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Many intersections around the world are irregular crossings where the approach and exit lanes are offset or the two roads cross at
oblique angles. These irregular intersections often confuse drivers and greatly affect operational efficiency. Although guideline
markings are recommended in many design manuals and codes on traffic signs and markings to address these problems, the
effectiveness and application conditions are ambiguous. The research goal was to analyze the impact of guideline markings on
the saturation flow rate at signalized intersections. An adjustment estimationmodel was established based on field data collected at
33 intersections in Shanghai, China. The proposed model was validated using a before–after case study. The underlying reasons for
the impact of intersection guideline markings on the saturation flow rate are discussed. The results reveal that the improvement in
the saturation flow rate obtained from painting guide line markings is positively correlated with the number of traffic lanes, offset
of through movement, and turning angle of left-turns. On average, improvements of 7.0% and 10.3% can be obtained for through
and left-turn movements, respectively.

1. Introduction

An intersection is a key point in addressing traffic problems
in an urban road network [1]. Owing to several factors, such
as limitations on land use, many intersections are irregular
crossings where the approach and exit lanes are offset or
the two roads cross at oblique angles, as shown in Figures
1(a) and 1(b), respectively. These irregular intersections can
sometimes confuse drivers and lead to drivers hesitating.
Thus, traffic efficiency can be adversely affected.

There are two common methods to solve these prob-
lems: intersection design and standardization of cross-road
intersections and traffic channelization measures such as the
traffic signs and markings shown in Figure 1(c) [2–4]. Many
studies have shown that traffic signs and markings can be
effectively used to regulate, warn, and guide road users [5–11].
At intersections, the MUTCD (Manual on Uniform Traffic
Control Devices for Streets and Highways) describes the
utilization of various traffic channelization measures such
as intersection guideline markings [12]. In China, the appli-
cation conditions and methods for intersection guideline

markings are also set in the Chinese road traffic signs and
marking codes [13, 14].

Although intersection guideline markings are recom-
mended in many design manuals and codes on traffic signs
and markings [12–14], the effectiveness and application con-
ditions are ambiguous. This often causes traffic designers
to subjectively rely on their own experience when deciding
whether to utilize guideline markings.

The saturation flow rate is the basic metric used to
determine the efficacy of intersection traffic design. It is
an important input parameter, particularly with regard to
signal timing and the evaluation of the operational efficiency
of signalized intersections. In addition, saturation flow rate
reflects the operational efficiency of vehicles and is the basis
for calculating the capacity of signalized intersections.

To calculate the saturation flow rate more accurately,
factors such as intersection geometry, traffic conditions,
and signal control are taken into account to modify the
basic saturation flow rate. Many countries formulate their
Highway Capacity Manuals according to their particular
circumstances, which result in different saturation flow rate
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(a) Offset crossing (b) Oblique angled crossing

Guideline markings 

(c) Guide line markings

Figure 1: Irregular intersections and guidelines.

adjustment factors. For example, the HCM2010 (Highway
Capacity Manual 2010) [15] states that the following factors
affect the saturation flow rate: lane width, heavy vehicles
in traffic stream, approach grade, parking lane and parking
activity adjacent to lane group, bus stop within intersection
area, lane utilization in lane group, turning traffic in lane
group, pedestrians crossing turning traffic, and area type, e.g.,
business district. Researchers have analyzed the impact of
these factors on the saturation flow rate in detail.

With respect to geometric factors, Susilo et al. derived a
modification of the saturation flow formula by taking into
account different widths of approach lanes [16]. Shao et al.
discovered that lane width, approach grade, and turning
radius have a significant effect on the saturation flow rate
of the left-turn lane. Adjustment factors for lane width and
turn radius were developed accordingly [17]. Bargegol et al.
established a relationship between the lane width and the
saturation flow rate at far-side legs and near-side legs of
signalized intersections [18]. Zhao et al. established a model
to estimate the lane group capacity at signalized intersections
with the consideration of the effects of access points. Two
scenarios of access point locations, upstream or downstream
of the signalized intersection, and impacts of six types of
access traffic flowwere taken into account [19]. Recently, with
the application of unconventional intersections [20, 21], the
saturation flow rate adjustment model for unconventional
intersections was established based on field data [22–24].

