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Abstract Filtering the data for travel time records obtained from DSRC probes is essential for a better estimation
of the link travel time. This study addresses the major deficiency in the performance of TRANSGUIDE in removing
anomalous data. This algorithm is unable to handle unstable traffic flow conditions for certain time intervals, where
fluctuations are observed. In this regard, this study proposes an algorithm that is capable of overcoming the
weaknesses of TRANSGUIDE. If TRANSGUIDE fails to validate sufficient number of observations inside one time
interval, another process specifies a new validity range based on the median absolute deviation (MAD), a common
statistical approach. The proposed algorithm suggests the parameters, a and £ to consider the maximum allowed
outlier within a one-time interval to respond to certain traffic flow conditions. The parameter estimation relies on
historical data because it needs to be updated frequently. To test the proposed algorithm, the DSRC probe travel time
data were collected from a multilane highway road section. Calibration of the model was performed by statistical data
analysis through using cumulative relative frequency. The qualitative evaluation shows satisfactory performance. The
proposed model overcomes the deficiency associated with the rapid change in travel time.
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1. Introduction

Travel time information is necessary to provide
travelers and road transportation agencies with accurate
data that may be used to make decisions on their
that show high

variability in traffic flow. Travel time is the best

current trips namely roadways
indicator of the level of service in a road section as it
can be easily understood by all road users [1], offering
them the ability to pick the least congested route and
fastest path toward their destination before starting the
trip based on Advanced Traveler Information Systems
(ATIS). The travel time data collection is made through
various systems that take advantage of the current
advancement in technologies and forward it to ATIS
which processes data and provide estimation results to
public. Among these technologies, loop detectors,
magnetic signature re-identification, automatic license
plate recognition, closed circuit televisions (CCTV) and
others have been widely used. Also, Dedicated Short
Range Communication (DSRC) probes are attracting
more interest. Originally, DSRC is used for electronic
toll collection system by installing on-board units in
vehicles. By the end of 2014, half of registered cars in
South Korea are equipped with DSRC on-board units
[6]. DSRC is a direct measurement method for travel
time estimation that provides time stamps at which the
vehicle passes two successive control points. DSRC
makes use of a unique identification of on-board units
placed on vehicles passing through two consecutive
road - side units (RSUs) and the travel time is acquired
by pairing both records.

Fig. 1 shows a simple illustration of the problem. A
vehicle 1 is detected the first time by the road-side unit
A at time t, where both ¢, and the unique
identification of corresponding vehicle are recorded.
When vehicle i arrives at RSU B, the vehicle is
re-identified and the arrival time {¢zis recorded.
Suppose N vehicles are detected during a given interval
of time t, the problem can be formally expressed as

follow:
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o (1)

where Tap(t) is the link travel time, N is the total

T, 5(t)=

number of detected vehicles, ¢, is arrival time of
vehicle i and ¢, is entry time of vehicle i. By

matching DSRC probe data and measuring the time
interval needed by a car to pass through a road
segment, an individual vehicle travel time is obtained.
However, in some cases, the reported result does not
show a representative value of travel time. Methods
based on direct measurement may be inaccurate due to
the presence of outliers in the travel time observations.
An outlier is an observation that its corresponding time
stamp is numerically distant from the other
observations, and consequently, does not comply with
general pattern of the data. The presence of outliers is
explained by many reasons including vehicle stop
between RSUs,

measuring stations, abnormal driving behavior and also

vehicle entering/exiting between

possible measurement error. Also, unlike license plate
DSRC

bi-directionally and because of that, this situation takes

recognition  systems, collects probe data
place many times mainly in urban and rural highways
which have many intersections. The observation that
indicates a very long travel time compared to other
Also,

abnormal short travel time is considered as outlier

observations, is considered as an outlier.
since it can be due excessive driving speed and
because of that it does not represent the overall link
travel time. Thus, outliers have to be identified in the
dataset and eliminated. Therefore, many researchers
have proposed outlier filtering algorithms in order to
tackle this problem, but, no optimal outlier treatment
method have been found. TRANSGUIDE is one of the
developed the
Southwest Research Institute (SWRI) in 1998 and it is
[2].

