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ABSTRACT

An intelligent night vision system for detecting an object in
front of a vehicle driving at night, and selectively turning on
only an infrared light source corresponding to an area in
which the object is located or appropriately adjusting the
brightness of the infrared light source to improve driving
stability.
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INTELLIGENT NIGHT VISION SYSTEM
AND DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2022-0167298,
filed on Dec. 5, 2022 and No. 10-2022-0167514, filed on
Dec. 5, 2022 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present invention relates to an intelligent night
vision system and a driving method thereof, and more
particularly, to an intelligent night vision system for securing
night visibility and a driving method thereof.

[0003] The present invention also relates to an intelligent
night vision system for detecting an object in front of a
vehicle that is driving, and selectively turning on only an
infrared light source corresponding to an area in which the
object is located or appropriately adjusting the brightness of
the infrared light source to improve driving stability, and a
driving method thereof.

BACKGROUND

[0004] A headlamp is a light illuminating a forward path
along which a vehicle is traveling, and is required to have a
brightness level sufficient to check a situation within a
distance of about 100 meters in front of the vehicle at night.
[0005] The headlamp maintains a low beam pattern at
normal times to prevent glare from being caused to a driver
of an opposite vehicle traveling in an opposite direction or
a driver of a preceding vehicle through a room mirror, a side
mirror, or the like, and forms a high beam pattern as
necessary when driving at a high speed or driving through a
dark place with low ambient brightness, thereby assisting
safe driving.

[0006] Recently, in most vehicles, an adaptive driving
beam (ADB) headlamp is employed to automatically adjust
the beam pattern described above.

[0007] Specifically, when a nearby vehicle (an opposite
vehicle or a preceding vehicle) is detected during driving
while a high beam pattern is formed, an angle of irradiation,
brightness, width, length, etc. of light from the headlamp are
automatically adjusted to allow for a host vehicle driver to
secure a long visible distance without causing glare to
drivers of nearby vehicles.

[0008] Such ADB headlamp systems use a plurality of
light sources (e.g., light-emitting diode (LED) lamps), and
may be classified as a dynamic type that forms a dark zone
by changing an angle of a headlamp by an actuator when a
nearby vehicle is detected and a matrix type that forms a
dark zone by selectively turning off a corresponding light
source when a nearby vehicle is detected, based on sensing
information obtained by a camera and a technique for
controlling turning on/off of a light source.

[0009] In such an ADB head lamp system, manufacturing
costs increase when the number of light sources is increased
to maximize the visibility of a host vehicle driver, and the
size of turned-off areas increases, thus reducing marketabil-
ity, when the number of light sources is reduced.
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[0010] In addition, light may not be radiated to an area of
a nearby vehicle requiring great care, thus affecting safe
driving of the host vehicle driver.

[0011] To solve these problems, vehicles to which a night
vision function is applied have recently been released.
[0012] The night vision function is a technique for dis-
playing a front object on a screen using a plurality of
infrared light sources (e.g., infrared LED lamps) to detect
the front object.

[0013] In other words, the night vision function is a
technique for detecting a front object (e.g., a front vehicle,
pedestrian, or animal), which is not in the field of view of a
driver that is secured by a headlamp and thus cannot be seen
directly by the driver’s eyes during night time driving, which
relies on light from the headlamp, and displaying the front
object on a display or outputting an alarm to support the
driver in relation to a situation in front of the driver.
[0014] The night vision function is largely divided into a
near-infrared projector method and a thermal imaging cam-
era method using far-infrared rays. In the near-infrared
projector method, light of an infrared band is radiated
forward at night to sense light reflected and returned from a
front object by a camera, and the returned light is displayed
on a display of a vehicle to secure night visibility. In the
thermal imaging camera method, a front object may be
detected by installing a thermal imaging camera at the front
of a vehicle to display the shape of a subject in different
colors on a display according to absolute temperature of the
subject.

[0015] The night vision function is mainly aimed to cope
with situations that are difficult to cover by a visible light
lamp (e.g., a headlamp) for securing night visibility. For
example, the night vision function is to prevent a collision
with an animal, a human or an object on the road that
appears ahead suddenly, and prevent an accident with a
nearby vehicle driving without turning on a headlamp at
night.

[0016] The thermal imaging camera method is advanta-
geous in terms of the detection of a living body, because an
object is detected according to temperature, but is expensive
to perform and is disadvantageous in that the resolution of
an image displayed on a display is low. In contrast, the
near-infrared projector method is relatively inexpensive to
perform and is advantageous in terms of high resolution and
thus has been generally used. However, an intensity of
infrared rays to be radiated should be appropriate according
to a distance within which object detection is to be per-
formed, and it is difficult to detect the shape of an object
when luminous intensity is less than or greater than the
appropriate intensity.

[0017] The night vision function is an additional function
other than an existing essential lamp function and thus
power consumption increases when all of the plurality of
infrared light sources are turned on. In addition, a front
viewing angle that a driver can see is closely related to the
speed of a vehicle, and as the speed of the vehicle increases,
a viewing angle decreases but a required cognitive distance
increases, and thus, visibility is limited by a specific situa-
tion and a distance due to a single luminous intensity and
beam coverage.

SUMMARY

[0018] The present invention has been made in order to
solve the problems described above, and is directed to
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providing an intelligent night vision system for securing
sufficient visibility of the shape of a front object when the
shape is identified through a display, as light radiated
forward from a light-emitting diode (LED) of an infrared
wavelength range is reflected/returned from the front object,
and a driving method thereof.

[0019] The present invention is also directed to providing
an intelligent night vision system for detecting an object in
front of a vehicle, and turning on an infrared light source
corresponding to an area of the detected object or controlling
an operating current of the corresponding infrared light
source, thereby maximizing visibility to improve driving
stability while efficiently reducing power consumption, and
a driving method thereof.

[0020] In one general aspect, an intelligent night vision
system for a vehicle, includes a lamp array part including a
plurality of light sources provided independently from each
other, and a lamp driving controller configured to control the
lamp array part on the basis of driving information of the
vehicle, wherein the plurality of light sources radiate light of
an infrared wavelength range, and the lamp driving control-
ler controls luminous intensities and irradiation ranges of the
plurality of light sources, based on the driving information.
[0021] The lamp driving controller may control an entire
beam pattern, which is a combination of pieces of light
radiated from the lamp array part, to be symmetrical with
respect to a center of the entire beam pattern.

[0022] The lamp driving controller may control the lamp
array part to radiate light to a first area at a vertical
directional angle ranging from a 1-1 angle to a 1-2 angle, the
first area being included in a certain angle range with respect
to a centerline in a horizontal direction among areas to which
light is radiated from the lamp array part, and control the
lamp array part to radiate light to a second area at a vertical
directional angle less than or equal to a second angle, the
second region being a remaining area excluding the first area
among the areas to which light is radiated from the lamp
array part, and the second angle is greater than the 1-1 angle
and less than the 1-2 angle.

[0023] The lamp driving controller may control the lamp
array part to radiate light to a first area at a vertical
directional angle ranging from a 1-1 angle to a 1-2 angle, the
first area being included in a certain angle range with respect
to a centerline in a horizontal direction among areas to which
light is radiated from the lamp array part, and control the
lamp array part to radiate light to a 2-1 region at a vertical
directional angle less than or equal to a second angle and
radiate light to a 2-2 region at a vertical directional angle less
than or equal to the 1-2 angle, the 2-1 region being a low end
region of the other area, excluding the first area, with respect
to a centerline in a horizontal direction among the areas to
which light is radiated from the lamp array part, and the 2-2
region being an upper end region of the other area, and the
2-1 angle is greater than the 1-1 angle and less than the 1-2
angle.