With respect to traffic factors, Washburn et al. focused
on the effects of trucks on queue discharge characteristics
and established passenger car equivalency values for different
truck sizes [25]. Chand et al. developed a dynamic Passen-
ger Car Unit (PCU) equivalent for signalized intersections
with heterogeneous traffic [26]. Preethi et al. proposed an
adjustment factor to account for the influence of right turn
trafficunder homogeneous traffic conditions [27].The impact
of saturation flow rates on heterogeneous lanes with shared
traffic movements (through movement and turning) was also
analyzed [28, 29].

With respect to signal control factors, Radhakrishnan
et al. highlighted the effect of vehicle type, lateral position
on the roadway, and green time on the discharge headway.
They proposed a discharge headway model which could

be used to acquire saturation flow rates and capacity at
signalized intersections [30]. Sharma et al. analyzed queue
discharge characteristics at signalized intersections under
heterogeneous traffic conditions and on the effect of a
countdown timer on the headway distribution based on the
data collected from two intersections in Chennai, India [31].
Tang et al. investigated the impact of green signal countdown
devices and long cycle lengths on queue discharge patterns
and discussed their implications for capacity estimation in the
context of China’s traffic [32].

Numerous studies have been performed with the primary
objective of determining the factors that influence saturation
flow rates at signalized intersections. However, few previously
published reports have addressed the impact of guide line
markings.

The research goal was to analyze the impact of guide line
markings on the saturation flow rate at signalized intersec-
tions. An adjustment estimation model was established based
on field data collected at 33 intersections in Shanghai, China.
The model considered the traffic flow direction, number of
traffic lanes, offset of through movement, and the turning
angle of the left-turns. The proposed model was validated
based on a before–after case study.The reasons for the impact
of intersection guideline markings on the saturation flow rate
are also discussed.

2. Data Collection

To analyze the impact of intersection guideline markings
on saturation flow rate, control groups were established
considering traffic flow direction, number of lanes, offset
for through movement, and turning angle for left-turns.
Based on these control groups, 33 intersections in downtown
Shanghai were surveyed.

2.1. Potential Influencing Factors. The impact of intersection
guideline markings on saturation flow rate could be affected
by many factors. The following factors were considered:

(1) Traffic Flow Direction. At a signalized intersection,
traffic flows in different directions have different saturation
flow rates.Throughmovement and left-turn flows were taken
into account.
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(a) Small offset (b) Medium offset (c) Large offset

Figure 2:Through movement offset categories.

(a) Acute angle (b) Right angle (c) Obtuse angle

Figure 3: Left-turn angle categories.

(2) Number of Traffic Lanes. This study focused on
three categories, namely, one, two, and three traffic lanes for
through movement and left-turns.

(3) Through Movement Offset. Approach and exit lanes
that are offset for through movement can make it difficult
for drivers to judge the position of exit lanes. Comparing
the difference in saturation flow rate between intersections
with andwithout guidelinemarkings under the same through
movement offset is beneficial for determining the application
conditions of intersection guide line markings. As shown in
Figure 2, the offset of approach and exit lanes in through
movement was classified into three classes: an offset of less
than one lane width is a small offset, between one lane and
two-lane widths is a medium offset, and more than two-lane
widths is a large offset.

(4) Left-TurnAngle.The left-turn angle size greatly affects
the driver’s judgment, the vehicle’s speed, and its moving
trajectory. Painting intersection guideline markings in the
left-turn lane can assist drivers in quickly identifying the
exit lanes and thereby eliminate hesitation time. As shown in
Figure 3, the left-turn angle was classified into three classes:
acute angle, right angle, and obtuse angle.

2.2. Selection of Survey Locations. Considering traffic flow
direction (2 types), number of lanes (3 types), offset for
through movement (3 types), and turning angle for left-
turns (3 types), eighteen control groups (9 for through

movement and 9 for left-turns) were established. Alternative
intersections were selected to identify the most appropriate
lanes for data collection. The conditions which defined an
appropriate intersection are as follows. Table 1 shows the
33 intersections that were surveyed in downtown Shanghai,
China.

