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Abstract - With the development of positioning system, the data of vehicle trajectory that can be
obtained by the traffic department is more and more huge, and it is more difficult to use the data of
vehicle trajectory points and map to plan the traffic route. In order to improve the efficiency of
traffic route planning, this paper briefly introduced the map matching algorithm for traffic route
planning and improves the part of the optimal path selection in the traditional map matching
algorithm by using Bayes theorem. The simulation results of the two algorithms showed that the
trend of the two algorithms was basically the same, but the path of the improved algorithm was
smoother, and the traditional algorithm had different degrees of distortion in the dense road
network; the time interval of the track points provided by the positioning system affected the
accuracy of the traffic route planning, the greater the interval, the lower the accuracy of the two
algorithms, but under the same time interval, the accuracy of the improved algorithm was always
higher than that of the traditional algorithm; the improved algorithm needed less operation time
and had higher efficiency in the planning of traffic route than the traditional algorithm.
Keywords: Map Matching Algorithm, Traffic Route, Bayes Theorem, Error Circle Search.

1. Introduction
The development of positioning technology and the
popularization of vehicle positioning device greatly
facilitate people’s travel. With the help of the map in
the vehicle positioning system and navigation
software, the vehicle driver can drive in a relatively
unfamiliar area, which can also largely avoid the
situation of getting lost [1]. In addition, even if the
driver drives in a familiar road section, with the help
of positioning system and navigation software, the
optimal path can be quickly planned to avoid road
congestion as much as possible. In addition to
personal use, with the help of vehicle positioning
system and Internet of things, the transportation
department can also plan a wide range of traffic
routes reasonably and quickly, so as to reduce the
frequency of congestion and improve the quality of
public transport services [2].The vehicle positioning
system can obtain the change of vehicle position
during driving. Theoretically, the traffic planning
route of a vehicle can be obtained as long as the
location points are arranged in chronological order
and the map is overlapped. However, the above
method is only applicable to high-precision
positioning system, or error free positioning. There
must be errors in the positioning system in practical
application. If the vehicle traffic route planning is
carried out completely according to the time
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sequence, the route planning will not conform to the
actual road situation, which will affect the traffic [3].
Therefore, in order to connect the vehicle trajectory
with the road network and obtain the accurate traffic
planning route, map matching algorithm is essential.
Schweizer et al. [4] proposed a map matching
algorithm and applied it to the route planning of
bicycle GPS track and verified that the algorithm
could well tolerate the lack of road network
information and can achieve reliable and fast map
matching even in dense street network and
interrupted GPS data flow. Tang et al. [5] proposed
an improved hierarchical fuzzy reasoning method
based on c-measure map matching algorithm, in
which c-measure represents the certainty or
probability of vehicle driving on the actual road, and
matched the vehicle trajectory with the shape curve
of the candidate road to plan the vehicle’s traffic
route using the historical positioning information.
Finally, four different paths in Beijing were taken as
examples, and the effectiveness and superiority of
this method were verified. Singh et al. [6] collected
47 km of track route data set, compared the map
matching algorithms based on geometry, topology
and Kalman filter, and found that the performance of
the map matching algorithm based on Kalman filter
was significantly better than the other two
algorithms. In this study, the map matching
algorithm for traffic route planning was briefly
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introduced, the part of the optimal path selection in
the traditional map matching algorithm was
improved by using Bayes theorem, and finally the
two algorithms were simulated.

mgpi is the i-th matched track point, which not only
includes the information types of gpi , but also
includes information of matched road section.
B

2. Map Matching Algorithm
Traditional map matching algorithm
The traditional map matching algorithm is based
on the geometric characteristics of the road network
and vehicle positioning trajectory points, and the
corresponding vehicle traffic planning route can be
obtained by allocating the trajectory points to the
road network according to the shortest distance
principle. However, with the expansion of the road
network, the sampling frequency of ordinary vehicle
positioning system is low, which makes the accuracy
of map matching and traffic route planning decrease.
Therefore, it is necessary to improve the
performance of map matching algorithm, so as to
improve the accuracy of traffic route rapid planning.
The map matching algorithm is generally divided
into two steps: ① search the candidate planning
road sections according to the track points and road
network; ② select the best planning road section
from the candidate planning road sections according
to certain rules.
Firstly, in the map matching algorithm, road
network [7] is expressed as:


