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(57) Abstract: The present invention relates
to video-based driver assistance systems be-
ing used in vehicles today to perform a vari-
ety of functions, such as lane or road depar-
ture warning. These functions often require
that parts of the video image be identified as,
for example, a traffic sign, a bridge, lane mark-
ings, etc. Particularly the present invention re-
lates to amethod and system for online calibra-
tion of a vehicle video system using vanishing
points, evaluated from frames of a camera im-
age contains identified markings or edges on a
road. The vanishing points are located by find-
ing or extrapolating at least at one left- and/or
right-hand side markings or edges of a road to
a point of intersection, whereby a long term
average vanishing point location is calculated
with time-filtering methods from a sequence
of images, even when only one side of a road
or lane marking or an edge is visible in any
given frame of an image at a time, and from
the time-averaged vanishing point location co-
ordinates, the static yaw and pitch angles of the
camera are deduced. The present invention re-
lates to also to a method to locate the vanishing
points by finding or extrapolating the regular-

14

ity of repeated road markings, such as dashed patterns and to a method to locate the vanishing point d by using the change in spatial
frequency of textures on the surface ahead as an object to determine the camera pitch angle.
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Method and system for online calibration of a video system

Field of the invention

The present invention relates to a method and system for online calibration of a
video system, particularly in connection with an image-based road
characterization by image processing methods and systems for detecting

roadway scenes in vehicles.

Video-based systems can provide position measurements of objects observed
via video camera. An aspect of the position measurement involves establishing
the orientation of the video camera (i.e., does the camera point straight ahead or

downward, is it pointing left or right, and so on).
Background of the invention

In motor vehicles several so called driving assistance systems are known, often
just called assistants, using video images captured by a single video camera or
by several video cameras arranged e.g. in the front and/or in the back of a motor
vehicle to detect e.g. road lane markings and road boundaries, obstacles, other
road users and the like, or to survey and/or display the frontal and/or back area of
a motor vehicle e.g. when parking, particularly when backing into a parking space

or when parallel parking.

As described in EP 1 400 409 A3, also camera and video images are used with
an image-evaluating system or also so-called vision-based driver assistance
system for detecting the surrounding of the vehicle. This evaluation considers

also objects, obstacles, lane and lane markings as well as distances. Hereby an
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image sensor is used, whose pixels or group of pixels display the surrounding of
the vehicle regarding intensity, contrast, color or other parameter with appropriate

data processing means to be evaluated.

Further previous art is known, for example, from “Video stabilization for a
camcorder mounted on a moving vehicle”, IEEE Transactions on Vehicular
Technology, vol. 53, No. 6, November 2004. Nearly all approaches rely on
finding markings, edges, or similar defining features — on both sides of the lane or
road - and determihing where these intersect, as this is near the vanishing point.

US patent 7,209,832 uses straight line extrapolation of the lane markings on both
sides to determine the vanishing point. Similarly, US patent 7,095,432 also uses
both sides. The significant difference here is that one does not need both sides.
Furthermore, one can reconstruct where the vanishing point would be, even

when driving in curves.
Summary of the invention

It is thus an object of the invention to develop a new method and system for
online calibration for a video position measurement system installed in a moving
vehicle, for use on roads, which is easily able to measure the relation between
the vehicle and the road markings. The invention is especially advantageous in

vehicles that are equipped with a lane support system.

On the basis of a method for online calibration of a vehicle video system with
vanishing points, evaluated from frames of a camera image contains identified
markings, scenes or edges on a road, the object of the invention is met by a
advantageous method and system for the calibration process. Implementation of
the calibration system involves establishing where the vanishing point is located

in the video image.

Referring to the invention the vanishing points are located by finding or

extrapolating at least at one left- and/or right-hand side markings or edges of a
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road intersect, whereby a long term average vanishing point location is calculated
with time-filtering methods from a sequence of images even when only one side
of a road or lane marking or an edge is visible in any given frame of an image at
a time, and from the time-averaged vanishing point location coordinates, the

static yaw and pitch angle of the camera is deduced.