(1) The volume of traffic is large enough to ensure
sufficient surveyed data.

(2) The grade of approach and exit lanes is less than 2%.
(3) Near the intersection, there are no access points, such

as entrances or exits of schools, parking lots, supermarkets,
etc.

(4)There are no work zones near the intersection that can
potentially affect the judgment of drivers.

(5) For the same control group, only one of the influence
factors should be different at a time for the candidate
intersection.

2.3. Survey Content and Method. The saturation flow rate
can be calculated by (1). Headway data were collected under
saturated conditions in three steps. First, traffic flow in the
intersection was recorded using a UAV (unmanned aerial
vehicle) during the morning or evening peak of the workday,
as illustrated in Figure 4(a). Second, the trajectory of each
vehicle was captured, and the time taken to pass through the
stop line was recorded, as illustrated in Figure 4(b). Finally,
the headways were calculated. The measurement method
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(a) Aerial view of intersection using UAV (b) Image capturing of vehicle trajectory

Figure 4: Data collection.

recommended in HCM [15] is used. The headways can be
measured directly, and then the saturation flow rate can be
calculated. The headways of the first four cars at the start
of the green phase were deleted. Only queued vehicles are
recorded as useful data. Moreover, all the data related with
the heavy vehicles were deleted, which includes the headways
of the heavy vehicles and all the headways of the vehicles
following the heavy vehicles. The relevant statements have
been added in the revised paper.The number of the surveyed
hours, useful cycles, and useful vehicles in each case are listed
in Table 2:

𝑆 = 3600/ℎ𝑠 (1)

where S is the saturation flow rate of an entrance lane,
veh/h/ln; and hs is the saturation headway, s.

3. Saturation Flow Rate Analysis

In this section, the saturation flow rate of through movement
and left-turns is studied based on the collected data and con-
trol groups. Firstly, the distribution of saturation headways
is investigated. Subsequently, the adjustment factor model is
established for quantitative analysis of the effect of guideline
markings.

3.1. Calculation of theHeadway. By separating throughmove-
ment and left-turns, the headway of each cycle under different
conditions is calculated, and the distribution histogram of
the headways is obtained. The corresponding trend line is
then fitted for a comparison between the intersections in the
control groups. In the comparison graphs, the further the
curve is to the left, the smaller the saturation headway and
the higher the saturation flow rate are.

3.1.1. Through Movement. The results of the comparison
of through movement saturation headways are shown in
Figure 5. By controlling the offset or the number of traffic
lanes, the trend of the difference in the saturation flow rate
offset is investigated, and qualitative analysis is performed
on the impact of intersection guideline markings on the
saturation flow rate. One can observe the following.

(1) In every control group, the saturation headway of an
intersection with guideline markings is smaller compared to
intersections without guide line markings.

(2) Apart from the control group with a single lane and
small offset, there is a noticeable difference in saturation
headways between intersections with and without guideline
markings.

(3)The greater the offset, the more pronounced the effect
of the guide line markings on the saturation flow rate.

(4) The larger the number of lanes, the more pronounced
the effect of the guide line markings on the saturation flow
rate.

3.1.2. Left Turn. The method of analysis for left-turn traffic
is the same as that for through movement. However, for left-
turns, the trend of the difference in the saturation flow rate
is investigated by controlling the left-turn angle or number
of traffic lanes. The results of the comparison are shown in
Figure 6. The following can be seen.

(1) Setting guideline markings can improve the saturation
flow rate irrespective of the turning angle.

(2) The greater the number of left-turn traffic lanes, the
more pronounced the effect of the guide line markings on the
saturation flow rate.

(3) The smaller the left-turn angle, the more pronounced
the effect of the guideline markings on the saturation flow
rate.

