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Preface
The technical papers presented in this book chapter incorporate
range of traffic engineering applications with a common focus to
provide a safe and reliable transportation system in the country.
Since the subject of traffic engineering is a broad one, several
articles from researchers have been selected that deal with
fundamental knowledge in traffic engineering including method
for data collection and passenger car equivalents, as well as safety
in fire events and drivers speed choice. Under the theme of Traffic
Engineering and Safety: Case Study, we believe that this book
chapter is not only useful to civil engineering students, but is also
interesting to the practicing transportation planners and engineers.
In addition, the presented materials in this book chapter will
provide an opportunity to researchers who intend to expand the
scope and issues of some of the related research topics.

Sitti Asmah Hassan and Nordiana Mashros
Universiti Teknologi Malaysia
2017
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The Use Of Automatic Traffic
Counter In Traffic Data Collection
Ariff Mohd Arshad, Sitti Asmah Hassan, Nur Sabahiah Abdul
Sukor and Rini Asnida Abdullah

1.1

INTRODUCTION

In traffic engineering, the data accuracy for the speed and traffic
volume is very crucial whether for research purposes or road
design. The data can be used for level-of-service (LOS)
determination and transportation planning studies. LOS is
basically explained as the performance of a transportation facility;
in terms of congestion and delay, and misrepresentation by
qualitative measures. Inaccurate traffic volume data may lead to
inaccurate LOS, which in turn will affect any transport planning
decisions that have been made. Future transportation conditions
on a section of a road or intersection can be predicted by
projecting the current traffic volumes. The traffic volumes are
used to analyze the situations, and decisions that will be made on
whether or not further improvements are required. Traffic impact
studies use the same approach. Traffic volumes that are not
accurate will produce incorrect calculations in design,
improvement plan or transport planning (McGowen and
Sanderson, 2011). Speed limit is designed to encourage safe speed
of a vehicle in a roadway. Expressways in Malaysia for example,
limit its users to only 110 km/h except at other certain areas.
Suggested speed limit is an attempt to reduce speed-related
crashes. Improvements made on speed countermeasures need to
be based on accurate speed data. Inaccurate data obtained may
compromise its effectiveness.
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There are two different methods for collecting traffic
volume and vehicle speed: which are video and automatic. These
two methods will give different results, which in turn may affect
traffic assessment results. Automatic traffic counter (ATC) is
widely used in data collection procedures in transportation studies.
However, there is a major concern on the accuracy of the ATC in
obtaining the traffic volume and vehicle speed on a road section.
Therefore, manual counting using video recording is intended to
use for calibration purpose of ATC.
The aim of this study is to evaluate the accuracy of results
obtained by automatic traffic counter in terms of traffic volume
and average vehicle speed. To achieve this aim, the study is
carried out with three objectives. The objectives are to obtain the
traffic volume, vehicle speed of a road section using manual
counting (video) and ATC, and to compare the results obtained
from video recording and ATC.
This study only considers two traffic parameters which are
traffic volume and speed. Pneumatic tube detectors from Metro
Count MC5600 RSU and video recording were used to obtain the
data. This study was carried out at a road section on Jalan
Universiti bound for Taman Universiti, Johor. The chosen road
section is straight with a stretch of 200 meters before any
obstructions occur.

