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(57) ABSTRACT

A method for detecting a narrow road includes calculating
relative heights of points from a distance measuring sensor
to a ground based on distance information. A left boundary
point and a right boundary point, at which a difference in
relative heights from adjacent points becomes maximal, are
acquired. A road boundary line of a driving road is acquired
based on the left boundary point and the right boundary
point depending on a movement trajectory of the vehicle
when a difference in relative heights at the left boundary
point and the right boundary point is more than or equal to
a reference value. A road width of the driving road is
calculated based on the road boundary line. It is detected
whether the driving road of the vehicle is a narrow road
based on the road width.
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METHOD, APPARATUS AND SYSTEM FOR
DETECTING NARROW ROAD

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

RELATED APPLICATIONS

This application is a reissue application of U.S. Pat. No.
9,278,695, issued on Mar. 8, 2016 issued from U.S. patent
application Ser. No. 14/518,910, filed on Oct. 20, 2014.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims benefit of priority
to Korean Patent Application No. 10-2013-0143140, filed on
Nov. 22, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

TECHNICAL FIELD

The present inventive concept relates to a method, an
apparatus, and a system for detecting a narrow road.

BACKGROUND

Recently, an advanced driver assistance system (ADAS)
has been greatly drawn attention in vehicle industries. The
ADAS is a system which senses dangerous situations occur-
ring while driving a vehicle by using sensors mounted in a
vehicle and cope with the dangerous situations to assure
driver’s safety and provide convenience to the driver.

When driving a vehicle on a protruding narrow road, a
driver may not differentiate a road boundary well, such that
it is difficult for the driver to drive a vehicle and the risk of
accidents is increased.

SUMMARY

Accordingly, the present inventive concept has been made
to solve the above-mentioned problems occurring in the
prior art while advantages achieved by the prior art are
maintained intact.

One object to be achieved by the present inventive
concept is to provide a method, an apparatus, and a system
for detecting a narrow road. Another object to be achieved
by the present inventive concept is to provide a computer
readable recording medium in which a program for allowing
a computer to execute the method is recorded. The technical
problem to be solved by an exemplary embodiment of the
present inventive concept is not limited to the technical
problems as described above, and therefore other technical
problems may be present.

One aspect of the present inventive concept relates to a
method for detecting a narrow road, including receiving,
from a distance measuring sensor, distance information of
points on a ground line at which a vertical surface in a
driving direction of vehicle meets a ground. A relative height
of the points from the distance measuring sensor to the
ground is calculated based on the distance information. A
left boundary point and a right boundary point at which a
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difference in relative heights from adjacent points among the
points becomes maximal, are acquired. A road boundary line
of a driving road of the vehicle is acquired based on the left
boundary point and the right boundary point depending on
a movement trajectory of the vehicle when a difference in
relative heights at the left boundary point and the right
boundary point is more than or equal to a reference value. A
road width of the driving road is calculated based on the road
boundary line of the driving road. It is detected that the
driving road of the vehicle is a narrow road when the road
width of the driving road is less than or equal to a reference
road width.

Another aspect of the present inventive concept encom-
passes a computer readable recording medium including
computer executable instructions which control a processor
to perform the method for detecting a narrow road.

Still another aspect of the present inventive concept
relates to an apparatus for detecting a narrow road, including
a relative height calculation unit, a protruding determination
unit, a road boundary line acquisition unit, a road width
calculation unit, and a narrow road detection unit. The
relative height calculation unit is configured to calculate
relative heights of points from a distance measuring sensor
to a ground based on distance information of the points on
a ground line at which a vertical surface in a driving
direction of a vehicle received from the distance measuring
sensor meets the ground. The protruding determination unit
is configured to acquire a left boundary point and a right
boundary point at which a difference in relative heights from
adjacent points among the points becomes maximal and
determine whether the difference in the relative heights at
the left boundary point and the right boundary point is more
than or equal to a reference value. The road boundary line
acquisition unit is configured to acquire a road boundary line
of a driving road of the vehicle based on the left boundary
point and the right boundary point depending on a move-
ment trajectory of the vehicle when the difference in relative
heights at the left boundary point and the right boundary
point is more than or equal to a reference value. The road
width calculation unit is configured to calculate a road width
of the driving road based on the acquired road boundary line
of the driving road. The narrow road detection unit is
configured to determine whether the road width of the
driving road is less than or equal to a reference road width
and detect that the driving road of the vehicle is a narrow
road when the road width of the driving road is less than or
equal to the reference road width.

The distance information may include a distance from the
distance measuring sensor to the points on the ground line
and an angle between a line segment connecting the distance
measuring sensor and the points on the ground line and a
reference line of the distance measuring sensor.

Yet another aspect of the present inventive concept
encompasses a system for detecting a narrow road, including
a speed output apparatus, a steering information output
apparatus, a distance measuring sensor, and a detection
apparatus. The speed output apparatus is configured to
output a moving speed of a vehicle. The steering information
output apparatus is configured to output steering information
of the vehicle. The distance measuring sensor is configured
to output distance information of points on a ground line at
which a vertical surface in a driving direction of the vehicle
meets a ground. The apparatus for detecting a narrow road
is configured to receive the distance information of the
points from the distance measuring sensor, calculate relative
heights of the points from the distance measuring sensor to
the ground based on the distance information, acquire a left
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boundary point and a right boundary point at which a
difference in relative heights from adjacent points among the
points becomes maximal, acquire a road boundary line of a
driving road of the vehicle based on the left boundary point
and the right boundary point depending on a movement
trajectory of the vehicle when the difference in relative
heights at the left boundary point and the right boundary
point is more than or equal to a reference value, calculate a
road width of the driving road based on the road boundary
line of the driving road, and detect that the driving road of
the vehicle is a narrow road when the road width of the
driving road is less than or equal to a reference road width.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present inventive concept will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which like reference characters
may refer to the same or similar parts throughout the
different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the embodiments of the inventive concept.

FIG. 1 is a configuration diagram of an apparatus and a
system for detecting a narrow road according to an exem-
plary embodiment of the present inventive concept.

FIG. 2 is a configuration diagram of an apparatus and a
system for detecting a narrow road according to another
exemplary embodiment of the present inventive concept.

FIG. 3 is a reference diagram for describing an operation
of calculating relative heights in an apparatus or a system for
detecting a narrow road according to an exemplary embodi-
ment of the present inventive concept.