[0024] The lamp driving controller may obtain a sensing
distance from the driving information, and control the lumi-
nous intensity to be equal to a multiple of a square of the
sensing distance.

[0025] The lamp driving controller may control two or
more light sources among the plurality of light sources to be
turned on or off, in which units controlled to be turned on or
off are the same as units of areas to which light is radiated
forward.
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[0026] The lamp driving controller may obtain informa-
tion about the speed of the vehicle from the driving infor-
mation, and control the lamp array part to maintain or reduce
the number of light sources to be turned on or off as the
speed of the vehicle increases and to first turn off a light
source radiating light to an outermost side in horizontal
direction.

[0027] The lamp driving controller may control the optical
module to increase luminous intensity of a light source
radiating light toward a center in a horizontal direction
among the plurality of light sources.

[0028] In another general aspect, an intelligent night
vision system includes an object detection part configured to
detect a front object, a lamp array part including a plurality
of infrared light sources arranged in a matrix to form a beam
pattern, an object analysis part configured to analyze infor-
mation about a movement of the detected object, based on
information detected by the object detection part, and a lamp
driving controller configured to individually control the
plurality of infrared light sources of the lamp array part,
based on the information analyzed by the object analysis
part.

[0029] The lamp array part may include an a-region
including infrared light sources arranged in predetermined
regions to the left and right of a central infrared light source
disposed at a center in a horizontal direction, a b-region
including infrared light sources arranged in predetermined
regions corresponding to a left end and a right end of the
a-region, and a c-region including infrared light sources
arranged in predetermined regions corresponding to a left
end and a right end of the b-region.

[0030] In the lamp array part, an arrangement density of
the infrared light sources included in the a-region may be
higher than that of the infrared light sources included in the
b-region, and an arrangement density of the infrared light
sources included in the b-region may be higher than that of
the infrared light sources included in the c-region.

[0031] In the lamp array part, the infrared light sources
included in the a-region may be arranged to form at least n
layers in a vertical direction, the infrared light sources
included in the b-region may be arranged to form at least m
layers in the vertical direction, and the infrared light sources
included in the c-region may be arranged to form at least o
layers in the vertical direction, in which n>m>o0 and 0>=1.
[0032] The lamp array part may be arranged to match a
directional angle of the central infrared light source to 0
degrees, and increase absolute values of directional angles of
the other infrared light sources, excluding the central infra-
red light source, in directions toward outermost angles in the
horizontal direction.

[0033] The object analysis part may track a movement of
the detected object on the basis of the detected information
to analyze a moving direction, a moving speed, and current
location information of the detected object, and predict next
location information on the basis of the moving direction,
the moving speed, and the current location information.
[0034] The lamp driving controller may supply an oper-
ating current to an infrared light source matching the current
location information and an infrared light source matching
the predicted next location information, based on the ana-
lyzed moving direction, moving speed, and current location
information.

[0035] The lamp driving controller may supply a current,
which is in a predetermined allowable current range, as an
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operating current to the infrared light source matching the
current location information, and supply a current, which is
equal to or lower than the operating current supplied, as an
operating current to the infrared light source matching the
current location information to the infrared light source
matching the predicted next location information.

[0036] In another general aspect, there is provided a
driving method of an intelligent night vision system in
which operations are performed by an operation processing
device, the driving method including an object detection
operation of detecting a front object, an object analysis
operation of analyzing information about a movement of the
detected object, based on information detected in the object
detection operation, and a lamp driving control operation of
controlling a driving state of a lamp array part, based on the
information analyzed in the object analysis operation,
wherein the lamp array part includes a plurality of infrared
light sources arranged in a matrix to form a beam pattern.

[0037] The lamp array part may include an a-region
including infrared light sources arranged in predetermined
regions to the left and right of a central infrared light source
disposed at a center in a horizontal direction, a b-region
including infrared light sources arranged in predetermined
regions corresponding to a left end and a right end of the
a-region, and a c-region including infrared light sources
arranged in predetermined regions corresponding to a left
end and a right end of the b-region.

[0038] In the lamp array part, an arrangement density of
the infrared light sources included in the a-region may be
higher than that of the infrared light sources included in the
b-region, and an arrangement density of the infrared light
sources included in the b-region may be higher than that of
the infrared light sources included in the c-region.

[0039] In the lamp array part, the infrared light sources
included in the a-region may be arranged to form at least n
layers in a vertical direction, the infrared light sources
included in the b-region may be arranged to form at least m
layers in the vertical direction, and the infrared light sources
included in the c-region may be arranged to form at least o
layers in the vertical direction, in which n>m>o0 and o>=1.

[0040] The lamp array part may be arranged to match a
directional angle of the central infrared light source to O
degrees, and increase absolute values of directional angles of
the other infrared light sources in directions toward outer-
most angles in the horizontal direction.

[0041] The object analysis operation may include tracking
a movement of the detected object to analyze a moving
direction, a moving speed, and current location information
of the detected object, based on the detected information in
the object detection operation, and predicting next location
information, based on the analyzed moving direction, mov-
ing speed, and current location information.

[0042] The lamp driving control operation may include
supplying an operating current to an infrared light sources
matching the current location information and an infrared
light source matching the predicted next location informa-
tion, based on the information analyzed in the object analy-
sis operation, in which a current, which is in a predetermined
allowable current range, may be supplied as an operating
current to the infrared light source matching the current
position information, and a current less than or equal to the
operating current supplied to the infrared light source match-
ing the current position information may be supplied as an
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operating current to the infrared light source matching the
predicted next position information.

[0043] After the operating currents are supplied to the
matched infrared light sources, the lamp driving control
operation may include maintaining the supply of the oper-
ating currents for a certain time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a diagram illustrating a lamp array part
applied to an intelligent night vision system and a driving
method thereof according to an embodiment of the present
invention.

[0045] FIG. 2 is a diagram illustrating a beam pattern
obtained from an intelligent night vision system according to
an embodiment of the present invention.

[0046] FIG. 3 is a diagram illustrating a beam coverage
and luminous intensity required in an intelligent night vision
system relative to a distance, according to an embodiment of
the present invention.

[0047] FIG. 4 is a diagram illustrating a luminous intensity
and a directional angle in an intelligent night vision system
relative to the speed of a vehicle according to an embodi-
ment of the present invention.

[0048] FIG. 5 is a diagram illustrating a configuration of
an intelligent night vision system according to an embodi-
ment of the present invention.

[0049] FIG. 6 is a diagram illustrating an arrangement of
a lamp array part of an intelligent night vision system and a
driving method thereof according to an embodiment of the
present invention.

[0050] FIGS. 7A to 7C and 8A to 8C are diagrams
illustrating states in which a plurality of infrared light
sources are individually controlled in an intelligent night
vision system and a driving method thereof according to an
embodiment of the present invention.

