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1
METHOD FOR IDENTIFICATION OF
TRAFFIC LANE BOUNDARY

BACKGROUND OF THE INVENTION

1. Field of the Invention

Theinvention provides a method for identification of traffic
lane boundary, particularly a method for identification of
traffic lane boundary by applying the frequency span infor-
mation and the probability density function model.

2. Description of the Prior Art

When the radar microwave detector is used to count the
number of vehicles of every lane in multiple lanes at the same
time, it has to set up the information of lane boundary first. It
1s areal difficult job. The main reason is that when the vehicles
pass through different lanes, it is unable to distinguish lane
boundary accurately to obtain the vehicle information on
every lane, due to the reflection of microwave generated by
near the adjacent lanes.

As the provided prior art for the other radar microwave
technology application to the identification of traffic lane, in
US Patent No. US2007/0016359A1 “Method and Apparatus
for Providing Automatic Lane Calibration in a Traffic Sen-
sor”, Canadian EIS Company provides the central frequency
of every lane, and assumed about five-meter width lane to
conduct the upgrade and setup. The input is by using the
displacement of a vehicle. The calculation of displacement is
to calculate the distance between the central frequency of
closest lane and a certain representative position, in order to
modify the central frequency of lane constantly. However, the
lane width is already been fixed in the technology. Due to the
traffic lane being fixed, there is no more flexible calculation
for lane width, so that it is still difficult for the practical
application.

In addition, in U.S. Pat. No. 6,556,916B2 “System and
Method for Identification of Traffic Lane Positions”, the
boundary of each lane is provided. After each car passing
through, the appearance position having the most representa-
tive frequency of car plus 1 will be selected as the input. The
accumulated figure is utilized for the learning of Gaussian
Mixture Model, and the valley of learning is used as the lane
boundary. The position of single point is used to represent the
position of vehicle in the invention. It may cause a larger error
in calculation, so that there is also a difficulty for the practical
application.

Thus, in various conventional technologies for the radar
identification of traffic lane, there are various shortcomings
such as inaccuracy and lack of flexibility, and there are not
suitable for the practical calculation of lane boundary. In
order to respond the demand, it is necessary to develop the
relevant technologies for identification of traffic lane posi-
tions, so as to save the cost such as manpower and time etc.
and be able to obtain the correct lane width.

SUMMARY OF THE INVENTION

Theinvention provides a method for identification of traffic
lane boundary. The microwave signal is received first, and the
noise reduction is treated for the microwave signal. Then the
frequency domain information is employed to calculate the
legal set of closed interval, in order to form the frequency span
information. Finally, the probability density function model
is employed to calculate the frequency span information in
order to identify the traffic lane boundary.

In the invention, the voltage signal is used as input param-
eter, which is converted to frequency domain signal by Fou-
rier Transformation further. When the vehicle passes through
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the detecting area, the peak count is revised properly to find
out the occupied frequency span. It is repeated to accumulate
the frequency span information. The conflict of frequency
span information is used to revise the accumulated figure.
Finally, the revised Gaussian Mixture Model is utilized for
learning. If there is a conflict point in two lanes, the conflict
point and the learning result are used to determine lane
boundary simultaneously. If there is no conflict point, only the
learning result is used to determine lane boundary.

The invention utilizes the Gaussian Mixture Model Variant
to carry on an automatic learning mechanism, in order to
identify the proper lane boundary position.

The invention can reduce the wrong judgment in unknown
lane area under the situation of a given frequency span infor-
mation.

The invention can use a faster and more accurate calcula-
tion way to identify the lane boundary position, in order to get
correct lane width.

The advantage and spirit of the invention can be understood
further by the following detail description of invention and
attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as well becomes better understood by reference to the follow-
ing detailed description, when taken in conjunction with the
accompanying drawings, wherein:

FIG.1 shows the flow chart diagram of a preferred embodi-
ment of the invention.

FIG. 2 shows the histogram for the peak count of compact
caron Lane 1.

FIG. 3 shows the histogram for the peak count of large car
on Lane 2.

FIG. 4 shows the conflict information table.

FIG. 5 shows the conflict information is taken place.

FIG. 6 shows the diagram of conflict information and the
accumulated frequency.

FIG. 7 shows the statistical result of the accumulated
vehicles table.

FIG. 8 shows the comparison diagram of Gaussian Mixture
Model and Gaussian Mixture Model Variant.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention provides the frequency span information and
the probability density model to form an automatic learning
mechanism, in order to identify the correct lane boundary
position.

The invention provides a method for identification oftraffic
lane boundary, which is described in detail as follows:

FIG. 1 shows the flow chart of a preferred embodiment. As
shown in Step 101, the microwave signal is received firstly,
and then the voltage signal is converted to frequency domain
information by Fourier Transformation.

