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Abstract—Mining of moving objects trajectories is
becoming more and more popular due to its wide range of
real time applications. Discovering knowledge from the
time series trajectories is challenging and there is needs to
improve the quality of the output generated. There are
many effort being made to improve the quality of mining
process and also to improve the accuracy of the
techniques. Preprocessing of the input raw trajectories
play an important role in the mining of trajectories. The
objective of preprocessing of input trajectories is to reduce
the number of segments of the original trajectories without
losing major data from original trajectories. The
Minimum Description Length (MDL) principle is used to
preprocess the input trajectories and reduce the length of
trajectories. There are two major issue with the MDL
principle. The first issue faced by MDL, the points which
are very close to each other are remained unprocessed.
Second issue is, the loss of information using MDL
principle is considerably more. There is need to tackle both
the problem ,so that performance of the preprocessing is
improved. In this paper, we have proposed RegressionLine
technique to process points of trajectories which MDL
principle cannot process. We have proposed RelativeL.oss
algorithm to preprocess the input trajectories by reducing
the loss of data. Proposed techniques were tested on real
time and synthetic datasets and showing improvement
over existing MDL technique.

Index Terms— Enhanced MDL, Regression Line, Relative
Loss.

I. INTRODUCTION

Moving objects are generating large number of moving
objects trajectories and these trajectories contain hidden
information which are vital for personal or commercial
purpose. Extracting knowledge from huge amount of moving
objects trajectories is very challenging task. There is need to
design accurate algorithm and at the same time, we need to
reduce the loss of data or vital information during
preprocessing.

The preprocessing of time series trajectories is carried out
using MDL principle. The core idea of preprocessing is to
reduce the length of the trajectories and this is achieved by
identifying segments or points which are redundant. Using
MDL principle, angular and perpendicular distance of
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segments under consideration are computed and this distance
is marked as mdl distance. Using Euclidean distance, again
distance is computed between the segments under
consideration and this distance is marked as euclidean
distance. The Trajectory is partitioned if mdl distance value is
greater than euclidean distance value and this is called as
MDL condition to partition the trajectory. Trajectory is
scanned from starting to end , to identify partition points and
accordingly segments are replaced by new segments.

The existing MDL technique has few issues , which we would
like to discuss. If the points of the trajectory are very close to
each other, then MDL principle is not able to process such
points of the trajectory. In other words , MDL principle is
unable to detect the partitioning points of the trajectory and
hence the same points are displayed without processing.

The second major issue with the MDL technique is that there
is loss of data while preprocessing of trajectory. This loss of
data is very vital while extracting interesting pattern from the
moving objects trajectories. The amount of information loss is
at higher side and there is need to reduce such loss of
information in order to get good accurate result. Let us try to
understand this issue with the help of example. Consider the
diagram shown in Figure. The diagram consists of one original
trajectory and second one is preprocessed trajectory using mdl
principle. The number of partition points identified are N and
for each partition points we have calculated loss of data ,
which is shown in the table. By looking at the table , we can
make out that, the amount of loss of data is higher side and
there is need to reduce this loss , so that accuracy of
trajectories mining is improved.

In order to tackle above two issue, we have proposed
RegressionLine and  RelativeLoss  techniques.  The
RegressionLine Technique is to process all the points which
are close to each other and replace such points by a segment
which represents a set of points. The RelativeLoss technique
identify a partition point which minimizes the loss of data
relative compared to the MDL principle.

Contribution of our work in this paper is as follows:

1. We have proposed RegressionLine Technique to process
noisy points of the trajectory.

2. We have proposed RelativeL.oss Technique to reduce the
loss of data which result from using MDL principle.

The rest of paper is organized as follows. In section 2 we
present related work. In section 3, we propose Regression-
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Line and RelativeLoss Technique to improve the performance
of time series trajectories mining. Section 4, provides the
experimental results and finally, section 5 concludes the paper.

Symbols Meaning
R Time Series Trajectory R
S Time Series Trajectory S
M Length of trajectory R
N Length of trajectory S
MDL Minimum Description Length

Table 1: Symbols and Meaning

II. RELATED WORK

Dynamic Time Warping(DTW) (1) distance measure is used to
compares two trajectories for similarity. DTW distance
measure stretches the trajectories to check if there is any
similarity in the neighbourhood of points. DTW is invariant of
translation and scaling since trajectories are normalized using
mean and standard deviation. DTW is not invariant of rotation
and cannot compares trajectories if one of the trajectories is
rotated with some angle. Longest Common
subsequence(LCSS) is proposed in (2) to compares the
trajectories for similarity by identifying longest continuous
sequence match. When the two points are in close proximity
of each other with threshold value , similarity distance is
incremented by one, thus showing maximum similarity. In
LCSS, the longest common subsequence is identified
recursively and if the distance is maximum which shows
maximum similarity between two trajectories under
consideration.

