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(54) METHOD AND APPARATUS FOR PEDESTRIAN COLLISION MITIGATION

(57) An apparatus for activating a pedestrian (600)
detection and collision mitigation system (PDCMS) of a
vehicle (700) includes:
an engine management system (EMS) acquiring speed
information of the vehicle (700) in real-time;
an image collecting unit (300) recognizing a pedestrian
(600) positioned within a driving lane of the vehicle (700)
and detecting information of a relative speed or a distance
between the pedestrian (600) and the vehicle (700),
when a speed of the vehicle (700) is greater than or equal
to a set speed;
and an electronic control unit (ECU) activating a PDCMS
function based on a mapping table using the speed in-
formation of the vehicle (700) and information of a motion

or a distance of the pedestrian (600) with respect to the
vehicle (700), and controlling a warning unit (500) to in-
form a driver of a collision of the pedestrian (600) with
the vehicle (700). The PDCMS function includes activat-
ing an operation of an active hood, activating an operation
of the warning unit (500), and activating an operation of
a brake regardless of whether the driver operates the
brake. The activation of the operation of the warning unit
(500) and the activation of the operation of the brake
comprise, in order:activating the operation of the warning
unit (500), activating a partial braking of the vehicle (700),
and activating a full braking of the vehicle (700).



2

EP 3 342 662 A1



EP 3 342 662 A1

3

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
generally to a method and an apparatus for operating
pedestrian detection and collision mitigation systems
(PDCMS) of a vehicle, and more particularly, to an ap-
paratus and a method for operating a PDCMS of a vehicle
capable of recognizing a pedestrian using an image pe-
destrian detection process and activating a PDCMS func-
tion in case of an accident.

Description of the Related Art

[0002] Recently, advanced driver assistance systems
(ADAS) have been developed to assist a driver in driving
of a vehicle. The typical ADAS has multiple sub-technol-
ogy categories. Among those, the ADAS often includes
a pedestrian detection and collision mitigation system
(PDCMS).
[0003] The PDCMS is a technology that warns a driver
of a pedestrian collision when a collision with a pedestrian
is expected and automatically activates an emergency
brake. The PDCMS system may help reduce a speed of
the vehicle against inevitable pedestrian collisions, there-
by alleviating pedestrian impacts and reducing the le-
thality and injury rates of pedestrians.
[0004] Therefore, development for a specific applica-
tion of the PDCMS has been required.

SUMMARY

[0005] An object of the present disclosure is to provide
a system for protecting a pedestrian by detecting the pe-
destrian using an image pedestrian detection process
and activating a PDCMS function using speed informa-
tion of a vehicle and information of a motion or a distance
of the pedestrian with respect to the vehicle.
[0006] Other objects and advantages of the present
disclosure can be understood by the following descrip-
tion, and become apparent with reference to the embod-
iments of the present disclosure. Also, it is obvious to
those skilled in the art to which the present disclosure
pertains that the objects and advantages of the present
disclosure can be realized by the means as claimed and
combinations thereof.
[0007] In accordance with embodiments of the present
disclosure, an apparatus for activating a pedestrian de-
tection and collision mitigation system (PDCMS) of a ve-
hicle, includes: an engine management system (EMS)
acquiring speed information of the vehicle in real-time;
an image collecting unit recognizing a pedestrian posi-
tioned within a driving lane of the vehicle and detecting
information of a relative speed or a distance between the
pedestrian and the vehicle, when a speed of the vehicle