[0051] FIG. 9 is a flowchart of a driving method of an
intelligent night vision system according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0052] The objects, features, and advantages of the present
invention described above will become more apparent from
the following embodiments in conjunction with the accom-
panying drawings. Specific structures and functions to be
described below are provided only as examples for the
purpose of describing embodiments according to the present
invention, and these embodiments may be implemented in
various forms and the present invention should not be
understood as being limited to embodiments set forth herein
or described in the present application. Various modifica-
tions may be made in the embodiments according to the
present invention and these embodiments may be imple-
mented in various forms, and thus, certain embodiments are
illustrated in the drawings and described in detail in the
present specification or application. However, it should be
understood that the present invention is not limited to
particular embodiments and includes all modifications,
equivalents, and alternatives falling within the idea and
scope of the present invention. Terms such as first, second,
etc. may be used to describe various components but the
components should not be limited by the terms. These terms
are only used to distinguish one component from another
component. For example, a first component could be termed
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a second component without departing from the scope of the
present invention, and similarly, a second component could
be termed a first component. When a component is referred
to as being “coupled to” or “connected” to another compo-
nent, it should be understood that the component may be
directly coupled to or connected to the other component but
another component may be interposed therebetween. In
contrast, when a component is referred to as being “directly
coupled” or “directly connected” to another component, it
should be understood that no component is interposed
therebetween. Other expressions that describe a relationship
between components, ie., “between”, “immediately
between”, “adjacent to”, “immediately adjacent to”, etc.
should be understood similarly. The terms used herein are
only used to describe certain embodiments and are not
intended to limit the present invention. As used herein, the
singular expressions are intended to include plural forms as
well, unless the context clearly dictates otherwise. It should
be understood that the terms “comprise” and/or “compris-
ing”, when used herein, specify the presence of stated
features, integers, steps, operations, elements, components,
or a combination thereof, but do not preclude the presence
or addition of one or more features, integers, steps, opera-
tions, elements, components, or a combination thereof.
Unless defined otherwise, all terms used herein, including
technical or scientific terms, have the same meaning as
commonly understood by those of ordinary skill in the art to
which the present invention pertains. Terms such as those
defined in a commonly used dictionary should be interpreted
as having meanings consistent with meanings in the context
of related technologies and should not be interpreted as ideal
or excessively formal meanings unless explicitly defined
herein. Hereinafter, the present invention will be described
in detail by describing embodiments thereof with reference
to the accompanying drawings. The same reference numer-
als shown in each drawing represent the same elements.
[0053] In addition, a system is a set of components,
including devices, instruments, means, etc., which are orga-
nized and regularly interact with each other to perform
desired functions.

[0054] An intelligent night vision system according to an
embodiment of the present invention is an intelligent night
vision system for a vehicle, and includes a lamp array part
200 and a lamp driving controller 400.

[0055] In this case, the intelligent night vision system
according to the embodiment of the present invention may
be applied to a vehicle including a sensor part for obtaining
information about at least one of a vehicle speed, a road
condition, or a driving situation. The lamp array part 200
includes a plurality of light sources.

[0056] The lamp driving controller 400 controls the lamp
array part 200 on the basis of driving information of a
vehicle.

[0057] Specifically, the plurality of light sources may be
independently provided to radiate light in an infrared wave-
length range. As shown in FIG. 1, the lamp array part 200
may include a plurality of reflective surfaces R1 to R5, and
each of the reflective surfaces R1 to R5 may correspond to
one of the plurality of light sources, and an area to which
light is radiated from each of the plurality of light sources
may be divided into two or more regions.

[0058] More specifically, the lamp driving controller 400
may change a current of a light source to change luminous
intensity and control turning on or off of a light, based on
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driving information. The lamp driving controller 400 may
control turning on or off of more than two light sources, and
units in which turning on or off is controlled may be the
same as units of areas to which light is radiated forward.

[0059] For example, the lamp array part 200 may include
five or more light sources on each of left and right sides
thereof. Specifically, each of the left and right sides of the
lamp array part 200 may be provided with five or more
reflective surfaces R1 to R5 each matching one of the five or
more light sources.

[0060] Preferably, a left optical module LH and a right
optical module RH may have the same structure but be
asymmetric to each other.

[0061] A conventional visible light lamp has a light dis-
tribution pattern of covering upper and lower end regions by
a high beam and a low beam with respect to a horizontal
center line instead of irradiated light to an entire area.

[0062] A conventional infrared lamp has a light distribu-
tion pattern of radiating light in an elliptical form. With
respect to the horizontal center line, a lower end region of
+10 degrees is an area covered with a low beam but is not
an area to which light is radiated to respond to a sudden
appearance of a human or an animal in the field of view of
a driver, i.e., for a main purpose of an infrared ray night
vision system.

[0063] Therefore, beam patterns according to the present
invention may be symmetrical to each other with respect to
a vertical line, and an entire beam pattern that is a combi-
nation of beam patterns of two opposite optical modules
may be the same as an LH+RH pattern as shown in FIG. 2.
It can be seen that beam patterns are symmetrical to each
other with respect to the center of the entire LH+RH pattern.

[0064] Specifically, the lamp driving controller 400 may
control the lamp array part 200 to radiate light at a vertical
directional angle ranging from a 1-1 angle to a 1-2 angle to
a first area of —-10 degrees to +10 degrees in the horizontal
direction among areas to which light is radiated from the
lamp array part 200. More specifically, a range of the vertical
directional angle may be -8 degrees to +10 degrees.

[0065] In addition, a second area, which is a remaining
area excluding the first region, may be an area of -10
degrees or less and +10 degrees or more, and more specifi-
cally, an area of —25 degrees to —10 degrees and 10 degrees
to 25 degrees. The lamp driving controller 400 may control
light to be radiated downward at a vertical directional angle
less than or equal to a second angle with a centerline of a
horizontal axis, and the second angle may be —4 degrees.
More specifically, the vertical directional angle may be
controlled to be gradually changed from -4 degrees to 0
degrees.

[0066] As another example, the lamp drive controller 400
may control the lamp array part 200 to radiate light to a 2-1
region, which is a low end region of the second area with
respect to the centerline of the horizontal axis, at a vertical
directional angle less than or equal to the second angle.
Specifically, the second angle may be -4 degrees, and the
lamp array part 200 may be controlled to gradually change
the vertical direction angle from -4 degrees to 0 degrees.
Light may be radiated to a 2-2 region, which is an upper end
region of the second area with respect to the centerline of the
horizontal axis, at a vertical directional angle less than or
equal to the 1-2 angle. In this case, the vertical directional
angle may decrease from —15 degrees to —10 degrees and 10
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degrees to 15 degrees with respect to the centerline of the
horizontal axis, and converge from -25 degrees and +25
degrees to 0 degrees.

[0067] Due to this pattern, it is more efficient than before,
because the number of light sources can be reduced or light
can be concentrated on more necessary areas.

[0068] Table 1 below shows vertical irradiation angles
required for a left position, a right position, and the height
of a subject according to the present invention. Table 2
below shows horizontal irradiation angles required for a left
position and a right position according to the present inven-
tion.

TABLE 1
Height
(m) of Position (m) in left-right direction
subject -30 -20 -10 0 10 20 30
0 -1.27 -1.79 -2.83 -4 -2.83 -1.79 -1.27
0.5 -0.36 -0.51 -0.81 -1.15 -0.81 -0.51 -0.36
1 0.54 0.77 1.22 1.72 1.22 0.77 0.54
2 2.35 3.33 5.25 741 5.25 3.33 2.35
TABLE 2
Headway distance
-30 -20 -10 0 10 20 30
30 m —45 -33.69 -18.43 0 18.43 3349 45
[0069] Before describing Tables 1 and 2 above, areas on

the road for which night vision is required may be a total of
six lanes, i.e., two opposite lanes and four preceding lanes or
three opposite lanes and three preceding lanes, and the six
lanes correspond to an optical width of about 20 m. Con-
sidering a width of each lane, a narrower viewing angle is
required as a sensing distance increases, and a wider viewing
angle is required as the sensing distance decreases.