In more detail, it is an advantage when an initial guess for the location of the
vanishing point is used, and when a marking is found on one side of the road in a
first frame, then the first vanishing point moves toward this marking, this by a
distance linearly proportional to the perpendicular distance to the marking,
weighted by a time dependent value that decreases each time the marking , or a
second marking from a second frame, for getting a new vanishing point location
at a refined location after the first frame and a new vanishing point, refined after
that frame and so on, so that the initial guess vanishing point moves toward the
true location, making smaller corrections as time continues and the current

location approaches the final value.

The vanishing point location successive refinement system can use recursive
filtering, such as an averaging filter, whereby if these filters may reject
measurements too far from the refined value, characterizing these as outliers and
hence as not useful measurements. Further is it possible, to locate a vanishing
point by extrapolation of lane markings, these fitted with a polynomial model,
where the uncertainty of each line fitting entry point is related to the size of the

onto the road projected pixel of the frames at that distance.

The invention relates also to a method for finding a vanishing point from images,
based on the forward extrapolation of road markings, with satisfaction of
plausibility conditions required before the extrapolation is done, whereby the
plausibility conditions may include sufficient distance in the image plane between
the most separated points defining a marking, sufficient distance on the ground in

the road plane between the most separated points defining a marking, sufficient
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vehicle speed, sufficient angle between the extrapolated markings, and/or

sufficient certainty in the marking locations.

With an alternative method for online calibration of a vehicle video system with
vanishing points, evaluated from frames of a camera image containing identified
markings on a road, the vanishing points are located by exploiting the regularity
of repeated road markings, such as dashed patterns, to determine the camera
pitch angle, or it is possible with an evaluation from identified scenes on a road,
that the vanishing points are located by using the change in spatial frequency of
textures on the surface ahead as an object to determine the camera pitch angle,
whereby a long-term average vanishing point location is calculated with time-

filtering methods from a sequence of images.

An advantageous embodiment of the invention is built by a system for online
calibration, as described above, that contains an image processing apparatus
with an electronic camera for a video-based detection of the road ore scenes in
front of the moving vehicle and a computer based electronic circuit. The
computer based electronic is able to define the vanishing point and hence
deduce the camera pitch and yaw angles by extrapolation of the road markings.
scenes or edges, with camera distortion and optical axis location accounted for,

to sub pixel precision, with time filtering used for successive refinement.

More specifically the proposed system allows that the vanishing point is
accounted for variable per driving trip vehicle loading effects, such as with a
heavily loaded vehicle trunk, whereby such vehicle loading effects normally
adversely affect lane departure warning and similar road metrology systems,

where the pitch and yaw angles are accurately needed.

The system can use vehicle inputs, such as steering angle, yaw rate or
differential wheel speed, to determine the approximate local road curvature,
which in turn is used to unbend the road markings found in an image, whereby
from this unbent road marking image, extrapolation is used to determine the

vanishing point and camera orientation.
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A computer program product stored on a computer usable medium comprising
computer readable program means for causing a computer to perform the
method of anyone of the claims 1 to 8 or the system of claim 9 or 10, wherein

said computer program product is executed on a computer.

In a particularly preferred embodiment of the invention, said method is performed
by a computer program product stored on a computer usable medium comprising
computer readable program means for causing a computer to perform the
method mentioned above, wherein said computer program product is executed

on a computer.

The foregoing, together with other objects, features, and advantages of this
invention can be better appreciated with reference to the following specification,

claims and drawings.

Brief description of the drawings

Preferred embodiments of the invention are described in the following with

reference to the drawings:

Fig. 1a, 1b shows an example of a camera image of a scene with a road,

detected by a camera on a vehicle, whose sides converge in a vanishing point.
Fig. 2. shows schematically a side view of the camera.
Fig. 3 shows schematically a top view of the camera on a straight road.

Fig. 4 shows schematically how a vanishing point of a road can be calculated

sequentially.

Fig. 5 shows in a flow chart steps how a vanishing point location and a

refinement scheme are combined.
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Fig. 1a shows schematically a situation of a vehicle 1 as a carrier of a video
image processing system, which moves forward on a road 2 in the direction of
arrow 3. The video image processing system of the vehicle 1 contains a digital
video camera 4 as an image sensor, which evaluates a road range between
broken lines 5 and 6. A computer based electronic circuit 8 evaluates the signal
at an input 9, produced by the digital data of the camera 4. Additionally at an

input 10 also the current speed data of the vehicle 1 can be evaluated.

