction method of claim 21, wherein
the generating comprises:

receiving depth information corresponding to dynamic

input sensed by the event-based sensor;

selecting a map from the plurality of maps based on the

depth information; and

updating the map based on the 1dentification and the time.

23. A pattern extraction apparatus comprising:

an event-based sensor configured to output an event signal

indicating an event, the event signal comprising time

and an identification of the event:; and

a processor configured to extract a static pattern, which

represents an object, based on the event signal and to

output the extracted static pattern outside the pattern
extraction apparatus,

wherein the 1dentification comprises location information

of each of a plurality of pixels of the event-based sensor

that sensed the event and the time comprises a time
point 1 which the event i1s detected by a respective
pixel from among said each pixel, [and]

wherein the processor 1s configured to extract the static

pattern by generating a map comprising a plurality of
clements corresponding to the location information of
the plurality of pixels of the event-based sensor in
which the time point 1s a value of a respective element
from among the plurality of elements, and
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wherein the processor is configured to extract a ridge

from the map, which is a 3D map.

24. The pattern extraction apparatus of claim 23, wherein
the event-based sensor outputs the event signal, which 1s a
motion event, 1 response to sensing dynamic mput, which
comprises a change of light incident on at least one pixel
from among the plurality of pixels 1n the event-based sensor.

25. The pattern extraction apparatus of claim 24, wherein
the event-based sensor outputs the event signal 1n response
to sensing the dynamic mput, which comprises a motion of
the object, and wherein the static pattern 1s an appearance of
the object 1n a state 1n which the motion stops.

26. The pattern extraction apparatus of claim 23, wherein
the location indicates each pixel of the event-based sensor
that senses dynamic mput among the plurality of pixels of
the event-based sensor, and

wherein the time point 1s a timestamp in which the event

1s detected based on sensing dynamic mput by the each
pixel.

277. The pattern extraction apparatus of claim 23, wherein
the processor 1s configured to store the 1dentification and the
time 1n a memory, and to extract the static pattern based on
the 1dentification and the time.

28. The pattern extraction apparatus of claim 27, wherein
the processor 1s configured to overwrite the time 1n an
clement from among the plurality of elements corresponding
to the i1dentification based on the event detected by the
event-based sensor.

29. The pattern extraction apparatus of claim 23, [wherein
the processor 1s configured to extract a rndge from the map,
which is a 3D map, and}

wherein the location 1s coordinate values on the map, and

the time 1s an altitude on the map.

30. The pattern extraction apparatus of claim 29, wherein
the processor 1s configured to extract at least two elements
from among the plurality of elements storing time within a
threshold time interval among the plurality of elements
included in the map.

31. The pattern extraction apparatus of claim 30, wherein
the processor 1s configured to generate a new threshold time
interval by adjusting a length of the threshold time interval
based on a number of the at least two elements, and to
extract the at least two elements storing time within the new
threshold time interval.

32. The pattern extraction apparatus of claim 29, wherein
the processor 1s configured to track the rnidge so that a
thickness of an edge 1n the ridge i1s equal to or less than a
threshold thickness.

33. The pattern extraction apparatus of claim 23, wherein
the processor 1s configured to set a region on the map from
which the static pattern is to be extracted, and to extract [a]
the ridge from the region based on a threshold time interval.

34. The pattern extraction apparatus of claim 33, wherein
the processor 1s configured to set the region based on a part
of the object corresponding to the event.

35. The pattern extraction apparatus of claim 33, wherein
the processor 1s configured to adjust a length of the threshold
time interval based on a number of valid event signals
received 1n the region.

36. The pattern extraction apparatus of claim 33, wherein
the processor 1s configured to adjust a length of the threshold
time 1interval in response to a new event signal being
received 1n the region.

37. The pattern extraction apparatus of claim 23, wherein
the processor 1s configured to generate a plurality of maps
corresponding to a plurality of depth regions based on the
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identification and the time, and to extract [a] #ke ridge from
at least one of the plurality of maps.

38. The pattern extraction apparatus of claim 37, further
comprising a depth sensor configured to output [a] depth
information corresponding to the event sensed by the event-
based sensor,

wherein the processor 1s configured to select a map from
the plurality of maps based on the depth information,
and to update the map based on the i1dentification and
the time.

39. The pattern extraction apparatus of claim 37, further
comprising a depth sensor configured to output [a] depth
information corresponding to the event sensed by the event-
based sensor,

wherein the processor 1s configured to store the time and
the depth information 1n an element i1dentified by the
identification from among the plurality of elements,
and to extract the static pattern based on the identifi-
cation, the time, and the depth information.

40. The pattern extraction apparatus of claim 37, wherein
the processor 1s configured to generate a composite map
based on the plurality of maps and extract the static pattern
based on the composite map.

