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Abstract: Enough and accurate traffic flow data was essential guarantee to realize Intelligent Transportation Systems. Many quality
problems were existed inevitably in detected data, including inefficacy, redundancy, error, missing, time dot excursion etc. On the
basis of sufficient study and analysis for the influence reasons of data quality, the definition of data cleaning was proposed, and the
cleaning rules and cleaning steps of “dirty data” were studied at the same time. Then the proposed cleaning rules were calibrated with
the detected data of loop vehicle detector. It is pointed that, the recognition rates of “dirty data” is up to 90%. The results show that,
“dirty data” can be effectively detected to help to increase the validity and veracity of the following data mining according to cleaning

rules and cleaning steps.
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1. INTRODUCTION

High-quality traffic flow data are the basic guarantee of right
decisions for Intelligent Transportation Systems (namely
ITS) . Loop detector is relatively inexpensive, which is just
adapted to the situation of China. However, because of large
detected data quantity and short detected period, the detected
data are often accumulated to mass data in traffic control
centers. The detected data, which can timely, roundly, and
reliably indicate the traffic state, should be analyzed fast,
effectively and deeply to provide a basis for traffic control,
traffic management, transport planning etc. by making the
mass dynamic traffic data into the main body of ITS data. As
the loop detector is out of work, or the faults caused by the
detectors and transmission equipment etc. happened, various
quality problem are existed inevitably in the detected data.
There are a number of quality problems in the data collection
inevitably, as well as the search process of data mining would
be misled by problem data. Therefore, it is necessary to carry
out data cleaning in order to improve the quality of the data
set. And then the validity and veracity of followed data
mining are improved.[1-9]. In view of this, the data pre-
processing is studied both at home and abroad. Traffic
problem data are divided into three types: missing data,
distortion data and abnormal data, and correspondingly, the
cause, recognization and modification of problem data are
proposed in literature [10].The method of judging abnormal
data of expressway traffic flow is made in the literature [11].
The ITS data quality control algorithms has been put forward
in literature [12]. A theory of traffic flow data quality testing
has been expressed in the literature [13]. And cleaning rules
of section traffic data are proposed in the literature [14],
which is suitable for online applications. However, only a few
data quality issues are studied in the above-mentioned
documents, also various quality problem are often existed in
the detected data simultaneously, and there is no complete set
of rules for cleaning data quality management. Combined
with above-mentioned research results, the definition and
rules of data cleaning in traffic flow are studied, in addition,
the validity of data cleaning rules is validated in this paper.

2. CONCEPT of DATA CLEANING

From character of problem data, it can be divided into two
types: normal data quality problem and abnormal one.
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Quality problems of normal data, including noise data, are
inevitable quality problem, which are caused by large, puny
and uncontrollable random factors, or accidental factors
(short-time traffic flow fluctuation etc.) in detection process.
Quality problems of abnormal data, including invalid,
redundancy, errors, time-point shift, missing, and so on, are
easy to recognize and reject, which are caused by small but
remarkable, controllable systematic factors in detection
process. If the problem data are not modified or smoothed,
these are used in data mining directly, the added quality
problem will be caused in the following application. To
improve the data quality, the definition of cleaning rules in the
field of traffic flow is studied as followed.

Due to environmental factors, equipment failures,
communication failures, etc., the phenomenon, including
invalid, redundancy, errors, time-point shift, missing, etc. is
existed in detected data, which are called “dirty data”. In order
to avoid such “dirty data” estimating, forecasting or
evaluating the traffic status directly and becoming a bottle-
neck in following models simultaneity, dirty data are needed
to be eliminated, such as eliminating noise, modifying
incorrect data, reducing redundant data, filling missing data
and so on. Thereby, data quality would be enhanced for ITS,
this course is known as data cleaning. That is, dirty data are
modified or rejected by series of algorithms from mass raw
data.

3. GENERAL STEPS OF DATA
CLEANING

The process of data cleaning is divided into 5 phases: analysis
data attributes, determined cleaning rules, calibration cleaning
methods, execution cleaning components and data updating.
Cleaning rules is the key of cleaning process of “dirty data”.

Whereas the incorrect, redundant or loss data are a frequent
occurrence, the cleaning rules about above-mentioned types of
dirty data are given. The smoothing method of noise data has
been widely used, including fixed time average method,
moving average method, exponential smoothing method,
Kalman filter method etc., which would not be introduced in
detail in this paper.
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3.1 Attribute analysis of*“dirty data”

Error data. When the traffic detectors are out of work, the
detected data are usually wrong. These data are not expected
or not satisfied within the framework of existing rules and
principles. For example, when the flux of traffic flow is less,
but the higher lane- occupancy, the data is obviously wrong.

Redundant data. For a single detector, the similar duplication
data which are collected are defined redundant ones; for
multi-detector, because of too much density in the same road
or adjacent sections, the detected data are impacted directly
with vehicles overlapping and redundancy, so the redundant
data are defined.

