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(57) Abstract: A travel path detection apparatus in-
cludes: an edge detection unit (21) configured to detect
an edge point, which is a point at which a luminance of
a road varies; a reference point calculation unit (22)
configured to calculate a reference point as a candidate
of a travel path of a vehicle on the basis of a left side
edge point and a right side edge point detected on the
road by the edge detection unit (21); a reference point
position voting unit (23) configured to for a position of
the reference point calculated by the reference point
calculation unit (22); and a travel path, detection unit
(24) configured to detect information indicating the
travel path of the vehicle on the basis of the reference
point position voted for by the reference point position
voting unit (23).
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TRAVEL PATH DETECTION APPARATUS AND TRAVEL PATH DETECTION
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a travel path detection'apparatus and a travel path

detection method for detecting a travel path of a vehicle.

2. DesCri};tion of ‘R‘elatéd Art » ’

[0002]  Japanese Patent | Applicat.izon Publication No. 2006-268199 | (JP
2006-268199 A) describes an image processing system that detepts a lane mark on a travel
path of a vehfcle. The image processing system sets a reference region corresponding to a

road surface part other than the lane mark on a road surface image, creates a luminance

histogram. by measuring luminance frequencies in the reference region, and extracts a

cluster part having a width, a height, or a surface area that equals or exceeds a threshold
from the created histogram as a road surface cluster. Further, the image processing
system detects all white line candidate edge points as primary white line candidate edge

points, and d_etects' those primary white line candidate edge points that overlap the

~ reference region as secondary white line candidate edge points.

[0003] | bfThe‘ image processing system then detects only those secondary white line
candidate edgé points in which a value of a luminance‘ parémeter is not included in a
luminance range of the road surface cluster as true white line edge points. By excluding
the secondary white line candidate edge points included in the luminance range of the road
surfacé cluster from‘the true white line 'edg'e. points in this manner, a true lane mark is
detected precisely, and erroneous detectioﬁ of a lane mark is suppressed.

[0004] In the image processing system described above, however, white line

candidates are detected as a collection of white line candidate edge points on a line. In

CONFIRMATION COPY
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other words, the lane mark is detected as a line on an image, and therefore, when an actual
lane mark is a compound line or includee a diverging line, it may be imposs.ible to
determine which of the lines on the image is a desired white line. As a result, a lane
estimation result may be unstable. Furthermore, when the actual lane mark is hidden by
another vehicle or the like, white line candidates can no longer be detected, and therefore

the lane estimation result may be unstable likewise in this case.

SUMMARY OF THE INVENTION

[0005]  The invention therefore provides a travel path detection apparatus and a
travel path detection method with which a travel path estimation result can be stabilized.

[0006] A first aspect of the invention is a trdvel path detection apparatus
including: an edge detection unit configured to detect an edge point, which is a point at

which a luminance of a road varies; a reference point calculation unit configured to

~ calculate a reference point as a candidate of a travel path of a vehicle on the basis of a left

side edge point and a right side edge point detected on the road by the edge detection unit;
a reference point position voting unit configured to vote for a position of the reference
point calculated by the reference point calculation unit; and a trarvel path detection unit
configured to detect information indicating the travel path of the vehicle on the basis of the
position of the reference point voted for by the reference point position voﬁng unit. |
[0007] = According to the conﬁguration described above, the reference point
calculation unit calculates the reference point on the basis of the left side edge point and |
the right side edge point, the reference point position Voting unit votes for the reference
point, and the travel path detection unit detects the information indicating the travel path
on the basie of the reference point position that has been voted for. In the above
configuration, therefore, the travel path 1nf0rmat10n is detected usmg the position of the
reference point obtained from the left and right side edge points instead of. detecting a

white line candidate in the form of a line, as in the related art. Hence, even when an
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«actual lane mark is a compound line, for example, the travel path information is detected

on the basis of voting results for reference point positions obtained from respective edge

“points detected from the compound lines on either side, and as a result, a travel path

information detection result can be stabilized.
[0008] Further, the reference point may be a mi'dpoinf between the left side edge

pbint and the right side edge point. In this case, the reference point calculation unit

- calculates the midpoint between the left side edge point and the right side edge point, and

theréfore information indicating a travel path close to the center of a laﬁe can be detected.
[0009]  Further, the edge detection unit may be configured to detect a rising edge.

point at which the luminancé increases when a 1uminan§e detection position is moved from ,

one side to another side of left and right sides of a captured image of the road, and a falling

edge point at which the luminance decreases when the luminance detection position is

~.moved from the one side to the other side of the left and right sides of the captured image,

and the reference point calculation unit may be configured to'calculéte the reference point -
on the basis of a left side rising edge point and a right side falling edge point, and calculate
the reference point on the bagis of a left side falling edge point and a right side rising edge
point. In this case, reference points between rising edge points and falling edge points are
calculéted successively, and therefore the number of votes for the reférence point posiﬁons
caﬁ be increased.  Hence, the estimated reference point position ‘can be brought closer. to

the position on the travel path, and as a result, the travel path information detection result

" can be stabilized even further.