FIGS. 4A and 4B are reference diagrams for describing an
operation of acquiring a left boundary point and a right
boundary point in the apparatus or the system for detecting
a narrow road according to an exemplary embodiment of the
present inventive concept.

FIG. 5 is a reference diagram for describing an operation
of calculating a road width of a driving road in the apparatus
or the system for detecting a narrow road according to an
exemplary embodiment of the present inventive concept.

FIG. 6 is a flow chart of a method for detecting a narrow
road according to the exemplary embodiment of the present
inventive concept.

DETAILED DESCRIPTION

Hereinafter, the present disclosure will be described with
reference to the accompanying drawings. In each drawing,
like components are denoted by like reference numerals.
Further, the detailed description of known functions and/or
components will be omitted. The following disclosed con-
tents mainly describe portions required to understand opera-
tions according to various embodiments and the description
of elements which make the gist of the description obscure
will be omitted.

Further, some of components of the drawings may be
exaggerated, omitted, or schematically illustrated. A size of
each component does not completely reflect a real size and
therefore the contents disclosed herein are not limited by a
relative size or interval of the components illustrated in the
drawings.

FIG. 1 is a configuration diagram of an apparatus and a
system for detecting a narrow road according to an exem-
plary embodiment of the present inventive concept. Refer-
ring to FIG. 1, a system 200 for detecting a narrow road may

10

15

20

25

30

35

40

45

50

55

60

65

4

include a distance measuring sensor 210 and an apparatus
100 for detecting a narrow road. According to an exemplary
embodiment of the present inventive concept, the system
200 for detecting a narrow road may further include a
movement trajectory output apparatus 220.

In the present disclosure, only components involved in an
exemplary embodiment of the present inventive concept will
be described to prevent features of the exemplary embodi-
ment of the present inventive concept from obscuring.
Therefore, a person having ordinary skill in the art to which
the present inventive concept pertains may understand that
other general-purpose components in addition to compo-
nents illustrated in FIG. 1 may be further provided.

The system 200 for detecting a narrow road may acquire
distance information of points on a ground line at which a
vertical surface in a driving direction of a vehicle meets a
ground by using a distance measuring sensor 210 while
driving the vehicle and detect whether a driving road of a
vehicle is a narrow road based on the distance information
of the points on the ground line. The narrow road means a
protruding narrow road, such as a road in which a boundary
at sides of the road is a cliff, a bridge without a guardrail, and
a road protruding from the ground. The system 200 for
detecting a narrow road may output an alarm signal or a
warning signal which informs a driver that the driving road
of the vehicle is the narrow road. The system 200 for
detecting a narrow road may be used to control a speed of
a vehicle, emergency braking of a vehicle, and the like, by
outputting the alarm signal or the warning signal to a vehicle
control system, an advanced driver assistance system, an
adaptive cruise control system, an automatic emergency
braking system, and the like.

The distance measuring sensor 210 may acquire the
distance information of the points on the ground line at
which the vertical surface in the driving direction of the
vehicle meets the ground and output the acquired distance
information to the apparatus 100 for detecting a narrow road.
The distance measuring sensor 210 may be mounted on the
whole surface of the vehicle, such as a bumper and a grill to
be able to acquire the distance information of the ground
within a radius of a sensor recognition range of the distance
measuring sensor 210 in a direction in which a vehicle body
is headed.

For example, the distance information may include a
distance r from the distance measuring sensor 210 to the
points on the ground line and an angle 0 between a line
segment connecting the distance measuring sensor 210 and
the points on the ground line and a reference line of the
distance measuring sensor 210.

The points on the ground line acquired depending on a
mounting height and a mounting angle of the distance
measuring sensor 210 may be changed. According to an
exemplary embodiment of the present inventive concept, the
distance measuring sensor may be a light detection and
ranging (LiDAR) sensor. However, the present inventive
concept is not limited thereto, and therefore any sensors that
can acquire the distance information of the points on the
ground line in the driving direction of vehicle may be used.

The movement trajectory output apparatus 220 may out-
put a movement trajectory of a vehicle. The movement
trajectory represents a moving route of a vehicle over time.
According to an exemplary embodiment of the present
inventive concept, the movement trajectory output apparatus
220 may model the movement trajectory of the vehicle
based on moving speed and steering information of the
vehicle over time. According to another exemplary embodi-
ment of the present inventive concept, the movement tra-
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jectory output apparatus 220 may acquire location informa-
tion of a vehicle over time by using a global positioning
system (GPS) and acquire the movement trajectory of the
vehicle based thereon. The location information acquired by
using the GPS may include a latitude, a longitude, an
altitude, a speed, an azimuth, and the like.

The apparatus 100 for detecting a narrow road may
receive the distance information of the points on the ground
line in the driving direction of the vehicle from the distance
measuring sensor 210 and detect whether the driving road of
the vehicle is a narrow road by various calculations using the
distance information of the points on the ground line. The
apparatus 100 for detecting a narrow road may calculate
relative heights of the points on the ground line based on the
distance information, acquire a left boundary point and a
right boundary point at which a difference in the relative
heights becomes maximal, and calculate a road boundary
line of the driving road and a road width of the driving road
of'the vehicle. The apparatus 100 for detecting a narrow road
according to an exemplary embodiment of the present
inventive concept may correspond to at least one processor,
e.g., a microprocessor, or may include at least one processor.

The apparatus 100 for detecting a narrow road may
include a relative height calculation unit 110, a protruding
determination unit 120, a road boundary line acquisition unit
130, a road width calculation unit 140, and a narrow road
detection unit 150.

The relative height calculation unit 110 may calculate the
relative heights of the points on the ground line based on the
distance information received from the distance measuring
sensor 210. The relative height represents the distance from
the distance measuring sensor 210 to the ground.

According to an exemplary embodiment of the present
inventive concept, the relative height calculation unit 110
may calculate the relative heights of the points on the ground
line based on the mounting height, the mounting angle, and
the distance information of the distance measuring sensor
210. The detailed description thereof will be made with
reference to FIG. 3.

The protruding determination unit 120 may acquire the
left boundary point and the right boundary point at which the
difference in the relative heights from adjacent points among
the points on the ground line becomes maximal and deter-
mine whether the difference in the relative heights at the left
boundary point and the right boundary point is more than or
equal to a reference value.