The evaluation range of the road 2 can also be seen as a video image of the
above described video image processing system as shown in Fig. 1b. In
particular Fig.1b shows an example image of scene, detected by camera 4
mounted on or in the vehicle 1, shown in Fig. 1b, which has a vanishing point 11
located where a road 12 disappears (‘'vanishes'), so at the horizon 13, where its
two sides 14 and 15 converge. Objects appear to emerge from the vanishing

point 11 as one approaches them, or recede into as they move away.

The location of the vanishing point 11 in the shown image is related to the pitch
and yaw angle of the camera 4 viewing the scene. Specifically, the height of the
vanishing point 11 in the image is related to the pitch (downward or upward)
angle of the camera 4. If the camera 4 is pointed more downward, then the
vanishing 11 point moves up. Similarly, the lateral location of the vanishing point
11 in the image is related to the yaw angle (to the left or right) of the camera 4. If
the camera 4 is turned to the left, say, then the vanishing point 11 will move to
the right in the image. We can thus deduce the camera pitch and yaw angles
from the vanishing point location. The camera roll angle can measured by other

means.

Knowledge of the location of the vanishing point 11, together with assumptions
about what the camera 4 sees, makes it possible to determine and continually
refine the camera 4 orientation relative to the world (scene). The basic

assumption used here is that the road 12, at least near the camera 4, is flat. Note
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that this does not mean that the road 12 is always level — just that it is locally

approximately planar.

The present invention does not require finding markings, edges, or similar
defining features for both sides of a lane or a road 12, to determine the vanishing
point 11. Furthermore, the present invention allows reconstructing where the

vanishing point 11 would be, even when driving in curves.
Vertical location of vanishing point related to camera pitch angle

The vanishing point 11 is located on the same level as the horizon 13. A method
according to an embodiment of the present invention proceeds by finding the
vertical location of the vanishing point 11 in the camera image. We know the
vertical location of the camera's optical axis from an earlier calibration, so we can
accumulate the difference between these two locations over time. The long term
average of this difference is directly related to the (static) camera pitch angle.
Dynamic vehicle pitching cannot contribute to the value as it must on average
have a value of zero (should it not, then the vehicle would have to plow down into

or rise off the ground over the long term).

Fig. 2 shows schematically the geometric relations of a side view of the camera
4. The camera 4, which is assumed to be unrolled, is pitched downward with an
unknown pitch angle a. The horizon projects onto a row 23 in the video image.
The angle a is given by the ray 20 (optical axis ray) and the horizon 13. The
horizon 13 location in the image row 23 the pitch angle a as shown in the

following relation

a =tan™ (n__kzj
FL

where n is the number of rows between R and the optical axis row 20, ky is the
vertical pixel size and FL is the focal length 21. The ray 20 (optical axis) and 21

(focal length FL) have an intersection at focal point 22.
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Horizontal location of vanishing point related to camera yaw angle

Fig. 3 shows schematically the geometric relations of a top view of the camera

on a straight road. The here not shown vehicle 1 (Fig. 1a) holding the camera 4 is
positioned parallel to the road edges 30 and 31, and the vanishing point projects,
located on ray 33, onto a column 32 in the video image. Ray 33 is parallel to the
road edges 30 and 31, thus passing through the vanishing point, passing through
the (pinhole) lens, at an angle y with respect to the ray 34 (optical axis ray) of

the camera.

It can be seen that the ray 33, being parallel to the roadsides, enters the
vanishing point 11 in Fig. 1a, which shows what the camera 4 sees. Any other
direction for the ray 33 will not pass through the vanishing point on column C 32,
and hence the external angle g in the world is equal to the internal camera angle
p, this between the optical axis column 34 location on the imager and the
vanishing point's column 32 location. The difference in the optical axis 34 and
vanishing point lateral locations gives the yaw angle g as shown by the following

relation

where m is the number of columns between the column 32 containing the
vanishing point and the optical axis 34, kx is the horizontal pixel dimension and
FL is the focal length 36.