is greater than or equal to a set speed; and an electronic
control unit (ECU) activating a PDCMS function based
on a mapping table using the speed information of the
vehicle and information of a motion or a distance of the
pedestrian with respect to the vehicle, and controlling a
warning unit to inform a driver of a collision of the pedes-
trian with the vehicle. The PDCMS function includes ac-
tivating an operation of an active hood, activating an op-
eration of the warning unit, and activating an operation
of a brake regardless of whether the driver operates the
brake. The activation of the operation of the warning unit
and the activation of the operation of the brake comprise,
in order: activating the operation of the warning unit, ac-
tivating a partial braking of the vehicle, and activating a
full braking of the vehicle.
[0008] The mapping table may be a data table for de-
termining the operation of the PDCMS function based on
the distance between the pedestrian and the vehicle and
whether the brake is operated.
[0009] In the mapping table, the distance between the
pedestrian and the vehicle may be longer when the brake
is not yet operated than when the brake is already oper-
ated.
[0010] The mapping table may be a data table for de-
termining the operation of the PDCMS function based on
the relative speed between the pedestrian and the vehi-
cle and the speed of the vehicle.
[0011] The engine management system may measure
revolutions per minute (RPM) of a wheel of the vehicle
and acquire the speed information of the vehicle based
on a known circumference of the wheel and the measured
RPM of the wheel.
[0012] The image collecting unit may scan an outer
portion of a lane nearest to the vehicle to determine
whether the pedestrian is positioned within the driving
lane of the vehicle.
[0013] The ECU may activate the operation of the
brake so that the speed of the vehicle is reduced to at
least a predetermined speed or more from a time when
the operation of the brake is activated to a time when the
collision of the pedestrian with the vehicle occurs.
[0014] The ECU may permit a driver to operate the
brake for a maximum possible deceleration even after
the activation of the operation of the brake starts.
[0015] The ECU may control the warning unit to inform
the driver that the PDCMS function is in an available
state.
[0016] The warning unit may include a display unit vis-
ually informing the driver of the collision of the pedestrian
with the vehicle or a speaker unit audibly informing the
driver of the collision of the pedestrian with the vehicle.
[0017] The PDCMS function may further include acti-
vating an operation of a rear brake lamp.
[0018] The PDCMS function may further include acti-
vating an operation of an electrical stability control (ESC).
[0019] Furthermore, in accordance with embodiments
of the present disclosure, a method for activating a pe-
destrian detection and collision mitigation system (PDC-
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MS) of a vehicle includes: acquiring vehicle information
including speed information of the vehicle in real-time;
detecting pedestrian information including a presence of
a pedestrian positioned within a driving lane of the vehicle
and a distance and a relative speed between the pedes-
trian and the vehicle when the speed of the vehicle is
greater than or equal to a set speed; activating a PDCMS
function based on a mapping table using the vehicle in-
formation and the pedestrian information; and controlling
a warning unit to inform a driver of a collision of the pe-
destrian with the vehicle. The PDCMS function includes
activating an operation of an active hood, activating an
operation of the warning unit, and activating an operation
of a brake regardless of whether the driver operates the
brake. The activation of the operation of the warning unit
and the activation of the operation of the brake comprise,
in order: activating the operation of the warning unit, ac-
tivating a partial braking of the vehicle, and activating a
full braking of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other objects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a schematic concept
of a PDCMS;
FIG. 2 is a block diagram illustrating a change in a
PDCMS state according to a vehicle;
FIG. 3 is a block diagram schematically illustrating
an apparatus for activating a PDCMS of a vehicle
according to embodiments of the present disclosure;
FIG. 4 is a diagram illustrating an example of pedes-
trian recognition within a driving lane according to
embodiments of the present disclosure;
FIG. 5 is a diagram illustrating a concept of a pedes-
trian moving speed;
FIG. 6 is a diagram illustrating an example of a map-
ping table for operating the PDCMS function accord-
ing to embodiments of the present disclosure;
FIG. 7 is a diagram illustrating an example of a map-
ping table for operating the PDCMS function accord-
ing to embodiments of the present disclosure;
FIG. 8 is a diagram illustrating an example of an op-
eration of the PDCMS function according to embod-
iments of the present disclosure; and
FIG. 9 is a flow chart illustrating a flow of a method
for activating a PDCMS function according to em-
bodiments of the present disclosure.

[0021] It should be understood that the above-refer-
enced drawings are not necessarily to scale, presenting
a somewhat simplified representation of various pre-
ferred features illustrative of the basic principles of the
disclosure. The specific design features of the present
disclosure, including, for example, specific dimensions,