41. A display apparatus comprising,

a motion sensor comprising a plurality of sensing pixels
and configured to output a signal representing a motion
of an object, wherein the motion of the object 1s
represented by time and corresponding location infor-
mation mdicating at least one pixel sensing the motion
of the object among the plurality of sensing pixels;

a processor configured to generate at least one map based
on the location information and the time, extract ele-
ments storing time within a threshold time interval
among a plurality of elements included in the map,
generate a new threshold time interval by adjusting a
length of the threshold time interval based on a number
of the extracted elements, and extracting new elements
within the new threshold time interval, and detect the
object based on the elements and the new elements,
extracted by the processor,

wherein the processor is comnfigured to extract a ridge
from the map, which is a 3D map.
42. The display apparatus of claim 41, further comprising
a display which displays the object.
43. The display apparatus of claim 41, wherein the
processor controls the display apparatus based on the object.
44. The display apparatus of claim 41, wherein the motion
of the object 1s a non-contact gesture of a user.
45. A pattern extraction apparatus comprising:
an event-based sensor configured to generate time infor-
mation and identification information in response to an
event, and output an event signal including the time
information and the identification information; and
a memory configured to store the time information and the
identification information,
wherein the event-based sensor is configured to determine
whether a change in a log intensity of light detected by
at least one pixel among a plurality of pixels of the
event-based sensor, after the event, exceeds a threshold,
and to generate an ON event signal or an OFF event
signal based on whether the change in the log intensity,
dfter the event, exceeds the threshold,
wherein the identification information comprises location
information of each of the plurality of pixels of the
event-based sensor that sensed the event and the time
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information comprises a time point in which the event
is detected by a rvespective pixel from among said each
pixel, and

wherein, based on the event signal, a pattern, represent-
ing an object, is extracted, by generating a 3D map
comprising a plurality of elements corrvesponding to the
location information of the plurality of pixels of the

event-based sensor in which the time point is a value of

a respective element from among the plurality of ele-
ments, and extracting a ridge from the 3D map.

46. The pattern extracting apparatus of claim 45,
wherein, the event-based sensor is further configured to:

generate the ON event signal based on the change in the

log intensity after the event exceeds a first threshold,
and

generate the OFF event signal based on the change in the

log intensity after the event exceeds a second threshold
that is lower than the first threshold.

47. The pattern extracting apparatus of claim 45, wherein
the identification information further comprises an address
of the plurality of pixels included in the event-based sensor.

48. The pattern extracting apparatus of claim 45, wherein
the map is a timestamp map that stoves a latest time at which
the time information corresponding to each of the plurality
of elements is rveceived, as a timestamp.

49. The pattern extracting apparatus of claim 45, wherein

at least one pixel, sensing the event, among the plurality of

pixels of the event-based sensor is an active pixel.

50. The pattern extracting apparatus of claim 49, wherein
the active pixel is configured to generate an activation signal
in response to the event, and

wherein the event-based sensor is further configured to

generate an event signal comprising the time informa-
tion and the identification information of the active
pixel, based on the activation signal.

51. The pattern extracting apparatus of claim 50, wherein
the event-based sensor is further configured to generate the
event signal asynchronously.

52. The pattern extracting apparatus of claim 50, wherein
the event-based sensor is further configured to generate a
pass flag to identify a plurality of event signals being
spatiotemporally associated with each other, and to filter
one of the plurality of event signals corresponding to back-
ground noise activity.

533. A pattern extracting apparatus cOmprising:

an event-based sensor configured to generate time infor-

mation and identification information based on a move-
ment of an object; and

a processor configured to extract a static pattern corre-

sponding to an appearvance of the object in a state in
which the object stops based on the time information
and the identification information,
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wherein the identification information comprises location
information of each of a plurality of pixels of the
event-based sensorv that sensed the movement of the
object and the time comprises a time point in which the
movement of the object is detected by a respective pixel
from among said each pixel,

wherein the processor is configured to extract the static
pattern by generating a map comprising a plurality of
elements corresponding to the location information of
the plurality of pixels of the event-based sensor in
which the time point is a value of a rvespective element
from among the plurality of elements, and

wherein the processer is further configured to track the

static pattern to adjust a thickness of an edge of the

static pattern to be equal ov less than a threshold
thickness.

54. The pattern extracting apparatus of claim 53, wherein

the identification information further comprises an address

indicating at least one pixel, from among the plurality of

pixels, sensing the movement of the object.

55. The pattern extracting apparatus of claim 54, wherein
the map is a timestamp map stoving a timestamp corre-
sponding to each of the plurality of elements.

56. The pattern extracting apparatus of claim 55, wherein
the processor is further configured to update the timestamp
map by overwriting the timestamp corrvesponding to at least
one of the plurality of elements with a new timestamp
received from the event-based sensor.

57. The pattern extracting apparatus of claim 54, wherein
the processor is further configured to extract the static

pattern based on the timestamp last stoved in each of the
plurality of elements.

58. The pattern extracting apparatus of claim 55, wherein
the processor is further configured to extract the static

pattern based on the timestamp within a threshold time

interval.

59. The pattern extracting apparatus of claim 58, wherein
the processor is further configured to adjust a length of the
threshold time interval to set a number of the plurality of
elements storing the timestamp within the threshold time
interval being greater than a predetermined minimum num-
ber and lesser than a predetermined maximum number.

60. The pattern extracting apparatus of claim 58, wherein
the processor is further configured to, based on the time-
stamp map comprising a first vegion corresponding to a first
object and a second region corresponding to a second object
different from the first object, apply a first threshold time
interval to the first vegion and a second threshold time
interval to the second region, the second threshold different
being from the first threshold time interval.
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