A basic assumption is that the vehicle 1 is on average parallel to the road edges
30,31.

If it were not, then the vehicle 1 would run off the road as time progressed. This
assumption means that the (long term) expectation value of the vehicle's yaw
angle is zero. Any deviation from zero in the measured long term averaged yaw

angle must come from the camera 4 pointing to the side.
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We also posit that the road between the edges 30 and 31 must on average be
straight (this is not the case on test tracks, though, where one typically drives in
an approximate oval). If we average the lateral location of the vanishing point in
the image over time, it must correspond to straight ahead. Thus the long term
average deviation between the optical axis 34, seen from above, and the ray 32
corresponding to the vanishing point projection must come from the camera's 4

static yaw angle in the vehicle 1.

This long term zero average vehicle yaw angle assumption makes it possible to
determine which way the camera 4 is pointing (to the side or not). Specifically if
we accumulate a series of measurements of the internal angle g between the
optical axis' column 34 and the column 32 containing the vanishing point, then
any effects due to dynamic vehicle yawing will on average be zero. Put another
way, if the average angle y after n samples is y(n), then this value converges to

the static (relative to the vehicle) yaw angle of the camera 4 over time.

These two long term accumulations, plus knowing that the vehicle's 1 dynamic
yaw and pitch angles must have a mean of zero, allow the online calibration
system to find the camera 4 orientation from measurements of the vanishing
point location. The next sections therefore deal with finding the location of the

vanishing point 11, shown in Fig. 1b.

Four example approaches for vanishing point location estimation according to the
present invention are described. The first approach is based on finding two or
more markings or edges on of the road, and extrapolating these forward to locate
their intersection (an_d hence the vanishing point). The second approach locates
the vanishing point even when only one side is visible at every frame. The third
approach uses the texture scale variation with distance to estimate the horizon
location, for locating the vanishing point. The fourth approach reconstructs the
vanishing point location even when in curves. The four approaches are described

in more detail below.
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First Approach: Vanishing point location and camera calibration by marking

extrapolation

Markings or edges on the road can be found with specialized image filtering
methods. Such filters look for contrast or objects of a certain dimension, different
than the background, persisting as the vehicle moves, and being consistent with
being indications of the direction of travel. For example such markings can be
found with methods for lane marking detection using video cameras and vision
based image processing procedures. We will presume from here on that the

markings or edges have been found.

The location of a point that enters into making the road marking or edge can be
described with its (x,y) coordinates in the video image. This location can be given
to within a whole pixel or to sub pixel precision. In any case, one lists points (xa1
... xan, ya1 ..yan) for line or marking a, (xb1 ... xom, yb1 ... ybm) for line or
marking b, and so on. The number of points found for each marking (n and min

the preceding example) need not be the same.

Two or more non-collocated points define a line (so two or more marking points
in the image, on one side, define a line and direction on that side). Two
nonparallel, coplanar, lines intersect (so two lines or markings in the image, at an
angle to each other, intersect). The point of intersection of the lane or road
markings in an image of the road is near the vanishing point. With time-filtering
and certain plausibility conditions required of the points before they are used, a
refined, long term average of the vanishing point location can be calculated.
From the refined vanishing point, one can calculate the camera orientation, as

described earlier.

The line is defined as follows. Points on the line or marking are given by their
(x,y) values. These can be whole- or sub-pixel values. In both cases, we remove
the lens distortion by using an inverse lens model. The inverse lens model
requires knowledge of the location of the lens optical axis on the imager, as well

as the degree and type of distortion. This distortion removal gives a new (x,-y)
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location with sub pixel values; for example the point (100,200) may in its
distortion-free form be at (98.23, and 202.65).

The distortion corrected points then have a line fitted through them, this being
done in the image plane. If there are more than two points, then a least-squares
fit is done. A least median squares fit may also be used when noisy imagery or
poor quality markings are detected. For simplicity one may also just fit a line

through the two most separated points.

The lines fitted to these - two or more - markings then define a point of
intersection, which is then near the vanishing point. Since there is uncertainty in
the marking finding and line fitting, time-averaging is used to improve the

estimate of the vanishing point location.