[0010]  Moreover, the travel path detection apparatus may further include: a -

distance calculation unit configured to calculate a distance between the left side edge point -

and the right side edge poiht, and a pitching angle Variation calculation unit configured to,.
when a différenée between a lane W_idth of the road and one of an average value and a
median of the distance calcuillated by the distance calculation unit equals or exceeds a
threshold, calculate a variation amount in a pivt_chi'ng angle of the vehicle using the lane

width of the road and the one of the avefage value and the median.. In this case, when the

difference between the lane width of the road and the one of the average value and the
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median equals or exceeds the threshold, the distance calculation unit may be. configured to
correct the pitching angle of the Vehicle by the variation amount in the pitching angle,
calculated by the pitching angle variation calculation umt and then recalculate the distance

between the left side edge point and the right side edge pomt before the reference point

. calculatlon unit calculates the reference point.

[0011] When pitching occurs in the vehicle during travel due to .sudden
depression of a brake or the[like, the distance Between the edge points on a captured image
deviates from an actual lane width. In other Words, when pitching occurs, the lane on the
captured image is distorted such that the reference peint position cannot be calculated
correctly, and as a result, the travel path detection'kresult may become unstable.
Accofding to the conﬁguratien described above, however, the distance between the edge
points is recaiculated after correcting the pitching angle when pitching occurs, aI;Id.

therefore a distortion effect on the captured imége caused by pitching can be eliminated.

- As aresult, a travel path estimation result can be stabilized even when pitching occurs.

[0012]  The edge point may be an edge point of a White line on the road. The
reference point position votiﬁg, unit may be configured to vote for the position of the
reference point by recording, as the candidate of the travel path ef the vehicle, the position
of the reference point calculated by the reference point calculation unit. - The travel path
detection unit may be configured to detect the position of the reference poinf having the
largest number of votes, among a plurality of the positions of the reference points voted for
by the reference pomt posmon voting unit, as the information indicating the travel path of
the Vehlcle _ o - | .

[0013] A second aspect of the invention is a travel path detection method

including: detecting an edge point, which is a point at which a luminance of a road varies;

- calculating a reference point as a candidate of a travel path of a vehicle on the basis of a-

left side edge point and a right side edge point on the road; voting for a position of the

calculated reference point; and- detecting information indicating the travel path of the

vehicle on the basis of the reference point position that has been voted for.

[0014]  According to the configuration described above, the reference point is !
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_calculated on the basis of the left side edge point and the right side edge point, the

calculated reference point is voted fof, and the travel path is detected on the basis of the -
reference point position that has been voted for. In the above configuration, therefore, the
travel path is detected using the position of the reference point obtained from_ tho left and
right side edge points instead of detecting a white line candidate in the form of a line, as in
the relaped_art. ’ Henoe, even when 'the actual lane mark is a compound line, for example,
the travel path is detected: on the\Basis of voting results for reference point positions
obtained from respective edge poihts detected from the compound lines on eithef side, and

as a result, the travel path detection result can be stabilized. -

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Features, <advantages, and ' technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the

‘.accornpanyi_'ng_ drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a block diagram >showir’1g a travel path detection apparatus according to a
first embodiment of the invention; | '
FIG. 2 is a perspective view showing a rising edge énd a falling edge of a white line
on an ootoal travel path; )
| FIG. 3 is a view illustrating voting for a midpoiht position;

FIG. 4 is a perspective view showing a rising edge and a falling edge of a compound

‘line; -

FIG. 5 is a view illustrating voting for a midpoint position on the compound line;
- FIG 6 is a flowchart showing processing executed by' the travel path detection
apparatus of FIG. 1 to estimate the travel path; |
FIG. 7 is a view illustrating a distance between edge points on a captured image;
FIGS. 8A and 8B are {/iews illustrating voting for a midpoint position in tho case of a

diverging line or a hidden white line;
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FIG. 9 is a block dlagram showmg a travel path detectlon apparatus according to a
second embodiment of the invention;
FIGS: 10A to 10C are histograms showing ﬂequéncies of a value of half a vehicle
width (;n a captured image; and ,
FIG. 11 is a flowchart showing processing executed by ‘the travel path detection -

apparatus according to the second embodiment of the invention to estimate the travel path. .