The protruding determination unit 120 may determine a
road as a protruding road and detect whether a road is a
narrow road when the difference in the relative heights at the
left boundary point and the right boundary point is more than
or equal to the reference value. However, the protruding
determination unit 120 may end the detection of the narrow
road when the difference in the relative heights at the left
boundary point and the right boundary point is less than the
reference value.

The reference value may be a value which is a reference
determining whether a driving road protrudes and the ref-
erence value may be calculated based on the heights of
components of a vehicle or may be acquired based on an
experiment. According to an exemplary embodiment of the
present inventive concept, the reference value may be a
maximum height which may allow a vehicle to go up and
down without damaging the vehicle.

When the driving road of the vehicle is the protruding
road, the left boundary point and the right boundary point at
which the difference in the relative heights from adjacent
points among the points on the ground line becomes maxi-
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mal may be acquired. In this case, the left boundary point
and the right boundary point may become a boundary point
which divides the driving road from a region out of the
driving road. The acquisition of the left boundary point and
the right boundary point will be described in detail with
reference to FIGS. 4A and 4B.

The road boundary line acquisition unit 130 may acquire
the road boundary line of the driving road of the vehicle
based on the left boundary point and the right boundary
point depending on the movement trajectory of the vehicle.
According to an exemplary embodiment of the present
inventive concept, the movement trajectory of the vehicle
may be received from the movement trajectory output
apparatus 220. According to another exemplary embodiment
of the present inventive concept, the movement trajectory of
the vehicle may be calculated by the apparatus 100 for
detecting a narrow road based on the position of the vehicle.

According to an exemplary embodiment of the present
inventive concept, the road boundary line acquisition unit
130 may transform coordinates of the left boundary point
and the right boundary point in a local coordinate system
into coordinates in a global coordinate system based on the
position of the vehicle depending on the movement trajec-
tory of the vehicle and generate the road boundary line in the
global coordinate system. An exemplary embodiment of the
present inventive concept will be described in detail with
reference to FIG. 5.

The road width calculation unit 140 may calculate the
road width of the driving road based on the road boundary
line of the driving road. In this case, the road width may be
a minimum distance between the left boundary line and the
right boundary line of the road boundary line. For example,
a road width of a straight section may be a distance from the
left boundary point to the right boundary point, but a road
width of a curved section may not coincide with a distance
from the left boundary point to the right boundary point.
Therefore, the road width calculation unit 140 may calculate
the minimum distance between the left boundary line and
the right boundary line of the road boundary line as the road
width, based on the road boundary line of the driving road.

The narrow road detection unit 150 may determine
whether the road width of the driving road is less than or
equal to the reference road width. The reference road width
may be a reference determining whether the driving road is
the narrow road. Therefore, when the road width of the
driving road exceeds the reference road width, the narrow
road detection unit 150 may determine that the driving road
of'the vehicle is not the narrow road and when the road width
of the driving road is less than or equal to the reference road
width, may detect that the driving road of the vehicle is the
narrow road.

When the narrow road is detected, the narrow road
detection unit 150 may inform the driver of the vehicle that
the driving section is the narrow road section. According to
an exemplary embodiment of the present inventive concept,
the narrow road detection unit 150 may output or display
that the driving section is the narrow road section by using
noise, vibration, a picture, or a moving picture.

According to another exemplary embodiment of the pres-
ent inventive concept, the narrow road detection unit 150
may display a road shape of the detected narrow road while
informing the narrow road section, when the narrow road is
detected. The narrow road detection unit 150 may display
the road shape of the detected narrow road by referring to the
road boundary line detected by the road boundary line
acquisition unit 130. The apparatus 100 for detecting a
narrow road may display the road shape of the narrow road
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to allow a driver to recognize a portion which is not seen by
the driver, thereby greatly reducing the risk of accidents.

As described above, the apparatus 100 for detecting a
narrow road or the system 200 for detecting a narrow road
may inform the driver that the driving road of the vehicle is
the narrow road, thereby assuring safety of the driver and
improving convenience of the driver.

FIG. 2 is a configuration diagram of an apparatus and a
system for detecting a narrow road according to another
exemplary embodiment of the present inventive concept.
Referring to FIG. 1, a system 400 for detecting a narrow
road may include a distance measuring sensor 210, a speed
output apparatus 410, a steering information output appara-
tus 420, and an apparatus 300 for detecting a narrow road.
The apparatus 100 for detecting a narrow road may include
the relative height calculation unit 110, the protruding deter-
mination unit 120, the road boundary line acquisition unit
130, the road width calculation unit 140, the narrow road
detection unit 150, and a movement trajectory modeling unit
310.

The distance measuring sensor 210, the relative height
calculation unit 110, the protruding determination unit 120,
the road boundary line acquisition unit 130, the road width
calculation unit 140, and the narrow road detection unit 150
which are illustrated in FIG. 2 may correspond to the
distance measuring sensor 210, the relative height calcula-
tion unit 110, the protruding determination unit 120, the road
boundary line acquisition unit 130, the road width calcula-
tion unit 140, and the narrow road detection unit 150 which
are illustrated in FIG. 1. Therefore, the overlapping descrip-
tion thereof will be omitted.

The system 400 for detecting a narrow road may acquire
distance information of points on a ground line at which a
vertical surface in a driving direction of a vehicle meets a
ground by using a distance measuring sensor 210 while
driving the vehicle and detect whether a driving road of a
vehicle is a narrow road based on the distance information
of the points on the ground line. The system 400 for
detecting a narrow road may output an alarm signal or a
warning signal which informs a driver that the driving road
of the vehicle is the narrow road, when it is detected that the
driving road of the vehicle is a narrow road. The system 400
for detecting a narrow road may be used to control a speed
of'a vehicle, emergency braking of a vehicle, and the like, by
outputting the alarm signal or the warning signal to the
vehicle control system, the advanced driver assistance sys-
tem, the adaptive cruise control system, the automatic emer-
gency braking system, and the like.

The distance measuring sensor 210 may acquire the
distance information on the points on the ground line at
which the vertical surface in the driving direction of the
vehicle meets the ground and outputs the acquired distance
information to the apparatus 300 for detecting a narrow road.
For example, the distance information may include the
distance r from the distance measuring sensor 210 to the
points on the ground line and the angle 8 between the line
segment connecting the distance measuring sensor 210 and
the points on the ground line and the reference line of the
distance measuring sensor 210.