When three or more markings are used, more than one point of intersection may
be defined. These multiple intersection points may be averaged into one, only the
one or two intersection points nearest the current filtered vanishing point location
may be used, or similar weighted subsets may be taken to further reduce noise.
The simplest system uses only the leftmost and rightmost road markings to
determine the vanishing point. We may also use just those markings that we are

most sure are markings, or whose location is best determined.

From the time-averaged vanishing point location coordinates, we deduce the
static yaw and pitch angle of the camera, as described above. Transient
deviations from the static values are due to the motion of the vehicle carrying the
camera. These transient deviations may be of interest also (for example, in

answering the question "what is the current pitch angle of the camera?")

The conditions for extrapolation require that the distance between the nearest
and furthest marking point found on each side be large enough. We can also

require that the local road curvature be near zero, so that the forward marking
extrapolation is valid. We also require that the vehicle is moving with at least a

certain speed, so that low speed maneuvering, with its possible large yaw angle,
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is not taking place. One also look at the currently measured pitch angle, and see
if it is near enough to the long term average vanishing point before using it to

improve the average, this to eliminate large transient pitching effects.

Second Approach: Vanishing point determination with only one side visible at a

time

This approach is summarized by example in Fig.4, which shows the general
scheme used for adjusting a current vanishing point 40 toward its final value.
Online calibration for lane departure warning typically depends on finding the
vanishing point of a road. This vanishing point is typically located by finding or
extrapolating where the left- and right-hand marking of a road intersect. Online
calibration is possible when only one marking (left- or right-hand side) is visible in
any given frame. Over time it is required that both markings are visible, but only

one at a time. This document provides an example below of how this works.

The vanishing point can also be calculated from a sequence of images even
when only side of a road or lane marking is visible in any given frame of an image
at a time. It is required that both sides be visible during at some point during the
sequence, though not in the same frame(s). Frames without either side visible

are allowed, but no refinement of the vanishing point is done then.

The vanishing point is an image location about and through which extrapolated
road markings approximately pass. An initial guess for the location of the
vanishing point 40 in Fig. 4 is used, which might simply be the center of the
image or perhaps a default value given by the type of vehicle the camera system

is installed in.

When a marking 41 is found on one side, a extrapolated line or edge from the
frame, we move our guess orthogonally (in the image plane) toward this marking
like arrow 42, this by a distance linearly proportional to the perpendicular
distance to the marking, weighted by a time dependent value that decreases

each time a marking 41 or a marking 43 (also an extrapolated line seen from a
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different frame m later then the frame n concerning marking 41) is found on a
side. One gets a new vanishing point 40’ at a refined location after frame n and a
new vanishing point 40", refined after frame m and so on. As the markings 41, 43
each pass, on average, independently through the vanishing point, this moves
the initial guess vanishing point 40 toward the true location, making smaller

corrections as time continues and the current location approaches the final value.

We thus do not need to have two intersecting (in their extrapolation) markings

visible in any frame and can still estimate the location of the vanishing point.

If a low-pass filter characteristic is desired for the vanishing point adjustment, we
update the vanishing point location by a distance proportional to the
perpendicular distance to a side, weighted by a non time-varying value. An
averaging scheme uses a time-varying weighting value that decreases with time
(as in a recursive averaging filter, where the average is weighted more and move
heavily and a new measurement's weight decreases with the inverse of the

number of measurements).

For a better understanding of the inventive method, here is a simple calculated
example. The goal is to find the intersection of two lines, which for simplicity we
take as the origin (0,0) here. To further simplify the example, one line will be the
x-axis and the other the y-axis, and each of these lines will not vary in its position.
One line will be presented to the algorithm at any given time, without the other
also being visible, so no point of intersection is defined. One wants to improve an

initial guess for the intersection.

First the initial guess for the intersection is arbitrarily located at (-8,-8). The rule to
improve the vanishing point location says “move the current guessed point
toward the line being presented by half the distance to it, perpendicularly to the
line”. Applying this rule to the x-position, with the y-axis being presented again
and again produces the following changes in x-value:

Starting x at -8

Move to -4
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Move to -2
Move to -1
Move to -0.5

And so on. It may be seen that we are moving toward the correct x-location of the

intersection.