G = (L, P)

(1)

where G stands for the whole road network, L is a
set of road sections (each road section contains two
attributes: spatial and non-spatial, the spatial
attributes are the start and end points and internal
nodes of the sections, and the non-spatial attributes
include information such as section number, name,
length and type), and P is a set of end points of road
section. End points of a road section are generally
road intersections or vehicle collection points. In this
study, road intersections are selected as the end
points of road section. Each end point includes the
end point number, name, longitude and latitude
coordinates, and the set of road sections starting
from or ending at that end point. The vehicle track
points [8] are expressed as:
GP  {gpi }

mGP  {mgpi }

(2)

where GP stands for a set of unmatched track
points, mGP stands for the set of matched track
points, gpi stands for the i-th unmatched track
point, which contains the information of the vehicle
such as ID, latitude and longitude coordinates,
sampling time point, speed, direction angle, etc,
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Figure 1: Searching of candidate planning road
sections

After the road network and vehicle trajectory
network are expressed in the above way, the traffic
route is planned using the map matching algorithm
according to the collected vehicle trajectory points.
Firstly, the candidate road sections are searched
according to the vehicle track points. In this study,
the candidate road sections are searched using the
error circle search method. As shown in Figure 1,
black dot gpi is the track point to be matched, and
roads within the error circle which takes gpi as the
center of circle and r as the radius are the candidate
roads. Error circle radius r is determined by the
positioning error radius and road simplification
error. As can be seen in Figure 1, there are four roads
(OA, OB, OC, OD) within the circle which takes gpi as
the center of circle and r as radius, all of which are
candidate roads [9]. Then the candidate points for
correcting the track points are selected from each
candidate road. The selection method of the
candidate points is: make a vertical line to the
candidate road through gpi , and determine the
candidate points according to the vertical foot; when
the vertical foot is in the candidate road, it is the
candidate point, and when the vertical foot is outside
the candidate road, the end point of the candidate
road which is the nearest to gpi is selected as the
candidate point. The duplicate points are deleted
after selection of candidate point. In Figure 1, a and c
are the candidate points of OC and OD respectively,
and b is the candidate point of OA and OB.
After searching candidate roads and candidate
points, the second step of the map matching
algorithm starts, i.e., to select the optimal path. The
optimal path is selected according to the rules from
the set of candidate roads, and the trajectory points
are corrected through the candidate points in the
optimal path.
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The above steps are repeated to correct the set of
vehicle trajectory points, and finally the traffic route
planning map of the optimal path is obtained. The
traditional method of selecting the optimal path is
based on the principle of the shortest path. As the
track route of vehicles is continuous, when selecting
the optimal path, in addition to following the
shortest path principle, the optimal path also needs
to meet the network topology; when using candidate
points in the optimal path to correct the track points,
if there are multiple candidate points in the path, the
candidate points with the shortest distance from the
track points are selected as the correction points.

The improved map matching algorithm
As mentioned above, the traditional map
matching algorithm adopts the shortest path
principle to select the optimal path on the premise of
following the topological structure of the road
network, but this selection method does not fully
consider the positioning error and is relatively
isolated when analyzing the track points, as it does
not fully consider the front and back sequence
connection in time. In this study, Bayesian theorem
is used to select the optimal path in the candidate
path set. The traffic route planning flow of the
improved map matching algorithm is shown in
Figure 2.


