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ABSTRACT
This study developed an optimization method to correct the measured expressway traffic volume that
minimizes measurement errors and satisfies the traffic balancing with TCS. For this purpose, the model
constructed in this study was compared with the true traffic volume and verified. Through the
verification of the model, it was found that the measurement error is reduced when the measured traffic
volume is corrected for the traffic volume balance. By applying it to 21 links of the Gyeongbu
expressway, the measured traffic volume was corrected by —8.1%~9.6% and the measurement error
was decreased as much as the corrected traffic volume. This research is meaningful in terms of
improving the accuracy of the measured traffic volume of the expressway, which is significant
considering that the role of the expressway are increasing.
Keywords: traffic volume correction, traffic volume balancing, TCS (toll collection system),
optimization model.

1 INTRODUCTION

With the recent increase in the role of expressways, the traffic volume information of
expressways has been used in many areas, including the operation and management of
expressways, route planning, air pollution, and the calculation of carbon dioxide emissions.
As the value of expressway traffic volume information increases, it is surveyed every year in
Korea according to Article 102 of the Road Act to prepare the annual traffic volume report
[1]. The traffic volume survey is divided into frequent surveys and regular surveys, which
collect traffic volume by vehicle type, direction, and time period. Frequent surveys are
conducted for one day on Thursday of the third week of October using VDS and CCTV, and
regular surveys use AVC equipment to collect traffic volume for a year. However, the
expressway traffic volume information collected is somewhat inaccurate due to the
limitations of the collection technology and detector [2], [3]. Before using such expressway
traffic volume, it is necessary to measure and correct the accuracy, because reliable results
cannot be obtained through the use of inaccurate data. In order to correct the traffic volume,
it is necessary to investigate the actual traffic volume of the main line and ramp, but this
involves a lot of time and money.

Over the years, numerous studies have been performed with the aim of correcting the
traffic volume information (hereinafter, measured traffic volume) collected from expressway
detectors [4]. Most of the studies performed correction based on consistency with traffic flow
theory and historical data, but did not consider traffic balancing on the basis of network
consistency [5]-[8]. In other words, the traffic volume entering and exiting the road does not
satisfy the traffic volume conservation law, which must be consistent with the traffic volume
remaining in the corresponding section. Considering these limits, in some studies the
measured traffic volume from the detector is assumed to be the actual traffic volume, and the
measured traffic volume is corrected to satisfy the requirement of traffic volume balance
within a certain [9]-[12]. However, since the measured traffic volume collected from the
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detector includes errors, the corrected measured traffic volume may cause larger errors when
the traffic volume is corrected to achieve a traffic volume balance.

The purpose of this study is to minimize the measurement errors and to build an
optimization model that satisfies the requirement of traffic volume balance by using TCS
(Toll Collection System) traffic volume data in order to correct the expressway traffic volume
collected through annual surveys. In addition, the model developed in this study was applied
to an actual highway to compare and verify with actual traffic volume. This study is
structured as follows. Section 2 reviews previous studies on traffic volume correction
methods and traffic volume balance. Section 3 uses TCS traffic volume and measured traffic
volume to establish traffic volume balance. Section 4 develops a method to correct the
measured traffic volume based on traffic volume balance. Section 5 applies the methodology
developed in the previous section to actual expressway routes. Finally, Section 6 presents the
conclusions of this study and suggests some directions for future research.

2 LITERATURE REVIEW

Numerous studies have been conducted on approaches to correcting measured traffic volume
to improve the accuracy of measured expressway traffic volume. Studies on the correction of
measured traffic volume can be classified by the approach employed into methods of
fundamental consistency, historical consistency, and network consistency. The fundamental
consistency correction method corrects the traffic volume error based on traffic flow theory
but when this approach is used, it is impossible to correct the measured traffic volume in the
event of very small errors [4]. The historical consistency correction method corrects the error
based on past historical traffic volume. But there are limits to this method as past historical
traffic volume is not always available such as when traffic patterns change due to traffic
accidents or new road construction [9]. The network consistency method requires accurate
actual traffic volume information from the main line or ramp, but this can be difficult to
collect [13]. This study was able to utilize TCS traffic volume data, which is equivalent to
the actual traffic volume, and therefore, reviewed previous studies based on the network
consistency method.