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Embodlments of the 1nvent10n will be descr1bed below with reference to

the drawings Note that in the followmg descrlptlon 1dent1cal or corresponding elements

have been allocated identical reference sym_bols, and duphc;ate description thereof has been
omitted. . . |

[0017]  (First Embodiment) |

As shown in FIG 1, a travel path detectioh apparatus 1 according to a first

embodiment detects a travel path as a vehicle travels. The travel path detection apparatus

- 1 is used in lane keeping assist (LKA) or the like, for éxample, to forestall deviation 6f the

vehicle from the travel path (a lane) by prompting a driver to pay attention or supporting a

_ steering operation when the vehicle is about to deviate from the travel path.

[0018] The travel path detection apparatus 1 includes an edge detection unit 21

~ that detects an edge point, which is a point at which a luminance of a road varies, a

midpoint calculation unit (a reference point calculaﬁon unit) 22 that calculates a midpoint
between a left side edge point and a right side edge" point as a reference point for vehicle
travel, a midpoint pbsition voting Unit'(e‘l reference point position voting uhit) 23 that votes
for a calculated midr;oint position, and a .trayel path detection unit 24 that detects the travel

path of the wvehicle on the basis of a r'nidpdint position having the most votes, from among

midpoint positions that have been voted for.

[0019] The travel path detection apparatus 1 further includes a camera 10 that
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captures images of the road during travel, an electronic control unit (ECU) 20 that
performs image processing on an image captured by the camera 10 and detects the travel
path, and an output unit 30 that issues a warning to the ‘drivet of the vehicle and assists a
steering operation o_f the vehicle upon reception of a control signal from the ECU 20.

[0020] The camera 10 has a function for’capturing a frontward image of the road

_ along which the vehicle is traveling, and the captured image is output to the ECU 20. The |

ECU 20 performs image processing on the captured image captured by the camera 10.
More specifically, the ECU 20 converts the captured image captured by the camera 10 into
a planar view image to detect the travel path. The edge detection unit 21, midpoint
calculation: unit 22, midpoint position voting unit 23, and travel path detection unit 24
described above are prov1ded in the ECU 20 for example

[0021] The edge detection unit 21 detects an edge point from the captured image
of the road captured by the camera 10. As shown in FIG, 2 when a white line H 1 and a
white line H2 exist in front of the vehicle on either side, the edge detectlon unit 21 detects

rising edge points L1 and R1 and falling edge points L2 and R2 from the captured image:

- Here, the rising edge points L1 and R1 are edge points at which a luminance increases.

when a luminance detection position is moved from a left side to a right side on the
captured image (in other words, edge points.at which the luminance on the right ‘side of the
edge point is higher than the luminance on the left side), and the falling edge points L.2 and
R2 are edge points at which the lunai'nance decreases when the luminance detection
position is moved from the left side tc-the right side on the captured image (in other words,
edge points at which the iuminance on the right side of the edge point is lower than the
luminance on the left side). | |

[0022] The midpoint calculation unit 22 calculates as a midpoint position, a

p051t10n of a m1dpo1nt between a left side edge point (edge point on a left side of the‘

~captured 1mage) and a right side edge pomt (edge point on a right side of the captured

image) detected by the edge detection unit 21 in an identical horizontal position of the
captured image. More specifically, as shown in FIG. 3, the midpoint calculation unit 22

calculates, on the captured image converted into a planar view image, a midpoint between
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the left side rising edge point L1 and the rightside_ falling edge point R2 and a midpoint
between the left side falling edge point L2 and the right side rising edge point R1. By :
calculating the midpoint between the left side rising edge point L1 and the right side falling
edge point R2 and the m1dp01nt between the left side falhng edge point L2 and the right

side rlslng edge pomt R1 in this manner, a position close to a center of the lane can be

- detected more accurately as travel path information.

[0023] The midpomt position. voting unit 23 generates ‘travel path candidate
portions C1, C2 such as those shown in FIG. 3, for example, from the midpoint positions
calculated vby the midpoint calculation unit 22.  The travel path candidate portions C1, C2
are displayed'to be darkest at the midpoint position calculated by the midpoint calculation
unit 22 and become gradually lighter toward a periphery. ‘By displaying the travel path
candidate portions C1, C2 in this shaded manner, a situation in Wthh the midpoint position
deV1ates greatly from the lane center is suppressed The midpomt posrtion voting unit 23
generates a histogram showing frequencies of midpoint posmons such as those shown in
FIG. 3, for example, by repeatedly ge_nerating the travel path candidate portions Cl, C2 and
repeatedly Voting for the midpoint positions calculated by the midpoint calculation unit 22.
Here, voting for a midpoint position means recording, as a travel path candidate, a
midpoint posrtion calculated by the midpomt calculation unit 22

[0024] ° The travel path detection unit 24 detects the travel path of the Vehicle on

the basis of the midpomt position having the largest number of votes among the midpomt

positions Voted for by the midpoint position voting unit 23. More specifically, the travel
path detection unit 24 detects, as travel path information, the midpoint position having the
highest frequency on the histogram generated by the midpoint position voting unit 23; and
outputs the detected travel path information to the output unit 30. S