emphasized limitations of this algorithm and mainly the

carliest algorithms proposed by

Previous research

based on moving average

poor response to rapid change in travel time in certain

aggregation time. Our study intends to enhance the
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performance of TRANSGUIDE by incorporating an
algorithm that identifies data based on median absolute
deviation at time intervals where TRANSGUIDE fails

to perform and, instead, identifies valid observations as

outliers.
wm LY
o Station A =" Station B
/

ta ts t

Travel Time

Fig. 1. Illustration of travel time estimation problem

2. Literature review

The existence of outlying observations in collected
travel times influences the accuracy of travel time
estimation. In this regard, various outlier filtering
algorithms were proposed for Automatic Vehicle
Identification (AVI) based technologies. In this section,
we introduce some previous studies that investigated
this issue. Numerous authors have been dealing with
outlier elimination for the measured travel times that
are not related to traffic conditions on road segments
but are the outcome of individual vehicle behavior.
TRANSTAR Algorithm was proposed by SWRI [3].
This algorithm identifies travel time by calculating the
average of current observations that are within a
user-defined threshold based on the previous average.
The travel time is recalculated every time there is a
new observation detected. Say for example the
threshold is 20%, if the new travel time is within 20%
from the previously estimated link travel time, this
observation is considered as valid and average link
travel time is updated, otherwise, the observation is an

outlier and link travel time remains unchanged.
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TRANSMIT is another outlier filtering algorithm. It is
relatively similar to TRANSTAR but the link travel
time is updated at fixed time intervals which is
15-minute observation intervals with no threshold
restrictions [4]. Instead, the average of observations
goes through a smoothing process using a smoothing
factor that is calculated based on historical data. Dion
and al. proposed a low-filtering algorithm based on the
assumption of log-normal distribution of probe travel
times. This algorithm is based on several factors; the
expected average travel time and variability in the
upcoming time interval, number of successive intervals
with no readings since the last obtained record, number
of successive outliers and the travel time variability
inside an analysis interval. The data validity window is
dynamically varying according to the number of
observations inside one sampling interval [3]. Ma and
al. proposed an approach based on median filter as a
measure of location [5].The authors evaluated the
statistical median filtering approach and suggested
modifications for automatic vehicle identification data
estimation. Jang proposed an outlier filtering algorithm
for DSRC probe travel times on signalized rural
arterials under low size sample situations [6]. The
proposed method handles two situations. For the low
size sample intervals, the algorithm allocates a validity
range based on previous interval value, otherwise, the
algorithm implicates a modified z-score to specify a
modified median filter in order to determine a new
validity range. TRANSGUIDE algorithm, is one the
earliest outlier filtering algorithms. It was proposed by
the SWRI and it is based on moving average [2]. In
this paper, a major deficiency in TRANSGUIDE algorithm
performance will be outlined and a framework will be

proposed to overcome the examined problem.

3. TRANSGUIDE filtering algorithm

3.1 TRANSGUIDE framework
In the TRANSGUIDE system, link travel time
between successive AVI readers

is obtained by
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automatically filtering out all records of travel times
that are beyond a user pre-defined link threshold travel
time using a rolling average algorithm. The algorithm
is defined by the following Equations:

Spt)=(t B <t 2)

t,
<t 5ty = T, ;)1+th)

t ‘t u
( )(1—th
IS.mtI

E (tB,itA)

i

oI ®)

<
)

T,5(t)

where Sag(t) is the set of valid recorded travel times

from reader A to reader B at time t, ¢, is the detection

of vehicle i at reader A (seconds), t is time at which
travel time estimation takes place (seconds), ¢, is Rolling
average window (seconds), th is user pre-defined link
threshold travel time parameter, 7',,(¢) is the average
travel time from reader A to reader B that is estimated
at time t (seconds), and 7" ,;(¢) is the previously estimated
average travel time from reader A to reader B.