Shaw and Noyce [12] corrected the measured traffic volume of the main line and ramp to
satisfy the requirement of traffic volume balance based on the measured traffic volume
collected at each end of a certain road section. The measured traffic volume collected at each
end of the road section must be accurate because it serves as the standard for correcting the
measured traffic volume of the main line and ramp of the road section. Kwon et al. [11]
addressed the problem of balancing the measured traffic volume collected from the main line
using the matrix-based weighted least-squares regression model. This model is based on the
confidence level of each traffic volume detector. Xin et al. [14] assumed that the measured
traffic volume collected from the detector has a certain range of error. An optimization model
was used to correct the measured traffic volume from the main line and ramp to satisfy the
requirement of traffic volume balance within the error range. Vanajakshi and Rilett [2]
verified the traffic volume balance by comparing the existing measured traffic volume from
a detector on the expressway main line with the entering measured traffic volume from a
detector nearby. When a difference occurs in the comparison, it is considered to be a violation
of the traffic volume balance, and a non-linear optimization model is applied to correct the
measured traffic volume. Wall and Dailey [15] established a reference detector to verify and
correct the measured traffic volume on the expressway main line and set the measured traffic
volume collected from this detector as the initial value. The measured traffic volume
configured as the initial value was used to verify whether the adjacent measured traffic
volume satisfied the traffic volume balance. A correction factor was applied if the traffic
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volume balance was not satisfied. The corrected measured traffic volume was used again to
verify and correct the adjacent measured traffic volumes. The FHWA Traffic Monitoring
Guide [16] presents a model for adjusting ramp traffic to ensure traffic volume balancing.
TMG assumed that the measured traffic volume of the main line is accurate. However, traffic
volume imbalance is not only caused by the ramp traffic volume, but also by the measured
traffic volume collected from the main line. Zhao et al. [10] corrected the measured traffic
volume of the main line and ramp by satisfying the traffic volume balance requirement using
the least squares regression model while minimizing the traffic volume difference before and
after the correction. The proposed model requires a standard deviation of the measured traffic
volume and assumes that the error has a normal distribution. Table 1 summarizes the previous
studies that correct the measured traffic volume based on network consistency.

This study differs from the previous studies in the way that it uses TCS traffic volume
which is actual traffic volume to minimize the measurement error and satisfy the traffic
balance. Previous studies based on network consistency assumed that the measured traffic
volume collected from the main line or ramp was the actual traffic volume and developed a

methodology to correct the measured traffic volume to satisfy the traffic volume balance.

Table 1: Correction methods of measured traffic volume based on network consistency.

road)

Category Measured traffic volume True traffic volume
Traffic detector volume Traffic detector volume
Shaw and Noyce (2014) (link and ramp of analysis | (starting and ending link of

analysis road)

Kwon et al. (2008)

Traffic detector volume
(link of analysis road)

Traffic detector volume
(link of analysis road)

Xin et al. (2008)

Traffic detector volume
(link and ramp of analysis

Traffic detector volume
(link and ramp of analysis

(link of analysis road)

road) road)
Vanajakshi and Rilett Traffic detector volume Traffic detector volume
(2004) (link of analysis ROAD) (link of analysis road)
Wall and Dailey (2003) Traffic detector volume Traffic detector volume

(link of analysis road)

FHWA Traffic Monitoring
Guide (2001)

Traffic detector volume
(link and ramp of analysis
road)

Traffic detector volume
(link of analysis road)

Zhao et al. (1998)

Traffic detector volume
(link and ramp of analysis
road)

Traffic detector volume
(link and ramp of analysis
road)

This paper

Traffic detector volume
(link of analysis road)

TCS traffic volume
(ramp of analysis road)
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3 ESTABLISHING AND MEASURING OF TRAFFIC VOLUME BALANCE
3.1 Data collection

This study used the traffic volume measured on the expressway and the TCS traffic data
gathered on the 3rd Thursday of October 2015 as shown in Table 2. The measured traffic
volume is gathered according to the direction of the vehicles on the road segment between
IC and IC, IC and JC, JC and IC, and JC and JC. TCS traffic volume is the data of vehicles
using the expressway tollgate by the mechanical toll collection facilities, which identifies the
traffic volume entering and exiting the expressway tollgate.

In this study, the concept of traffic volume balance is established by using the TCS traffic
volume and the traffic volume measured on the expressway. Then, it is identified whether
the traffic volume measured on the expressway satisfies traffic volume balance. Finally, the
correcting methodology is proposed that the traffic volume on the expressway with the traffic
volume imbalance satisfies the traffic volume balance.