[0025] The output unit 30 assists the driver in driving the vehicle upon reception

of the travel path information output by the travel path detection unit 24. More

specifically, for example, the output unit 30 may include a warning device that issues the

driver with a warning using voice, image display, or the like when the vehicle deviates

from the travel path, or may perform steering control to guide the vehicle to a more correct -
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travel path by assisting steering of the vehicle when the vehicle qleviates from the travel
path.
| [0026] Hence, in the travel path detection apparatus 1, as shown in FIG. 3, the |
midpoint calculation unit 22 calculates the midpoint positioné between the left side edge

points L1, L2 and the right side edge points R1, R2, the midpoint position voting unit 23

votes for the calculated midpoint positions, and the travel path detection unit 24 detects the

midpoint position having the largest number of votes among the midpoint positions that
have been voted 'for as the travel path information. In this embodiment, a midpoint

position between edge points on the left and right sides is detected as the travel path

~ information instead of detecting a white line candidate in the form of a line, as in the

related art. Tﬁerefore, even when an aétual lane mark ‘is a compound line, for example,
the travel path is detected on the basis ;)f Votinvg results for the rﬁidpoint positions between
the respectiv-e édge points detected from the compound lines on either side,‘ahd ésa result,’
a travel path detection result caﬁ be stabilized. |

[0027] ~ More specifically, as shown in FIG. 4, in the case of a compound line in
which two white lines H11, H12 extend in a front-rear direction on the left side of the road
and two white lines HI13, H14 extend in the front-rear direction on the right side of the road, - |
the edge detection unit 21 detects rising edge points L11, L13 and falling edge points L12,
L14 from the left side of the captured image, and detects rising édge, points R]l,R13 and
falling edge points R12, R14 from the right side of the captured image.

[0028] As shown in FIG. 5, the midpoint calculation unit 22 then respectively

calculates a midpoint position between the left side falling edge point L14 and the right

. side rising edge point R11, a midpoint position between the left side falling edge poiht L14

and the right side rising edge point R13, a midpoint position between the left side rising
edge point L13 and the right side falling edge point R12, a midpoint position between the
left side rising edge point L13 and the right side falling edge point R14, a midpoint

position between the left side falling edge point L12 and the right side rising edge point

RI11, a midpoint position between the left side falling edge pointlL12 and the right side

rising edge point R13, a midpoint position between the left side rising edge point L11 and .
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the right side rising edge point R12, and a midpoint position between the left side rising
edge point L11 and the right ‘side falling edge point R14.

[0029] = Next, the midpoint position voting unit 23 generates travel path candidate
portions C11 to C18 from the respective calculated midpbint positions. ~ The midpoint
position Qeting unit 23 then generates a histogram such as that shown in FIG. 5 by voting
for the midpoint positions repeatedly, whereupon the travel path detection unit 24 performs
travel path detection in a sirﬁilar.manner to that described above and outputs the travel path
information to the output unit 30. | | |

[0030] . Here, When white line candidates are deteeted in the form of lines from the

edge points, as in the related art, and the lane mark is constituted by a compound line, it is

~ impossible to determine which line is a desired white line, and therefore a travel path

estimation result may be unstable. With the travel path detection apparatus 1 according to -
this embodiment, as shown in FIG. 5, however, the travel path is detected on the basis of
the midpoint positions between the respective edge points using a. left-right symmetrical
characteristic of the lane mark, and therefore the travel path detection result is stablhzed
such that the travel path can be detected more accurately even when the lane mark is a
compound line. | | | |

[0031]  Next, an example.of a travel path detection method using the travel path |
detection apparatus 1 according to this embodiment will be described with reference to
FIGS. 6 and 7. Pfocessing shown in FIG. 6 is executed repeatedly by the ECU 20 at fixed
time intervals, for exandpie. | |

[0032] First, in step S11 (“S11” hereafter; likewise with respect to other steps),

- the edge detection unit 21 extracts and labels edge points L1 to L4, R1 fo R4, as shown in -

FIG. 7, on each line of an image captured by the camera 10 (edge detectlon step). For
example edge pomt extraction and labeling is performed on a line extendlng in a lateral
dlrectlon of the road or the vehicle on the captured image, whereupon edge pomt _extractlon
and labeling is performed on the next line in a different position in a longitudinal direction
(ah advancement direction) of the road or the vehicle. - Here, labeling is precessing for

identifying an extracted edge point group by luminance variation (increasing or
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decreasing), height, distance, or the like. Further, the line direction may be set as a pixel
arrangement direction in the lateral direction of the road or the vehicle on the detection
subject image, for exé.mple. Next, in S12, a distancé djj (a distance da, for example)
between subject edge points (the left side edge point L1 and the right side edge point R2, -
for éxample) on a subject line (line 1 in FIG. 7, for ekample) is calculated. |