1.2

LITERATURE REVIEW

Virtually all aspects of traffic engineering require volume as an
input, including highway planning and design, decisions on traffic
control and operations, detailed signal time and others (Roess et.
al, 2004). Traffic volume is the number of vehicles passing at a
given point or section of a road during a specified period of time
which is usually one hour, but need not be. Volume will then be
converted into flow, “q” that is more useful parameter.
The flow, “q” can be expressed in vehicles/hour where n is
the number of vehicles and the defined roadwayic is given at
Equation. 1.1 Vehicle per hour is the most commonly used
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descriptor of link flow and daily (24 hour) flow which is of
particular value in evaluation studies (Taylor et al., 1996).
(1.1)
Traffic counting determines the number and classifications
of vehicles at specific locations and times (Zheng and Mike,
2012). There are several methods to obtain traffic volume. Manual
counts are the most basic technique for traffic volume counting.
Manual counts can be performed during field observation or from
video observation. While field observation is the common method,
they are prone to have errors due to human incompetency.
The employment of video in traffic counting is used to
minimize this problem. Field observation data cannot be crosschecked unless two counters are deployed together, whereas the
quality of video based data can be readily cross-checked. To
increase the accuracy of data collection, semi-automated video
analysis or automated video analysis applications have been
developed. Recorded video of a road section can determine various
spot speed studies.
Speed is crucial in the study of traffic. Speed or travel time
rate is an important measure of the quality of the traffic service
provided to the motorists (Transportation Research Board, 2010).
Data on speeds and travel times of motor vehicles are essential to
traffic engineers responsible for design and operation of streets and
highways (Berry and Belmont, 1951). However, the data can only
be used after it is analyzed and finding the true meaning of the
data. The distribution of speed of vehicles on a particular location
on a highway can be estimated by the spot speed studies
conducted. The calculated mean speed is used to represent the true
mean value of all vehicle speeds at the location (Garber and Hoel,
1999). Speed expressed as distance divided by time where d is the
distance the vehicle travel and t is the time the vehicle took to
travel in and is given by the Equation. 1.2.
Speed,

(1.2)
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Due to the constraints and limitations that occur in manual
counting, automatic counting machines are deployed. Different
methods predominate indifferent countries, partly as a reflection of
the different ambient conditions such as climate, traffic mix and
road conditions but also as a result of commercial decisions and
historical accident (Taylor et al., 1996). Although there are many
methods exist, pneumatic tubes are the most common method used
these days as they are easy to handle. The term portable is used
because it can be transported from location to location to conduct
as many counts as needed (Roess et al., 2004).
Pneumatic road tubes are thick-walled rubber tubes that
will count vehicle axles. The raw data based on the number of
axles will then be stored in the device. User can then retrieve the
data and convert them into readable contents. Metro Count
MC5600 RSU is a type of pneumatic tube detector. Pneumatic
tubes will count vehicle axles. The tubes are a thick-walled rubber
tubes that are laid on a road surface. When a vehicle passes a tube,
an air pulse is sent to the roadside unit placed on the side of the
road. Pneumatic tubes installed can also be used to calculate the
spot speeds. But they can also produce errors in measurement of
traffic volume and spot speeds as well.
Error is produced by the difference between pneumatic
tubes and the basis (video recording). There are three methods to
calculate error. The methods are total error, absolute interval error
and weighted interval error. The comparison uses the relative
differences between the counts taken through each method to
calculate the total error as given by Equation 1.3 (Greene-Roesel,
et. al, 2008).
Total Error =

(1.3)

Where Nx is the number of vehicles counted by the ATC
and Nv is the number of vehicles observed using video recordings
and acts as the basis. Absolute interval error will be used to capture
the error within a given interval as given by Equation 1.4 (GreeneRoesel, et al., 2008).
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(1.4)

The total number of intervals is the number of intervals for
the whole period of observation. The third error calculation
considers the weight of intervals by the basis counted as given by
Equation 1.5.
Weighted Interval Error =

(1.5)

Meanwhile, the total percent error gives an indication if the
counter is consistently biased in one direction as it produces either
a positive or negative result. However this case study only
considers total error and absolute interval error (McGowen and
Sanderson, 2011).
The data collected is translated and organized by statistics.
Statistics describe asset of tools and techniques that is used for
describing, organizing, and interpreting information or data
(Salkind, 2014). According to Votaw and Levinson (1962),
statistics is the science that deals with general principles regarding
the collection, analysis, and interpretation of data. Traffic
engineering deals with specific applications of those principles in
fundamental traffic research and in everyday studies like the
studies of traffic volumes, origins and destinations, travel modes
and patterns, speed and delay, and parking.
The most common technique used to check the goodness of
fit when both of the independent variable and the dependent
variable are discrete has been the chi-squared test for statistical
independence (Vogt, 2007). The chi-square test compares what is
observed and what would be expected by chance as shown in
Equation 1.6:
(1.6)