3.2 Establishing the concept of traffic volume balance

The traffic volume measured on the expressway can be classified into 2 types (Type A, Type
B) according to the collection location, as shown in Fig. 1. Type A collects the traffic volume
measured by direction from the main line section between IC and IC, IC and JC, and JC and
IC, which can identify the traffic volume entering and exiting the main line section by using
TCS traffic volume entering and exiting the expressway tollgate. Type B collects the traffic
volume measured by direction from the main line section between JC and JC, in which it is
impossible to identify the traffic volume entering and exiting the main line by TCS traffic
volume because there is no tollgate between JC and JC. Therefore, this study established the
traffic volume balance for Type A.

Fig. 2 takes a closer look at TYPE A, the target of analysis in this study. Here, the traffic
volume balance equation can be established as shown in eqns (1) and (2), based on the
concept that the traffic volume measured on the expressway must satisfy the requirement of
traffic volume balance in reference to network consistency

Xy =xi -1 +T), (1)
xg = x5 — Tiy + Ty 2)

Here:

x{: =Forward(f) Upstream(u) traffic volume, x(}; =Forward(f) Downstream(d) traffic volume;
x5=Reverse(r) Upstream(u) traffic volume, x}=Reverse(r) Downstream(d) traffic volume;
Ti’:l:Forward(f) tollgate entering traffic, Toit:Forward(f) tollgate existing traffic;

T}, =Reverse(r) tollgate entering traffic, T.,,; =Reverse(r) tollgate existing traffic.

Table 2: Data collection outline.

Category TCS traffic volume Traffic volume of expressway
Date of 3rd Thursday of October 2015 3rd Thursday of October 2015
collection (24 hour) (24 hour)
Target of Traffic volume between Traffic volume of links between
collection expressway business tollgate IC-IC, IC-JC, JC-IC, and JC-JC
Vehicle type 5 types 12 types
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Figure 1: Collection types of measured traffic volume on expressway.
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Figure 2: Traffic volume of expressway link and ramp by direction and point.

The TCS trafﬁc volume cannot grasp the entering traffic volume (Tlfl, T;,) and exiting

traffic volume ( vut> Tout) by direction from the tollgate. Therefore, eqns (1) and (2) can be
organized and expressed simultaneously as eqn (3). Eqn (3) means that the difference
between the TCS traffic volume entering and exiting the tollgate is equal to the sum of traffic
volume differences by direction of the main line located on the left and right sides of the

tollgate. The left-hand side Tf + T}, is the TCS traffic volume entering the tollgate and
T, + T, is the TCS traffic volume exiting the tollgate. The right-hand side x — xJ is the

out
traffic volume difference by direction of the main line located on the left side of the tollgate,

and x], — xg is the traffic volume difference by direction of the main line located on the right
side of the tollgate. Here, it is defined that the smaller the difference between (Tjr + Tm) -
(To};t + TZ,) using the TCS traffic volume and (x —x5) + (x — xd) based on the

measured expressway traffic volume, the more it satisfies the requirement of traffic volume
balance

(Tf + Tm) (Tofut +T ut) (x - xd) + (xu x£) 3
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3.3 Measuring traffic volume balance

The traffic volume balance was measured in terms of the total traffic volume because of the
different types of vehicles between TCS traffic volume and the traffic volume measured on
the expressway. Table 3 shows the results of measuring traffic volume balance for 21 sections
of the Gyeongbu Expressway. Overall, there was a traffic volume imbalance across all of the
sections. Thus, it is necessary to correct the traffic volume measured on the expressway which
shows a traffic imbalance to satisfy the requirement of traffic volume balance.

Table 3: Results of estimation of traffic volume balancing on Gyeongbu Expressway.