 _ [6033] In S13, a determination is made as to whether or not the distance djj
between the édge boiﬁts calculated in S12 is larger than a 10§vef limit threshold Dy, and |
sfnaller than an upper limit threshoid Dmax. Here, values of the lower limit threshold Dy,
and the uppef limit threshold Dimax cofrespond to lower and upper limit values of an
imaginable lane width. ’HoWever, the values may bé modified as appropriate. When it is
not determined in S13 that the distance d;; between the edge points is l‘arger than the lower

limit threshold Diin and smaller than the upper limit threshold Dy, the processing

advances to S15 without performing midpoint position voting. When, on the other hand,

it is determined in S13 that the distance dj; between the e’dge‘ points is larger than the lower
limit threshold Dy, and smaller than the uiﬁper limit threshold Dmax, the processing
advances.to S14; where the midpoint calculation unit 22 calculétés the midpoint positioris
between the edge pointé and the midpoint position Vot.ing unit 23 votes for the midpoint_
pbsiti,ons (reference point calculation step, reference point poéition voting step). ’
| [0034] In S15, a determination is made as to whether or nét the processing of S12
to S14 has been executed in relatioﬁ to all of the edge points on the subject line. When it
is determined in S15 that the processing has been executed on all of the edge points on the
Subject line, the processing advances to S16, and when it is \d_etermined in S15 that the
procéssing has not yet been executed on all of the edge points on the subject line, the
subject edge points are changed, whereqpon the processing éf S12 to S14 is execufed
again. ‘ |

[0035]  In S16, a determination is made as to whether or not the processing of S12
to S14 has béen executed in relation to all 6f the subjeét lines. When it is determined in
S16 that the processing has been executed on all of the subject lines,‘ the processing

advances to S18, and when it is determined in S16 that the processing has not yet been
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executed on all of the subj ect lines, the processing advances to S17.
[0036] In S17, processing is performed to change the subject line to the next line.
When line 1 in FIG. 7 is the subject line, for example, the subject line is changed to line 2

positioned below line 1. In S18, processing is executed to detect the midpoint position

having the largest number of votes as the travel path information. More specifically, the

travel path detection unit 24 executes processirlg to detect the travel path on the basis of the
voting results relating to the midpoint positiens voted for in.Sl4 by the midpoint position
voting unit.23 (travel path detection step). After the travel path detection unit 24 has
detected the travel path in this manrier, the travel path information is output to the output
unit 30, whereupon the series of proceéses is terminated. |

[0037] . \The travel path detection processing‘ of the travel path detection apparatus
1is performed as described above. ' In the travel path detectidn'apparatus 1, the midpoint
positions betWeen the rising edge points and the falling edge points are calculated
successively, and therefore the 'narnber of midpoint position Votee gfven by the midpoint
position votihg unit 23 can be inereased. Accordingly, the detected midpoint position can
be brought closer to the actual lane center, and as a result, the travel path detection result
can Be made more stable. Further, in the travel path detection apparatus 1, the travel path

is detected by voting for m1dpo1nt positions, and therefore travel path detectlon can be

performed with stability even When the lane mark is a dlvergmg line or a part of the lane

. mark is hidden.

[0038] Furthermore, the travel path detection method accerding to the first,
embodiment includes: the edge detection step for detecting edge points, which are peints
at which the luminance of rhe road . varies; the reference point calculation step for
calculating a reference point as a candidate of the travel path of the vehicle on the basis of
a 1eft side edge point and a right side edge point detected on the road in the edge detectron |
step; the reference point position voting step. for voting for the reference peint positions

calculated in the reference point calculation step; and the travel path detection step for -

detecting the travel path of the vehicle on the basis of the reference point positions voted

for in the reference point position voting step. Hence, in this embodiment, the travel path
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is detected using reference point positions obtained from left and right side edge points

rather than detecting white line candidateé in the form‘ of lines, as in the related art.
Therefore, even when the actual lane mark is a compound line, for example, .the_ travel path
is detécted using the reference point voting résults obtained from the respéctive edge poi~nt‘s
detected from the compound lines on bOth sides, and as a result, the travel path detection
result can be stabilized. o

[0039] Even in the case of a diverging line in which two white lines H21, H22

extend in the front-rear direction on the left and right sides and a white line H23 diverges

further leftward from the left sidé whité line H21, as s'hown_in( FIG. 8A, midpoint position

calculation by the midpoint calculation unit 22 and midpbint position voting by the
" midpoint position voting unit 23 are performed in a similar manner to that described above,

and therefore apprdpriate travel path candidate portions C21 to C27 can be detected as

travel path candidates ext_ending in the frqnt-rear direction between the white line H21 and .
the white line H22.