As shown in Step 102 of FIG. 1, the noise reduction is
treated for the frequency domain information. Thus, the
unnecessary frequency domain information from the micro-
wave signal is filtered.

As shown in Step 103 of FIG. 1, the frequency domain
information is employed to calculate the legal set of closed
interval, in order to form the frequency span information.

Finally, as shown in Step 104 of FIG. 1, the probability
density model is employed to calculate the accumulated fre-
quency span information, in order to identify the traffic lane
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In the preferred embodiment of the invention, as shown in
Step 101, the microwave signal is received first. The road-side
radar detector is usually used to detect the vehicle on road.
After the vehicle has passed, an electronic signal is generated.
After the electronic signal is transformed, the frequency span
information is formed.

The above-mentioned frequency span information is
mainly to find the minimum closed interval formed by vehicle
on the frequency domain. The peak count of vehicle on the
frequency domain is used to select the closed interval. The
clustering result is formed by the temporal continuity of
vehicle, which is not a single sample point. In other words, the
lane width (interval information) is employed to substitute the
position information (single point information) of vehicle in
the lane.

FIG. 2 shows the statistical diagram for the peak count on
the frequency domain information after the small vehicle
passing. As shown in FIG. 2, the minimum closed interval of
system is [21, 23] because the peak counts of 21, 23 are quite
representative. Also, they are close enough, thus the histo-
gram of these peak counts can form the frequency span infor-
mation of [21, 23].

FIG. 3 shows in another time point, after the big vehicle
passing, the statistical diagram for the peak count on the
frequency domain information. As shown in FIG. 3, the mini-
mum closed interval of system transforming is [23, 27].

FIG. 4 shows the histogram of frequency span information.

As shown in Step 102 of FIG. 1, the noise reduction is
conducted firstly. When the vehicle passes, the peak count
will be accumulated on the frequency domain. When the peak
count is smaller than a certain threshold (such as smaller than
5% of peak count), the information on the frequency domain
will be filtered.

As shown in Step 103 of FIG. 1, the frequency domain
information is employed to calculate the legal set of closed
interval. When the legal set of closed interval is calculated, it
is necessary to check whether the distance of two closed
intervals is smaller than the threshold (such as 1 meter). If it
1s not, these two closed intervals will be considered as differ-
ent closed intervals. If it is, a minimum closed interval will be
formed to cover the frequency domain of these two peak
counts. Then, check again whether the distance of other
closed intervals is smaller than the threshold (such as 1
meter). If it is, a larger minimum closed interval will be
formed to cover previous closed interval and frequency
domain, until no more other peak count can be merged. When
the above-mentioned actions are completed, it is necessary to
check all closed intervals and the single existed frequency
domain alone. If the closed interval or the single existed
frequency domain is smaller than the threshold (such as 1
meter) or larger than maximum lane width (such as 5 meters),
the closed interval and the single existed frequency domain
shall be deleted.

In addition, when the distance comparison of closed inter-
vals is proceeded, the boundary of adjacent closed intervals
will be compared, for example, the distance between [21, 23]
and [25, 27] is 2 (25-23).

The invention screens out suitable frequency span infor-
mation by limiting the maximum extent of lane, for example,
the frequency span information must be less than the width
restriction of normal lane to filter the suitable frequency span
information.

Due to the single point information is employed to repre-
sent the traffic lane position; it is apt to generate the same
expression way for different vehicles in different lanes; thus
the invention utilizes the frequency span information. The
greatest advantage is that the adverse effect can be avoided
when the situation happened for the single point signal, in
order to reduce the misleading judgment for the unidentified
lane area.
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Then, the invention will carry on the treatment of conflict
information, in order to judge the accumulated frequency
span information adjusted by the traffic lane boundary. F1G. 4
shows the statistical histogram of the accumulated frequency
span information. As for the treatment step of conflict infor-
mation, it is mainly to observe whether the left boundary and
right boundary of every frequency span information is over-
lapped. If there is overlap phenomenon, the conflict informa-
tion needs to be calculated and treated. For example, it is
shown in FIG. 5 that the closed interval 23 of span and the
closed interval of span 25 will be the place where the conflict
information is taken place in FIG. 4. At this moment, the
invention will assert that it is the conflict information between
the closed interval 23 of span and the closed interval 25 of
span, which can be employed to adjust and treat the accumu-
lated frequency span information.