According to an exemplary embodiment of the present
inventive concept, the distance measuring sensor may be the
light detection and ranging (LiDAR) sensor. However, the
present inventive concept is not limited thereto, and there-
fore any sensors that can acquire the distance information of
the points on the ground line in the driving direction of
vehicle may be used.
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A speed output apparatus 410 may output the moving
speed of the vehicle. The speed output apparatus 410 may
output the moving speed of the vehicle to the apparatus 300
for detecting a narrow road over time.

The steering information output apparatus 420 may output
the steering information of the vehicle. The steering infor-
mation represents a direction in which the vehicle is headed.
According to an exemplary embodiment of the present
inventive concept, the steering information output apparatus
420 may acquire the steering information based on operation
information of a handle. However, the present inventive
concept is not limited thereto, and the steering information
output apparatus 230 may be any apparatuses that can output
the steering information of the vehicle.

The apparatus 300 for detecting a narrow road may
receive the distance information of the points on the ground
line in the driving direction of the vehicle and detect whether
the driving road of the vehicle is the narrow road by various
calculations using the distance information of the points on
the ground line. The apparatus 300 for detecting a narrow
road calculates the relative heights of the points on the
ground line based on the distance information and acquires
the left boundary point and the right boundary point at which
the difference in the relative heights becomes maximal, and
calculate the road boundary line of the driving road and the
road width of the driving road of the vehicle. The apparatus
300 for detecting a narrow road according to an exemplary
embodiment of the present inventive concept may corre-
spond to at least one processor or may include at least one
processor.

The relative height calculation unit 110 calculates the
relative heights of the points on the ground line based on the
distance information received from the distance measuring
sensor 210. The relative height represents the distance from
the distance measuring sensor 210 to the ground. The
calculation of the relative heights will be described in detail
with reference to FIG. 3.

The protruding determination unit 120 may acquire the
left boundary point and the right boundary point at which the
difference in the relative heights from adjacent points among
the points on the ground line becomes maximal and deter-
mines whether the difference in the relative heights at the left
boundary point and the right boundary point is more than or
equal to a reference value. The reference value may be a
value which is a reference determining whether the driving
road protrudes. The acquisition of the left boundary point
and the right boundary point will be described in detail with
reference to FIGS. 4A and 4B.

The protruding determination unit 120 may determine a
road as the protruding road and detect whether the road is the
narrow road when the difference in the relative heights at the
left boundary point and the right boundary point is more than
or equal to the reference value. However, the protruding
determination unit 120 may end the detection of the narrow
road when the difference in the relative heights at the left
boundary point and the right boundary point is less than the
reference value.

The movement trajectory modeling unit 310 may model
the movement trajectory of the vehicle based on the moving
speed of the vehicle and the steering information of the
vehicle when the protruding determination unit 120 deter-
mines that the difference in the relative heights at the left
boundary point and the right boundary point is more than or
equal to the reference value. According to an exemplary
embodiment of the present inventive concept, the movement
trajectory modeling unit 310 may model the movement
trajectory of the vehicle by receiving the moving speed of
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the vehicle and the steering information of the vehicle from
the speed detection apparatus 410 and the steering informa-
tion detection apparatus 420.

For example, the movement trajectory modeling unit 310
may acquire a position and a heading angle of a vehicle over
time based on the movement speed and the steering infor-
mation of the vehicle and model the movement trajectory of
the vehicle based on the position and heading angle of the
vehicle over time. The heading angle represents an angle of
the direction in which the vehicle is headed.

The road boundary line acquisition unit 130 may acquire
the road boundary line of the driving road of the vehicle
based on the left boundary point and the right boundary
point depending on the movement trajectory of the vehicle.
The road boundary line acquisition unit 130 may receive the
movement trajectory of the vehicle over time from the
movement trajectory modeling unit 310. The road boundary
line acquisition unit 130 may generate the road boundary
line depending on the movement trajectory of the vehicle
and the coordinates of the left boundary point and the right
boundary point over time.

According to an exemplary embodiment of the present
inventive concept, the road boundary line acquisition unit
130 may transform coordinates of the left boundary point
and the right boundary point in a local coordinate system
into those in a global coordinate system, based on the
position of the vehicle depending on the movement trajec-
tory of the vehicle and generate the road boundary line in the
global coordinate system. An exemplary embodiment of the
present inventive concept will be described in detail with
reference to FIG. 5.

The road width calculation unit 140 may calculate the
road width of the driving road based on the road boundary
line of the driving road. In this case, the road width may be
a minimum distance between the left boundary line and the
right boundary line of the road boundary line.

The narrow road detection unit 150 may determine
whether the road width of the driving road is less than or
equal to the reference road width and detect that the driving
road of the vehicle is the narrow road when the road width
of the driving road is less than or equal to the reference road
width. When the road width of the driving road exceeds the
reference road with, the narrow road detection unit 150 may
determine that the driving road of the vehicle is not the
narrow road and end the detection of the narrow road.

When the narrow road is detected, the narrow road
detection unit 150 may inform the driver of the vehicle that
the driving section is the narrow road section and display the
road shape of the detected narrow road.

FIG. 3 is a reference diagram for describing an operation
of calculating the relative heights in the apparatus or the
system for detecting a narrow road according to an exem-
plary embodiment of the present inventive concept.

The apparatuses 100 and 300 for detecting a narrow road
and the systems 200 and 400 for detecting a narrow road
may receive from the distance measuring sensor 210 the
distance information of points 31 on the ground line at which
the vertical surface in the driving direction of the vehicle 10
meets the ground.

The distance measuring sensor 210 may be mounted on
the whole surface of the vehicle, such as a bumper and a grill
to be able to acquire the distance information of the points
31 on the ground line within a radius of the sensor recog-
nition range 30 of the distance measuring sensor 210 in a
direction in which a vehicle body is headed. In this case, a
sensor recognition range 30 may be changed and the
acquired points on the ground line may be changed, depend-
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ing on a mounting height h0 and a mounting angle o of the
distance measuring sensor 210.

According to an exemplary embodiment of the present
inventive concept, the distance information may include the
distance r from the distance measuring sensor 210 to the
points on the ground line and the angle 6 between the line
segment connecting the distance measuring sensor 210 and
the points on the ground line and the reference line of the
distance measuring sensor 210.