[0070] In this case, a required sensing distance is about 30
to 100 m ahead. Even during driving at high speed, a subject
can be detected and a reaction such as braking or avoidance
can be made at a distance of about 100 m ahead, and
visibility can be secured with a low beam at a distance of 30
m or less.

[0071] Specifically, considering a lamp mounting height
of 700 mm and a width between left and right lamps, i.e.,
1400 mm, which are general criteria, vertical irradiation
angles required for the left and right positions and the height
of the subject at a distance 10 m ahead shown in Table 1
increase as a sensing distance decreases, and thus, it is
sufficient to check an angle at each position at a distance of
about 10 m ahead, which is a shortest distance seen at a
driver’s seat. As shown in FIG. 1, a minimum radiation
angle of —4 degrees in a downward direction and a maxi-
mum radiation angle of about 7.4 degrees in an upward
direction are required at a distance of 10 m ahead in the
vertical direction. Therefore, light may be radiated to a first
area of —10 degrees to +10 degrees in the horizontal direc-
tion at a vertical directional angle of -8 degrees to +10
degrees.

[0072] On the other hand, it is not necessary to radiate
light to all areas of left and right vertical directional angles.
As shown in Table 2, a vertical radiation angle of about
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-18.4 degrees is required to cover an optical width of 20 m
(10 m in a left direction and 10 m in a right direction) at a
distance of 30 m ahead, a vertical-direction angle required at
a corresponding position is only -1.27 degrees, and a
vertical radiation angle required at a position corresponding
to left and right directional angles of about 10 degrees is
-1.32 degrees. Thus, light may be controlled to be radiated
at a vertical directional angle of —4 degrees or less to a
second area, which is an outer region of —10 degrees and 10
degrees.

[0073] In addition, luminous intensity when all light
sources are turned on is not required to be high at an outer
region of -10 degrees to +10 degrees, because a vertical
directional angle of —10 degrees to +10 degrees satisfies a
required optical width of 20 m at an area at a distance of 50
to 60 m ahead. Accordingly, visibility of night vision can be
sufficiently secured with a beam pattern as shown in FIG. 2.
[0074] The above-described beam pattern may be effec-
tive particularly when the number of LEDs is limited and the
LEDs are configured cost-eftectively. The above-described
beam pattern may be more effective, when the size of a
reflective surface is limited to a certain width or less, and
thus, a degree of freedom of the shape of an individual
pattern is limited and it is easy to form an oval shape in
which a center part is bright and brightness gradually
decreases toward outer sides. To this end, when five indi-
vidual pattern irradiation areas as shown in FIG. 2 are
provided, it is easy to satisfy a pattern required when all the
light sources are turned on.

[0075] In general, in order to selectively radiate light to a
desired area with a limited number of light sources, light of
an intensity appropriate to achieve a resolution sufficient for
detecting a front subject is required, and the intensity of the
light is related to the sensitivity of an infrared camera. That
is, a certain level or more of light should enter a camera
sensor to secure night visibility and thus a required illumi-
nance according to a sensing distance may be the same level.
Therefore, in order to secure the same illuminance regard-
less of a distance, a luminous intensity corresponding to a
multiple of a square of a sensing distance is required, and
thus, the lamp driving controller 400 may obtain information
about a sensing distance from driving information and
control the lamp array part 200 according to the multiple of
the square of the sensing distance to control luminous
intensity.

[0076] FIG. 3 is a diagram illustrating a beam coverage
and a luminous intensity required at each distance according
to the present invention. Table 3 shows a luminous intensity
and an illuminance required at each distance according to
the present invention.

TABLE 3

Required luminous
intensity (w/sr)

234 416 65 936 1274 1664 2106 260
Required illuminance
(w/m?)

0.026
Headway distance

(m)

30 40 50 60 70 80 90 100

Distance- 1 052 070 0.87 105 122 140 157 1.75
specific 2 105 140 1.75 210 244 279 314 349
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TABLE 3-continued

Required luminous
intensity (w/sr)

234 416 65 936 1274 1664 2106 260
Required illuminance
(w/m?)

0.026
Headway distance

(m)

coverage 3
angle 4
(unilat- 5 262 350 437 525 612 7.00 7.87 875
eral) 6
7
8

[0077] In FIG. 3, when d1=30 m, a coverage angle
required for an optical width wl of 20 m may be £19
degrees. Table 3 shows that required luminous intensity is
23.4 wisr.

[0078] In FIG. 3, when d2=100 m, a coverage angle
required for an optical width w2 of 20 m may be +6 degrees.
Table 3 shows that required luminous intensity is 260 w/sr.

[0079] However, the required illuminances and luminous
intensities shown in Table 3 are not absolute criteria but are
only examples of numerical values in a particular design
provided to help the understanding of the present invention.

[0080] FIG. 4 is a diagram illustrating luminous intensity
and a directional angle relative to the speed of a vehicle
according to the present invention.

[0081] As shown in FIG. 4, luminous intensity and an
irradiation range may vary depending on the speed of the
vehicle. Specifically, as the speed of the vehicle increases,
the field of view of a driver decreases and a distance to be
checked for safety increases. Accordingly, when infrared
light of a certain luminous intensity is radiated, there is no
problem with detecting a subject located at a distance
corresponding to the luminous intensity but when the subject
is located at a distance shorter or longer than the corre-
sponding distance, the luminous intensity of the light is
extremely low or high, and thus, the subject is difficult to
detect.

[0082] Therefore, the lamp driving controller 400 may
obtain information about the speed of the vehicle from
driving information and control the lamp array part 200 to
maintain or decrease the number of light sources to be turned
on or off as the speed of the vehicle increases.
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[0083] In addition, the lamp driving controller 400 may
independently control a plurality of light sources such that
the luminous intensity of a light source radiating light
toward a center in a horizontal direction among the plurality
of light sources is high.

[0084] Preferably, the lamp driving controller 400 may
control a current value not to exceed maximum power
consumption allowed for a night optical system for a moving
object.

[0085] Accordingly, the lamp driving controller 400 may
control the lamp array part 200 such that as the speed of the
vehicle increases, a luminous intensity and a current value
increase and a directional angle and the number of light
sources to be turned on decrease. On the other hand, the
lamp driving controller 400 may control the lamp array part
200 such that as the speed of the vehicle decreases, the
luminous intensity and the current value decrease and the
directional angle and the number of light sources to be
turned on increase.

[0086] Accordingly, night visibility can be efficiently
secured by independently controlling the light sources
according to a driving environment.

[0087] An intelligent night vision system and a driving
method thereof according to another embodiment of the
present invention are techniques for compensating for other
disadvantages of the ADB headlamp and the night vision
function.

[0088] Briefly, an object (a vehicle, an animal or a human)
appearing in front of a vehicle can be detected through an
infrared sensor (a camera or the like), and an infrared light
source (an infrared LED or the like) corresponding to an area
of the detected object can be selectively turned on. Thus,
even when a dark zone is formed on an object detection area
due to the ADB headlamp, an infrared ray can be radiated to
the dark zone to secure a driver’s visibility for an entire area
in front of the vehicle without a blank area.

[0089] In this case, in order to solve a problem with power
consumption, which is a disadvantage of the night vision
function, only the infrared light source corresponding to the
area of the detected object can be selectively turned on when
spare power cannot be operated on the basis of allowable
power consumption, and not only the infrared light source
corresponding to the area of the detected object but also
infrared light sources corresponding to an surrounding area
can be turned on for safety when the spare power can be
operated.

[0090] In addition, a current can be converted to radiate
light of an appropriate luminous intensity on the basis of
information about a distance to the detected object, and thus,
the above-described disadvantages of the ADB headlamp
and the night vision function can be efficiently supple-
mented, accidents can be prevented from occurring, and
visibility can be secured, thereby improving driving safety
of a driver.