Where

χ2 is the chi-square value,
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Σ is the summation,
O is the observed frequency
E is the expected frequency
On the other hand, continuous data is associated with
normal distribution. Independent Sample T-test is used to check
the goodness of fit between two groups that are not dependent on
each other.
1.3

METHODOLOGY

The results were compared to find the error. The total number of
vehicles passing the road section and the spot speed of each
vehicle during a chosen hour in a weekday were collected and
analyzed. Prior to the passrenger, a pilot study was conducted to
check the suitability of the site in terms of data sample.
The location was chosen based on several considerations
such as safety, traffic volume and location. The topography and
character of the development of the study area were also
considered along with the road sizes. The study location chosen
was just outside of Universiti Teknologi Malaysia on a stretch of
200 meters Jalan Universiti, bound for Taman Universiti only with
the coordinate of 1°33'09.2"N 103°38'00.2"E as shown in Figure
1.1.
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Figure 1.1 The location of the study

The traffic volume and speed of vehicles were determined
using Metro Count MC5600 RSU as the ATC device and video
recording. The results obtained from these methods were then
compared to check the error. Figure 1.2 shows the configuration of
the ATC. Two ATCs and four tubes length 4.5 meters each were
used, and the spacing between two tubes were 1-meter apart.

Figure 1.2 The configuration of Metro Count MC5600RSU
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Figure 1.3 shows the actual video images for the manual counting
process. The travel time of vehicle was taken when it passes the
first marker (left cone) to the second marker (right cone). The
spacing between cones was 15 meters apart. This distance was
divided with travel time to get the vehicle speeds.

Figure 1.3 Video recording image

1.4

RESULTS AND DISCUSSION

The data obtained by Automatic Traffic Counter (ATC) and video
recording were categorized into two parts, i.e. traffic volume and
vehicle speed. The results obtained using ATC were then
compared with the video recording. The difference between them
can determine the accuracy of the ATC. Microsoft Excel and SPSS
were used to analyze the data.

The Use Of Automatic Traffic Counter In Traffic Data Collection

1.4.1

9

Traffic Volume

Observations have shown that a total of 400 vehicles were
recorded using manual counting (video recording), while 400
vehicles were recorded using ATC. Considering the total error
based on Equation 1.3, total error of vehicle volume for both
manual counting and ATC is shown in Table 1.1 below.
Table 1.1 Traffic Volume for 15-minute interval (Total Error)
Time Interval
(am)
10.15 - 10.30
10.30 - 10.45
10.45 - 11.00
11.00 - 11.15
Total N

Manual
Counting
92
105
92
111
400

ATC

Total Errors

92
105
92
111
400

0%

Based on the result shown in Table1.1, the total error is
zero. The number of vehicles obtained by using both manual
counting and ATC is same. This is expected as the number of
samples collected in 1 hour of study was small. Since the number
of vehicle’s volume observed for each 15-minute interval in an
hour of data collection is the same, the expected absolute interval
error and weighted interval error as indicated in Equation 1.4 and
1.5 is zero.
To further demonstrate the validity of the traffic volume
result, chi-square goodness of fit (2) was conducted since the
data of traffic volume is a discrete data. Further statistical test was
conducted to observe how well the observed data obtained from
ATC fit with the manual method using video recording. The
summary of the test is shown in Table 1.2.
Table 1.2 Chi-Square goodness of fit test results for traffic volume

92
105
111

Vehicle Volume
Observed N
Expected N
4
2.7
2
2.7
2
2.7

Residual
1.3
-.07
-.07
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Total

8

Test Statistics
Vehicle Volume
Chi-Square
1.000a
df
2
Asymp. Sig.
0.607
a. 3 cells (100.0%) have expected frequencies less than 5. The
minimum expected cell frequency is 2.7.