orientations, locations, and shapes, will be determined
in part by the particular intended application and use en-
vironment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0022] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings so that those skilled in the art may
easily practice the present disclosure. As those skilled in
the art would realize, the described embodiments may
be modified in various different ways, all without depart-
ing from the spirit or scope of the present disclosure.
[0023] Parts irrelevant to the description will be omitted
to clearly describe the present disclosure, and the same
elements will be designated by the same reference nu-
merals throughout the specification.
[0024] Throughout the present specification, when any
one part is referred to as being "connected to" another
part, it means that any one part and another part are
"directly connected to" each other or are "electrically con-
nected to" each other with the other part interposed ther-
ebetween. Further, unless explicitly described to the con-
trary, "comprising" any components will be understood
to imply the inclusion of other components rather than
the exclusion of any other components.
[0025] The mention that any portion is present "over"
another portion means that any portion may be directly
formed on another portion or a third portion may be in-
terposed between one portion and another portion. In
contrast, the mention that any portion is present "just
over" another portion means that a third portion may not
be interposed between one portion and another portion.
[0026] Terms used throughout the specification, ’first’,
’second’, ’third’, etc. may be used to describe various
portions, components, regions, layers, and / or sections
but are not limited thereto. These terms are used only to
differentiate any portion, component, region, layer, or
section from other portions, components, regions, layers,
or sections. Therefore, a first portion, component, region,
layer, or section which will be described below may be
mentioned as a second portion, component, region, lay-
er, or section without departing from the scope of the
present disclosure.
[0027] Terminologies used herein are to mention only
a specific exemplary embodiment, and does not limit the
present disclosure. Singular forms used herein include
plural forms as long as phrases do not clearly indicate
an opposite meaning. A term "including" used in the
present specification concretely indicates specific prop-
erties, regions, integer numbers, steps, operations, ele-
ments, and/or components, and is not to exclude pres-
ence or addition of other specific properties, regions, in-
teger numbers, steps, operations, elements, compo-
nents, and/or a group thereof.
[0028] The term expressing the relative space of "un-
der", "over", and the like may be used to more easily
describe the relationship between other portions of one
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portion which is illustrated in the drawings. The terms
intend to include other meanings or operations of appa-
ratuses which are being used along with the intended
meaning in the drawings. For example, overturning the
apparatus in the drawings, any portions described as be-
ing positioned "under" other portions will be described as
being positioned "over" other portions. Therefore, the ex-
emplified term "under" includes both of the up and down
directions. An apparatus may rotate by 90° or may rotate
at different angles and the term expressing a relative
space is interpreted accordingly.
[0029] Moreover, in connection with the extent that the
term "include" in the detailed description or the appended
claims is used, the term are intended to be inclusive in a
manner similar to "consisting" as interpreted when the
term "configured" is used as a transitional word in the
appended claim.
[0030] It is understood that the term "vehicle" or "ve-
hicular" or other similar term as used herein is inclusive
of motor vehicles in general such as passenger automo-
biles including sports utility vehicles (SUV), buses,
trucks, various commercial vehicles, watercraft including
a variety of boats and ships, aircraft, and the like, and
includes hybrid vehicles, electric vehicles, plug-in hybrid
electric vehicles, hydrogen-powered vehicles and other
alternative fuel vehicles (e.g., fuels derived from resourc-
es other than petroleum). As referred to herein, a hybrid
vehicle is a vehicle that has two or more sources of power,
for example both gasoline-powered and electric-pow-
ered vehicles.
[0031] Additionally, it is understood that one or more
of the below methods, or aspects thereof, may be exe-
cuted by at least one control unit (or electronic control
unit (ECU)). The term "control unit" may refer to a hard-
ware device that includes a memory and a processor.
The memory is configured to store program instructions,
and the processor is specifically programmed to execute
the program instructions to perform one or more proc-
esses which are described further below. Moreover, it is
understood that the below methods may be executed by
an apparatus comprising the control unit in conjunction
with one or more other components, as would be appre-
ciated by a person of ordinary skill in the art.
[0032] All terms including technical terms and scientific
terms used herein have the same meaning as the mean-
ing generally understood by those skilled in the art to
which the present disclosure pertains unless defined oth-
erwise. Terms defined in a generally used dictionary are
additionally interpreted as having the meaning matched
to the related art document and the currently disclosed
contents and are not interpreted as ideal or formal mean-
ing unless defined.
[0033] Referring now to embodiments of the present
disclosure, FIG. 1 is a diagram illustrating a schematic
concept of a PDCMS.
[0034] The PDCMS is a technology that warns a driver
of a pedestrian collision when a collision of a pedestrian
with a vehicle is expected and automatically activates an