Loss data. As the scanning frequency of detector is not
fastness, transmission or storage of equipment is failure, the
operation is error, and the detector can not be detected the
correct vehicles because an over-density of vehicle, and so on
, the dynamic traffic data can not be strictly uploaded with the
specified interval time, then the data is lost.

3.2 Cleaning rules
In order to clean the ITS data, the incorrect, redundant, and
missing data should be firstly identified.

As the error data are often expressed in outlier, therefore, the
purpose of clean data can be reached by the detection and
removal of outlier in source point. Then the quality of the data
in data sources can be enhanced. In the area of traffic flow,
the tested data is high-dimensional data, which have a number
of attributes. Taking the occupation, speed ,traffic flow for
example, if a traditional outlier detection algorithm is used,
for the same goal of multi-attribute data sets, each attribute
can be only detected one by one, then the time complexity is
increased, as well as the inter-related of three attributes is
separated. So the algorithm based on similar coefficient sum
is proposed in this paper [16, 17].

The loss and redundant data[9, 10] can be distinguished by
the following rule. The rule is noted to Rule 3: The data of a
certain period is defined as a period of data, then the time of
data is scanned and judged. If they are not got in a certain
period, the data are considered as loss; if they are got more
than one set, the data are considered as redundancy.

3.3 Cleaning steps of ""dirty data™

The cleaning of the raw data which are obtained on the
detector can be divided into two major steps, that is, the raw
data are distinguished in accordance the above-mentioned
rules, and problem data are modified according to appropriate
algorithm.

4. APPLICATION

4.1Data sources

In order to achieve the quality management of the wrong data,
this article is focused on verifying the validity of the cleaning
rules. The data are collected at a section of highway in the
area Zhangdian of city Zibo in Shandong Province, the road
capacity is designed for the 1000, the ring coil detector is
detected. The data include 3 parameters, which are traffic flow,
speed, occupation, but they are not pointed by vehicle Models
(large, medium and small). Acquisition time is from the
October 15, 2007 to October 19, 2007 during 00:00:00-
24:00:00, the collecting interval is 5min. The data on October
15, 2007 to October 18, 2007 are considered as training
samples, the data of Oct. 19, 2007 are considered as test
samples. At the same time, the rules ere checked by other data
sets, this article is no longer listed for the length.
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4.2 Model application

The detected data are cleaned in terms of cleaning steps,
which is shown in Figure 1. N=4M=3ang A =5% are
determined according to the data of the training sample. The
ratios of the correct data and "dirty data" in tested samples are
95.83% and 4.17%. The speed-time charts of the fore-and-aft
cleaning data are shown in Fig.1 (a) and Fig.1 (b); the flow -
time charts of the fore-and-aft cleaning data are shown in
Fig.2 () and Fig.2 (b); the share - time chart[18-19] of the
fore-and-aft cleaning data are shown in Fig.3 (a) and Fig3 (b),
in the figures , the error data are shown by the ellipse, the loss
data are shown by the rectangle, the redundant data are shown
by the hexagon.
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Fig.1 (a) the speed - time original data graph
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Fig.1 (b) after cleaning data of speed-time graph
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Fig.2 (a) the traffic flow — time original data graph
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Fig.2 (b) after cleaning data of traffic flow-time graph
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Fig.3(a) the share-time original data graph
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Fig.3(b) after cleaning data of share-time graph
4.3 Analysis

According to the cleaning rules, the recognition rates of three
“dirty data” are shown in Tab.1.

Tab.1 "Dirty data" in recognition rate

error data | lossdata | redundant data

recognition rate 92.1% 90.3% 91.7%

Fig.1 (a), Fig.2 (a) and Fig.3 (a) are noted that wrong, loss and
redundancy data are existed in the original traffic flow data of
the different elements. It can be seen from Tablel that the
identification rate of the error, loss, and redundant data is
more than 90%.And dirty data can be detected by using
cleaning rules proposed in this paper. From Fig.1 (b), Fig.2
(b) and Fig.3 (b), it can be seen that, error data are corrected,
loss data are filled, redundant data are reduced after cleaning
out the raw data, the macro characteristics of data is displayed
clearly.
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5. CONCLUSIONS

The error, loss, redundant data are cleaned effectively in this
paper, and the quality of data is improved significantly, thus
the effectiveness and accuracy of data mining are enhanced.
However, the three mentioned "dirty data" can be only carried
out by the cleaning rules, the time-drift data can not be
cleaned, so there are still some limitations in the rules.

Error data can be regarded as the isolated points, but all
outliers are not incorrect data. Whether the outlier is incorrect
data or not is judged combined with threshold theory and the
traffic flow theory. However, an algorithm for outlier
detection based on similar coefficient sum is proposed in this
paper, the time complexity is bigger, so the algorithm with
smaller time complexity is need to be studied. With difference
of the road in the level, the nature, control and the type of
traffic-related parameters, the requirement of threshold is
different, so threshold selection will be needed for judging
whether the outlier is error data or not. It is best that threshold
is determined based on the statistical distribution of each
traffic parameters.
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