Eq. (2) defines the set of valid recorded travel times
that are used at each evaluation time to estimate the
current average travel time between two AVI readers.
Eq. (3) is the calculation of the new estimated average
travel time from the valid observations. The leading
parameters of TRANSGUIDE algorithm are the rolling
average window ¢, and the link threshold travel time
th. The rolling average window specifies the interval
of time (aggregation time) that is required to be
considered when estimating the current average travel

time. For example, if aggregation time ¢, is set to 5

min and a threshold of 20%, then any observation from
travel time that deviates by 20% from the previously
estimated travel time will be considered as outlier and
thus, eliminated from the estimation of travel time in
that interval.

In the following sections, a major deficiency in
TRANSGUIDE algorithm performance will be outlined
and a framework will be proposed to overcome the

examined problem.
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3.2 Performance of TRANSGUIDE

The TRANSGUIDE outlier filtering algorithm is
based on moving average. The choice of parameters ¢,
and th defined by the user and thus requiring historical
data examination and an engineering judgment for final
decision. The original report of TRANSGUIDE recommends
2 minutes interval for the rolling average window and
a threshold of 20%. The performance of TRANSGUIDE under
different values of the parameters was investigated in
previous research [3,5]. The choice of aggregation time
is important since two major objectives have to be
reached: the rolling average window has to be large
enough so that it can be capable of acquiring suitable
number of observations for more reliable travel time
estimation, at the same time, ¢, has to be the shortest
possible in order to provide updates more frequently
and keep track of travel time progression without
smoothing the rapidly changing conditions [1].

Previous studies[3], show that TRANSGUIDE performs
poorly in case of sudden change in travel time. Fig. 2
shows an example for the result of application of
TRANSGUIDE on 24 hours block collected travel time
data in January, 10. In this example, we used a rolling
average window of 5 minutes and link threshold of 20%. In
time interval between 7AM and 9AM, the algorithm
labeled all travel time observations as outliers. The
validity window between the upper bound and lower
bound could not track the rapid change in travel time.
For the other time intervals, the algorithm shows satisfactory
results. A similar poor performance was examined when

testing the algorithm against data from other week days.

Travel Tis

04:00:00

08:00:00 12:00:00

TIME(hh:mm:ss)

16:00:00 20:00:00 00:00:00

« traveltime + ——up-bound low-bound

Fig. 2. Performance of TRANSGUIDE in January, 10.



Study on Enhancement of TRANSGUIDE Outlier Filter Method under Unstable Traffic Flow for Reliable Travel Time Estimation — Focus on Dedicated Short Range Communications Probes —

4. Proposed model

Based the
TRANSGUIDE proved the failure of dealing with

sudden change in travel time. Therefore, we propose a

on aforementioned  deficiency,

model that can detect and respond to the rapid change
in travel time. First, we input the raw data of matched
travel times. Next, an initialization step is required to
specify the rolling average window and link threshold.
Then, travel time observations, in the current time
interval, that fall outside the validity window specified
by Eq. (2) are considered as candidate outliers. Up to
this stage, all performed operations are adopted from
TRANSGUIDE. In order to acknowledge the previous
results, our method verifies if total number of
candidate outliers and the relative fraction of outliers in
the current time interval fall outside two maximum
allowed limits. This is realized through the following

condition:

(4)

if(nc>a)and% > f3)

0

Where, n, is the number of candidate outliers in the
current time interval and n, is the total number of

The

is the maximum allowed number of

observations inside the current time interval.
parameter «
outliers for one time interval and [ is the maximum
allowed relative fraction of number of outliers over
total number of travel time observations per time
interval. Parameters « and [ are related to the
characteristics of road section from where the travel
time observations are obtained. They rely on the traffic
and road conditions of a specific road segment
including traffic flow, road geometry and road type
(e.g. rural or urban). Accordingly, an estimation of
both parameters can be obtained off-line using
historical data and hence, updated on a regular basis.
An example of parameter estimation is shown in the
next section.