Figure 2: The traffic route planning process of the improved map matching algorithm
In this study, the Bayes theorem [10] for optimal
path selection is a method of probability reasoning,
which makes full use of previous prediction
experience through prior distribution probability
and conditional probability. It not only judges the
characteristic trend of probability reasoning object,
but also simplifies the association between objects.
Its basic formula is as follows:
f ( x  ) g ( )
(3)
g ( x) 
P( x)
where g (θ x) stands for the inference probability of
the object, f ( x  ) is the conditional probability [11],

g ( ) is the prior distribution probability [12], and
P(x) is the total probability distribution of the
sample set. The traffic route planning process
improved by Bayes theorem is as follows:
① The collected data of vehicle positioning track
points and the simplified road network are input,
then the vehicle track points are read in turn
according to the time sequence to determine
whether the track is abnormal. If not, the next step
proceeds; if there is any abnormal, the track point
data are read again.
② The candidate road of the current track point
is searched by using the error circle. If the candidate
road cannot be found, the abnormality is recorded
and the data are read again. After searching the
candidate road, the candidate point is calculated
according to the above method.
③ If there is only one candidate point for the
current track point, it can be directly used as the
correction point for the track point; if there is more
140

than one candidate point, the next step of optimal
path selection is required.
④ The optimal path selection model in this study
relies on Bayes theorem, so the model meets the
following assumptions: the time interval between
the track points is short; in the track point sequence,
there is a conditional probability relationship
between the track points to be calculated and the
track points before and after; the number of track
points exceeds 5. The size of the sliding window is 3,
and the probability is calculated by using the track
points with a time interval of m before and after the
current track point. The calculation formula [13] is
as follows:



 f sn  f st  f dir

p( gpi  m , gpi  m ek )  p(ek gpi )

(4)
 f st 
p( gpi  m , gpi  m )


  dirsn  direk  dirsn  direk 



 f dir  max e 180 , e 180 






where f sn is the probability that the candidate
road section is optimal,

f st stands for the
correlation probability between the track points to
be matched and the track points before and after the
time sequence [14], f dir is azimuth probability,
p( gpi  m , gpi  m ek ) is the probability that the track
points before and after the time sequence of the
track point to be matched belonging to candidate
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road section e k , p(ek gpi ) stands for the probability
of e k appearing in track point, following the
distribution of p(ek gpi ) : U (0,1) , p( gpi m , gpi m ) is
the distribution of the track point before and after in
all the samples, dirsn is the azimuth angle, and
direk , direk are the up and down directions of the
candidate road section.
Through the above formula, the probability of all
candidate road sections of the track points to be
matched is calculated, and the candidate road
section with the highest probability is selected as the
optimal one.
⑤ After selecting the optimal road section, the
candidate points in the road section are taken as the
correction points of the track points to correct the
track points.
⑥ After the track point is corrected, whether the
track point is the last track point is determined. If
not, the process stops and the results are output.
If not, the window slides down to the next track
point, and steps ② ~ ⑤ are repeated.

Experimental method
Before using the map matching algorithm to plan
the traffic route, the track sequence was classified
according to the vehicle ID to reduce the calculation.
Then, the track points were extracted from the
track samples of each taxi at intervals of 10 s, 15 s,
20 s, 25 s and 30 s to form the track point data sets
with different time intervals. Next, the track points of
30 taxis were randomly selected from the track point
data sets of each time interval, and 400 track points
were selected for each taxi, respectively. Finally the
traffic route was planned using the traditional map
matching method and improved map matching
method.




Experimental results

3. Example Analysis
Experimental environment
The traditional map matching algorithm and
improved map matching algorithm mentioned above
were compiled using C + + language [15].
The experiment was carried out on a laboratory
server with configurations of Windows 7 system, I7
processor and 16 G memory.


Figure 4: The traffic planning route based on the
traditional map matching algorithm

Experimental data
As shown in Figure 3, an area of Zhengzhou city
was taken as the subject, and the location data of
taxis in this area was collected as the data set of
traffic route planning for map matching.
The data set contained the track sequence of
1500 taxis, with a total of 330, 000 track points.
The collection time of the data set was from
March 1, 2019 to March 7, 2019.
The time interval between the two adjacent track
points in the track sequence of each vehicle was at
least 10 s.