f f .
Category (s = xg) + (xf — x]) (TL{l +Th) - (Toj;t + T}y ) Difference
(@) @) @-@)
Gyeongju IC ~ Geoncheon IC
Geoncheon Geoncheon IC ~ Yeongcheon =373 337 -210
IC
Geoncheon IC ~ Yeongcheon
IC
Y h — -1 —
congeheon Yeongcheon IC ~ Gyeongsan 6,753 3 6,738
IC
Yeongcheon IC ~ Gyeongsan
IC
G 4,543 96 4,447
yeongsan Gyeongsan IC ~ Dongdaegu ? ?
JCT
Namgumi | acgwan IC ~ Namgumi IC 623 592 1215
Namgumi IC ~ Gumi IC
) Namgumi IC ~ Gumi IC
Gumi - - 551 96 455
Gumi IC ~ Gimcheon JCT
) Biryong JCT ~ Daejeon IC
Daejeon 1,567 —600 2,167
Dacejeon IC ~ Hoedeok JCT
. .. Hoedeok JCT ~ Sintanjin IC
Sintanjin Sintanjin IC ~ Cheongwon IC 462 157 619
. | Sintanjin IC ~ Cheongwon IC
Namcheongjul - —-1,626 —133 —-1,493
Cheongwon IC ~ Nami JCT
) Nami JCT ~ Cheongju IC
Cheongju : —4,594 1,148 -5,742
Cheongju IC ~ Mokchon IC
Cheongju IC ~ Mokchon IC
Mokchon 2,339 1,400 939
Mokchon IC ~ Cheonan JCT
Mokchon IC ~ Cheonan JCT
Cheonan —4,147 -5,960 1,813
Cheonan JCT ~ Cheonan IC
Cheonan IC ~ Bukcheonan IC
Bukcheonan 5,085 535 4,550
Bukcheonan IC ~ Anseong IC
Bukcheonan IC ~ Anseong IC
Anseong 2,648 1,420 1,228
Anseong IC ~ Anseong JCT
. Dongtan JCT ~ Giheung IC
Giheung - -15,888 1,221 -17,109
Giheung IC ~ Suwon IC
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4 MODEL DEVELOPMENT AND VERIFICATION
4.1 Model development

The traffic volume measured on the expressway based on the annual traffic volume report
includes measurement errors, as shown in eqn (4). There is always a measurement error
because the exact amount of actual traffic cannot be identified. This results in a traffic volume
imbalance in terms of network consistency

vl =x+el @

Here, yij =actual traffic volume (= corrected traffic volume),
xl.’ =traffic volume measured on the expressway,

e/ =measurement error,
i =upstream or downstream, j=forward or reverse.

This study used the optimization model as shown in eqn (5) to both minimize the
measurement error and correct the traffic volume imbalance. The objective function of the
optimization model calculates the corrected traffic volume that minimizes the measurement
error. The first constraint condition is that it satisfies the requirement of traffic volume
balance. Using eqn (3), the sum of the difference in traffic volume by direction of the main
line located on the left and right sides of the tollgate corrects the measured traffic volume
equal to the difference between the entering and exiting TCS traffic volume of the tollgate.
Second, when the measured traffic volume is corrected to the traffic volume that satisfies the
requirement of traffic volume balance, it is corrected by the difference in traffic volume
imbalance, as it can be corrected to an extreme. Third, an upper limit value or a lower limit
value is set for ylf + y;and y; + yJ, when the measured traffic volume is corrected by the
imbalance difference. The difference between the entering and exiting TCS traffic volume of
the tollgate that is, when (Tl’; +Th) — (Toj;t + TZ,) = 0 should be ylf +y; = y({ + 7

because () — y5) + (v — yJ) = 0. On the contrary, when (T, +T},) — (T, + Tiy.) <
0, it should be ;| + yi < yJ + 5.

Minimize Y[y} — x/], i=u or d, j=for r Q)
s.t.
Conservation : (T”C + Tiﬁl) - (Tofut + Torut) = y{ —yi+ - yL{ .
Correction total amount : (Ti’; +Th) - (To};t +The) — (xbf —xg +x;, — x£ )=

O —xl) + 05 = xp) + O — ) + (v — ).
Correction range : (ylf +yr) = (y({ +yy) if, (Tlfl +Th) - (Tf +Tgue) 2 0.

out
O +90) < (4 + YD) i (T4 + Th) = (T + Tou) < 0.
Non-negative : y{ VYo Ve, yg > 0.

Here

y{ = forward(f) upstream(u) corrected traffic, y}=reverse(r) downstream(d) corrected traffic,
yéc = forward(f) downstream(d) corrected traffic, y,; = reverse(r) upstream(u) corrected traffic,
f = forward, r = reverse, u = upstream, d = downstream.