[6040] ( 'By.deterrélining wh’etherlof not. the diS'[c;lIlCC between the edge points s
within a predetermined range in S13 of FIG. 6, edge points on the diverging white line H23
can be excluded from the processing subjécfs, and therefore the appropriate travel pafh
candidate portions C21 to C27 can be detected without_ being affected by the white 1ine
H23. Hence, with the travel path detection apparatus 1, the ravel path is detected by
voting for midpoint positions; and as a result, the travel 'Vpath detecﬁon result can be
stabilized even when an image of the diverging white line H23 is captured.

[0041] Furthermore, in a case where a white line H31 extends in the front-rear
direction on the left side and a white line H32 extends in the front-rear direction on the
right side Bﬁt a part of the left side white line H31 is hidden-by another vehicle B or the
liké, as shown in F IG 8B, the midpoint of the part hidden by the other vehicle B cannot be
detected. '.The‘ midpoints in all other parts can be detected, however, and therefore
appropriate travél path candidate portions C3‘1 to C35 can be detected as travel path

candidates extending in. the front-rear direction between the white line H31 and the white _

‘line H32 to the front and rear of the other vehicle B. " Hence, a situation in which a
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midpoint position detection result deviates greatly from the lane centef when a part of a

white line is hidden can be avoided, and as a result, the travel path detection result can be

stabilized. More\over, when the‘travel‘path is detected using voting by the midpoint
position rfoting unit 23, greater noise resistance than that of the related art is obtained, and
therefore the travel path can be detected w1th a h1gh degree of precision even in a noisy
environment such as in rain or at nlght

[0042] (Second Embodiment)

Next, a travel path detection apparatus 101 éccOrding to a second embodiment will be

described with reference to FIGS. 9 to 11. The travel path deteetion apparatus 101’

according to the second embodiment calculates an amount of variation in a pitching angle
of the vehicle, and calculates the distance between the edge points after correcting the
pitching angle by the variation amount. As shown in FIG. 9, the travel path detection

apparatus 101 éccording to the second embodiment differs from the first embodiment in

“using an ECU 120, to which a distance calculation unit 125 and a pitching angle variation

calculation unit 126 have been added, instead of the -ECU 20 aceording to the ﬁrst

embodiment, but is otherwise configured similarly to the first embodiment.  Accordingly, -

the following description focuses on the ECU 120 according to the second embodiment,

‘and duplicate description of identical parts to the first embodiment has been omitted.

[0043]  The distance calculation unit 125 calculates a distance between an edge
point posmoned on the left side of the captured image and an edge point posmoned on the
right side of the captured image. More specifically, the distance calculation unit 125
calculates a distance d;, between a left side rising edge point L1 and a right side falling
edge point R2 shown in FIG. 7, for example and calculates distances between edge points
in this manner in relation to each edge point and each line.

[0044]  The pitching_angle variation calculation unit 126 gerrerates hisrograms

such as those shown in FIGS. 10A to 10C from the distances between the edge points
' calculated by the distance calculation unit 125 in relation to the respective edge points and
lines. FIG 10A shows an example of a Value of half a Vehrcle width in a case where

'pltchlng does not occur in the vehicle. FIG. 10B shows an example of the value of half
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the vehicle width in a case where pitching occurs in_the vehicle. ~ FIG. 10C shows an

example in which the pitching angle is corrected by shifting the histogram of FIG. 10B
rightward. | |

[0045] Here as shown in FIGS 10A and 10B, an average value X1 of a value
obtamed by halvmg the vehicle w1dth when pitching does not occur differs from an
average value X2 obtalned by halvmg the vehicle width when p1tch1ng occurs. When
p1tch1ng occurs, therefore, the value of the Veh1cle width varies on the captured image.
Hence, in this embodiment, the precision of travel path detection during pitching is
improved by calculating the amount of Varlatlon in the pitching angle, correcting the.
pltchlng angle by the variation amount, ‘and then recalculating the distance between the
edge points. In other words, after the pitching angle has been corrected, as shown in FIG.

10C, an average value X3 of the frequency approaches the average value X1 of FIG. 1 0A,

and therefore the travel path can be detected with a similar degree of precision to that of a

case in which pitching does not occur.

[0046] Further, using a focal length f of the camera 10, an average value d,, of the
vehicle width value on the obtained histogram, a desired lane width (a lane width when the
p1tch1ng angle is 0°) diane, @ predetermmed p1tch1ng angle Py, and an average value yof a
distance from the Vehlcle to an initially set estimation region (when a'distance of 0 to 100
m in front of the vehicle is the estimation region, the average value is 50 m), the p1tch1ng
angle Varlat1on calculat1on unit 126 calculates a variation amount AP in the p1tch1ng angle

on the basis of Equation (1) shown below, for example

AP:_[y(dLane _dav)_f'PO '(dLane’-dav)jl ' (1)

f-d,

[0047] | Next, a method of detecting the travel path using the travel path detection
apparatus 101 according to thls embodiment will be described with ‘reference to FIG 11.
Processing showh in FIG. 11 is executed by the ECU-120 repeatedly at fixed time intervals,
for example. . | |

[0048] First, in S21, sitnilar edge point extraction and labeling processing to that

of S11 in FIG. 6 is performed. Next, in S22, the distance d;; between the subject edge
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points on the subject line is calculated in a similar manner to S12. Following S22, a ‘
histogram - such as that shown in FIG 10A is created in S23 using the distance dij,

whereupon one of the average value d,y and a median is calculated from the -created

histogram (S24).