The Test Statistics table reports the results of the ChiSquare test, which compares the expected and observed values. In
this case, the discrepancy is very small and not statistically
significant (Sig.=0.607). A chi-square goodness-of-fit test in Table
1.2 indicates that there was no significant difference in the vehicle
volume observed by using both ATC method and manual method
(p = 0.607).
1.4.2

Vehicle Speed

The speed of vehicles using ATC and video recording was
compared to determine the accuracy of ATC. The manual counting
using video recording was assumed to be the basis. Figure 1.4 and
Figure 1.5 below shows the normal speed distribution for both
manual counting and ATC respectively.
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Vehicle Speed

Figure 1.4 Percentage frequency distribution for manual counting

Vehicle Speed

Figure 1.5 Percentage frequency distribution for ATC
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Note that both the observations follow normal distribution.
Table 1.3 shows the descriptive analysis between the manual
counting and ATC.
Table 1.3 The descriptive analysis between the two methods
n
Mean
Mode
Median
Variance
Standard Deviation
Standard Error

Manual Counting
400
50.77
52.2
50.2
46.03
6.78
0.34

ATC
400
51.71
55.7
51.8
48.5
6.96
0.35

According to the results presented in Table 1.3, the mean
speed for manual observation was 50.77 km/h while the ATC
recorded 51.71 km/h. Further statistical test needs to be
conducted to test the difference in average speed using
independent sample t-test method.
Hypothesis testing procedures were developed to compare
them. The null and alternative hypotheses are Ho:1 - 2=0 versus
Ha:1 - 2≠0. Table 1.4 shows the results of independent sample
t-test for vehicle speed using both manual and ATC method.
As shown in Table 1.4, the significance level for Levene’s
Test for Equality of Variances is more than 0.05 (Sig. = 0.455),
therefore the t-test results is referred under section Equal
Variances Assumed. The value of Sign (2-tailed), which appears
under the section labelled t-test for Equality of Means under
category Equal variances assumed is larger than 0.05 (Sig. =
0.053), hence there is no significant differences in the mean of
vehicle speed for manual method and ATC method.
An independent sample t-test was conducted to compare
the mean vehicle speeds for manual method and ATC method.
There was no significant difference in mean of vehicle speed for
manual method (mean=50.77, SD=6.78) and ATC method
(mean=51.71, SD=6.96); t(798) = -1.939, p = 0.053 (two-tailed).
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Table 1.4 Significant testing for Vehicle Speed

1.5

-1.89659
0.01164

Upper

95%
Confidence
Interval of the
Difference
-1.89659
0.01164

Lower

0.48606
0.01164

Std. Error Difference

-0.94248
-0.94248

Mean Difference

0.053
0.053

Sig.
(2tailed)

798

Equal
variances
not
assumed

df

797.5

0.455

Equal
variances
assumed

t

-1.939

Sig.

t-test for Equality of Means

-1.939

F

0.560

Vehicle Speed

Levene’s
Test for
Equality
of
Variance
s

CONCLUSIONS

In this case study, traffic volume and speed were measured at
Jalan Universiti, Skudai, Johor using ATC and video recording.
These data were then compared and the significant testing
between these two data collection methods were conducted. 400
vehicle volumes and speeds were observed using both ATC and
video recording in one hour of data collection with 15-minute
intervals.
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It is noted that some allowable errors can occur in
collecting traffic data using two different methods. Therefore,
comparison of results between these two data collection methods,
namely ATC and video recording, was made in order to check the
validity of the automatic device (ATC) in collecting the data. 15%
error can be accepted between the two readings: ATC and manual
counting using video recording.
Very minimal error was observed in traffic volume and
speed data between ATC and video recording. It was believed that
this result is due to the very small sample size collected in the one
hour duration. Statistical analysis has found that there is no
significant difference in traffic volume and speed measurement
obtained between ATC and video recording. The results show that
automatic device (ATC) is a reliable tool to be used in collecting
traffic data such as traffic volume and vehicle speed.
Manual counts are relatively easy to use and inexpensive.
However, some challenges can be expected especially in collecting
big data such as coordination between personnel, and human errors
due to fatigue etc. Often a massive collection of data is required,
therefore, it is more effective to use automated counters to avoid
any errors in observation.
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Measuring Passenger Car Equivalent
At Signalized Intersection
Nailly Izzaty Mat Sidek and Che Ros Ismail