emergency brake. As shown in FIG. 1, it is determined
whether the PDCMS is operated based on an operation
determination of a pedestrian and an operation determi-
nation of a vehicle. When the operation of the PDCMS
is determined, the PDCMS function is performed by is-
suing a warning to driver and activating a vehicle control.
[0035] A system designer may design the PDCMS
function to operate solely in the risk of collision of a pe-
destrian with a vehicle or may design the PDCMS func-
tion to operate in a combination with other driving assist-
ance systems.
[0036] FIG. 2 is a block diagram illustrating a change
in a PDCMS state according to a vehicle.
[0037] In a PDCMS off state, no action is taken on the
operation of the vehicle. The PDCMS off state occurs
when an engine of a vehicle stalls.
[0038] In the PDCMS deactivation state, the apparatus
for activating a PDCMS monitors a speed of a vehicle
and determine whether the PDCMS is in an appropriate
state to activate. The PDCMS deactivation state is
achieved by turning on the engine in the PDCMS off state.
Further, the PDCMS deactivation state is performed even
when the vehicle is in a state other than the condition
that the vehicle is activated from the PDCMS activation
state. For example, when the speed of the vehicle falls
below a predetermined value Vmin, the PDCMS deacti-
vation state is established.
[0039] The PDCMS activation state is established
when the speed of the vehicle is equal to or greater than
the predetermined value Vmin and equal to or less than
a predetermined value Vmax. To determine whether to
operate the PDCMS function in the PDCMS activation
state, an operation of a pedestrian and an operation of
a vehicle are monitored. When the apparatus for activat-
ing a PDCMS determines that the PDCMS function
needs to be operated, the PDCMS function starts. The
PDCMS function includes a collision warning to a driver
and an operation of an emergency brake or optionally
includes braking actions by a driver.
[0040] FIG. 3 is a block diagram schematically illus-
trating an apparatus for activating a PDCMS of a vehicle
according to embodiments of the present disclosure.
[0041] As shown in FIG. 3, an apparatus 100 for acti-
vating a PDCMS of a vehicle according to embodiments
of the present disclosure includes an engine manage-
ment system 200, an image collecting unit 300, an elec-
tronic control unit 400, and a warning unit 500.
[0042] The engine management system 200 meas-
ures revolutions per minute (RPM) of a vehicle wheel
based on a vehicle engine and calculates a driving speed
of a vehicle based on the known circumference of the
wheel and the measured RPM and time. Further, the en-
gine management system 200 may ascertain whether a
brake pedal is operated. The engine management sys-
tem 200 transmits information on the calculated driving
speed and whether a brake pedal is operated to the elec-
tronic control unit 400.
[0043] The image collecting unit 300 is operated by the
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control of the electronic control unit 400. The electronic
control unit 400 controls the image collecting unit 300
when the speed of the vehicle received from the engine
management system 200 is equal to or greater than a
set first speed.
[0044] The image collecting unit 300 may be config-
ured to look forward to collect images in front of the ve-
hicle, but is not configured only to look at the front of the
vehicle. The image collecting unit 300 may extract char-
acteristics of obstacles detected in front of the vehicle to
identify objects and detect various objects such as vehi-
cles on a roadside as well as pedestrians. The image
collecting unit 300 may detect even parts configuring a
pedestrian as well as the overall appearance of the pe-
destrian to detect the pedestrian even when only a part
of the pedestrian covered by various objects such as ve-
hicles on a roadside is detected. The image collecting
unit 300 transmits information on the detected pedestrian
to an electronic control unit 400.
[0045] The electronic control unit 400 determines
whether to operate the PDCMS function of the vehicle
based on the information received from the image col-
lecting unit 300 and the engine management system 200.
Specifically, the electronic control unit 400 determines
whether the conditions that the PDCMS function may be
operated are satisfied by combining the pedestrian state
and the vehicle state. That is, the electronic control unit
400 determines the risk of collision between a vehicle
and a pedestrian using a current position of the pedes-
trian, a current position of the vehicle, and speed infor-
mation on the vehicle if it is determined that an obstacle
is the pedestrian. For example, when the distance be-
tween the pedestrian and the vehicle is below a prede-
termined distance and a motion direction of the pedes-
trian and a movement direction of the vehicle are the
same, the collision is highly likely to occur, and therefore
it is determined that the conditions that the PDCMS func-
tion may be operated are satisfied and when the distance
between the pedestrian and the vehicle is below the pre-
determined distance but the motion direction of the pe-
destrian and the movement direction of the vehicle are
different, the collision is less likely to occur, and therefore
it is determined that the conditions that the PDCMS func-
tion may be operated are not satisfied.
[0046] Preferably, the electronic control unit 400 de-
termines whether the conditions that the PDCMS function
may be operated are satisfied based on the mapping
table. The mapping table will be described below with
reference to FIGS. 6 and 7.
[0047] The electronic control unit 400 operates the PD-
CMS function of the vehicle if it is determined that the
pedestrian state and the vehicle state satisfy the condi-
tion that the PDCMS function may be started. The PDC-
MS function includes operating an active hood, operating
the warning unit 500 to warn the driver of the collision of
the pedestrian with the vehicle, or operating the brake
without the operation of the driver.
[0048] The active hood is used to lift up a bonnet on

