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The trajectory information generated by the moving object plays an important role in studying the object movement. In this paper,
a trajectory data compression algorithm based on the motion state changing is proposed to reduce trajectory data storage space
and increase compression speed, which can accurately show the motion state and trajectory characteristics. This study has certain
significance for the exploration of mass traffic data and the planning of traffic network. Combining the angle threshold with the
velocity threshold of a moving object, the key data points are found and the redundant information is removed. Subsequently, the
compressed trajectory is obtained. The experimental results show that the new algorithm can help to improve compression

efficiency. The compressed trajectory has high similarity with the original trajectory in movement tendency.

1. Introduction

With the development of economy and technology, mobile
devices and global positioning system are popular in various
industries [1, 2]. In particular, data collection and storage of
trajectory information with the characteristics of time, lo-
cation, speed, and direction are showing high-speed growth.
Currently, how to compress and dispose the GPS data is
becoming a hot spot. In 1973, David Douglas and Thomas
Peucker presented a classical Douglas-Peucker algorithm to
preferentially delete some points by means of information
loss in iterative calculations. Afterwards, this algorithm was
improved by many scholars. Hershberger John implemented
the Douglas—Peucker algorithm for line simplification [3],
and Jin et al. studied near-linear time approximation al-
gorithms for curve simplification by reducing the time
complexity [4]. In addition, Keogh proposed the Opening
Window (OPW) algorithm based on the same algorithm in
which the trajectory is simplified by iterative information
loss. This algorithm cannot track information of the whole
iteration; it is based on the concept of “open window” in
which the algorithm “window” contains only a portion of
track point iteration. Then, it keeps updating the track

information in the “window” until the whole track sim-
plification is completed. This algorithm can be synchronized
with online track compression [5]. The sliding window al-
gorithm [6] is similar to the open window algorithm, the
main idea of which is to start from the track start, initialize a
sliding window size of 1, and gradually expand the window,
thereby adding subsequent trajectory points. After con-
necting the first path point within the window and the last
track point, the resulting segment is considered as segment
approximation. Sliding window algorithm is used to cal-
culate the approximate vertical line segment with the
original track Euclidean distance; if the distance is less than
the predetermined distance threshold, then continue to
increase the sliding window. This process is repeated until
the error is within the window. However, the above-
mentioned algorithm uses less track information using GPS
time information. For this situation, Meratnia proposed a
Top-Down Time Ratio algorithm [7]. This algorithm uses
synchronous Euclidean distance (SEDm) in place of the
vertical distance, which takes into account the time infor-
mation from GPS track information. Coclite et al. [8]
proposed using the road network of semantic information
instead of track points to store compressed track objects and
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performed experimental studies in 2012. Yeh et al. used the
oppressed road network link information in conjunction
with information of the mobile objects’ time to enter and
leave the track [9]. This largely highly compressed the data
storage. Threshold algorithm is another type of algorithm
proposed by Al-Hussaeni et al. [10]. This algorithm is based
on the moving object speed and direction at locus points to
predict binding region threshold set at a point that may exist.
Location prediction is decided by retaining or removing the
points. Threshold algorithm deletes redundant indicator
points based on speed and direction, and the algorithm takes
into account the state trajectory, but the area to predict the
next big point will possibly cause more points to delete.
However, it can achieve a high compression ratio and has led
to track trends and similar characteristics. Based on the
above reasons, this paper constructs new indicators based on
speed and angle, namely, the weighted combination of both
thresholds to find the key points, and through statistical
sampling to find the most appropriate threshold.

2. Compression Algorithm Based on
Angle Threshold

The data used in this study are the taxi GPS positioning data
of a Chinese megacity. The objective of the data compression
algorithm is to show the trajectory form of taxi movement
with the least GPS data.