In case the number of candidate outliers and the
relative fraction of outliers are within the specified
conditions, our method approve the obtained results

and thus, the outliers are eliminated and the output
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carries only the valid travel observations that will be
included in the new estimation of travel time using Eq.
(3). However, if the conditions are not meet, the
algorithm rejects the previous result and initializes
another process to identify outliers. A new validity
window is established based on Median Absolute
Deviation (MAD). The absolute deviation from the
median was re-exposed by Hampel who accredits the
idea to Carl Friedrich Guass [7]. It is also known as
the median absolute deviation about the median. It is
a very robust scale estimator. The Median is, similar to
the mean, a measure of central tendency. The
advantage of median over the mean is that the median
is less sensitive to the presence of outliers [§].
Therefore, MAD is straightforward since it implicates
finding the median of absolute deviations from the
median. The Median Absolute deviation is defined as
follow:

MAD= ¢ < median( | (tB’ —ty ) —median(no) ) (5)

A

where, ¢=1.4826, is a constant associated with the
assumption of normality of data. This constant is
needed to ensure the consistency of estimator for the
parameter of interest. Once MAD is calculated, a new
validity window has to be defined. We must define a
rejection criteria for observations. Outlier rejection
based on MAD has been applied in many other science
fields. Miller suggests the values 3 (very conservative),
2.5 2 (poorly

conservative) [9].The selection of the value is relatively

(moderately  conservative)  or
subjective. In our algorithm, we decide to acquire very
conservative value which means choosing value 3 as a
rejection criterion. So, the new set of valid travel time
records is defined as follow:

Sip(t) = [ty —tylt—t, <ty <tnN (6)
M—3MAD < t, —t, < M+3MAD

where M is the median value of all travel time

observations within an interval of time. At this point,



A 4Tt = BA A1sA RSB, 2017

the filtering process is accomplished and valid travel
time observations are used to estimate the new average
travel time using Eq. (3). The flowchart of the

proposed filtering mechanism is shown in Fig. 3.

Matched Travel Time
(Raw Data)

Initialization of algorithm

Identify outliers based
on Transguide

Number of outliers > a
AND
Fraction of outliers > B7

Caleulate Median (M)
and MAD

|

Update validity window:
M-3*MAD < £y, — ty, < M+3*MAD

l

Re-ldentify outliers

y
i Valid data ;

Fig. 3. Flowchart of the proposed model.

5. Application of the proposed model:

After developing the model, parameter estimation is
required to calibrate the algorithm followed by an
application of the model to verify the performance. For
this reason, probe travel times were collected using
DSRC from a multilane highway near Seoul Area on
National Highway No. 3. The suburban roadway
section spans around 3km with one intersection and
one interchange as shown in Fig. 4. We obtained probe
travel time records for 30 days during the month of

January 2013.
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Fig. 4. Collection site.

In order to estimate the values of o and (3, we do
a statistical analysis based on historical data. To
achieve this end, we select two data samples from
TRANSGUIDE

satisfactory performance. The first sample contains

historical data where shows a

values of number of outliers that were detected in each
time interval of five minutes. The second data sample
contains fractions of the number of labelled as outliers
Both datasets are

inside each 5-minute interval.

selected from five weekdays where no traffic
fluctuations was observed. A data summary of travel
times during the chosen 5 weekdays is presented in

Table 1 after application of TRANSGUIDE filter.

Table 1. Summary of data used for parameter estimation

Day 1 Day 2 Day 3 Day4 DayS5
Sample size 5008 6155 5990 6896 6118
Average 263.6 2345 229.6  233.0 2387
median 205 230 224 230 219
Standard Deviation = 246.4 50.1 51.7 459 76.4
85th percentile 242 285 280 279 287
Number of 5-minutes 145 288 288 288 287
Intervals
Average Ob?CI'VathHS 345 214 208 239 213
per S-minutes
Average mumber of |y 595y 36 32
outliers per S-minutes
Average atio of o) ga 02 02
outliers per Sminutes

Next, we calculate the cumulative relative frequency
that shows the proportion of data items. Results shown
in Fig. 5 reveal that for a rolling average window of
five minutes, less than 1% of travel time intervals had

more than 20 observations are classified as outliers.
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Similarly, as shown in Fig 6, less than 1% of intervals

had 90%

outliers.

of travel time observations labelled as

We assume that there is a very low probability

that number of outliers and ratio of travel time

observations labelled as outliers will exceed the 99th

percentile corresponding value from historical data in

S-minute time interval for this roadway section.
Accordingly, the selected value are a =20 and
£=0.9.