We now extend this to using both the x- and y-axes. It may be seen that,
independent of the order of the presentation of the lines (axes), we will
successively move the initial starting point toward the correct value of (0,0). The
improvements are independent of each other, but inevitable, and independent of
the starting point’s location. The vanishing point is, as it where, attracting or

pulling the arbitrary starting point towards itself.

Now it is possible to add noise to the system. For simplicity, only one axis is used
again, with the extension to two (orthogonal) axes being obvious. One arbitrarily
varies the value to move toward, by -0.2, -0.4, -0.1, -0.4, 0, +0.4, -0.3, +0.1 ...
(these values are arbitrary, but have a long-term mean value of zero). For clarity

here are the first calculations.

Move by (-8- - 0.2)/2 or 3.9 units, so to -4.1
From -4.1 move by (-4.1 - -0.4)/2 units, so to -2.25
From -2.25, move by (-2.25 - - 0.1)/2 units, so to -1.175

And continuing, one moves to -0.7875, then to -0.39375, then to 0.003125 and
so on. The convergence toward the correct value of 0 is again inevitable, and
independent of the noise (unless the noise is a divergent sequence, which is

highly unlikely).

The extension of this example with noise to two perpendicular axes is obvious.
The addition of noise partially simulates the movement of the vanishing point as

seen from a camera in a moving vehicle.
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A final degree of freedom remains, namely changing the angle of the lines. Real
road markings come at different angles in the image plane, depending on the
widih of the road. For simplicity one can vary the angle of just one line, with the
extension to two lines of varying angles being again obvious. We vary the angle
by values similar to the above noise, so by -20, -40, -10, -40, 0, +40 and so on
degrees (again, an arbitrary sequence). The motion will always be toward the
lines, moving perpendicularly again. Because of the two-dimensional nature of
the problem, the movement will be more complicated, and we show the first steps
for clarity. The governing equations, for a marking described by a linear equation
of slope m and y-intercept point bmak, and a current point at (xn, yn), is that the

new location (half way toward the marking) is at:

y new__)in_+myn+xn—mb
, =

mark mark
2(m + l) 2
m
We start with an initial guess of the intersection at (-8, -8), which then moves as:

-1.74,-3.19
-0.59, -1.37

And again the movement toward the true value (0,0) can be seen. The motion is
more complicated with varying angles, but even with both markings having

various angles, the movement will be toward the origin.

In all cases, a vanishing point of varying location (noisy), having lines of various
angles pass through it, leads to the initial guess being refined toward the true
value. This is true when the markings vary simultaneously in focation and angle,

as they do on the real road.
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The above mentioned example in Fig. 4 uses axes that are orthogonal to each
other for simplicity. More generally, these axes (lines) will not be so, and the
changes will not be independent of each other. The attractive nature of the lines -
the rule - will still pull the initial guess point toward the correct value however, and
the principle remains. The markings must be at a non-zero angle to each other,

however, for this adjustment scheme to work.

The rule of taking half the remaining distance, as shown with the distance 44 in
Fig. 4 can be improved. Using the half-distance rule means that one will always
move at least half the distance of the current noise value, even when one is at or
very near the correct final value for a variable. This noise sensitivity can be
improved to decrease the size of the step taken, using a recursive average
relation, so the size of the nth step taken is 1/n. As n tends to large values, 1/n
gets smaller and smaller, and noise has less and less influence on the final

value.

To summarize, the usual schemes for finding the vanishing point of a road
require two markings - left and right - to be visible in a frame. Their point of
intersection is near the vanishing point. Fig. 5 shows a flowchart with the different

paths that are taken, as a function of the number of markings found.

It is not necessary however, for the two markings to ever be visible
simultaneously in a single frame. As long as the left and right markings are visible
sometimes, one can adjust an initial guess for the vanishing point using the

scheme described above, converging towards a correct final value.