The conflict information is calculated by the following
way. Assume the span of certain frequency span information
is started from position 1to position r, and then a value will be
added to L[1] and R[r]. Thus the result of FIG. 5§ can be
obtained by equation (1) as follows:

Crmin{Lfi] Rfi]} 1

Where C, represents the conflict times of conflict informa-
tion at position i. This conflict information can be used by
equation (2) to adjust the accumulated frequency span infor-
mation. As shown in FIG. 6, after the adjustment, the accu-
mulated frequency span information can respond the traffic
lane position better.

47{4-C} 2

Then, as shown in Step 104 of FIG. 1, the probability
density function model and the Gaussian Mixture Model
Variant are employed to calculate the frequency span infor-
mation as follows:

M 3)
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Where o, to o, represent non-negative weight. The total
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IX,| represents the set size of component j, that is

" M 4
X;= Ux‘-a‘-j W0y and U X, =,
o1 J=1
Place equation (5) into equation (3),
u X (6)
HO)= ) > [negl s, 1)
J=1 k=1
Maximize equation (6) to obtain o, , %,
M - Step:
Xl M
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The invention conducts actual verification, there accumu-
lated number total 183 vehicles including motorcycles, com-
pact cars and large cars are observed and distributed on Lane
1 to Lane 4. F1G. 7 shows the statistical result of vehicles.

FIG. 6 shows the accumulated frequency information and
the conflict information. The upper part is the accumulated
frequency span information of 183 vehicles, which shows the
accumulated times on every frequency domain. Between
Lane 1 and Lane 2, the first conflict interval is from 23 to 25.
Between Lane 3 and Lane 4, the second conflict interval is
from 36 1o 38. After the conflict information is treated by the
invention, much more accurate accumulated frequency span
information can be obtained.

Inthe comparison diagram of Gaussian Mixture Model and
Gaussian Mixture Model Variant shown in FIG. 8, the upper
part is the calculation result of original Gaussian Mixture
Model, and the lower part is the calculation result of Gaussian
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Mixture Model Variant. It is known after the calculation of 60

Gaussian Mixture Model Variant; it not only can increase the
convergence speed, but also can reduce the variant of every
parameter, to obtain much more accurate lane boundary infor-
mation.

The invention employs the Gaussian Mixture Model Vari-
ant to form the calculation method of automatic learning, in
order to identify suitable lane boundary position. The fre-

6

quency span information is employed to reduce the mislead-
ing judgment for the unidentified lane area. And the faster and
more precise calculation way is employed to identify the
traffic lane boundary position, in order to get correct lane
width.
It is understood that various other modifications will be
apparent to and can be readily made by those skilled in the art
without departing from the scope and spirit of this invention.
Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth
herein, but rather that the claims be construed as encompass-
ing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.
What is claimed is:
1. A method for identification of traffic lane boundary by
using the treatment of conflict information, comprising:
receiving a microwave signal and said microwave signal
being converted to a frequency domain information by
Fourier Transformation, wherein;

treating a noise reduction for the frequency domain infor-
mation by filtering an unnecessary frequency domain
information from said microwave signal,

forming a frequency span information by employing a

frequency domain information to calculate a plurality of
closed intervals;

checking whether a first distance between two of said

closed intervals is smaller than a setting threshold value;
checking whether a second distance of others of said closed
intervals is smaller than said setting threshold value;
checking all of said closed intervals and a single existed
frequency domain alone;
carrying out a treatment of conflict information in order to
adjust said frequency span information; and
identifying a traffic lane boundary by an accumulated fre-
quency span.

2. The method according to claim 1, wherein said checking
whether a first distance between two of said closed intervals is
smaller than a setting threshold value comprises if it is not,
two of said closed interval are as different said closed interval.

3. The method according to claim 1, wherein said checking
whether a second distance of others of said closed intervals is
smaller than said setting threshold value comprises if it is, a
minimum said closed interval is formed.

4. The method according to claim 1, wherein said checking
whether a second distance of others of said closed intervals is
smaller than the threshold comprises if it is, a larger minimum
said closed interval is formed to cover said closed interval and
said frequency domain until no more other peak count is
merged.

5. The method according to claim 1, wherein said checking
all of said closed intervals and a single existed frequency
domain alone comprises if said all of said closed intervals and
said single existed frequency domain alone are smaller than
said setting threshold value or larger than a maximum lane
width, said all of said closed interval and said single existed
frequency domain are deleted.

6. The method according to claim 1, wherein said carrying
out the treatment of conflict information, comprising:

comparing a boundary information of said closed intervals

to obtain a conflict information.

7. The method according to claim 1, wherein said carrying
out the treatment of conflict information, comprising:

Crmin{LfilRAT),

wherein C, represents the conflict information, L[i], R[i]
are left and right boundary information formed by said
accumulated frequency span information.
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