the front of the vehicle to mitigate the impact on a pedes-
trian’s head. In addition, to protect the pedestrian’s head
while operating the active hood, a pedestrian protection
airbag for protecting a pedestrian may be provided at
positions such as a lower portion of a front glass and an
upper portion of an A-pillar and a hood.
[0049] Warning the driver of the collision of the pedes-
trian with the vehicle is performed by operating the warn-
ing unit 500. The warning unit 500 is operated by the
control of the electronic control unit 400. The warning
unit 500 may include a display unit or a speaker unit. The
display unit included in the warning unit 500 may provide
a driver with a visual warning through a head-up display,
a navigation display, etc. The speaker unit included in
the warning unit 500 may provide a driver with an audible
warning through an audio. The content of the warning
that the warning unit 500 performs is that there is a po-
tential risk of collision of the pedestrian with the vehicle
since obstacles exist in the front of a driving lane of the
vehicle.
[0050] The activation of the operation of the brake re-
gardless of whether the driver operates the brake is per-
formed only by the control of the electronic control unit
400 without the operation of the driver. The activation of
the operation of the brake is to automatically reduce the
relative speed between the vehicle and the pedestrian if
it is found that the pedestrian collision is just around the
corner.
[0051] The activation of the operation of the brake is
performed in order of a partial braking and a full braking
after the warning by the warning unit is performed by
steps depending on the distance between the vehicle
and the pedestrian. This will be described below with
reference to FIG. 8.
[0052] The activation of the operation of the brake is
performed so that the speed of the vehicle may be re-
duced to at least a predetermined speed or more from
the time when the operation of the brake is activated to
the time when the collision of the pedestrian with the ve-
hicle occurs. Preferably, the predetermined speed may
be 20 km/h.
[0053] Further, even after the activation of the opera-
tion of the brake starts, the driver manually operates the
brake, thereby performing the maximum possible decel-
eration. That is, the driver may manually operate the
brake so that the speed of the vehicle is reduced more
than the predetermined speed. For example, the driver
may manually operate the brake so that the speed of the
vehicle is maximally decelerated to 20 km / h or more
that is the predetermined speed.
[0054] In addition, the electronic control unit 400 may
inform a driver that the PDCMS function is in an available
state. Specifically, the electronic control unit 400 controls
the warning unit 500 to inform the driver that the PDCMS
function is in the available state through the display unit
or the speaker unit of the warning unit 500.
[0055] In addition, the PDCMS function may control an
operation of a brake lamp to prevent the potential risk of
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collision with the following vehicles.
[0056] In addition, the PDCMS function may further in-
clude an operation of an electrical stability control (ESC).
The ESC is an apparatus that allows a vehicle itself to
intervene in an operation of a brake in an emergency
situation such as an oversteer (e.g., when a vehicle en-
ters inwardly beyond a turning radius of a road) or an
understeer (e.g., when a vehicle deviates outwardly be-
yond the turning radius of the road) of a vehicle to thereby
help a driver to escape from an emergency situation.
[0057] FIG. 4 is a diagram illustrating an example of
pedestrian recognition within a driving lane according to
embodiments of the present disclosure.
[0058] As shown in FIG. 4, the image collecting unit
300 may detect a pattern of a pedestrian including a
shape, a position, and a direction of a pedestrian, angles
of arms and legs of a pedestrian, and the like.
[0059] The image collecting unit 300 extracts a lane
area by applying a horizontal distance calculation based
algorithm to obtain information on a lane while the vehicle
is driving. The image collecting unit 300 starts to scan a
lane nearest to the vehicle and collects the presence or
absence of a pedestrian who is moving within a driving
lane of the vehicle.
[0060] For example, when a pedestrian 600 is posi-
tioned at a center of a crosswalk within a driving lane,
the pedestrian 600 moves toward a vehicle 700, or the
angles of the arms and legs of the pedestrian 600 are
within a set angle (15° to 30°), it may be determined that
the pedestrian is a pedestrian who is moving within the
driving lane. On the other hand, when the pedestrian 600
moves in the opposite direction to the vehicle 700 or the
angles of the limbs of the pedestrian 600 are smaller than
the set angle, for example, 0° to 10°, it may be determined
that the pedestrian is not a pedestrian who is moving
within the driving lane.
[0061] FIG. 5 is a diagram illustrating a concept of a
pedestrian moving speed.
[0062] As shown in FIG. 5, the image collecting unit
300 may detect the distance between the pedestrian 600
and the vehicle 700 that are moving within a driving lane
and the moving speed of the pedestrian 600.
[0063] For example, if the pedestrian 600 moves from
the left to the right with respect to a front view of the
vehicle 700, the pedestrian 600 has a negative (-) moving
speed and if the pedestrian 600 moves from the right to
left with respect to the front view of the vehicle 700, the
pedestrian 600 has a positive (+) moving speed.
[0064] In addition, the image collecting unit 300 may
detect the distance between the vehicle 700 and the pe-
destrian 600 that are moving on the driving lane of the
vehicle based on the collected image in front of the ve-
hicle.
[0065] FIG. 6 is a diagram illustrating an example of a
mapping table for operating the PDCMS function accord-
ing to embodiments of the present disclosure.
[0066] The electronic control unit 400 uses the map-
ping table to determine the risk of collision of the pedes-