Edit distance on real penalty(ERP) is proposed in (3). The two
trajectories are compared using ERP distance measure for
similarity and if there is mismatch, then penalty is set. ERP
distance measure is invariant of scaling and rotation but not
invariant of rotation. ERP distance measure supports metric
property and this metric property is useful to prune the search
space of searching. Edit distance on Real Sequence(EDR) is
proposed in the (4). EDR distance measure compares the two
trajectories by checking if two points are in close proximity of
each other with some threshold value. If two points are close
to each other, then this is considered as match and distance is
set to zero else there is mismatch and distance is set to one.
ERD distance measure is invariant of scaling and translation
but not invariant of rotation.

Das (5) and Vlachos (2) applied the LCSS measure to time
series trajectory similarity. LCSS allow a variable length gap
to be inserted during matching of trajectories and hence robust
to the noise. In (6) extended LCSS measure to compare
trajectories of objects from video. In previous paper , first 3D
trajectories are extracted from video and then LCSS distance
measure is used to compare trajectories. In (2) explored
searching of similar multi dimensional trajectories. LCSS
distance measure is used to compares muti dimensional
trajectories. LCSS measure is used in conjection with

sigmoidal function is proposed by (7) to compare trajectories
for similarity. In (8) index multi dimensional trajectories
supporting multiple distance measures such as LCSS , DTW
and the index structure was design in a such a way that there
was no need to rebuild index again and again. In (9) various
dimensionality reduction methods were investigated and
contributed novel PAA technique to reduce the dimensionality.
In (10) highlights the extra computation done by LCSS and
same is enhanced by fine tuning the threshold value.

Various indexing techniques (11),(12) , (13),(14) , (15), (16)
were proposed to improve the performance of distance
measures. Cai and Ng (15) proposes an effective lower bound
technique for indexing. However , Euclidean distance are used
as similarity measures and Euclidean distance is sensitive
towards noise and local time shifting. In (17) have enhanced
the indexing method of DTW by modeling exact indexing.
Human motion were efficiently indexed using bounding
rectangle by (18).

III. ENHANCED MDL TECHNIQUE

Input trajectories need to be processed using MDL principle,
so that redundant segments are replaced. There are two main
issues with MDL such as the points which are very close to
each other are remain unprocessed and there is loss of data
due to MDL principle. We have proposed two technique to
deal with the issues faced by the MDL. RegressionLine
technique is proposed to delete with closely related points.
RelativeLoss technique is proposed to minimize the loss of
data.

3.1. RegressionLine Technique

Trajectories are processed to identify points which are very
close to each other. Such data points are stored in the separate
buffer. Lowest and highest points on x or y axis are identified
from the buffer. Using these lowest and highest points of
buffer, buffer is sampled into equal parts. This sampling is
required to process the points which are close to sampled
points. For each sampled point, identify all the points which
are in the neighborhood of the sample point. Once all the
neighbors are identified, calculate the average of these
neighbors in order to get midpoint of the sampled point of
buffer. Average is computed for all the sampled points. Draw a
line segment passing through the average point computed at
each sampled point. Calculate the error distance of regression
line with the data points of the buffer. Save the information of
the error distance computed. Draw all possible regression line
passing through midpoint computed and compute error
distance for each regression line drawn. The information
computed of error distance of each regression line is saved.
The regression line which has minimum error distance is
selected as the representative line of the data points of the
buffer.

Error_distance= RegLine; - 3 Pj 1)
3.2. RelativeLoss Technique

RelativeLoss Technique reduces the loss of data while
identifying partition points. This reduction in the data loss is
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required to improve the accuracy of mining of time series
trajectories.

The method works on simple procedure of computing area
under curve such as f(x1) and f(x2). The f(x1) and f(x2)
represent the two curve while identifying partition points. The
relativeloss of data is computed using following formula :-

Relative_loss= f(x1) dx1 - [ f(x2) dx2 2

The relative loss is computed using equation 1. If the relative
loss value is greater or equal to some threshold value, then the
current point is marked as partition point. The best threshold
value can be set by user as per his requirement to reduce the
loss of data. The threshold value would indicate the relative
loss that is acceptable by the user.

Algorithm 1: RegressionLine(D) Algorithm

Input: D : Input Trajectories

Output: Regression Line : RL

1 for each pointt € D do

2 for each pointp €t do

3 if p[i]-pli-1]<= Threshold and count >= 3 then
4 buff

er(jl=pl[i-1]

5 count++

6 Find lowest and highest point of the bu

ffer

7 Sampled the bu

ffer in equal parts

8 for each midpoint mp € MP do

9 Draw regression line passing through midpoints
10 compute error distance for each regression

11 if error distance is minimum then

12 RL = regression line

13 return RL

Algorithm 2: RelativeLoss(D) Algorithm

Input: D : Input Trajectories

Output: D’ : Processed Trajectories

1 for each trajectory t € D do

2 prevArea = area of first three points

3 for each point p €t do

4 Add three point in sequence to set S

5 if prevArea- Area(S) <= Threshold value then
6 remove the last point appended

7 represent set S by a segment joining first and
last point of S set.