WIT Transactions on The Built Environment, Vol 182, © 2019 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



368 Urban Transport XXIV

4.2 Model verification

In this study, the model was verified from 12 main lines near the start or end point of the
expressway route where the actual traffic volume of TCS data can be identified. For example,

as shown in Fig. 1, the actual traffic volume ylf at the starting point is the same as the TCS
traffic volume exiting from tollgate 1. According to eqn (1), the actual traffic volume y; can

be calculated by subtracting the entering traffic volume Tl’; from the actual traffic volume
f -
is the

yl{ , then adding the existing traffic volume y,{ . Here, the entering traffic volume Tj,,

TCS traffic volume entering tollgate 2 from tollgate 1, and the exiting traffic volume Toj;t is
the total TCS traffic volume exiting tollgate 2 excluding the traffic volume flowing out to
tollgate 1. The actual traffic volumes y,; and y} can be calculated in the same way. As a result
of verifying the model, as shown in Table 4, the corrected traffic volume showed a smaller
difference from the actual traffic volume compared to the measured traffic volume before
correction. This means that the measurement error is reduced when the measured traffic
volume showing a traffic volume imbalance is corrected to satisfy the requirement of traffic
volume balance.

Table 4: Results of model verification.

Balancing befo.re and Measured traffic volume and corrected traffic volume
after correction
1 0,
Cate Balancing Balancing t;l:flgc Measured | Corrected Difference (%)
gory before after volume traffic traffic @
correction correction| volume | volume é) é) (B-B)3
@ @ | g | @ ©
Bukyeongcheon IC 26,077 | 26245 | 26236 | 0.64% | 0.61%
~ Seopohang IC
Seopohang S hane IC -19 0
eopofiang 27,344 | 27,645 | 27,635 | 1.10% | 1.07%
~ Pohang IC i i ?
Donghae IC 14,120 | 14374 | 14362 | 1.80% | 1.71%
~ Mangsang IC
Mangsang M IC —24 0
angsang 18,028 | 18,600 | 18,588 | 3.17% | 3.11%
~ Okgye IC ’ g ’
Okgye IC
~ Namgangneung 19,081 18,049 | 18,171 | -5.41% | —4.77%
Namgangneung| IC 245 0
Namgangneung IC 22,044 | 15,107 | 15230 |-31.47% | —30.91%
~ Gangneung IC
Yangyang IC 4281 | 4247 | 4276 | —0.79% | —0.13%
. ~ Hajodae IC
Hajodae Haiodac IC 57 0
odac 10,160 | 9,245 | 9273 | —9.01% | -8.73%
~ Hyunnam IC ’ > ’
Yangpyeong IC 8,097 | 8156 | 8130 | 0.73% | 041%
~ BukyeoJu IC
BukyeoJu Bukveolu IC =51 0
uyeolu 8251 | 8965 | 8940 | 8.65% | 8.34%
~ SeoyeoJu IC ? ? ’
Tongyeong IC
~ Buktongyeong 17,981 | 20,843 | 20,336 | 15.92% | 13.10%
Buktongyeong IC -1,014 0
Buktongyeong IC 22,630 | 26,842 | 26335 | 18.61% | 16.37%
~ Tongyeong IC ’ ’ ?
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Table 5: Results of measured traffic volume correction on Gyeongbu Expressway.