Suppose there are n taxi tracks. X; represents i track,
and each track has m’ dots. A point of each track contains
time, position, speed, and direction of rate in the GPS. X/
represents j point of i track, where j=1, ---, m;, and
X! = (t), x/, yl, v/, 0)). Five components of X/ represent
time, longitude, latitude, speed, and speed direction in j
point of i track.

Due to fewer data points collected for each track, the
data storage and calculating speed will be greatly affected.
Therefore, the track can be compressed to find key points
and remove redundant data on the premise that there is no
loss of essential feature track [11-14]. In order to reduce
the data amount, it is necessary to find the retained or
removed data point indicators. From an intuitive point of
view, when the velocity of a track point of direction
change is large, it indicates that the vehicle is traveling or
changing its track due to road change or incidental sit-
uation [15]. Thus, this paper first considers the speed
direction (angle) as a screening data point indicator.

0, is defined as the angle threshold, which is used to
eliminate the trajectory points which are less than the angle
threshold, and the scope of angle threshold is greater than 5 and
less than 20. AG/7*" = |§/"" — 6/ represents the absolute value
of the change in the direction of the velocity values of two
adjacent points in i track. If A6 <o, XJis deleted; if
AP >0, Xis retained.

According to this principle, from the first point of a
track, successive points will be tested backwards to get a
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compressed trajectory. In order to reflect the effect of
compression, the compression ratio is defined as follows:

m-—m.H
Yir=——=, (1)
m.

1

where Y% represents the compression rate of i track with
angle threshold 6, and m; and m!’ represent, respectively,
the number of track points in i track before and after
compression [16].

Angle threshold 0, is defined, respectively, as 5, 10, 15,
and 20 in this paper. In nearly a month, running track (an
example of the sample database shown in Table 1) of 2000
taxis in Beijing is verified, indicating that, with an increase in
6,, the average compression rate increases.

With the increase in the angle threshold, the change of
the average compression rate of 2000 taxis is shown in
Figure 1. It can be seen from Figure 1 that the average
compression rate is more than 45% and the time efficiency is
improved greatly. However, since only the information
point of view is considered, some points with an important
feature of the information have been deleted so that the
original motion trajectory trend has changed; for example,
the license plate number “669148” taxi track is shown in
Figure 2.

In Figure 2, with the angle threshold values of 5, 10, 15,
and 20, four figures are shown before and after compression
of the taxi track; the red trace is the original track and the
blue trace is the track after compression. It is obvious that
the significant changes in movement trend between points A
and B before and after compression have taken place as
shown in Figure 2; the main reason is that the locus points
between points A and B are all deleted. In order to avoid the
deletion of some key data points, the compression ratio is
usually reduced. Therefore, we need to add a new threshold
to filter the key data points that need to be retained. Thus, the
information in the locus points contain the speed at different
time periods; in addition, the size of the rate of change
reflects whether there is traffic congestion or smooth, and it
reveals the trajectory of internal features. If the speed is the
only indicator, the situation with the angle threshold control
of key points is bound to arise, which can get a higher
compression ratio [17]. But it will lose some points that
reflected track trends, and the characteristics of the track
cannot be fully demonstrated by the rest of the points. For
these reasons, this paper, used the two indicators angle and
speed as the key points of track [18-20].

3. Compression Algorithm Based on Angle and
Speed Threshold

Speed threshold is defined asv,, which is used to eliminate
the trajectory points which are less than the speed threshold,
and the scope of the speed threshold is greater than 5 and less
than 20. Av/’/*" = |v/"" — /| represents the absolute value of
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TaBLE 1: Example of the sample database.

Plate number Time Longitude Latitude Speed Direction (angle)
669148 20121130044746 116.134 39.642 0 194
669148 20121130001657 116.373 39.987 25 184
669148 20121130001751 116.373 39.984 54 166
669148 20121130001845 116.374 39.98 47 164
669148 20121130001940 116.375 39.976 0 168
669148 20121130002033 116.375 39.974 43 186
669148 20121130002126 116.374 39.967 23 268
669148 20121130002219 116.365 39.967 60 268
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FIGURE 1: The trend of the average compression rate with the angle threshold.

the change in the speed of the velocity values of two adjacent
points in i track. These points that meet the limit of angle
threshold and speed threshold are deleted, namely, if
NG <0, and AV <v,, XJis deleted, or else, X! is
retained.