3.2. Calculation of the Adjustment Factor. Referring to the
adjusted saturation flow rate model of HCM 2010 [15], the
ratio of the saturation flow rate at an intersection with
guideline markings to an intersection without guide line
markings can be defined as the adjustment factor for guide
line markings, as shown in (2). By studying the relationship
between the adjustment factor and other factors, including
the traffic flow direction, number of lanes, offset for through
movement, and turning angle for left-turns, the model can
be adapted to determine the adjustment factor for guide line
markings under different conditions:

𝑓𝑔𝑙 =
𝑆0
𝑆

(2)
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Table 2: Surveyed data.

Movement Number of lanes Offset/Turning angle Guidelines Surveyed hours Useful cycles Useful vehicles
Through One Small offset Without 1 11 214
Through One Small offset With 1 11 214
Through One Medium offset Without 1 11 282
Through One Medium offset With 1 18 177
Through One Large offset Without 1 11 114
Through One Large offset With 1 18 177
Through Two Small offset Without 1 24 633
Through Two Small offset With 1 9 161
Through Two Medium offset Without 1 9 232
Through Two Medium offset With 1 10 91
Through Two Large offset Without 1 13 364
Through Two Large offset With 1 8 217
Through Three Small offset Without 1 8 659
Through Three Small offset With 1 7 378
Through Three Medium offset Without 1 11 296
Through Three Medium offset With 1 8 458
Through Three Large offset Without 1 7 195
Through Three Large offset With 1 8 400
Left-turn One Acute angle Without 1 19 133
Left-turn One Acute angle With 1 16 83
Left-turn One Right angle Without 1 13 252
Left-turn One Right angle With 1 7 94
Left-turn One Obtuse angle Without 1 8 76
Left-turn One Obtuse angle With 1 16 180
Left-turn Two Acute angle Without 1 13 240
Left-turn Two Acute angle With 1 8 158
Left-turn Two Right angle Without 1 10 206
Left-turn Two Right angle With 1 7 251
Left-turn Two Obtuse angle Without 1 15 163
Left-turn Two Obtuse angle With 1 12 569
Left-turn Three Acute angle Without 1 10 479
Left-turn Three Obtuse angle Without 1 15 671
Left-turn Three Obtuse angle With 1 7 233
Sum 33 378 9050

where S is the saturation flow rate per lane at a signalized
intersection with guideline markings, veh/h/ln; 𝑆0 is the sat-
uration flow rate per lane at a signalized intersection without
guidelinemarkings, veh/h/ln; and 𝑓𝑔𝑙 is the adjustment factor
for the guideline markings.

3.2.1. Through Movement. Small, medium, and large offsets
are defined as offset 1, 2, and 3, respectively. As shown
in Figure 7, the saturation headway of an intersection with
guidelinemarkings is always less than the saturation headway
of an intersection without guideline markings. On average,
improvements of 7.0% can be obtained for through move-
ment.

Multifactor analysis of variance was performed to investi-
gate whether the guideline markings, number of traffic lanes,
offset and the interaction of these factors have a significant
influence on the saturation flow rate.The results are shown in

Table 3 and reveal that guideline markings, number of traffic
lanes, offset, and these factors combined have a significant
influence on the saturation flow rate (p-value < 0.001).

Calculated values of the adjustment factor for guideline
markings under different conditions are listed in Table 4. It
was determined that with an increase in offset and number
of traffic lanes, the adjustment factor value also increases. To
estimate the adjustment factor value for guideline markings
under different conditions for a given offset and number
of traffic lanes, an adjustment factor model for through
movement is established by surface fitting according to the
measured adjustment factor values, as given by (3). The
goodness of fit (R2) is 0.970:

𝑓𝑇𝑔𝑙 = 0.9818 + 0.01918𝑑 − 0.004593𝑛 − 0.002431𝑑
2

+ 0.001233𝑑𝑛 + 0.01399𝑛2
(3)
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Figure 5: Comparison of through movement headways with and without guideline markings.

Table 3: Multifactor analysis of variance for through movement.