8 prevArea = next thresh points in sequence

9 else

10 append next point to the set S

IV. EXPERIMENTAL STUDY

4.1. System Configuration Experimental study was carried
out on Pentium V processor with 4GB of RAM and 500GB of

harddisk memory. All the programs were successfully
implemented using C++ language. The g++ compiler was used
to compile the C++ programs. Ubuntu 12.04 operating system
was used to carry out experimental study. The programs were
debugged thoroughly and correct output was obtained.
Experimental study was carried out with different datasets
such as Character Trajectories, UJI Pen character, optical
recognition of handwritten digits and MouseTracking
character Trajectories datasets.

4.2. Characteristic of Time Series Datasets

Character Trajectories Dataset:- This dataset is generated by
Lichman (2013), it consist of 2858 character samples,
contained in the Three Dimensional Matrix. Each character
sample is a 3-dimensional pen tip velocity trajectory. This is
contained in matrix format, with 3 rows and T columns where
T is the length of the character sample.

UJI Pen Character Dataset:- This dataset is generated by
Lichman (2013), a character database by collecting samples
from 11 writers. Each writer contributed with letters (lower
and uppercase), digits, and other characters. Two samples have
been collected for each pair writer/character, so the total
number of samples in this database version is 1364.

Optical Recognition Character Dataset:- This dataset is
generated by UCI Lichman (2013), who have used
preprocessing programs made available by NIST to extract
normalized bitmaps of handwritten digits from a preprinted
form. From a total of 43 people, 30 contributed to the training
set and different 13 to the test set. 32x32 bitmaps are divided
into non overlapping blocks of 4x4 and the number of on
pixels are counted in each block. This generates an input
matrix of 8x8 where each element is an integer in the range 0
to 16. This reduces dimensionality and gives invariance to
small distortions.

MouseTracking Dataset :- We generated this dataset in real
time with the help of 100 user. This dataset is generated using
VB.net platform. Each user was asked to move the mouse and
generate different set of characters. Each person had generated
50 number of different character trajectories.

4.3. Results and Interpretation

Our proposed RegressionLine and RelativeLoss algorithms
were tested on different datasets. MDL algorithm is not able to
process data points which are very close to each other. Our
proposed algorithm is able to process all the points of the
trajectories and generate the output. We have compared MDL
and RegessionLine algorithm with different datasets.
Experimental results is shown in the Table 2. Experimental
results revealed that our proposed technique able to process all
the data points in rrespective of distance between the data
points. On other hand MDL is not able to process all the
points. The points which are very close to each other are not
able to get detected and it remains unprocessed. Experimental
results show that there few points which remain unprocessed
using MDL technique whereas RegressionLine is able to
process all the points.
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Dataset MDL RegressionLine
Character 10 0
UJI Pen Character 8 0
Optical Recognition 12 0
Character

Table 2: Percentage of Unprocessed points

Dataset MDL RegressionLine
Character 6 1.5
UJI Pen Character 9 2
Optical Recognition 8 2.1
Character

Table 3: Percentage of Data loss

MDL algorithm lead to loss of the data of original trajectory.
This loss of data is very critical is some applications. Thus,
loss of data reduces the accuracy of the algorithm. Our
proposed RelativeLoss algorithm prevent the loss of data.
User has been given option to select the threshold value for
the amount of loss which is acceptable for the given
application. If the threshold value is very small, then loss of
data is very minimal and hence does not affect the accuracy of
the final results. When threshold value is small , its
compression ratio or reduction ratio is small. This is due to
fact that, less number of replacement are carried out during
preprocessing. When the threshold value is at higher side , the
compression ratio or reduction ratio is higher , since segments
are getting replace easily. so , it is up to the user to select
threshold value. If the application is very critical and there
should not be any loss of data , then user might select very
small threshold value. If the application is not critical and loss
of data may not degrade the performance of application,
higher threshold value may be selected. Experimental results
of MDL and RelativeLoss algorithms are shown in Table 3.
There is very less amount of data loss in case of relativeloss
method compared to MDL method.

V. CONCLUSION

MDL technique is prune to two main issues such as it cannot
process close points of the trajectory and there is considerable
amount of data loss happening during preprocessing. In order
to eliminates these two shortfall of MDL technique we have
proposed RegressionLine and RelativeLoss technique. In
RegressionLine technique, the points which are very close to
each other are identified and then this points are represented
using regression line. The regression line which returns
minimum error distance is selected as the representative line.
In RelativeLoss technique we have minimized the loss of data
due to replacement. User is given option to select threshold
value , so that user can control the amount of loss in the
preprocessing technique. We have tested RegressionLine and

RelativeLoss technique theoretically and experimentally for
correctness and accuracy. Our proposed technique is able to
eliminates both the issues faced by MDL technique.
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