According to this principle, from the first point of a
track, successive points will be tested backwards to get a
compressed trajectory. The track is still referred to be X! in
the case not to cause confusion. Simultaneously, the com-
pression ratio is defined as follows:

_mi- m;

ylote = T (2)

m;

where m; is as defined above and m! is the number of com-
pressed track points in the angle and speed threshold control.

Angle threshold 0, is defined, respectively, as 5, 10, 15,
and 20, and the speed threshold v,is defined, respectively, as
5,10, 15, 20, 25, and 30 in this paper. Thus, 30 combinations
are obtained.

As shown in Figure 3, track trends of A and B points before
and after compression are well preserved in this method. In
Figure 3, tracks are shown in the last small picture with grid
before and after compression when 6,=25 and v, =30. In
addition, two encircled points, respectively, in Figure 3 are
points A and B in Figure 2. It is very intuitive that motion trends
of point A and point B were retained well even in the larger
threshold, but the compression ratio of this algorithm is lower.

The average compression ratio of 2000 taxi track trends with the
angle and speed threshold values at the same time is shown in
Figure 4. Thus, the highest value of compression ratio is about
50% and the lowest value is only about 20%. We have paid more
attention to keeping contrail features and being stringent to take
data points so that a few points meet the speed and angle
threshold. Besides, it leads to a situation that the similarity of the
track shape is higher, but the compression rate is lower. When
the angle and velocity threshold values change, the compression
ratio also changes in size as shown in Figure 4.

4. Compression Algorithm of Trajectory Data
Based on Motion State Change

Assuming a new index, the weighted threshold value for
velocity and angle, so as to obtain higher compression ratio
and retain important information after compression [21],
the index is marked as 6v,. Making AGV{’]H = oclAHf’]+l+
a, AV whereA@7*! and a, are the weights of A#//*' and
Av]7!, respectively. If AOvI7*! < Bv,, X/ is deleted; else, Xis
retained.

Using the mathematical model established above, each
data point of the vehicle trajectory data is screened in turn,
and the key data points left by the screening are used to form
the compressed vehicle trajectory. Without a disordered
case, mark the compressed trajectory as X, and the
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FIGURE 2: Trajectory map before and after compression at different angles.
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FIGURE 3: Trajectory map before and after compression at different angles and speeds.

compression ratio is defined as va“ = ((m; - mfl )/m;), but
m; as primary. Under the control of the weighted threshold
value for velocity and angle, m!’is the number of trajectory
points compressed [22].

Reduced trajectory was not only considering efficiency, but
it was also guaranteeing the compressed trajectory as well as the
original trajectory. In order to reflect the similarity of the two
trajectories before and after compression, the diversity of the

two trajectories is defined. D; represents the absolute difference
of i track before and after compression. Owing to the concern
about kinetic trend changes before and after compression [23],
area of the shadow that the compression trajectory and the
original trajectory are surrounded by was not too large, as
shown in Figure 5.

In Figure 5, the red line represents the point of original
trajectory data and the blue line represents the point of
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FIGURe 4: The change of angle threshold and velocity threshold leads to the change trend of compression ratio.

FIGURE 5: The area of the shadow that the compression trajectory and the original trajectory are surrounded by.

TaBLE 2: Average compression ratio and average relative diversity of different threshold values and weights.