trian with the vehicle, and furthermore, whether the PD-
CMS function is operated.
[0067] As shown in FIG. 6, the PDCMS function may
be operated depending on whether the brake is operated,
compared with the distance between the pedestrian and
the vehicle.
[0068] Specifically, the distance for determining the
operation of the PDCMS function is longer when the
brake is not yet operated than when the brake is already
operated. Because the PDCMS reduces the speed of the
vehicle by at least a predetermined speed, the PDCMS
function requires a longer distance for a deceleration
when the brake is not yet operated in order to reduce the
impact on the pedestrian.
[0069] Also, the PDCMS function is not operated when
the distance between the pedestrian and the vehicle is
too long or the pedestrian and the vehicle are already in
contact with each other.
[0070] FIG. 7 is a diagram illustrating an example of
the mapping table for operating the PDCMS function ac-
cording to embodiments of the present disclosure.
[0071] The electronic control unit 400 uses the map-
ping table to determine the risk of collision of the pedes-
trian with the vehicle, and furthermore, whether the PD-
CMS function is operated.
[0072] As shown in FIG. 7, the electronic control unit
400 determines the operation of the PDCMS function
based on an initial speed at a boundary of a driving lane
on which the pedestrian moves and an initial speed of
the vehicle.
[0073] Specifically, if an absolute value of the initial
speed at the boundary of the driving lane on which the
pedestrian is moving and the initial speed of the vehicle
are in an area in which the PDCMS function is essentially
operated at the time of determining whether the PDCMS
function is operated, the electronic control unit 400 de-
termines that the PDCMS function is operated. The op-
eration possible area means the area in which the Vmin
or the Vmax may be adjusted according to the manufac-
turer’s selection.
[0074] For example, if the speed of the vehicle falls
below 8.4 m / s (30 km / h) as the Vmin or rises above
16.6 m / s (60 km / h) as the Vmax, then the electronic
control unit 400 may determine that the PDCMS is in the
deactivation state and thus the PDCMS function is not
operated.
[0075] Further, when the initial speed of the vehicle is
between the Vmin and the Vmax and the absolute value
of the initial speed at the boundary of the driving lane on
which the pedestrian is moving is between 0.83 m / s and
1.5 m / s, the electronic control unit 400 may determine
that the PDCMS function is operated.
[0076] FIG. 8 is a diagram illustrating an example of
the operation of the PDCMS function according to em-
bodiments of the present disclosure. A vertical axis rep-
resents time to collision (TTC) derived from the distance
between the vehicle and the pedestrian and the relative
speed of the pedestrian and a horizontal axis represents
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the operation of the PDCMS function of the vehicle.
[0077] The electronic control unit 400 performs the PD-
CMS operation by steps according to the distance be-
tween the vehicle and the pedestrian.
[0078] That is, when t1 > t2 > t3 for t1, t2, and t3 which
are different TTCs, if the TTC of the vehicle and the pe-
destrian is t1, the warning is issued to the driver through
the warning unit 500, if the TTC of the vehicle and the
pedestrian is t2, the vehicle is partially braked, and if the
TTC of the vehicle and the pedestrian is t3, the vehicle
is fully braked.
[0079] The warning of the warning unit 500 may include
the visual warning through the display unit or the audible
warning through the speaker unit.
[0080] The partial braking means reducing the speed
of the vehicle to at least a predetermined speed or more
and the full braking means maximally reducing the speed
of the vehicle.
[0081] However, even after the PDCMS function is op-
erated, the driver may manually operate the brake to per-
form the maximum possible deceleration. That is, the
driver may manually operate the brake to reduce the
speed of the vehicle more than the sequential decelera-
tion according to the PDCMS function.
[0082] FIG. 9 is a flow chart illustrating a flow of a meth-
od for activating a PDCMS function according to embod-
iments of the present disclosure.
[0083] As shown in FIG. 9, a method of activating a
pedestrian detection and collision mitigation system (PD-
CMS) function of an vehicle according to embodiments
of the present disclosure includes acquiring vehicle in-
formation including speed information on the vehicle in
real-time (S100), detecting pedestrian information in-
cluding a presence of a pedestrian on a driving lane of
the vehicle and a distance and a relative speed between
the pedestrian and the vehicle when the speed of the
vehicle is equal to or greater than a set speed (S200),
and operating the PDCMS function based on the map-
ping table using the vehicle information and the pedes-
trian information (S300).
[0084] In the acquiring of the vehicle information in-
cluding the speed information on the vehicle in real-time
(S100), the number of RPMs of the vehicle wheel is
measured based on the vehicle engine and the driving
speed of the vehicle is calculated based on the known
circumference of the wheel and the measured number
of RPM and time. Further, it is possible to ascertain
whether the brake pedal is operated.
[0085] In the detecting of the pedestrian information
including the presence of the pedestrian on the driving
lane of the vehicle and the distance and the relative speed
between the pedestrian and the vehicle when the speed
of the vehicle is equal to or greater than the set speed
(S200), when the acquired driving speed of the vehicle
is equal to or greater than the set first speed, the char-
acteristics of obstacles detected in front of the vehicle
may be extracted to identify objects and various objects
such as vehicles on a roadside as well as pedestrians