Source Sum of Squares df Mean Square F Sig.
Offset 0.394 2 0.197 87.166 0.000
Number of traffic lanes 0.582 2 0.291 128.841 0.000
Intersection guideline
markings 0.387 1 0.387 171.280 0.000

Offset ∗ Number of traffic
lanes ∗ Intersection
guideline markings

0.170 12 0.014 6.275 0.000

where 𝑓𝑇𝑔𝑙 is the adjustment factor for guide line markings;
𝑑 is the offset, (d = 1, 2, and 3 for small, medium, and
large offsets, respectively); and 𝑛 is the number of traffic
lanes.

3.2.2. Left Turn. The effect of guideline markings on the
saturation flow rate for left-turns is quantitatively analyzed
in the same manner as for through movement. The acute,
right, and obtuse angles are defined as angle 1, 2, and 3,
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Figure 6: Comparison of left-turn headways with and without guideline markings.
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Figure 7: Comparison of saturation headways for through move-
ment.

respectively. As shown in Figure 8, the saturation headway
of an intersection with guideline markings is always less
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Figure 8: Comparison of saturation headways for left-turns.

than the saturation headway of an intersection without guide
line markings. On average, improvements of 10.3% can be
obtained for left-turns. The results of the multifactor analysis
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Figure 9: Mingsheng Rd. and Lingshan Rd. intersection.

Table 4: Adjustment factor values of guideline markings for
through movement.

Number of traffic lanes Offset
Small Medium Large

1 1.014292 1.020304 1.027451
2 1.038911 1.063478 1.079167
3 1.118143 1.130612 1.136235

of variance in Table 5 show that guideline markings, number
of traffic lanes, turning angle, and the interaction of these
factors have a significant influence on the saturation flow rate
of left-turns.

Calculated values of the adjustment factor for guideline
markings under different condition are listed in Table 6. It
was determined that with an increase in the number of traffic
lanes, the adjustment factor value also increases. However,
with the increase in turning angle, the adjustment factor
value decreases. The adjustment factor model for left-turns is
then established by surface fitting according to the measured

adjustment factor for guidelinemarkings, as given by (4).The
goodness of fit (R2) is 0.9674.

𝑓𝐿𝑔𝑙 = 1.148 − 0.07433𝑡 + 0.07672𝑛 + 0.0151𝑡
2

− 0.01842𝑡𝑛 + 0.001169𝑛2
(4)

where 𝑓𝐿𝑔𝑙 is the adjustment factor for guide line markings; 𝑡
is the turning angle (t = 1, 2, and 3 for acute, right, and obtuse
angles, respectively); and 𝑛 is the number of traffic lanes.

4. Model Validation

The proposed model was further validated based on a
before–after comparative analysis. The intersection of Ming-
sheng Rd. and Lingshan Rd. in Shanghai, China, was used,
as shown in Figures 9(a) and 9(b). Through movement in
the south-north direction has medium offset. The saturation
headways of southbound and northbound through move-
ment under before (without guideline markings) and after
conditions (with guideline markings) were compared, as
shown in Figure 9(c). Based on the number of traffic lanes (2
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Table 5: Multifactor analysis of variance for left-turns.

Source Sum of Squares df Mean Square F sig
Turning angle 0.098 2 0.049 391.781 0.000
Number of traffic lanes 0.225 2 0.112 902.585 0.000
Intersection guideline
markings 1.054 1 1.054 8467.279 0.000

Offset ∗ Number of traffic
lanes ∗ Intersection
guideline markings

0.093 9 0.010 83.036 0.000

Table 6: Adjustment factor values of guideline markings for left-turns.

Number of traffic lanes Turning angle
Acute angle Right angle Obtuse angle

1 1.145957 1.105042 1.081278
2 1.212121 1.139738 1.110612
3 / / 1.135758
/ means that the value is unavailable owing to lack of surveyed data.

Table 7: Result of significant difference (Mann-Whitney test).

Indicator Value
Mann-Whitney U 7.000
Wilcoxon W 8.000
Z -0.498
Asymptotic significance (2-sided) 0.619
Precision significance (2-sided) 0.762

lanes) and offset (medium), the adjustment factor value for
guideline markings of through movement was calculated as
1.062.