Hereinafter, for convenience of explanation, it is assumed
that the distance measuring sensor 210 may detect the
distance information (distance, angle) of the points on the
ground line, that is, in a form of (ri, 61).

The relative height calculation unit 110 may calculate the
relative height hi of the points on the ground line based on
the distance information (ri, 61) received from the distance
measuring sensor 210. The relative height hi may be calcu-
lated by a distance from the distance measuring sensor 210
to the ground based on the following Equation 1.

h=r; cos(0;)cos(ar) [Equation 1]

In the above Equation 1, hi represents the relative heights
of the points on the ground detected by the distance mea-
suring sensor 210, ri represents the distance from the dis-
tance measuring sensor 210 to the points on the ground line,
01 represents an angle between the line segment connecting
the distance measuring sensor 210 to the points on the
ground line and the reference line of the distance measuring
sensor 210, and o represents the mounting angle of the
distance measuring sensor 210 which is mounted in the
vehicle 10.

As described above, the relative height calculation unit
110 may calculate the relative height hi of the points on the
ground line based on the distance information (ri, 61) of the
points on the ground line detected by the distance measuring
sensor 210.

FIGS. 4A and 4B are reference diagrams for describing an
operation of acquiring the left boundary point and the right
boundary point in the apparatus or the system for detecting
a narrow road according to an exemplary embodiment of the
present inventive concept.

FIG. 4A represents the distance information of the points
31 on the ground line detected by the distance measuring
sensor 210 of the vehicle in the narrow road and the relative
heights of the points 31 on the ground line calculated by the
relative height calculation unit 110. Referring to FIG. 4A,
the distance information of the points on the ground line
detected by the distance measuring sensor 210 of the vehicle
may be represented by (rk+1, 0k+1), (rk, 6k), . . ., (r,
01), . . ., (4, 6)), (rj+1, 6j+1)

Based on the distance information, the relative height
calculation unit 110 may calculate the relative heights of the
points on the ground line as hk+1, hk, . . ., hi, . . ., hj,
hj+1 . ... In this case, h0 represents the mounting height h0
of the distance measuring sensor 210.

FIG. 4B is a graph illustrating the difference in the relative
heights from the adjacent points of the points 31 on the
ground line. A horizontal axis 0 represents the angle between
the line segment connecting the distance measuring sensor
210 to the points on the ground line and the reference line
of the distance measuring sensor 210 and a vertical axis
represents the relative heights.

Compared with the relative heights of the points on the
ground line, the points may have a constant height in the
driving road which is portion protruding as hk+1, hk, . . .,
hi, ..., hj, hj+1 ... and the difference in relative heights of
the adjacent points at the boundary point of hk+1 and hk and
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the boundary point of hj and hj+1 may become maximal.
Therefore, the protruding determination unit 130 may
acquire the left boundary point 41 and the right boundary
point 42 at which the relative heights from the adjacent
points among the points on the ground line become maxi-
mal.

The protruding determination unit 120 may determine
whether the difference in the relative height at the left
boundary point and the right boundary point is more than or
equal to the reference value. That is, when the difference
between the hk+1 and hk and the difference between hj and
hj+1 are larger than the reference value he, the apparatus 100
for detecting a narrow road continuously may detect the
narrow road. On the other hand, when the difference
between the hk+1 and hk and the difference between hj and
hj+1 is less than the reference value he, the apparatus 100 for
detecting a narrow road may end the detection of the narrow
road.

FIG. 5 is a reference diagram for describing an operation
of calculating the road width of the driving road in the
apparatus or the system for detecting a narrow road accord-
ing to an exemplary embodiment of the present inventive
concept.

At t=k, the position of the vehicle may be represented by
X, =X;, Y,, 6,] in the global coordinate system. At t=k+1,
the position of the vehicle may be represented by X,,,=
[Xerts Yirrs 05,11 in the global coordinate system. As such,
the movement trajectory of the vehicle may be represented
by the global coordinate system. However, the coordinates
of'the left boundary point 41 and the right boundary point 42
acquired by the distance measuring sensor 210 may be
coordinates of the local coordinate system and therefore
there is a need to transform the coordinates of the left
boundary point 41 and the right boundary point 42 in the
local coordinate system into coordinates in the global coor-
dinate system depending on the movement trajectory of the
vehicle.

Therefore, the road boundary line acquisition unit 130
may acquire the coordinates of the left boundary point 41
and the right boundary point 42 in the local coordinate
system as (X, Yy, (X,, Y,)r and (Xp Yo)et, KXo Y2
which are coordinates in the global coordinate system, based
on the movement trajectory of the vehicle.

The road boundary line acquisition unit 130 may trans-
form the coordinates of the left boundary point 41 and the
right boundary point 42 into coordinates in the global
coordinate system based on the movement trajectory of the
vehicle over time and as illustrated in FIG. 5, may generate
the road boundary line connecting the coordinates of the left
boundary point 41 and the right boundary point 42 in the
global coordinate system as illustrated in FIG. 5.

The road width calculation unit 140 may calculate the
road width of the driving road which is a minimum distance
between a left boundary line 51 and a right boundary line 52
of the road boundary line, based on the road boundary line
of the driving road.

FIG. 6 is a flow chart of a method for controlling a driving
of a vehicle according to an exemplary embodiment of the
present inventive concept. The flow chart illustrated in FIG.
6 may include steps which are processed in time series by
the apparatuses 100 and 300 for detecting a narrow road or
the systems 200 and 400 for detecting a narrow road
illustrated in FIGS. 1 to 5. Therefore, even though omitted
hereinafter, the contents described above regarding the appa-
ratuses 100 and 300 for detecting a narrow road or the
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systems 200 and 400 for detecting a narrow road illustrated
in FIGS. 1 to 5 may be applied to the flow chart illustrated
in FIG. 6.

In step 610, the apparatus 100 for detecting a narrow road
may receive from the distance measuring sensor 210 the
distance information of the points on the ground line at
which the vertical surface in the driving direction of the
vehicle meets the ground. For example, the distance infor-
mation may include the distance r from the distance mea-
suring sensor 210 to the points on the ground line and the
angle 0 between the line segment connecting the distance
measuring sensor 210 and the points on the ground line and
the reference line of the distance measuring sensor 210.