[0091] An intelligent night vision system according to an
embodiment of the present invention includes an object
detection part 100, a lamp array part 200, an object analysis
part 300, and a lamp driving controller 400 as shown in FIG.
5. Operations of these components may be performed
through an operation processing device such as an electronic
control unit (ECU) including a computer that performs data
transmission and reception through a communication chan-
nel in a vehicle.
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[0092] These components will be described in detail
below.
[0093] The object detection part 100 may detect an object

(a vehicle, an animal, a human, or the like) in front of a
vehicle that is driving.

[0094] To this end, the object detection part 100 detects an
object by sensing light returned after being reflected from
the object, which is within a detection distance, through a
sensor (a camera or the like) mounted on the front of the
vehicle and capable of detecting an infrared wavelength
range, when light is radiated forward.

[0095] Detecting an object in front of a vehicle by a sensor
capable of detecting an infrared wavelength range as
described above is well-known technology and thus a
detailed description thereof is omitted here.

[0096] However, the object detection part 100 may con-
tinuously detect an object in front of the vehicle that is
driving at predetermined time intervals to continuously
provide detection information so that the object analysis part
300 may estimate a movement of the object in front of the
vehicle.

[0097] Itis preferable that the lamp array part 200 includes
technical features to be described below, as well as the
technical features described above.

[0098] Specifically, in the lamp array part 200 may be
configured to form a beam pattern by arranging a plurality
of infrared light sources (infrared LEDs or the like) in a
matrix, and be mounted on the front of the vehicle to radiate
infrared rays ahead of the vehicle.

[0099] Specifically, as shown in FIG. 6, the plurality of
infrared light sources of the lamp array part 200 may be
arranged in an a-region 210, a b-region 220, and a c-region
230 divided in the horizontal direction from an area in front
of the vehicle that affects the driving of the vehicle.
[0100] Infrared light sources arranged in predetermined
regions to the left and right of a central infrared light source
arranged at the center in the horizontal direction may be
included in the a-region 210, and infrared light sources
arranged in predetermined regions corresponding to a left
end and a right end of the a-region 210 may be included in
the b-region 220.

[0101] Infrared light sources arranged in predetermined
regions corresponding to a left end and a right end of the
b-region 220 may be included in the c-region 230.

[0102] Here, the predetermined regions may be set by
dividing a width of a front area, which affects the driving of
the vehicle and may vary according to the type of the
vehicle, into several parts in the horizontal direction, and
preferably, by dividing a width of about 20 m, which is
sufficient to cover six lanes, into several parts in the hori-
zontal direction, but the width of the front area is not limited
to 20 m.

[0103] It can be seen that animals or humans were initially
detected on outer regions (10 degrees of more) of the road
and moved inward in the horizontal direction, when objects
that are likely to appear on the road on which the vehicle is
driving and thus are likely to be detected by the object
detection part 100 were limited to vehicles, animals, and
humans, and statistics of movement patterns thereof were
analyzed through an experiment.

[0104] In addition, it can be seen that vehicles were
initially found in a small detection region of an area close to
the center of the road (10 degrees or less), a rate of change
in a horizontal angle was low (close to O degrees), but a rate
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of change in a vertical angle increased sharply, i.e., the
detection region increased sharply.

[0105] In addition, it can be seen that a maximum height
at which objects appeared was 2 m, and thus, it is desirable
to set a vertical angle at the center of an effective field of
view (FOV) of the lamp array part 200 to —7 to +10 degrees
and a horizontal angle at the center of the FOV to about -25
to +25 degrees.

[0106] That is, as shown in FIG. 6, it is desirable to
arrange infrared light sources such that a directional angle of
a central infrared light source matches 0 degrees, and
absolute values of directional angles of the other infrared
light sources increase in directions toward outermost angles
in the horizontal direction.

[0107] Accordingly, an outer region of the lamp array part
200 need not be divided into segments, because a risk of
collision with a host vehicle may occur when the host
vehicle moves inward in the horizontal direction, whereas a
central region of the lamp array part 200 needs to be divided
into segments, because a risk of collision of a region
adjacent to the central region is high and a small initial
detection region increases sharply.

[0108] In consideration of this point, it is desirable to
arrange the lamp array part 200 such that a density of the
infrared light sources included in the a-region 210 is higher
than that of the infrared light sources included in the
b-region 220.

[0109] In addition, it is desirable to arrange the lamp array
part 200 such that a density of the infrared light sources
included in the b-region 220 is higher than that of the
infrared light sources included in the c-region 230.

[0110] In this case, in the lamp array part 200, the infrared
light sources are not simply densely arranged, but the
infrared light sources included in the a-region 210 may form
at least n layers (rows), the infrared light sources included in
the b-region 220 may form at least n layers (rows), and the
infrared light sources included in the c-region 230 may form
at least o layers (rows).

[0111] Here, preferably, n>m>o, and o>=1.

[0112] Accordingly, a risk of collision in the c-region 230,
which is an outer angle region (10 degrees or more) in which
generally, animals or humans appear, is less than that in a
region adjacent to the center (10 degrees or less), and thus,
the c-region 230 may be divided into a relatively small
number of segments to form one row.

[0113] However, in the a-region 210 and the b-region 220,
which are adjacent to the center and in which generally,
vehicles appear, the size of a detection area is small when an
object is initially detected and increases sharply as time goes
by, and thus, regions adjacent to the center may be divided
into a relatively large number of segments to form multiple
rOws.

[0114] The object analysis part 300 may analyze informa-
tion about a movement of the detected object on the basis of
the detection information provided by the object recognition
unit 100.

[0115] As described above, the object detection part 100
detects an object in front of the vehicle that is driving at
predetermined time intervals, and transmits detection infor-
mation to the object analysis part 300.

[0116] Specifically, as a first night vision function, the
object analysis part 300 converts the detection information
transmitted from the object detection part 100 into image
data and displays the image data on a display part of the
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vehicle to notify a driver about a situation in front of the
vehicle during driving at night.

[0117] At the same time, a movement of the detected
object may be tracked on the basis of image data that is
continuously converted in a time-series order, and not only
current location information of the detected object but also
a moving direction and speed of the object may be calculated
to predict next location information.

[0118] In addition, distance information between the
vehicle and the object may be calculated based on the
detection information obtained by the object detection part
100.

[0119] Tracking a movement of an object by analyzing
image data including movement information and predicting
a subsequent movement of the object are well-known tech-
nology and thus the present invention is not limited thereto.
[0120] It is preferable that the lamp driving controller 400
includes technical features to be described below, as well as
the technical features described above.

[0121] Specifically, the lamp driving controller 400 may
supply an operating current to an infrared light source
matching the current location information and an infrared
light source matching the predicted next location informa-
tion, based on the information analyzed by the object
analysis part 300.

[0122] That is, the lamp driving controller 400 extracts an
infrared light source matching the current location informa-
tion from among the infrared light sources of the lamp array
part 200 on the basis of the information analyzed by the
object analysis part 300, and supplies the operating current
to the extracted infrared light source.

[0123] In addition, the lamp driving controller 400
extracts an infrared light source matching the next location
information from among the infrared light sources of the
lamp array part 200 on the basis of the information analyzed
by the object analysis part 300, and supplies the operating
current to the extracted infrared light source.

[0124] Accordingly, the object can be checked through the
display part of the vehicle by radiating light from the
infrared light source earlier than a movement of the object,
thereby preventing a collision accident in advance.