may be detected. Specifically, even parts configuring the
pedestrian as well as the overall appearance of the pe-
destrian may be detected, and thus the pedestrian may
be detected even when only a part of the pedestrian cov-
ered by various objects such as vehicles on a roadside
is detected. Further, for the detected pedestrian, the dis-
tance between the pedestrian and the vehicle and the
moving speed of the pedestrian may be detected.
[0086] In the operating of the PDCMS function based
on the mapping table using the vehicle information and
the pedestrian information (S300), it is determined
whether to operate the PDCMS function of the vehicle
based on the mapping table using the acquired vehicle
information and the detected pedestrian information.
Specifically, it is determined whether the conditions that
the PDCMS function on the mapping table may be oper-
ated are satisfied based on the combination of the pe-
destrian state and the vehicle state. That is, if it is deter-
mined that an obstacle is a pedestrian, the risk of collision
of the pedestrian with the vehicle is determined on the
mapping table using the current position of the pedestri-
an, the current position of the vehicle, and the speed
information on the vehicle.
[0087] Further, in the operating of the PDCMS function
based on the mapping table using the vehicle information
and the pedestrian information (S300), the PDCMS func-
tion of the vehicle is operated if it is determined that the
pedestrian state and the vehicle state satisfy the condi-
tions that the PDCMS function may start on the mapping
table. The PDCMS function includes activating the oper-
ation of the warning unit to inform the driver of the collision
of the pedestrian with the vehicle and activating the op-
eration of the brake regardless of whether the driver op-
erates the brake, and the activation of the operation of
the warning unit and the activation of the operation of the
brake are performed in order of the operation of the warn-
ing unit, the partial braking of the vehicle, and the full
braking of the vehicle.
[0088] Meanwhile, it should be understood that the PD-
CMS was described as an example for convenience of
description in the present specification. As described
above, it should be understood that the PDCMS is only
one of several ADAS functions, and that the PDCMS im-
plementations presented by the present disclosure may
also be used to implement other ADAS functions in-
volved. For example, the system presented by the
present disclosure may be applied to implement one or
a combination of ADAS functions such as the PDCMS,
a lane change decision aid system (LCDAS), a land de-
parture warning system (LDWS), an adaptive cruise con-
trol (ACC), a lane keeping assistance system (LKAS), a
road boundary departure prevention system (RBDPS),
a curve speed warning system (CSWS), a forward vehi-
cle collision warning system (FVCWS), and low speed
following (LSF).
[0089] According to embodiments of the present dis-
closure, the apparatus for activating a PDCMS of a ve-
hicle may warn the driver of the pedestrian collision and
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automatically activate the emergency brake to lower the
speed of the vehicle when there is the possibility of col-
lision.
[0090] The foregoing includes examples of one or
more embodiments. Of course, all possible combinations
of components or methods for the purpose of describing
the embodiments described above are not described, but
those skilled in the art may recognize that many combi-
nations and substitutions of various embodiments are
possible. Accordingly, the described embodiments are
intended to embrace all the alternatives, modifications
and variations that fall within the spirit and scope of the
appended claims.