Once

model

parameters are obtained, we test our proposed

using the previously estimated values for

parameters. Also, the link threshold and rolling average

are set to 20% and 5 minutes, respectively. Among the

datasets

that were obtained from collection, four of

them TRANSGUIDE shows a poor response for the

sudden

change in travel time. Therefore, we show the

result of application of our model for filtering outliers.

100.0% o IRaaisaaastassas
o, 900%
<9
S 800%
s /
S 700% /
& | 99th tile=20
¢ percentile=
L 60.0% /
{4 /
£ /
% 50.0% ¢
£ /
o 40.0% | |
& {
= 00w |/
= 7
S anna I3
£ 200% |
=
[&)
~ 100%
0.0%
0 5 10 15 20 25 30 35 40
outlier number within S-minute interval
Fig. 5. Number of outliers inside 5-minute interval.
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Fig. 6. Fraction of outliers inside 5-minute interval.
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Fig. 7. TRANSGUIDE Results (January, 17).
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Fig. 8. The proposed model results (January, 17).
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TRANSGUIDE results (January, 10).
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. The proposed model results (January, 10).
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2000
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Fig. 11. TRANSGUIDE results (January, 28).

As shown in Fig.7, original TRANSGUIDE algorithm
failed to identify valid travel times in the time period
between 1PM and 2PM, where all observations are
labeled as outliers and because of that, no travel time
estimation is performed for that specific duration of

time.

2000
1800

»'2\1600

- e o
g 8 &
g 8 8

®
g
3

Travel Time (second
2
g

U
2 3
2 8

=

04:00:00

08:00:00 12:00:00

TIME(kh:mm:ss)

16:00:00 20:00:00 00:00:00

+ travel time  + outliers ——up-bound low-bound

Fig. 12. The proposed model results (January, 28).

However, our model successfully overcome the
deficiency associated with the rapid change in travel
time as shown in Fig. 8. When TRANSGUIDE was
unable to produce an estimation for travel time, our
method is executed to determine the new validity
range. Due to the absence of out-of-sample data for
validation, approval of the outlier filtering result is
qualitative and established on whether travel profile
capture the trend illustrated by the majority of collected
data. More results are shown in figures from Fig.9 to
Fig.12. The results are associated with previously

calibrated parameters where satisfactory results are
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obtained. The figures unveil the ability of the proposed
filtering algorithm to effectively respond to abrupt
increases in travel times. Further research is required to
evaluate the overall performance of the algorithm. Note
that for Fig. 11 and Fig. 12, the gap between 6PM and
8PM is due to missing raw data originated from a

system breakdown during that interval of time.

6. Conclusions and further study

Filtering the data for travel time records obtained
from DSRC probes is necessary for better estimation of
link travel time. In this study, a major deficiency in the
performance of TRANSGUIDE in removing anomalous
data was outlined. This algorithm is unable of handling
for certain time

In this

unstable traffic flow conditions
intervals where fluctuations are observed.
regard, we proposed an algorithm that is capable of
overcoming the weakness of TRANSGUIDE. In case
TRANSGUIDE fails to validate sufficient number of
observations inside one time interval, another process
specifies a new validity range based on median
absolute deviation, a common statistical approach.
Parameter estimation of the model rely on historical
data, as it has to be updated frequently and depending
on the road segment characteristics. To test the
proposed algorithm, DSRC probe travel time data were
collected from multilane highway road section.
Calibration of the model was made using statistical
data analysis with the use of cumulative relative
frequency. The results show a satisfactory performance
for specific cases where rapid change in travel time
observed. Even though the application of the proposed
algorithm successfully handled the aforementioned
failure, the evaluation was based only on qualitative
validation. A further research is required to validate the
findings of the current study and evaluate the
performance travel time probes from other road types
(freeways). In addition, the rejection criterion need to

be investigated in future to justify the choice of the
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value. The proposed extension will be tested with other
outlier filtering algorithms that suffer from similar
deficiencies such as Dion and Rakha method. The
algorithm will be applied to travel time probes
collected from smart phones which is a widely used

practice in South Korea.
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