2.1

INTRODUCTION

Malaysia is one of the countries in Asia that moving towards
becoming a developed country. The development of this country is
due to rapidly increase in population as well as technology. Hence,
it will also contribute to the increasing amount of vehicles on road
that will cause change in traffic conditions in this country. Thus, it
is important to provide an efficient traffic system which is safe and
comfortable for the purpose of safety.
Capacity and saturation flow rate plays an important role in
the design of signalized intersection (Leong et al., 2006).
Saturation flow at signalized intersection can be referred as
maximum flow rate of vehicles that able to move from stop line of
an approach lane during green period. Saturation flow rate can be
measured using passenger car unit per hour.
In Malaysia, vehicle types are divided into five categories,
specifically passenger cars, motorcycles, medium or light lorries,
heavy lorries and buses. In designing signalized intersection and to
control the efficiency of traffic flow, it is important to consider the
type and size of the vehicles. Thus, a study on Passenger Car
Equivalents (PCE) has been run in order to ensure that type of
vehicles that passes thru the roadway contribute to saturation flow
and traffic flow at the signalized intersection that been choose.
PCE value that been practice in Malaysia is based on
Arahan Teknik (Jalan) 13/87 which is Malaysian Design Standard
document for roads (Public Works Department of Malaysia, 1987).
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Besides, the PCE in United Kingdom (Webster, 1966) were quite
similar with Arahan Teknik (Jalan) 13/87 shown in Table 2.1.
Table 2.1 PCE value for signalized intersections according to Arahan
Teknik (Jalan) 13/87 and Webster
Vehicle
Categories
Passenger Cars
Motorcycles
Medium/Light Lorries
Heavy Lorries
Buses

Malaysia
ArahanTeknik (Jalan) 13/87
1.00
0.33
1.75
2.25
2.25

United Kingdom
Webster (1966)
1.00
0.33
1.75
1.75
2.25

The aim of this study is to determine the PCE value at
signalized intersection on site and compares with the standard PCE
values from Arahan Teknik (Jalan) 13/87. There are two objectives
to achieve the aim of this study such as to determine the headway
data for five categories of vehicles at signalized intersection and to
determine the PCE value for each five categories of vehicles at
signalized intersection.
The study has been carried out in an urban area in order to
determine the PCE value for five categories of vehicles at
signalized intersection. There are several factors to be observed
before the study has been carried out. The factors are weather,
good surface of roadway, no accidents occur at that time, no
maintenances work, no illegal on the-road parking and no bus
blockage.
All factors above would affect the PCE value if it is happen
during the data been taken. On the other hand, the data has been
taken using headway method. Time headway are calculated by
measuring the elapsed time between the crossing of the stop line
by the rear axis of the vehicle preceding it and the crossing of the
stop line by its own rear axle in a same lane. First three vehicles
are not being counted in order to avoid delay.
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PREVIOUS STUDIES

The Highway Capacity Manual (HCM) was first introduced the
(PCE)
passenger cars displaced in the traffic flow by a truck or bus, under
(Transportation
Research Board (TRB), 1965).
The newer definition states that PCE
passenger cars displaced by a single or heavy vehicle of a
particular type under specified roadway, traffic and control
(TRB, 2000). It is important to convert traffic volume
from veh/h into pcu/h so the interpretation of traffic conditions can
be made consistently due to various vehicle types with different
sizes and performances (Othman et al., 2013).
PCE factor is not a fixed value and it varies from one place
to another under the traffic condition of that junction. A study on
PCE value in several places in Malaysia shows different in PCE
values which are smaller to be compared with Arahan Teknik
(Jalan) 13/87 (Leong et al., 2005).
Based on studies at four junctions of Ames and Lowa using
manual counting to determine the preliminary delay and time
headway of cars, the total of 2093 cycles was studied resulting in
2.29 seconds headway for each car on a direct route (Carstens,
1971). Meanwhile, the PCE values for normal condition and under
rainfall condition are different. It shows that all the PCE values
decreased with the increase in rainfall intensity (Hashim and BenEdigbe, 2012).
A study derived PCE model based on assumption that
passenger cars depart at a constant saturation flow headway where
the model basis is headway method (Molina, 1987). The analysis
was limited to through movements only while other factors such as
percentage of trucks, vehicular volumes and headway increase of
the eighth-positioned vehicles behind the truck are not considered.