In step 620, the relative height calculation unit 110 may
calculate the relative heights of the points on the ground line
based on the distance information. The relative height rep-
resents the distance from the distance measuring sensor 210
to the ground.

In step 630, the protruding determination unit 120 may
acquire the left boundary point and the right boundary point
at which the difference in the relative height from the
adjacent points among the points on the ground line
becomes maximal. In this case, the left boundary point and
the right boundary point may be the boundary point which
divides the driving road from the region out of the driving
road.

In step 640, the protruding determination unit 120 may
determine whether the difference in the relative heights at
the left boundary point and the right boundary point is more
than or equal to the reference value. The reference value may
be a value which is a reference determining whether a
driving road protrudes and the reference value may be
calculated based on the heights of components of a vehicle
or may be acquired based on an experiment. For example,
the reference value may be the maximum height which may
allow a vehicle to go up and down without damaging the
vehicle.

The protruding determination unit 120 may compare the
difference in the relative heights at the left boundary point
and the right boundary point with the reference value to
proceed to step 650 when the difference in the relative
heights is more than or equal to the reference value and end
the detection of the narrow road when the difference in the
relative heights is less than the reference value.

In step 650, the road boundary line acquisition unit 130
may acquire the road boundary line of the driving road of the
vehicle based on the left boundary point and the right
boundary point depending on the movement trajectory of the
vehicle.

According to an exemplary embodiment of the present
inventive concept, the movement trajectory of the vehicle
may be received from external apparatuses. According to
another exemplary embodiment of the present inventive
concept, the movement trajectory of the vehicle may be
calculated by the apparatus 100 for detecting a narrow road
based on the position of the vehicle.

In step 660, the road width calculation unit 140 may
calculate the road width of the driving road based on the
road boundary line of the driving road. In this case, the road
width may be the minimum distance between the left
boundary line and the right boundary line of the road
boundary line.

In step 670, the narrow road detection unit 150 may
determine whether the road width of the driving road is less
than or equal to the reference road width. The narrow road
detection unit 150 may compare the road width of the
driving road with the reference road width to proceed to step
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680 when the road width of the driving road is less than or
equal to the reference road width and end the detection of the
narrow road when the road width of the driving road exceeds
the reference road width.
In step 680, the narrow road detection unit 150 may detect
that the driving road of the vehicle is the narrow road.
According to an exemplary embodiment of the present
inventive concept, when the narrow road is detected, the
narrow road detection unit 150 may inform the driver of the
vehicle that the driving section is the narrow road section.
According to another exemplary embodiment of the present
inventive concept, the narrow road detection unit 150 may
further display a road shape of the detected narrow road
while informing the narrow road section, when the narrow
road is detected.
According to the method, apparatus, and system for
detecting a narrow road according to exemplary embodi-
ments of the present inventive concept, it is possible to
detect the protruding narrow road by using the distance
measuring sensor detecting the distance to the ground in
front of the vehicle and assure the driver’s safety and
improve the driver’s convenience by informing the narrow
road of the user. Therefore, it is possible to reduce the risk
of accidents due to the narrow road.
In the present disclosure, ‘one embodiment’ of principles
of the present inventive concept and various changes of the
expression means that specific features, structures, charac-
teristics, and the like, associated with the embodiment are
included in at lease one embodiment of the principle of the
present inventive concept. Therefore, the expression ‘one
embodiment’ and any other modification examples disclosed
throughout the present disclosure do not necessarily mean
the same embodiment.
All the embodiments and conditional examples disclosed
in the present disclosure are described to help a person
having ordinary skilled in the art to which the present
inventive concept pertains to understand the principle and
concept of the present inventive concept and those skilled in
the art may be understood that the present inventive concept
may be implemented in a modified form within a range
which does not deviating from the essential characteristics
of the present inventive concept. Therefore, the Examples
described above should be considered in view of illustration
rather than limitation. It should be interpreted that the scope
of the present inventive concept is defined by the following
claims rather than the above-mentioned detailed description
and all of differences within a scope equivalent thereto are
included in the appended claims of the present inventive
concept.
What is claimed is:
1. A method for detecting a narrow road, comprising:
receiving, from a distance measuring sensor, distance
information of points on a ground line at which a
vertical surface in a driving direction of vehicle meets
a ground;

calculating a relative height of the points from the dis-
tance measuring sensor to the ground based on the
distance information;

acquiring a plurality of left boundary [point] poinss and a

plurality of right boundary [point] points at which a
difference in relative heights from adjacent points
among the points becomes maximal;

acquiring [a] road boundary [line] /ires of a driving road

of the vehicle based on the left boundary [point] poinzs
and the right boundary [point] points depending on a
movement trajectory of the vehicle when a difference in
relative heights at one of the left boundary [point]
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points and one of the right boundary [point] points is
more than or equal to a reference value;

calculating a road width of the driving road based on the

acquired road boundary [line] /ires of the driving road,
and

determining that the driving road of the vehicle is a

narrow road when the road width of the driving road is
less than or equal to a reference road width,

wherein the acquiring of the rvoad boundary lines

includes:

transforming coordinates of the left boundary points
and the right boundary points in a local coordinate
system into coordinates in a global coordinate sys-
tem based on the position of the vehicle depending
on the movement trajectory of the vehicle; and

generating the road boundary lines by connecting the
coordinates of the lefi boundary points and connect-
ing the coordinates of the right boundary points in
the global coordinate system.

2. The method of claim 1, further comprising:

receiving a moving speed of the vehicle and steering

information of the vehicle; and

calculating the movement trajectory of the vehicle based

on the moving speed of the vehicle and the steering
information of the vehicle.
3. The method of claim 2, wherein the calculating of the
movement trajectory of the vehicle includes:
acquiring a position and a heading angle of the vehicle
over time, based on the moving speed of the vehicle
and the steering information of the vehicle; and

calculating the movement trajectory of the vehicle based
on the position and heading angle of the vehicle over
time.

4. The method of claim 1, wherein the calculating of the
relative height includes calculating the relative height of the
points from the distance measuring sensor to the ground
based on a mounting height and a mounting angle of the
distance measuring sensor and the distance information.

[5. The method of claim 1, wherein the acquiring of the
road boundary line includes:

transforming coordinates of the left boundary point and

the right boundary point in a local coordinate system
into coordinates in a global coordinate system based on
the position of the vehicle depending on the movement
trajectory of the vehicle; and

generating the road boundary line by connecting the

coordinates of the left boundary point and connecting
the coordinates of the right boundary point in the global
coordinate system.]