To verify the accuracy of the adjustment factormodel, the
difference between the calculated and measured saturation
flow rates of each cycle was analyzed using the Mann-
Whitney nonparametric test for two independent samples. As
shown in Table 7, there is no statistically significant difference
between the calculated and measured saturation flow rates of
each cycle (p-value = 0.762 > 0.05). Therefore, the accuracy
of the adjustment factor model is acceptable.

5. Discussion

An irregular intersection could cause difficulty for a driver
to identify appropriate exit lanes. Therefore, a vehicle may
interfere with other lanes, leading to a decrease in saturation
flow rate. The relationship between the adjustment factor for
guide linemarkings and the ratio of the degree of interference
at intersections with guideline markings to those without
guideline markings is analyzed in this section.

The degree of interference is defined as the ratio of the
number of vehicles which do not enter the corresponding
exit lanes to the number of all vehicles in that direction. As

Figure 10: Interference vehicles.

shown in Figure 10, the cars that move along the red tracks
are the interference cars that do not enter the corresponding
exit lanes.

Calculated values for the degree of interference at differ-
ent intersections for through movement and left-turns are
listed in Tables 8 and 9, respectively. On average, 45.4% and
49.6% interference can be eliminated for through and left-
turn movements, respectively.

The correlation between the adjustment factor for guide-
line markings and the ratio of the degree of interference
at intersections with and without guideline markings was
analyzed using the Pearson correlation test (see Table 10).The
results prove that there is a statistically significant correlation
between the adjustment factor for guideline markings and
the ratio of the degree of interference for both through
movement and left-turns (p-value = 0.017 < 0.05 for through
movement and p-value = 0.01< 0.05 for left-turns).Therefore,
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Table 8: Degree of interference for through movement.

Number of lanes Offset Guidelines Degree of interference Ratio of interference

2 Small With 0.208 0.506
Without 0.411

3 Small With 0.271 0.536
Without 0.506

2 Medium With 0.236 0.518
Without 0.456

3 Medium With 0.31 0.585
Without 0.53

2 Large With 0.28 0.526
Without 0.532

3 Large With 0.342 0.605
Without 0.565

Table 9: Degree of interference for left-turns.

Number of lanes Turning angle Guidelines Degree of interference Ratio of interference

2 Acute angle With 0.24 0.549
without 0.439

3 Acute angle With / /
without 0.389

2 Right angle With 0.174 0.511
without 0.341

3 Right angle With / /
without /

2 Obtuse angle With 0.153 0.484
without 0.316

3 Obtuse angle With 0.24 0.504
without 0.476

/ means that the value is unavailable owing to the lack of surveyed data.

Table 10: Correlation analysis.

Movement Adjustment factor Ratio of interference

Through movement

Adjustment factor
Pearson correlation 1 0.891∗

sig.(2-tailed) 0.017
N 6 6

Ratio of interference
Pearson correlation 0.891∗ 1

sig.(2-tailed) 0.017
N 6 6

Left-turn

Adjustment factor
Pearson correlation 1 0.990∗

sig.(2-tailed) 0.01
N 4 4

Ratio of interference
Pearson correlation 0.990∗ 1

sig.(2-tailed) 0.01
N 4 4
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painting guideline markings can minimize the interference
and improve the saturation flow rate.

6. Conclusion

Painting guideline markings have become an important
way to deal with traffic problems caused by intersection
geometries where the approach and exit lanes are offset or
cross at oblique angles. This study investigated the influence
of guideline markings on the saturation flow rate at sig-
nalized intersections. An adjustment estimation model was
developed based on field data collected at 33 intersections
in Shanghai, China. From the analysis, the following conclu-
sions can be drawn.

(1) Painting guideline markings can improve the satura-
tion flow rate at signalized intersections. The improvement
has a positive correlation with the number of traffic lanes,
offset of through movement, and turning angle of left-
turns. On average, improvements of 7.0% and 10.3% can be
obtained for through and left-turn movements, respective-
ly.