Balancing before vs. after Measured traffic volume vs. Corrected
correction traffic volume
Category Balancing . Measured |Corrected Difference
Balancing
before > traffic traffic Traffic
. after correction %
correction volume volume | volume
Gyeongju IC ~ 42,808 | 39,583 | 3225 |-7.53%
Geoncheon IC
Geoncheon Geonch IC < -910 0
concheon 43275 | 47410 | 4,135 [9.55%
Yeongcheon IC
Geoncheon IC ~ 43275 | 47410 | 4135 |9.55%
Yeongcheon IC
Yeongcheon v h IC~ -6,738 0
congeneon 50,788 | 53,391 | 2,603 |5.13%
Gyeongsan IC
Yeongcheon IC ~ 50,788 | 53391 | 2,603 |5.13%
Gyeongsan IC
Gyeongsan Gyecongsan IC ~ 4,447 0
_ ! 0,
Dengdsegu JCT 87,107 | 80,057 | —7,050 |-8.09%
Waegwan IC ~ o
Namgumi Natwgami IC 1215 0 110326 | 116,196 | 5870 |5.32%
Namgumi IC ~ Gumi IC 93,061 | 88,406 | 4,655 |-5.00%
Namgumi IC ~ Gumi IC 93,061 | 88,406 | 4,655 |-5.00%
Gumi Gumi ICJ~C$1mcheon 455 0 85784 89,984 4200 | 4.90%
Biryong JCIEN Dagjeon 77414 | 76331 | ~1,083 |-1.40%
Daejeon Dacicon IC ~ Hoodeok 2,167 0
acjeo oT ocdeo 85,723 | 84,639 | —1,084 |-1.26%
Hoedeolc JCT ~ Sintangin 98348 | 97438 | 910 |-0.93%
Sintanjin Sintaniin IC ~ 619 0
intanyin 118,504 | 118,795 | 291 |0.25%
Cheongwon IC
Sintanjin IC ~ 118,504 | 118,795 | 291 | 0.25%
. Cheongwon IC
Namcheongju Cheongwon IC ~ Nami -1,493 0
co gw}’CT a 98,836 | 100,038 | 1,202 |1.22%
Nami JCTIE Cheongju 79457 | 83,598 | 4141 |521%
Cheongju - —-5,742 0
Cheongju IICCN Mokchon 83,839 | 85440 | 1,601 |1.91%
Cheongju IICCN Mokchon 83,839 | 85440 | 1,601 |1.91%
Mokchon 939 0
Mokehon 1€ - Cheonan 86716 | 84176 | -2.540 |-2.93%
Mokehon IC ~Cheonan 86,716 | 84176 | -2.540 |-2.93%
jCT
Cheonan Ch JCT <~ Ch 1,813 0
conan c conan 153,187 | 153,795 | 608 | 0.40%
Cheonan IC ~ 176,218 | 173,797 | —2,421 |-1.37%
Bukcheonan IC
Bukcheonan Bukch IC < 4,550 0
ukcheonan 167,263 | 165,134 | 2,129 |-1.27%
Anseong IC
Bukcheonan IC ~ 167,263 | 165134 | 2,129 |-127%
Anseong IC
Anseong Anscong IC ~ Anscon 1,228 0
seong o7 seong 164,067 | 164,968 | 901 |0.55%
Dongtan JCT ~ Giheung o
Giheung c 17,109 o 155284 | 167,546 | 12,262 |7.90%
Giheung IC ~ Suwon IC 217,164 | 222,011 | 4,847 [223%
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5 MODEL APPLICATION AND RESULT ANALYSIS

As shown in Table 5, the model of this study was applied to 21 sections of the Gyeongbu
Expressway that show a traffic volume imbalance. As a result of applying the model, the
measured traffic volume of 21 sections of the Gyeongbu Expressway was corrected by —
8.09%~9.55%, and the measurement error was decreased by as much as the corrected traffic
volume. In other words, the corrected traffic volume of all sections satisfies the requirement
of traffic volume balance, resulting in reduced measurement errors for the corrected traffic
volume compared to the measured traffic volume. In particular, the section between Giheung
tollgate (Dongtan JCT ~ Giheung IC, Giheung IC ~ Suwon IC) is the section where the
measured traffic was most corrected with a total of 17,109 vehicles corrected, showing the
largest improvement in traffic volume imbalance.

6 CONCLUSION AND FUTURE RESEARCH

This study developed an optimization model that minimizes measurement errors while
satisfying the TCS traffic volume and the traffic volume balance in order to correct the
measured traffic volume. When the optimization model was applied to traffic volume
measured on the expressway, it was found that the corrected traffic volume showed a smaller
difference from the actual traffic volume compared to the measured traffic volume before
correction. As a result, the measurement error was reduced, when the measured traffic
volume showing a traffic volume imbalance was corrected to satisfy the traffic volume
balance. Through applying the model to 21 sections of the Gyeongbu Expressway showing
a traffic volume imbalance, it was found that the measured traffic volume of 21 sections of
the Gyeongbu Expressway was corrected by —8.09%~9.55%, and the measurement error
decreased by the amount of the corrected traffic volume.

While this study is significant in that it improved the accuracy of measuring traffic volume
on the expressway, which is critical as the importance of expressways increase, many
improvements are required. First, this study limits the spatial range of the measured traffic
volume gathered between IC and IC, IC and JC, and JC and IC. In other words, the measured
traffic volume collected from the section with no tollgate between the JC and JC was not
corrected. In the future, it is necessary to correct the traffic volume measured on the
expressway considering these limitations. Second, while this study analyzed the traffic
volume in terms of total traffic volume without classifying the vehicle type, there should be
an analysis that classifies the vehicle type, such as cars and buses. Third, this study applied
the model to the Gyeongbu Expressway, but it should also be applied to other expressway
routes.
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