[0049] ‘Following S24, a determination is made as to whether or not an absolute

* value of a difference between the aforement1oned desired lane width d, ;e and the one of

the average value dav and the medran calculated in S24 is smaller than a threshold dihresh

(S25). Whenitis determined in S25 that the absolute value of the difference between the

lane width d; 4nc and the one of the average value d,, and the median is smaller than the

“threshold preshs it is assumed that the pitching angle is smaller than a predetermined value,

and the processing advances to S27.  When, on the other hand, it is not determmed in S25
that the absolute value of the. difference between the lane width dj e and the one of the
average value day and the medlan 1s smaller than the threshold diyesn, it is assumed that the
p1tch1ng angle equals or exceeds the predetermmed value, and the processing advances to
$26. | | | _ |

[0050] In S26, the variation amount AP in the pitching angle is calculated using
Equation (1), for example, \fvhereupon the distance dij between the edge points is
recalculated using a sum of the predetermined pitching angle Py and the variation amount
AP as a value of the pitching angle P. " In S27 to 532, similar processing to that of S13 to

S18 m the first embodiment, shown in FIG. 6, is performed, and once the travel path

~ information has been output to the output unit 30, the series of processes is terminated.

[0051] Hence, in the travel path detection apparatus 101, when the difference
between the lane width dj e denoting the width of the road and the one of th'eaverage
value dny and the median of the distance between the edge points, calculated by the
distance calculation unit 125, equals or exceeds the threshold dehreshs the pitching angle
variation calculation unit 126 calculates the variation amount AP in the prtchmg angle

using the lane width dLane and the one of the average value d,, and the median. Further

‘when the dlfference between the lane wrdth diane denotmg the width of the road and the

one of the average value dav and the median of the distance equals or exceeds the threshold
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diresh, the distance calculation unit 125 corrects the value of the pitching angle P by the
variation amount AP and then recalculates the distance d;; between the edge points before
the midpoint calculation unit 22 calculates the midpoint. |

[0052]  Hence, in the second embodiment, when_pitc.hving occurs, the distance djj
between the edge points is recalculated after correcting the pitching angle P, and therefore
a distortion effect on the captured image caused by pitching can be eliminated.. As a
result, fhe travel . path detection result can be stabilized even when pitching occurs.
Furthermore, the travel path detection apparatus 101 aécording to the second embodiment
is conﬁguréd identically to the travel péth, detection apparatus 1 according to the first
embodiment, and fherefore identical éffects to those of the travel path detection apparatus 1
according to the first embodiment are also obtained. |

[0053] The above embodiments illustréte embodiments of thé travel path
detection apparatus according to the invention, but the travel path detection apparatus
according to the invention is not limited to thevconﬁ'gur‘ations described in the above
embodiments, ’and fnay be altered or implemented in other applications providing the
description in the claims is no-t modified. |

[0054] For example, in the above embodiments, an example in which the
midpoint calculation unit 22 calculates a midpoint between a left side edge point and a
right side edge point and the midpoint position voting unit 23 votes for a midpoint position
was desCribed, but a point other than the midpoint may be used as the reference point.
More speciﬁcally,‘ instead of ﬁsing the midpoint position as the reference point position,
the reference point position may be offset by a predetermined amount to the left sid¢ or the
right side, for example. In this case, the vehicle can be caused to travel on the left side or
the right side within the lane. Moreover, the referenqe point position can be set such that
when the vehicle travels around a curve, -the vehicle is caused to travel on én inner side of
the curve within the lane.’ '

[0055]  Further, in the above embodiments, fhg edge detection unit 21 detects the
edge points from the captured image captured by the camera 10, whereupon the midpoint

position between the detected edge points is calculated. However, the reference point
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position need not be calculated from a captured image. ‘More specifically, an infrared

' sensor or a radar apparatus using electromagnetic waves may be used instead of a captured

1mage In this case, for example the laser apparatus may detect a three-dimensional point
as a point at which the luminance of the road varies, and the reference point may be
calculated from the detected three-dimensional point. |

[0056] Furthermore, in the above embodiments, an example in which the edge‘
points of a white line .are d‘etected was described, but edge - points of a curbstone, for
example may be detected 1nstead Hence, the edge point detection subject 1s not limited
to that described in the above embodiments.