[0125] In this case, the lamp driving controller 400 sup-
plies the operating current to only the infrared light sources
matching the current location information and the next
location information, i.e., selectively turns on these infrared
light sources, to effectively secure visibility with allowable
power consumption.

[0126] Specifically, the lamp driving controller 400 may
supply a current, which is in a predetermined allowable
current range, as an operating current to the infrared light
source matching the current location information, and sup-
ply a current, which is less than or equal to the operating
current supplied to the infrared light source matching the
current location information, as an operating current to the
infrared light source matching the next location information.
[0127] That is, in order to efficiently reduce power con-
sumption using the night vision function which is an addi-
tional function, a current, which is in a current range
predetermined based on an allowable current (power con-
sumption) (a range of current consumption through the night
vision function), is supplied as an operating current to the
infrared light source matching the current location informa-
tion, and an operating current is preemptively supplied to the
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infrared light source matching the next location information
to control these infrared light sources to be turned on.
[0128] However, by controlling brightness, a situation in
front of a vehicle due to a movement of an object can be
notified to a driver of the vehicle while efficiently reducing
power consumption. Here, the brightness is the brightness of
the infrared light source, and thus, does not correspond to the
field of view of the driver, and detection information is
converted into image data and the image data is transmitted
to the driver.

[0129] Furthermore, the lamp driving controller 400 may
maintain the supply of the operating current for a predeter-
mined time after the operating current is supplied to the
infrared light sources matching the current location infor-
mation and the next location information.

[0130] Thus, even when an infrared light source turned on
according to immediately previous information (analyzed
information) and an infrared light source turned on accord-
ing to current information (analyzed information) are dif-
ferent from each other, the turned-on states of the infrared
light sources are maintained for a certain time, thereby
greatly securing driving stability.

[0131] Accordingly, the night vision function is designed
to improve the driving stability of a driver during driving at
night and thus a surrounding situation of the vehicle is
continuously notified to the driver.

[0132] In addition, according to a state of the vehicle,
when the amount of power to be consumed by the lamp
driving controller 400 within an allowable power consump-
tion is sufficient, i.e., when spare power to be consumed is
sufficient, a lowest operating current may be supplied to all
of the infrared light sources of the lamp array part 200 to
maintain turned-on states of the infrared light sources. When
analysis information of current location information and
next location information is transmitted, operating currents
for infrared light sources matching the current location
information and the next location information may be con-
trolled to appropriately adjust the turned-on states/bright-
ness.

[0133] FIGS. 7A to 7C are diagrams illustrating a turned-
on state of an infrared light source according to an operation
of the lamp driving controller 400 when a detected object is
an animal. FIGS. 8A to 8C are diagrams illustrating a
turned-on state of the infrared light source according to an
operation of the lamp driving controller 400 when a detected
object is a vehicle.

[0134] In detail, FIGS. 7A to 7C illustrate a case in which
a detected object is an animal, and the object initially
appeared in an outer angle region (10 degrees or more) and
moved to a region close to the center in a horizontal
direction.

[0135] Accordingly, as shown in FIGS. 7A to 7C illus-
trating a time series flow, an area in which an object that
initially appears is detected is analyzed on the basis of
current location information, and an infrared light source
matching the current location information is controlled to be
turned on. Sequentially, next location information is pre-
dicted prior to an actual movement of the object, and an
infrared light source matching the next location information
is controlled to be turned on.

[0136] In this case, as described above, on/off control may
be performed by turning on/off an infrared light source, or
brightness may be controlled by controlling an operating
current.
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[0137] FIGS. 8Ato 8C illustrate a case in which a detected
object is a vehicle, and detection is initially performed in a
small region of an area (10 degrees or less) close to the
center in a horizontal direction, and is gradually performed
while increasing a detection area in the horizontal direction
although an amount of movement is small.

[0138] Accordingly, as shown in FIGS. 8A to 8C illus-
trating a time series flow, an area in which an object that
initially appears is detected is analyzed on the basis of
current location information, and an infrared light source
matching the current location information is controlled to be
turned on. Sequentially, next location information is pre-
dicted prior to an actual movement of the object, and an
infrared light source matching the next location information
is controlled to be turned on.

[0139] In this case, as described above, on/off control may
be performed by turning on/off an infrared light source or
brightness may be controlled by controlling an operating
current.

[0140] A driving method of an intelligent night vision
system according to an embodiment of the present invention
includes an object detection operation S100, an object
analysis operation S200, and a lamp driving control opera-
tion S300 as shown in FIG. 9. These operations may be
performed by an operation processing unit of an intelligent
night vision system.

[0141] These operations will be described in detail below.
[0142] In the object detection operation S100, the object
detection part 100 detects an object (e.g., a vehicle, an
animal, or a human) in front of a vehicle that is being driven.
[0143] To this end, the object is detected by sensing light
returned after being reflected from the object, which is
within a detection distance, through a sensor (a camera or
the like) mounted on the front of the vehicle and capable of
detecting an infrared wavelength range, when light is radi-
ated forward.

[0144] Detecting an object in front of a vehicle by a sensor
capable of detecting an infrared wavelength range as
described above is well-known technology and thus a
detailed description thereof is omitted here.

[0145] However, in the object detection operation S100,
the object in front of the vehicle that is driving is continu-
ously detected at predetermined time intervals to continu-
ously provide detection information sufficient to estimate a
movement of the object.

[0146] In the object analysis operation S200, the object
analysis part 300 analyzes information about a movement of
the detected object on the basis of the detection information
provided in the object detection operation S100.

[0147] Specifically, in the object analysis operation S200,
which is a first night vision function, the detection informa-
tion provided in the object detection operation S100 is
converted into image data, and the image data is displayed
on a display part of the vehicle to notify a driver about a
situation in front of the vehicle during driving at night.
[0148] At the same time, a movement of the detected
object is tracked on the basis of image data that is continu-
ously converted in a time-series order, and not only current
location information of the detected object but also a moving
direction and speed of the object are calculated to predict
next location information.

[0149] In addition, distance information between the
vehicle and the object may be also calculated on the basis of
the detection information.
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[0150] Tracking a movement of an object by analyzing
image data including movement information and predicting
a subsequent movement of the object are well-known tech-
nology and thus the present invention is not limited thereto.
[0151] In the lamp driving control operation S300, the
lamp driving controller 400 controls a driving state of the
lamp array part 200, including the plurality of infrared light
sources arranged in the matrix to form the beam pattern,
using the information analyzed in the object analysis opera-
tion S200.

[0152] In this case, the lamp array part 200 may be
configured to form a beam pattern by arranging a plurality
of infrared light sources (infrared LEDs or the like) in a
matrix, and be mounted on the front of the vehicle to radiate
infrared rays ahead of the vehicle.

[0153] Specifically, as shown in FIG. 6, the plurality of
infrared light sources of the lamp array part 200 may be
arranged in an a-region 210, a b-region 220, and a c-region
230 divided in the horizontal direction from an area in front
of the vehicle that affects the driving of the vehicle.
[0154] Infrared light sources arranged in predetermined
regions to the left and right of a central infrared light source
arranged at the center in the horizontal direction may be
included in the a-region 210, and infrared light sources
arranged in predetermined regions corresponding to a left
end and a right end of the a-region 210 may be included in
the b-region 220.

[0155] Infrared light sources arranged in predetermined
regions corresponding to a left end and a right end of the
b-region 220 may be included in the c-region 230.