(2) The proposed model was validated on the basis of a
before–after case study. Nonparametric test results show that
no statistically significant difference exists between the results
estimated by the proposed model and those obtained from
the field survey, which confirms the accuracy of the proposed
model.

(3)There is a positive correlation between the adjustment
factor for guideline markings and the ratio of the degree of
interference at the intersection with and without guideline
markings, which explains why guideline markings can min-
imize the interference at irregular intersections. On average,
45.4% and 49.6% of the interference between the lanes at the
same approach can be eliminated for through and left-turn
movements, respectively.

This investigation only focused on the influence of guide
line markings. In a future study, other traffic channelization
measures such as the influence of traffic islands on the satu-
ration flow rate may be investigated. Moreover, considering
the impact of pedestrians and bicycles, the effectiveness of
guideline markings to separate vehicles into different lanes
and for separating vehicles and bicycles should be analyzed
simultaneously.

Data Availability

The saturation headway data used to support the findings of
this study are includedwithin the supplementary information
file(s) available here.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The research is supported by the National Natural Science
Foundation of China under grant No. 51608324.

Supplementary Materials

The supplementary materials are the original data of the
saturation headways for left-turn and through movement at
each surveyed intersection. (Supplementary Materials)

References

[1] S. Pandian, S. Gokhale, and A. K. Ghoshal, “Evaluating effects
of traffic and vehicle characteristicson vehicular emissions near
traffic intersections,” Transportation Research Part D: Transport
and Environment, vol. 14, no. 3, pp. 180–196, 2009.

[2] S. Farivar and Z. Z. Tian, “Modeling delay at signalized
intersections with channelized right-turn lanes considering the
impact of blockage,” Journal of Advanced Transportation, vol. 50,
no. 8, pp. 1666–1682, 2016.

[3] Y. Zhang, D. J. Sun, and A. Kondyli, “An empirical framework
for intersection optimization based on uniform design,” Journal
of Advanced Transportation, vol. 2017, Article ID 7396250, 10
pages, 2017.

[4] J. Zhao, Y. Liu, and T.Wang, “Increasing signalized intersection
capacity with unconventional use of special width approach
lanes,” Computer-Aided Civil and Infrastructure Engineering,
vol. 31, no. 10, pp. 794–810, 2016.

[5] M. Taamneh and S. Alkheder, “Traffic sign perception among
Jordanian drivers: An evaluation study,” Transport Policy, vol.
66, pp. 17–29, 2018.

[6] E. Kirmizioglu and H. Tuydes-Yaman, “Comprehensibility of
traffic signs among urban drivers in Turkey,” Accident Analysis
& Prevention, vol. 45, pp. 131–141, 2012.

[7] Y.Guo, P. Liu,Q. Liang, andW.Wang, “Effects of parallelogram-
shaped pavement markings on vehicle speed and safety of
pedestrian crosswalks on urban roads in China,” Accident
Analysis & Prevention, vol. 95, pp. 438–447, 2015.

[8] S. G. Charlton, N. J. Starkey, and N. Malhotra, “Using road
markings as a continuous cue for speed choice,” Accident
Analysis & Prevention, vol. 117, pp. 288–297, 2018.

[9] X. Zhao, H. Ding, Z. Lin, J. Ma, and J. Rong, “Effects of longitu-
dinal speed reductionmarkings on left-turn direct connectors,”
Accident Analysis & Prevention, vol. 115, pp. 41–52, 2018.

[10] J. Zhao, M. Yun, H. M. Zhang, and X. Yang, “Driving simulator
evaluation of drivers’ response to intersections with dynamic
use of exit-lanes for left-turn,” Accident Analysis & Prevention,
vol. 81, pp. 107–119, 2015.

[11] J. Zhao and Y. Liu, “Safety evaluation of intersections with
dynamic use of exit-lanes for left-turn using field data,”Accident
Analysis & Prevention, vol. 102, pp. 31–40, 2017.

[12] FHWA, Manual on Uniform Traffic Control Devices, Federal
Highway Administration (FHWA), 2009.