[0057] Moreover, in the above embodiments, edge points are detected‘ from both
the left side and the right side of the captured image captured by the camera 10, but in a
case where the 1nformat10n indicating the travel path along which the vehicle is traveling is
obtamed edge points-may be detected from elther one of the left side and the right side of
the captured 1mage and the reference point position and the travel path can be detected
11kew1se in the case. |

[0058] Furthermore, in the above embodiments, edge points are detected from
both the left side and the right side of a road ‘having a single lane, but the lane of the
subject road is not limited to a single lane. - More speciﬁcally, edge points may be
detected from a three-lane road by modifying the threshold of the subject lane width, for
example. In this case, when one white line is hidden, the reference peint positiori can be
calculated from a white line on an outer side or an inner side thereof, and therefore the

travel path can be detected with a high degree of precision even when a white line is

" hidden.

[0059] Morecver,l in the above embodiments, an_edge point at which the |
luminance increases when the luminance'detection position is moved from the left side to
the right side on the captured image is set as the rising edge point, and an edge point at
which the luminance decreases when the luminance detection position is moved from the .
left srde to the right side on the captured image is set as the falling edge pomt but instead,

an edge point at which the luminance increases when the luminance detection position is
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moved from the r-ight' side to the left side on the captured image may‘ be set as the rising
edge point, and an edge pomt at which the lumlnance decreases when the luminance-
detectlon position is moved from the right side to the left 51de on the captured image may

be set as the falling edge point.
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CLAIMS:

1. Atravel p.ath detection apparatus comprising:

an edge detection unit configured to detect an edge point, which is a point at which a
luminance of a road varies;

a reference point calculation unit codﬁgured to calculate a reference point as a
candidate of a travel path of a vehicle on the basis of a left side edge point and a right side
- edge point detected on the road by the edge detection unit; | | |
| a reference point position voting unit configured to Vo_te for a position of the

reference point calculéted by the reference peint calculation unit; and
~ atravel path detectilon unit configured to detect inforfnatlon ihdicating t'he/ travel path
“of the Vellicle on the basis of the position of the reference point voted for by the reference

point position voting unit.

2., The travel path detection apparatus accordlng to claim 1, wherein the reference pomt

isa m1dpo1nt between the left side edge point and the right side edge po1nt

3. The travel path detection 'apparatds according to claim 1 or 2, wherein:

the edge detection unit is configured to detecte rising edge poinf at which the
luminance increases when a luminance detection positlon is moved from one side to
another side of left and right sides of a captured image of the road, and a falling edge point
at which the luminance de‘creases when the luminance detection position is moved from
the one side to the other side of the left and right sides of the captured i image; and

the reference point ‘calculation unit is configured to calculate the reference point on
the basis of a left side rising edge point and a right side falling edge point, and calculate the
reference point on the basis of a left side falling edge point and a right side rising edge
point. |

~ .

4. The travel path detection apparatus according to any one of claims 1 to 3, further
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comprising:
~ a distance calculation unit configured to calculate a distance between the left side

edge point and the right side edge point; and |

a pitching angle variation calculation unit configured to, when a difference between a
lane width of the road and one of an average value dnd a medlan of the dlstance calculated
by the distance calculation unit equals or exceeds a threshold, calculate a variation amount
.m a pitching angle: of the vehicle usmg the lane width of the road and the one of the
average value and the medlan

wherein, when the dlfference between the lane width ef the road'end the one of the
average value and the median equal's or exceeds the threshold, the distance calculation unit
is configured to correct the pitching angle of the vehicle by the variation amount in the
pitching ,angie, calculated by the pitching angle variation calculation unit, and then
recalculate the distance between the left side edge point and the right side edge point .

before the reference point calculation unit ea_lculates the referenee point.

5. The travel path detect10n apparatus accordmg to any one of claims 1 to 4, wherem the

edge pomt 1s an edge:point of a white line on the road. .

6.  The travel péth detection apparatus according to any one of claims 1 to 5; wherein the
- reference point position voting unit is configured to vote for the position of the reference
point by recording, as the candidate of the travel path of the vehicle, the position of the

reference point calculated by the reference point calculation unit,

7. The travel path detection apparafus according to any one of claims 1 to 6, wherein the
travel path detection unit is configured to detect the position of the reference point heving
the largest number of votes, among a plurality of the positions of the reference points voted
. for by the reference point position voting unit, as the information mdlcatmg the travel path

of the vehicle.
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8. Atravel path detection method comprising:
o detecting an edge point which is a point at which a luminance of a road varies;
calculating a reference pomt as a candidate of a travel path of a Vehlcle on the basis
of a left side edge pomt and a right 51de edge point on the road
votmg for a position of the calculated reference point; and

detecting 1nformat10n indicating the travel path of the vehicle on the basis of the

reference point position that has been voted for.
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