6. The method of claim 1, wherein the road width is a
minimum distance between [the] a left boundary line and
[the] a right boundary line of the road boundary [line] /ires.

7. The method of claim 1, further comprising:

informing a driver of the vehicle that a driving section is

a narrow road section, when the narrow road is
detected.

8. The method of claim 1, further comprising:

displaying a road shape of the [detected narrow] driving

road of the vehicle based on the road boundary [line]
lines, when the driving road of the vehicle is deter-
mined as the narrow road [is detected].

9. A non-transitory computer readable recording medium,
comprising computer executable instructions which [con-
trol], when exeucted by a processor, cause the processor to
perform [the] @ method [of claim 1] comprising:
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receiving, from a distance measuring sensor, distance

information of points on a ground line at which a

vertical surface in a driving direction of a vehicle meets

a ground;

calculating a rvelative height of the points from the dis-
tance measuring sensor to the ground based on the
distance information;

acquiring a plurality of left boundary points and a plu-
rality of right boundary points at which a difference in
relative heights from adjacent points among the points
becomes maximal;

acquiring road boundary lines of a driving road of the
vehicle based on the left boundary points and the right
boundary points depending on a movement trajectory
of the vehicle when a difference in relative heights at
one of the lefi boundary points and one of the right
boundary points is more than or equal to a reference
value;

calculating a road width of the driving road based on the
acquired road boundary lines of the driving road; and

determining that the driving road of the vehicle is a
narrow road when the road width of the driving road is
less than or equal to a reference road width,

wherein the acquiring of the road boundary lines
includes:

transforming coordinates of the left boundary points
and the right boundary points in a local coordinate
system into coordinates in a global coordinate sys-
tem based on the position of the vehicle depending
on the movement trajectory of the vehicle; and

generating the rvoad boundary lines by connecting the
coordinates of the lefi boundary points and connect-
ing the coordinates of the right boundary points in
the global coordinate system.

10. An apparatus for detecting a narrow road, comprising:

a processor; and

a memory in which at least one instruction to be executed
by the processor is stored,

wherein, when the at least one instruction is executed by
the processor, the processor is configured to:

[ relative height calculation unit configured to] calcu-
late relative heights of points from a distance mea-
suring sensor to a ground based on distance infor-
mation of the points on a ground line at which a
vertical surface in a driving direction of a vehicle
received from the distance measuring sensor meets
the ground;

[a protruding determination unit configured to] acquire
a left boundary point and a right boundary point at
which a difference in relative heights from adjacent
points among the points is maximal and determine
whether the difference in the relative heights at the
left boundary point and the right boundary point is
more than or equal to a reference value;

[a road boundary line acquisition unit configured to]
acquire a road boundary line of a driving road of the
vehicle based on the left boundary point and the right
boundary point depending on a movement trajectory
of the vehicle;

[a road width calculation unit configured to] calculate
a road width of the driving road based on the
acquired road boundary line of the driving road; and

[a narrow road detection unit configured to] determine
whether the road width of the driving road is less
than or equal to a reference road width and detect
that the driving road of the vehicle is a narrow road
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when the road width of the driving road is less than
or equal to the reference road width,

wherein the processor is further configured to transform
coordinates of the left boundary point and the right
boundary point in a local coordinate system into coor-
dinates in a global coordinate system based on the
position of the vehicle depending on the movement
trajectory of the vehicle and generate the voad bound-
ary line in the global coordinate system.

11. The apparatus of claim 10, [further comprising]

wherein the processor is further configured to:

[¢ movement trajectory modeling unit configured to]
calculate the movement trajectory of the vehicle based
on a moving speed of the vehicle and steering infor-
mation of the vehicle, and

[wherein the movement trajectory modeling unit calcu-
lates] calculate the movement trajectory of the vehicle
when the difference in the relative heights at the left
boundary point and the right boundary point is more
than or equal to a reference value.

12. The apparatus of claim 11, wherein the [movement
trajectory modeling unit] processor is further configured to
receive the moving speed of the vehicle and the steering
information of the vehicle from a speed detection apparatus
and a steering information detection apparatus, acquire a
position and a heading angle of the vehicle over time based
on the moving speed and the steering information, and
calculate the movement trajectory of the vehicle based on
the position and heading angle of the vehicle over time.

13. The apparatus of claim 10, wherein the [relative height
calculation unit] processor is further configured to calculate
the relative height of the points from the distance measuring
sensor to the ground based on a mounting height and a
mounting angle of the distance measuring sensor and the
distance information.

[14. The apparatus of claim 10, wherein the road bound-
ary line acquisition unit is configured to transform coordi-
nates of the left boundary point and the right boundary point
in a local coordinate system into coordinates in a global
coordinate system based on the position of the vehicle
depending on the movement trajectory of the vehicle and
generates the road boundary line in the global coordinate
system.]

15. The apparatus of claim 10, wherein the road width is
a minimum distance between [the] a left boundary line and
[the] a right boundary line of the road boundary line.

16. The apparatus of claim 10, wherein the [narrow road
detection unit] processor is further configured to inform a
driver of the vehicle that a driving section is a narrow road
section when the narrow road is detected.

17. The apparatus of claim 10, wherein the [narrow
detection unit] processor is further configured to display a
road shape of the detected narrow road based on the road
boundary line when the narrow road is detected.