[0156] Here, the predetermined regions may be set by
dividing a width of a front area, which affects the vehicle and
may vary according to the type of the vehicle, into several
parts in the horizontal direction, and preferably, by dividing
a width of about 20 m, which is sufficient to cover six lanes,
into several parts in the horizontal direction, but the width of
the front area is not limited to 20 m.

[0157] A result of limiting objects that are highly likely to
appear on the road on which the vehicle is driving to
vehicles, animals, and humans, and analyzing statistics of
movement patterns thereof through an experiment showed
that animals or humans were found initially an outer region
of the road (10 degrees or more) and moved inward in the
horizontal direction.

[0158] In addition, it can be seen that vehicles were
initially found in a small detection region of an area close to
the center of the road (10 degrees or less), a rate of change
in a horizontal angle was low (close to O degrees), but a rate
of change in a vertical angle increased sharply, i.e., the
detection region increased sharply.

[0159] In addition, it can be seen that a maximum height
at objects appeared was 2 m, and thus, it is desirable to set
a vertical angle at the center of an effective field of view
(FOV) of the lamp array part 200 to -7 to +10 degrees and
a horizontal angle at the center of the FOV to about -25 to
+25 degrees.

[0160] That is, as shown in FIG. 6, it is desirable to
arrange infrared light sources such that a directional angle of
a central infrared light source matches 0 degrees, and
absolute values of directional angles of the other infrared
light sources increase in directions toward outermost angles
in the horizontal direction.

[0161] Accordingly, an outer region of the lamp array part
200 need not be divided into segments, because a risk of
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collision with a host vehicle may occur when the host
vehicle moves inward in the horizontal direction, whereas a
central region of the lamp array part 200 needs to be divided
into segments, because a risk of collision of a region
adjacent to the central region is high and a small initial
detection region increases sharply.

[0162] In consideration of this point, it is desirable to
arrange the lamp array part 200 such that a density of the
infrared light sources included in the a-region 210 is higher
than that of the infrared light sources included in the
b-region 220 as shown in FIG. 6.

[0163] Inaddition, it is desirable to arrange the lamp array
part 200 such that a density of the infrared light sources
included in the b-region 220 is higher than that of the
infrared light sources included in the c-region 230.

[0164] In this case, in the lamp array part 200, the infrared
light sources are not simply densely arranged, but the
infrared light sources included in the a-region 210 may form
at least n layers (rows), the infrared light sources included in
the b-region 220 may form at least n layers (rows), and the
infrared light sources included in the c-region 230 may form
at least o layers (rows).

[0165] Here, preferably, n>m>o0, and o>=1.

[0166] Accordingly, a risk of collision in the c-region 230,
which is an outer angle region (10 degrees or more) in which
generally, animals or humans appear, is less than that in a
region adjacent to the center (10 degrees or less), and thus,
the c-region 230 may be divided into a relatively small
number of segments to form one row.

[0167] However, in the a-region 210 and the b-region 220,
which are adjacent to the center and in which generally,
vehicles appear, the size of a detection area is small when an
object is initially detected and increases sharply as time goes
by, and thus, regions adjacent to the center may be divided
into a relatively large number of segments to form multiple
rOws.

[0168] In consideration of this point, in the lamp driving
control operation S300, an infrared light source matching
current location information may be extracted from among
the infrared light sources of the lamp array part 200 on the
basis of the information analyzed in the object analysis
operation S200, and operating current is supplied to the
extracted infrared light source.

[0169] In addition, an infrared light source matching next
location information is extracted from among the infrared
light sources of the lamp array part 200, and operating
current is supplied to the extracted infrared light source.
[0170] Accordingly, the object can be checked through the
display part of the vehicle by radiating light from the
infrared light source earlier than a movement of the object,
thereby preventing a collision accident in advance.

[0171] In addition, in order to effectively secure visibility
with allowable power consumption, the operating current is
supplied to only the infrared light sources matching the
current location information and the next location informa-
tion, in other words, selective lighting is performed.
[0172] Specifically, in the lamp driving control operation
S300, a current that is in a predetermined allowable current
range is supplied to the infrared light source matching the
current location information, and a current less than or equal
to the operating current supplied to the infrared light source
matching the current location information is supplied to the
infrared light source matching the next location information.
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[0173] That is, in order to efficiently reduce power con-
sumption using the night vision function which is an addi-
tional function, an irradiation state may be controlled by
supplying a current, which is in a current range predeter-
mined based on an allowable current (power consumption)
(a range of current consumption through the night vision
function), as an operating current to the infrared light source
matching the current location information, and preemptively
supplying an operating current to the infrared light source
matching the next location information.

[0174] However, by controlling brightness, a situation in
front of a vehicle due to a movement of an object can be
notified to a driver of the vehicle while efficiently reducing
power consumption. Here, the brightness is the brightness of
the infrared light source and thus does not correspond to the
field of view of the driver, and detection information is
converted into image data and the image data is transmitted
to the driver.

[0175] Furthermore, in the lamp driving control operation
S300, the supply of the operating current is maintained for
a predetermined time after the operating current is supplied
to the infrared light sources matching the current location
information and the next location information.

[0176] Thus, even when an infrared light source turned on
according to immediately previous information (analyzed
information) and an infrared light source turned on accord-
ing to current information (analyzed information) are dif-
ferent from each other, the turned-on states of the infrared
light sources are maintained for a certain time, thereby
greatly securing driving stability.

[0177] Accordingly, the night vision function is designed
to improve the driving stability of a driver during driving at
night and thus a surrounding situation of the vehicle is
continuously notified to the driver.

[0178] In addition, in the lamp driving control operation
S300, according to a state of the vehicle, when the amount
of power to be consumed through the lamp array part 200
within an allowable power consumption is sufficient, i.e.,
when spare power to be consumed is sufficient, a lowest
operating current may be supplied to all of the infrared light
sources of the lamp array part 200 to maintain turned-on
states of the infrared light sources. When analysis informa-
tion of current location information and next location infor-
mation is transmitted, operating currents for infrared light
sources matching the current location information and the
next location information may be controlled to appropriately
adjust the turned-on states/brightness.

[0179] According to an intelligent night vision system and
a driving method thereof according to the present invention,
night visibility can be secured by changing a luminous
intensity according to a visible distance and a directional
angle and controlling turning on or off of each light source
in association with driving information including at least one
of the speed of a vehicle, a road condition, or a driving
situation.

[0180] In addition, it is possible to supplement disadvan-
tages of an ADB headlamp and the night vision function, and
prevent the occurrence of accidents and secure visibility,
thereby improving driving safety of a driver.

[0181] That is, an object (a vehicle, an animal or a human)
appearing in front of a vehicle can be detected through an
infrared sensor (a camera or the like), and an infrared light
source (an infrared LED or the like) corresponding to an area
of the detected object can be selectively turned on. Thus,
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even when a dark zone is formed on an object detection area,
an infrared ray can be radiated to the dark zone to secure a
driver’s visibility for an entire area in front of the vehicle
without a blank area.

[0182] In this case, in order to solve a problem with power
consumption, which is a disadvantage of the night vision
function, only the infrared light source corresponding to the
area of the detected object can be selectively turned on when
spare power cannot be operated on the basis of allowable
power consumption, and not only the infrared light source
corresponding to the area of the detected object but also
infrared light sources corresponding to an surrounding area
can be turned on for safety when the spare power can be
operated.