Threshold ~ Weight Weight The average The average 1 — the average P=1- the average compression
value 1 2 compression ratio relative diversity relative diversity  ratio+ (1 — theaverage relative diversity)
0.1 0.9 0.4398 0.24087042 0.75912958 1.198929583
0.2 0.8 0.40601504 0.00037894 0.99962106 1.405636094
0.3 0.7 0.39849624 0.00040007 0.99959993 1.398096167
0.4 0.6 0.39097744 0.00040175 0.99959825 1.390575697
10 0.5 0.5 0.41353384 0.00040171 0.99959829 1.413132124
0.6 0.4 0.42481203 0.00034475 0.99965525 1.424467279
0.7 0.3 0.33082707 0.00031865 0.99968135 1.330508419
0.8 0.2 0.4962406 0.09109596 0.90890404 1.405144641
0.9 0.1 0.4962406 0.09514899 0.90485101 1.401091612
0.1 0.9 0.5 0.28109667 0.71890333 1.218903331
0.2 0.8 0.48872181 0.00076605 0.99923395 1.487955751
0.3 0.7 0.5112782 0.0004619 0.9995381 1.510816294
0.4 0.6 0.5037594 0.0004616 0.99953841 1.503297804
15 0.5 0.5 0.52255639 0.00069379 0.99930621 1.521862599
0.6 0.4 0.54887218 0.09412948 0.90587052 1.454742699
0.7 0.3 0.39473684 0.00040175 0.99959825 1.39433509
0.8 0.2 0.59398496 0.09527842 0.90472158 1.49870654
0.9 0.1 0.59398496 0.09526771 0.90473229 1.498717254
0.1 0.9 0.5977 0.28465153 0.71534847 1.313048474
0.2 0.8 0.57894737 0.24425466 0.75574534 1.33469271
0.3 0.7 0.54511278 0.00076575 0.99923425 1.544347035
0.4 0.6 0.57894737 0.09443527 0.90556473 1.484512094
20 0.5 0.5 0.60150376 0.09413002 0.90586998 1.507373736
0.6 0.4 0.62030075 0.09418688 0.90581312 1.526113872
0.7 0.3 0.4962406 0.00046169 0.99953831 1.49577891
0.8 0.2 0.64285714 0.09532709 0.90467291 1.547530049

0.9 0.1 0.64285714 0.09532786 0.90467214 1.547529287
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TasLE 2: Continued.
Threshold ~ Weight Weight The average The average 1 — the average P=1- the average compression
value 1 2 compression ratio relative diversity relative diversity = ratio+ (1 — the average relative diversity)
0.1 0.9 0.6429 0.32357906 0.67642094 1.319320939
0.2 0.8 0.62781955 0.29011079 0.70988921 1.337708762
0.3 0.7 0.62406015 0.09759624 0.90240376 1.526463914
0.4 0.6 0.64661654 0.09760408 0.90239592 1.549012461
25 0.5 0.5 0.67293233 0.09854359 0.90145641 1.574388742
0.6 0.4 0.67293233 0.09635091 0.90364909 1.576581419
0.7 0.3 0.52631579 0.00069379 0.99930621 1.525621997
0.8 0.2 0.68421053 0.09780954 0.90219046 1.586400983
0.9 0.1 0.68421053 0.1019832 0.8980168 1.582227325
0.1 0.9 0.7406 0.57247657 0.42752343 1.16812343
0.2 0.8 0.70300752 0.38568571 0.61431429 1.317321811
0.3 0.7 0.71428571 0.3400506 0.6599494 1.374235114
0.4 0.6 0.69548872 0.09853923 0.90146077 1.596949488
30 0.5 0.5 0.69172932 0.09963609 0.90036391 1.592093231
0.6 0.4 0.71804511 0.10238604 0.89761396 1.615659076
0.7 0.3 0.58646617 0.09413012 0.90586988 1.492336042
0.8 0.2 0.69924812 0.10209319 0.89790681 1.597154926
0.9 0.1 0.69924812 0.10209311 0.89790689 1.597155012

compressed trajectory data. If key points are selected
properly, the shaded area would be as small as possible.
Based on the above considerations, define

m;—1

D; = Z (vj + 2jor) ey = %]

j-1

(3)

mi-1

DN CARD Y EATEE o B
k-1

where S; is the area of the original trajectory surrounding the
horizontal axis and S is the area of the compressed tra-
jectory surrounding the horizontal axis.