[18. A system for detecting a narrow road, comprising:

a speed output apparatus configured to output a moving
speed of a vehicle;

a steering information output apparatus configured to
output steering information of the vehicle;

a distance measuring sensor configured to output distance
information of points on a ground line at which a
vertical surface in a driving direction of the vehicle
meets a ground; and

an apparatus for detecting a narrow road configured to
receive the distance information of the points from the
distance measuring sensor, calculate relative heights of
the points from the distance measuring sensor to the
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ground based on the distance information, acquire a left
boundary point and a right boundary point at which a
difference in relative heights from adjacent points
among the points becomes maximal, acquire a road
boundary line of a driving road of the vehicle based on
the left boundary point and the right boundary point
depending on a movement trajectory of the vehicle
when the difference in relative heights at the left
boundary point and the right boundary point is more
than or equal to a reference value, calculate a road
width of the driving road based on the acquired road
boundary line of the driving road, and detect that the
driving road of the vehicle is a narrow road when the
road width of the driving road is less than or equal to
a reference road width.]
19. The method of claim 1, wherein the distance infor-
mation includes a distance from the distance measuring
sensor to the points on the ground line and an angle between
a line segment connecting the distance measuring sensor and
the points on the ground line and a reference line of the
distance measuring sensor.
20. The apparatus of claim 10, wherein the distance
information includes a distance from the distance measuring
sensor to the points on the ground line and an angle between
a line segment connecting the distance measuring sensor and
the points on the ground line and a reference line of the
distance measuring sensor.
21. A method for detecting road boundaries, comprising:
receiving, from a distance measuring sensor, distance
information of points on a ground line at which a
vertical surface in a driving direction of a vehicle meets
a ground;

calculating a rvelative height of the points from the dis-
tance measuring sensor to the ground based on the
distance information;

acquiring a left boundary point and a vight boundary

point at which a difference in relative heights from
adjacent points among the points becomes maximal;
and

acquiring a road boundary line of a driving rvoad of the

vehicle based on the left boundary point and the right
boundary point depending on a movement trajectory of
the, vehicle when a difference in relative heights at the
lefi boundary point and the right boundary point is
morve than or equal to a reference value,

wherein the left boundary point and the right boundary

point are points that divides the driving road from a
region out of the driving road,

wherein the reference value is a reference determining

whether the driving road protrudes, and

wherein the acquiring of the road boundary line includes:

transforming coordinates of the left boundary point and
the right boundary point in a local coordinate system
into coordinates in a global coordinate system based
on the position of the vehicle depending on the
movement trajectory of the vehicle; and

generating the road boundary line by connecting the
coordinates of the left boundary point and connect-
ing the coordinates of the right boundary point in the
global coordinate system.

22. The method of claim 21, further comprising:

receiving a moving speed of the vehicle and steering

information of the vehicle; and

calculating the movement trajectory of the vehicle based

on the moving speed of the vehicle and the steering
information of the vehicle.
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23. The method of claim 22, wherein the calculating of the
movement trajectory of the vehicle includes:
acquiring a position and a heading angle of the vehicle
over time, based on the moving speed of the vehicle and
the steering information of the vehicle; and

calculating the movement trajectory of the vehicle based
on the position and heading angle of the vehicle over
time.
24. The method of claim 21, wherein the calculating of the
relative height includes calculating the relative height of the
points from the distance measuring sensor to the ground
based on a mounting height and a mounting angle of the
distance measuring sensor and the distance information.
25. The method of claim 21, wherein the reference value
is a maximum height which allows a vehicle to go up and
down without damaging the vehicle.
26. The method of claim 21, wherein the reference value
is calculated based on the heights of components of the
vehicle.
27. A non-tramsitory computer readable recording
medium, comprising computer executable instructions
which, when executed by a processor, cause the processor to
perform a method comprising:
receiving, from a distance measuring sensor, distance
information of points on a ground line at which a
vertical surface in a driving direction of a vehicle meets
a ground;

calculating a relative height of the points from the dis-
tance measuring sensor to the ground based on the
distance information;

acquiring a left boundary point and a right boundary

point at which a difference in relative heights from
adjacent points among the points becomes maximal;
and

acquiring a road boundary line of a driving road of the

vehicle based on the left boundary point and the right
boundary point depending on a movement trajectory of
the vehicle when a difference in relative heights at the
left boundary point and the right boundary point is
morve than or equal to a reference value,

wherein the left boundary point and the right boundary

point are points that divides the driving road from a
region out of the driving road, and

wherein the reference value is a reference determining

whether the driving road protrudes,

wherein the acquiring of the road boundary line includes:

transforming coordinates of the left boundary point and
the right boundary point in a local coordinate system
into coordinates in a global coordinate system based
on the position of the vehicle depending on the
movement trajectory of the vehicle; and

generating the road boundary line by connecting the
coordinates of the left boundary point and connect-
ing the coordinates of the right boundary point in the
global coordinate system.

28. An apparatus for detecting a narrow road, compris-
ing:

a processor; and

a memory in which at least one instruction to be executed

by the processor is stored,

wherein, when the at least one instruction is executed by

the processor, the processor is configured to:

calculate relative heights of points from a distance
measuring sensor to a ground based on distance
information of the points on a ground line at which
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a vertical surface in a driving direction of a vehicle
received from the distance measuring sensor meets
the ground;
acquire a left boundary point and a right boundary
point at which a difference in relative heights from
adjacent points among the points is maximal and
determine whether the difference in the relative
heights at the left boundary point and the right
boundary point is more than or equal to a reference
value; and
acquire a road boundary line of a driving road of the
vehicle based on the left boundary point and the
right boundary point depending on a movement
trajectory of the vehicle,
wherein the left boundary point and the right boundary
point are points that divide the driving road from a
region out of the driving road, and
wherein the reference value is a reference determining
whether the driving road protrudes, and
wherein the processor is configured to transform coordi-
nates of the lefi boundary point and the right boundary
point in a local coordinate system into coordinates in a
global coordinate system based on the position of the
vehicle depending on the movement trajectory of the
vehicle and generate the road boundary line in the
global coordinate system.
29. The apparatus of claim 28, wherein the processor is
further configured to:
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calculate the movement trajectory of the vehicle based on
a moving speed of the vehicle and steering information
of the vehicle, and

calculate the movement trajectory of the vehicle when the

difference in the relative heights at the left boundary
point and the right boundary point is move than or
equal to a reference value.

30. The apparatus of claim 29, wherein the processor is
further configured to receive the moving speed of the vehicle
and the steering information of the vehicle from a speed
detection apparatus and a steering information detection
apparatus, acquirve a position and a heading angle of the
vehicle over time based on the moving speed and the
steering information, and calculate the movement trajectory
of the vehicle based on the position and heading angle of the
vehicle over time.

31. The apparatus of claim 28, wherein the processor is
further configured to calculate the relative height of the
points from the distance measuring sensor to the ground
based on a mounting height and a mounting angle of the
distance measuring sensor and the distance information.

32. The apparatus of claim 28, wherein the reference
value is a maximum height which allows a vehicle to go up
and down without damaging the vehicle.

33. The apparatus of claim 28, wherein the reference
value is calculated based on the heights of components of the
vehicle.