The process shown in Fig 5 starts with block 50 and receives an image (block 51)
from the camera 4 (see Fig. 1b). When a lane marking and/or edges (location
block 52 and decision block 53) on the road was/were found follows a decision
(block 54) and if the plausibility and/or conditions are satisfied then continues the
process with block 55. Otherwise the process returns to block 51 and receives a

new image.
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When only one marking or edge was found (block 55) the vanishing point moves
toward the extrapolated side (block 56), then an improved vanishing point is
given through an output 57 and back to the receiving image block 51 for
repeating the process. If two markings or edges were found (Block 58), an
intersection of the extrapolated sides can be computed in block 59, and then the
vanishing point moves toward the intersection, and then an improved vanishing
point is given through the output 57, and back to the receiving image block 51 for

repeating the process.

If more then two markings or edges were found (block 58), the intersections of
their extrapolated sides are computed in block 61, and the computed intersection
points are combined (Block 62), and then the vanishing point moves toward the
point of combination (block 63), and tehn an improved vanishing point is given
through the output 57, and back to the receiving image block 51 for repeating the

process.
Third Approach: Vanishing point location from texture scale variation

Regularly spaced patterns or textures become more closely spaced in an image
of them the nearer one is to the vanishing point. One can exploit this changing
spacing to deduce the camera tilt angle. Dashed markings on a road are an
example of such a regularly spaced pattern. This idea can be extended to regular

textures, such as the graininess of asphalt, later.

As an example, suppose one has a pattern that repeats at three meter intervals,
starting one meter forward of the camera (call this start point the pattern's
phase). Let the camera be pointed downward 3.6 degrees and be 1.5 meters

high. We assume a 5.7millimeter focal length lens.
It can be shown that:

Pitch angle + internal angle from optical axis = arctan(camera height 1 (phase +

n *spacing) )
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For this pattern phase is 1.0 and n = 0 for the first item. Therefore,

3.6 + internal angle = arctan(1.5/ 1.0) => internal angle = 52.716 degrees

downward

For the next item, phase is still 1.0 and n = 1, making internal angle 15.958

degrees downward.

Finally, taking one more item, n = 2, and internal angle becomes 8.496 degrees

downward.

Suppose that one does not know the phase, the pattern repetition distance or the
camera pitch angle. One does know the camera height, the internal camera
angle that each item makes with the optical axis, and which item one is looking
at. One has three equations in three unknowns, which can be numerically solved,
and the camera pitch angle is thus obtained. When even more measurements

are available, the equation set is solved in an error minimization sense.

Up until now we have required a simple, regular spacing of the identifiable marks.
This idea can be extended to a textured road, where we assume stationary first
order statistics for the texture ahead of the camera (so the mean spacing
between features for of any portion of the texture is assumed constant, at least in
the area being evaluated). By observing the change in the apparent mean texture

spacing, or equivalently, the increasing spatial frequency as we move toward the

Vanishing point in the image, one can generate equations similar to the above
and again derive the camera pitch angle. The imager used must have sufficient
resolution to see the typically small (e.g., ~1cm) variations in the texture. This
texture-based measure of the camera pitch angle is the extension in a calculus
sense of the dashed marking-based camera pitch angle measurement method

described above.
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Fourth Approach: Vanishing point location determination in curves

The vanishing point appears to move left and right in curves {when the nearby
markings are extrapolated to their intersection). Curves thus bias the 'true’,
straight-ahead vanishing point. One can however remove this bias and
reconstruct where the vanishing point would be when driving straight, as if one
were not in the curve. In order to do this, one uses vehicle signals that give the
radius of the curve one is driving in. These signals may include yaw rate,
differential wheel speed, steering angle, etc., from which one can reconstruct the
current radius. From this radius one can compute a correction to the image,
artificially moving the markings back to where they would be when driving straight
ahead. One takes these artificially moved markings and calculates the vanishing

point with them, extrapolating forward as done earlier.
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Claims:

1. Method for online calibration of a vehicle video system using vanishing
points, evaluated from frames of a camera image containing identified
markings or edges on a road, characterized in, that the vehicle has a
driver assistant system with a lane-keeping system, that the vanishing
points are located by finding or extrapolating at least at one left- and/or
right-hand side markings or edges of a road to a point of intersection,
whereby a long term average vanishing point location is calculated with
time-filtering methods from a sequence of images even when only one
side of a road or lane marking or an edge is visible in any given frame of
an image at a time, and from the time-averaged vanishing point location

coordinates, the static yaw and pitch angle of the camera is deduced.