Claims

1. An apparatus for activating a pedestrian detection
and collision mitigation system (PDCMS) of a vehi-
cle, comprising:

an engine management system (EMS) acquir-
ing speed information of the vehicle in real-time;
an image collecting unit recognizing a pedestri-
an positioned within a driving lane of the vehicle
and detecting information of a relative speed or
a distance between the pedestrian and the ve-
hicle, when a speed of the vehicle is greater than
or equal to a set speed; and
an electronic control unit (ECU) activating a PD-
CMS function based on a mapping table using
the speed information of the vehicle and infor-
mation of a motion or a distance of the pedes-
trian with respect to the vehicle, and controlling
a warning unit to inform a driver of a collision of
the pedestrian with the vehicle, wherein
the PDCMS function includes activating an op-
eration of an active hood, activating an operation
of the warning unit, and activating an operation
of a brake regardless of whether the driver op-
erates the brake, and
the activation of the operation of the warning unit
and the activation of the operation of the brake
comprise, in order: activating the operation of
the warning unit, activating a partial braking of
the vehicle, and activating a full braking of the
vehicle.

2. The apparatus of claim 1, wherein the mapping table
is a data table for determining the activation of the
PDCMS function based on the distance between the
pedestrian and the vehicle and whether the brake is
operated.

3. The apparatus of claim 2, wherein, in the mapping
table, the distance between the pedestrian and the
vehicle is longer when the brake is not yet operated
than when the brake is already operated.

4. The apparatus of any one of claims 1 to 3, wherein
the mapping table is a data table for determining the
activation of the PDCMS function based on the rel-
ative speed between the pedestrian and the vehicle
and the speed of the vehicle.

5. The apparatus of any one of claims 1 to 4, wherein
the engine management system measures revolu-
tions per minute (RPM) of a wheel of the vehicle and
acquires the speed information of the vehicle based
on a known circumference of the wheel and the
measured RPM of the wheel.

6. The apparatus of any one of claims 1 to 5, wherein
the image collecting unit scans an outer portion of a
lane nearest to the vehicle to determine whether the
pedestrian is positioned within the driving lane of the
vehicle.

7. The apparatus of any one of claims 1 to 6, wherein
the ECU activates the operation of the brake so that
the speed of the vehicle is reduced to at least a pre-
determined speed or more from a time when the op-
eration of the brake is activated to a time when the
collision of the pedestrian with the vehicle occurs.

8. The apparatus of any one of claims 1 to 7, wherein
the ECU permits a driver to operate the brake for a
maximum possible deceleration even after the acti-
vation of the operation of the brake starts.

9. The apparatus of any one of claims 1 to 8, wherein
the ECU controls the warning unit to inform the driver
that the PDCMS function is in an available state.

10. The apparatus of any one of claims 1 to 9, wherein
the warning unit includes a display unit visually in-
forming the driver of the collision of the pedestrian
with the vehicle or a speaker unit audibly informing
the driver of the collision of the pedestrian with the
vehicle.

11. The apparatus of any one of claims 1 to 10, wherein
the PDCMS function further includes activating an
operation of a rear brake lamp.

12. The apparatus of any one of claims 1 to 11, wherein
the PDCMS function further includes activating an
operation of an electrical stability control (ESC).

13. A method for activating a pedestrian detection and
collision mitigation system (PDCMS) of a vehicle,
comprising:

acquiring vehicle information including speed in-
formation of the vehicle in real-time;
detecting pedestrian information including a
presence of a pedestrian positioned within a
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driving lane of the vehicle and a distance and a
relative speed between the pedestrian and the
vehicle when the speed of the vehicle is greater
than or equal to a set speed;
activating a PDCMS function based on a map-
ping table using the vehicle information and the
pedestrian information; and
controlling a warning unit to inform a driver of a
collision of the pedestrian with the vehicle,
wherein
the PDCMS function includes activating an op-
eration of an active hood, activating an operation
of the warning unit, and activating an operation
of a brake regardless of whether the driver op-
erates the brake, and
the activation of the operation of the warning unit
and the activation of the operation of the brake
comprise, in order: activating the operation of
the warning unit, activating a partial braking of
the vehicle, and activating a full braking of the
vehicle.
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