Figure 5: The traffic planning route based on the
improved map matching algorithm

Figure 3: The map of some areas of Zhengzhou city

Limited by the space, this paper only shows the
traffic planning route of a taxi’s track points with 10
s time interval under two map matching algorithms,
as shown in Figure 4 and 5. It can be seen intuitively
from Figure 4 and 5 that the trend of the traffic
planning route calculated by the two map matching
algorithms was basically the same under the same
track point data, but the traffic planning route
planned by the improved map matching algorithm
was smoother, and the traffic planning route
obtained by the traditional map matching algorithm
was distorted in different degrees at some
intersections. Through observation, it was found that
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the traditional map matching algorithm matched the
track points to the adjacent road sections at
intersections, eventually leading to the distortion of
the whole line.

Figure 6: Accuracy of two algorithms for traffic
planning under different time intervals of track points
As shown in Figure 6, the accuracy of the
traditional map matching algorithm was 95.5% and
the accuracy of the improved map matching
algorithm was 98.2% when the time interval of
adjacent track points was 10 s; the accuracy of the
traditional map matching algorithm was 93.2% and
the accuracy of the improved map matching
algorithm was 97.3% when the time interval of
adjacent track points was 15 s; the accuracy of the
traditional map matching algorithm was 91.2% and
the accuracy of the improved map matching
algorithm was 96.1% when the time interval of
adjacent track points was 20 s; the accuracy of the
traditional map matching algorithm was 89.3% and
the accuracy of the improved map matching
algorithm was 94.5% when the time interval
between adjacent tracks was 25 s; the accuracy of
the traditional map matching algorithm was 86.2%
and the accuracy of the improved map matching
algorithm was 93.8% when the time interval
between adjacent tracks was 30 s. It can be seen
from Figure 6 that the accuracy of the traffic
planning route obtained by the traditional or
improved map matching algorithm decreased with
the increase of the time interval of the track points
used in the map matching algorithm.
The reason was as follows.
When the time interval of the track points was
small, the moving distance of vehicles in space was
small, and the relationship between space before and
after was strong; therefore both the topological
principle of the shortest route and the probability
inference of Bayes theorem could accurately select
the optimal route.
When the time interval increased, the moving
distance of vehicles increased, and the relationship
between space before and after was weak, and
moreover the optimal road sections increased, which
improved complexity and decreased accuracy.
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Under the same time interval, the accuracy of the
improved map matching algorithm was higher.

Figure 7: The average time of calculation of the traffic
planning route by the two algorithms based on the
track points of every vehicle
As shown in Figure 7, the average calculation
time of the traditional map matching algorithm for
the traffic planning route of every taxi was 763 s, and
that of the improved map matching algorithm was
521 s. It was seen from Figure 7 that the improved
map matching algorithm was more efficient than the
traditional map matching algorithm.
The reason was that the traditional map
matching algorithm used the shortest route principle
when selecting the optimal path and also considered
the topological structure of the overall path, which
was relatively large in calculation, but the improved
map matching algorithm used Bayes theorem to link
some track segments for probability reasoning when
selecting the optimal path, and the calculation
amount greatly reduced as the calculation of the
whole route was not needed.

4. Conclusion
This paper briefly introduced the map matching
algorithm for traffic route planning and improved
the part of selection of optimal route in the
traditional map matching algorithm to improve the
efficiency of traffic route planning.
The optimal route was selected by the
probabilistic reasoning method of Bayes theorem.
Then the simulation experiment was carried out on
the traditional and improved map matching
algorithms, and the results are as follows.
The trend of the traffic planning route calculated
by the two map matching algorithms was basically
the same, but the traditional traffic planning route
had different degrees of distortion in the complex
road network area, and the improved traffic
planning route was smoother.
With the increase of the time interval of track
points used for calculating traffic route, the accuracy
of the traffic planning route gradually decreased, but
the accuracy of the improved algorithm was always
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higher than the traditional algorithm under the same
time interval of track points.
In the aspect of planning efficiency of the traffic
route, the average time needed by the improved map
matching algorithm was shorter.
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