2. Method according to claim 1, characterized in that an initial guess for the
location of the vanishing point (40) is used, and when a marking (41) is
found on one side of the road (2) in a first frame (n), the first vanishing
point (40) moves toward this marking (41), this by a distance linearly
proportional to the perpendicular distance to the marking (41), weighted by
a time dependent value that decreases each time the marking (41), or a
second marking (43) from a second frame (m), for getting a new vanishing
point (40’) location at a refined location after the first frame (n) and a new
vanishing point (40”), refined after frame (m) and so on, that the initial
guess vanishing point (40) moves toward the true location, making smaller
corrections as time continues and the current location approaches the final

value.

3. Method according to claim 1 or 2, characterized in that a vanishing point
location successive refinement system uses recursive filtering, such as an

averaging filter, whereby if these filters may reject measurements too far
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from the refined value, characterizing these as outliers and hence as not

useful measurements.

. Method according to claim 1,2 or 3, characterized in locating a vanishing

point by extrapolation of lane markings (41,43), these fitted with a
polynomial model, where the uncertainty of each line fitting entry point is
related to the size of the onto the road projected pixel of the frames at that

distance.

. Method according to claim 1,2,3 or 4, characterized in finding a vanishing

point from images, based on the forward extrapolation of road markings,
with satisfaction of plausibility conditions required before the extrapolation
is done, whereby the plausibility conditions may include a sufficient
distance in the image plane between the most separated points defining a
marking, sufficient distance on the ground in the road plane between the
most separated points defining a marking, sufficient vehicle speed,
sufficient angle between the extrapolated markings, and/or sufficient

certainty in the marking locations.

. Method for online calibration of a vehicle video system with vanishing

points, evaluated from frames of a camera image containing identified
markings on a road, characterized in, that the vehicle has a driver
assistant system with a lane-keeping system, and that the vanishing points
are located by finding or extrapolating the regularity of repeated road
markings, such as dashed patterns, to determine the camera pitch angle,
whereby a long term average vanishing point location is calculated with

time-filtering methods from a sequence of images.

. Method for online calibration of a vehicle video system with vanishing

points, evaluated from frames of a camera image contains identified
scenes on a road, characterized in, that the vehicle has a driver assistant
system with a lane-keeping system, and that the vanishing points are

located by using the change in spatial frequency of textures on the surface
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ahead as an object to determine the camera pitch angle, whereby a iong
term average vanishing point location is calculated with time-filtering

methods from a sequence of images.

Method characterized in any combination of the methods claimed in claim

1 to 5, the method claimed in claim 6 and the method claimed in claim 7.

System for online calibration of a vehicle video system using vanishing
points, evaluated from frames of a camera image containing identified
markings, scenes or edges on a road, this with an image processing
apparatus containing an electronic camera for a video-based detection of
the road or scenes in front of the moving vehicle and a computer based
electronic circuit, according to one of the previous claims, characterized in,
that the vehicle has a driver assistant system with a lane-keeping system,
and that the computer based electronic is able to approximately locate the
vanishing point and hence deduce the camera pitch and yaw angles by
extrapolation of the road markings or edges, with camera distortion and
optical axis location accounted for, to sub pixel precision, with time filtering

for successive refinement.

10. System according to claim 9, characterized in that the vanishing point is

11.

accounted for variable per driving trip vehicle loading effects, such as with
a heavily loaded vehicle, whereby such vehicle loading effects normally
adversely affect lane departure warning and similar road metrology

systems, where the pitch and yaw angles are accurately needed

System according to claim 9 or 10, characterized in using vehicle inputs,

such as steering angle, yaw rate or differential wheel speed, to determine
the approximate local road curvature, which in turn is used to unbend the
road markings found in an image, whereby from this unbent road marking
image, extrapolation is used to determine the vanishing point and camera

orientation.
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12. A computer program product stored on a computer usable medium
comprising computer readable program means for causing a computer to
perform the method of anyone of the claims 1 to 8 or the system of claim 9

or 10, wherein said computer program product is executed on a computer.
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