Because of the different lengths of the original trajectory,
the difference between the two tracks is called relative diversity,
to be called D = (D,/S;). Taking 0v, = 10, 15, 20, 25, and 30
and («;,a,)=(0.1, 0.9), (0.2, 0.8), (0.3, 0.7), (0.4, 0.6), . .., (0.9,
0.1) as weights, the experiments of 2000 trajectories were run.
According to various values, the average trajectory compres-
sion ratio was calculated and the average relative diversity was
reckoned. The group that had a high average compression rate
and a low average relative diversity as final thresholds and last
weights was selected. Test results are shown in Table 2. In order
to conveniently determine the threshold value and weights,
choose by the size of P =1-the average compression
ratio + (1 — the average relative diversity). As is shown in Ta-
ble 1, when Ov, = 30, P-values for different situations are
maximum. So 30 and 0.6, 0.4 were determined as threshold
value and weights. At the moment, the average compression
ratio was greater than 71%, the average relative diversity was
only 10%, and the similarity of the original trajectory and the
compressed trajectory was approximately 90%.

5. Conclusions and Discussion

Exploring the law of vehicle trajectory data can uncover
some important road network information, which can
provide effective decisions and suggestions for reducing road
congestion and planning of traffic routes. To explore the
value of object trajectory information, we study a vehicle
trajectory data compression algorithm based on the change
of motion state. The advantage of the algorithm is that the
vehicle trajectory data compression rate is high, and the
vehicle motion state and trajectory characteristics can be
displayed as accurately as possible. In the research process of
the algorithm, we use the GPS data of taxi track to do a lot of
experiments to explore the impact of speed threshold and
angle threshold on the track data compression rate.
According to the experimental results, we propose a
threshold combination algorithm, which improves the data
compression rate by changing the threshold parameters and
makes the compressed data clearly show the characteristics
of vehicle trajectory. Reference values are as follows:

(1) Angle threshold is defined, respectively, as 5, 10, 15,
and 20 in this paper. In nearly a month, running
track of 2000 taxis in Beijing is verified, when the
average compression rate is more than 45%. How-
ever, some points with an important feature of the
information have been deleted so that the original
motion trajectory trend has changed. Obviously, it is
unscientific to only use the angle threshold to screen
out the key data points in the vehicle trajectory;
therefore, we need to add a new threshold to screen
out the key data points that need to be retained. Thus,
the information about the locus points contains the
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speed at different times; in addition, the size of the
rate of change reflects whether there is traffic con-
gestion or smooth, and it reveals the trajectory of
internal features. If the speed is the only indicator,
the situation with the angle threshold control of key
points is bound to arise, which can get a higher
compression ratio. But it will lose some points that
reflected track trends, so that the characteristics of
the track cannot be fully demonstrated by the rest of
the points.

(2) Angle threshold is defined, respectively, as 5, 10, 15,
and 20, and speed threshold is defined, respectively,
as 5, 10, 15, 20, and 25; the highest value of com-
pression ratio is about 50%, and the lowest value is
only about 20%. We have paid more attention to
keeping contrail features and being stringent to take
data points so that a few points meet the speed and
angle threshold. Besides, it leads to a situation that
the similarity of the track shape is higher, but the
compression rate is lower.

(3) Using speed threshold and angle threshold to set a
new index so as to obtain higher compression ratio
and retain important information after compression,
the index setting and parameter selection can be
obtained through a large number of experiments.
Angle threshold and velocity threshold are con-
trolled by parameters so that reduced trajectory was
not only considering efficiency but also guaranteeing
the compressed trajectory as well as the original
trajectory. Finally, the vehicle trajectories before and
after compression are presented and similarity
analysis is carried out.
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