[0183] In addition, by using information about a distance
to the detected object, a current can be converted such that
light is radiated at an appropriate luminous intensity, thereby
compensating for the problem with power consumption,
which is the disadvantage of the night vision function.
[0184] While the embodiments of the present invention
have been described above, the embodiments set forth
herein are not intended to limit the technical idea of the
present invention but are for the purpose of illustration.
Therefore, it should be understood that the technical idea of
the present invention includes not only the embodiments set
forth herein but also a combination thereof, and the technical
scope of the present invention is not limited by the embodi-
ments. In addition, it should be understood that various
modifications and changes may be made in the present
invention by those of ordinary skill in the art without
departing from the spirit and scope of the appended claims,
and all such appropriate modifications and changes are
equivalents that are within the scope of the present inven-
tion.

What is claimed is:

1. An intelligent night vision system for a vehicle, com-
prising:

a lamp array part comprising a plurality of light sources

provided independently from each other; and
a lamp driving controller configured to control the lamp
array part based on driving information of the vehicle,

wherein the plurality of light sources radiate light of an
infrared wavelength range, and the lamp driving con-
troller controls luminous intensities and irradiation
ranges of the plurality of light sources, based on the
driving information.

2. The intelligent night vision system of claim 1, wherein
the lamp driving controller is configured to control an entire
beam pattern, which is a combination of light radiated from
the lamp array part, to be symmetrical with respect to a
center of the entire beam pattern.

3. The intelligent night vision system of claim 2, wherein
the lamp driving controller is configured to:

control the lamp array part to radiate light to a first area

at a vertical directional angle ranging from a 1-1 angle
to a 1-2 angle, the first area being included in a certain
angle range with respect to a centerline in a horizontal
direction among areas to which light is radiated from
the lamp array part; and

control the lamp array part to radiate light to a second area

at a vertical directional angle less than or equal to a
second angle, the second area being a remaining area
excluding the first area among the areas to which light
is radiated from the lamp array part,
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wherein the second angle is greater than the 1-1 angle and

less than the 1-2 angle.
4. The intelligent night vision system of claim 2, wherein
the lamp driving controller is configured to:
control the lamp array part to radiate light to a first area
at a vertical directional angle ranging from a 1-1 angle
to a 1-2 angle, the first area being included in a certain
angle range with respect to a centerline in a horizontal
direction among areas to which light is radiated from
the lamp array part; and
control the lamp array part to radiate light to a 2-1 region
at a vertical directional angle less than or equal to a
second angle and radiate light to a 2-2 region at a
vertical directional angle less than or equal to the 1-2
angle, the 2-1 region being a low end region of another
area, excluding the first area, with respect to a center-
line in a horizontal direction among the areas to which
light is radiated from the lamp array part, and the 2-2
region being an upper end region of the another area,

wherein the 2-1 angle is greater than the 1-1 angle and less
than the 1-2 angle.

5. The intelligent night vision system of claim 1, wherein
the lamp driving controller is configured to obtain a sensing
distance from the driving information, and control the lumi-
nous intensity to be equal to a multiple of a square of the
sensing distance.

6. The intelligent night vision system of claim 1, wherein
the lamp driving controller is configured to control two or
more light sources among the plurality of light sources to be
turned on or off,

wherein units controlled to be turned on or off are a same

as units of areas to which light is radiated forward.

7. The intelligent night vision system of claim 1, wherein
the lamp driving controller is configured to obtain informa-
tion about a speed of the vehicle from the driving informa-
tion, and control the lamp array part to maintain or reduce
the number of light sources to be turned on or off as the
speed of the vehicle increases and to first turn off a light
source radiating light to an outermost side in horizontal
direction.

8. The intelligent night vision system of claim 1, wherein
the lamp driving controller is configured to control an
optical module to increase luminous intensity of a light
source radiating light toward a center in a horizontal direc-
tion among the plurality of light sources.

9. An intelligent night vision system comprising:

an object detection part configured to detect a front object;

a lamp array part comprising a plurality of infrared light

sources arranged in a matrix to form a beam pattern;
an object analysis part configured to analyze information
about a movement of the detected object, based on
information detected by the object detection part; and

a lamp driving controller configured to individually con-
trol the plurality of infrared light sources of the lamp
array part, based on information and the information
analyzed by the object analysis part.

10. The intelligent night vision system of claim 9, wherein

the lamp array part comprises:

an a-region comprising infrared light sources arranged in
predetermined regions left and right of a central infra-
red light source disposed at a center in a horizontal
direction;
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a b-region comprising infrared light sources arranged in
predetermined regions corresponding to a left end and
a right end of the a-region; and

a c-region comprising infrared light sources arranged in
predetermined regions corresponding to a left end and
a right end of the b-region.

11. The intelligent night vision system of claim 10,
wherein, in the lamp array part, an arrangement density of
the infrared light sources in the a-region is higher than that
of the infrared light sources in the b-region, and

an arrangement density of the infrared light sources in the

b-region is higher than that of the infrared light sources
in the c-region.

12. The intelligent night vision system of claim 10,
wherein, in the lamp array part, the infrared light sources in
the a-region are arranged to form at least n layers in a
vertical direction, the infrared light sources in the b-region
are arranged to form at least m layers in the vertical
direction, and the infrared light sources in the c-region are
arranged to form at least o layers in the vertical direction,
wherein n>m>o and o>=1.

13. The intelligent night vision system of claim 10,
wherein the lamp array part is arranged to match a direc-
tional angle of the central infrared light source to O degrees,
and increase absolute values of directional angles of other
infrared light sources in directions toward outermost angles
in the horizontal direction.

14. The intelligent night vision system of claim 10,
wherein the object analysis part is configured to track a
movement of the detected object based on the detected
information to analyze a moving direction, a moving speed,
and current location information of the detected object, and
predict next location information based on the moving
direction, moving speed, and current location information.

15. The intelligent night vision system of claim 14,
wherein the lamp driving controller is configured to supply
an operating current to an infrared light source matching the
current location information and an infrared light source
matching the next location information, based on the ana-
lyzed moving direction, moving speed, and current location
information.

16. The intelligent night vision system of claim 15,
wherein the lamp driving controller is configured to:

supply a current, which is in a predetermined allowable

current range, as an operating current to the infrared
light source matching the current location information,
and
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supply a current equal to or lower than the operating
current supplied to the infrared light source matching
the current location information to the infrared light
source matching the predicted next location informa-
tion.

17. A driving method of an intelligent night vision system
in which operations are performed by an operation process-
ing part, the driving method comprising:

an object detection operation of detecting a front object;

an object analysis operation of analyzing information

about a movement of the detected object, based on
information detected in the object detection operation;
and

a lamp driving control operation of controlling a driving

state of a lamp array part, based on the information
analyzed in the object analysis operation, wherein the
lamp array part comprises a plurality of infrared light
sources arranged in a matrix to form a beam pattern.

18. The driving method of claim 17, wherein the object
analysis operation comprises tracking a movement of the
detected object to analyze a moving direction, moving
speed, and current location information of the detected
object, based on the information detected in the object
detection operation, and predicting next location informa-
tion, based on the analyzed moving direction, moving speed,
and current location information.

19. The driving method of claim 18, wherein the lamp
driving control operation comprises supplying an operating
current to an infrared light source matching the current
location information and an infrared light source matching
the next location information, based on the information
analyzed in the object analysis operation,

wherein a current, which is in a predetermined allowable

current range, is supplied as an operating current to the
infrared light source matching the current location
information, and

a current less than or equal to the operating current

supplied to the infrared light source matching the
current location information is supplied as an operating
current to the infrared light source matching the pre-
dicted next location information.

20. The driving method of claim 19, wherein, after the
operating currents are supplied to the matched infrared light
sources, the lamp driving control operation comprises main-
taining the supply of the operating currents for a certain
time.