[13] Road Traffic Signs and Markings, 2009.
[14] Code for Layout of Urban Road Traffic Signs andMarkings, 2015.
[15] TRB, Highway Capacity Manual 2010, Transportation Research

Board, 2010.
[16] B. H. Susilo and Y. Solihin, “Modification of saturation flow

formula by width of road approach,” in Proceedings of the 6th
International Symposium on Highway Capacity and Quality of
Service, H. N. Koutsopoulos and K. L. Bang, Eds., 2011.

[17] C. Shao, J. Rong, and X. Liu, “Study on the saturation flow rate
and its influence factors at signalized intersections in China,”
in Proceedings of the 6th International Symposium on Highway

http://downloads.hindawi.com/journals/jat/2019/1786373.f1.zip


Journal of Advanced Transportation 13

Capacity and Quality of Service, H. N. Koutsopoulos and K. L.
Bang, Eds., 2011.

[18] I. Bargegol, A. T. Amlashi, and V. N. Gilani, “Estimation the
saturation flow rate at far-side and nearside legs of signalized
intersections – case study: rasht city,” in Proceedings of the
World Multidisciplinary Civil Engineering-Architecture-Urban
Planning Symposium 2016, Wmcaus 2016, M. Drusa, I. Yilmaz,
M. Marschalko et al., Eds., 2016.

[19] J. Zhao, P. Li, and X. Zhou, “Capacity estimation model for
signalized intersections under the impact of access point,” Plos
One, vol. 11, no. 1, Article ID e0145989, 2016.

[20] J. Zhao, W. Ma, K. L. Head, and X. Yang, “Optimal operation of
displaced left-turn intersections: a lane-based approach,”Trans-
portation Research Part C: Emerging Technologies, vol. 61, pp.
29–48, 2015.

[21] J. Zhao and X. Zhou, “Improving the operational efficiency of
buses with dynamic use of exclusive bus lane at isolated
intersections,” IEEE Transactions on Intelligent Transportation
Systems, vol. 20, no. 2, pp. 642–653, 2019.

[22] J. Zhao, J. Yu, and X. Zhou, “Saturation flowmodels of exit lanes
for left-turn intersections,” Journal of Transportation Engineer-
ing, Part A: Systems, vol. 145, no. 3, 2019.

[23] J. Zhao,W.Ma, and H. Xu, “Increasing the capacity of the inter-
section downstream of the freeway off-ramp using presignals,”
Computer-Aided Civil and Infrastructure Engineering, vol. 32,
no. 8, pp. 674–690, 2017.

[24] J. Zhao, P. Li, Z. Zheng, and Y. Han, “Analysis of saturation
flow rate at tandem intersections using field data,” IET Intelligent
Transport Systems, vol. 12, no. 5, pp. 394–403, 2018.

[25] S. S. Washburn and C. O. Cruz-Casas, “Impact of trucks on
signalized intersection capacity,” Computer-Aided Civil and
Infrastructure Engineering, vol. 25, no. 6, pp. 452–467, 2010.

[26] S. Chand, N. J. Gupta, and S. Velmurugan, “Development of sat-
uration flowmodel at signalized intersection for heterogeneous
traffic,” in Proceedings of the World Conference on Transport
Research -Wctr 2016, F. Ulengin, K. Li, andM. Boltze, Eds., 2017.

[27] P. Preethi and R. Ashalatha, “Modelling saturation flow rate and
right turn adjustment factor using area occupancy concept,”
Case Studies on Transport Policy, vol. 6, no. 1, pp. 63–71, 2018.

[28] H. Y. Shang, Y. M. Zhang, and L. Fan, “Heterogeneous lanes’
saturation flow rates at signalized intersections,” in Proceedings
of the 9th International Conference on Traffic andTransportation
Studies, B. Mao, Z. Tian, Z. Gao, H. Huang, and X. Feng, Eds.,
2014.

[29] P. Chen, H. Nakamura, and M. Asano, “Saturation flow rate
analysis for shared left-turn lane at ignalized intersections in
Japan,” in Proceedings of the 6th International Symposium on
Highway Capacity and Quality of Service, H. N. Koutsopoulos
and K. L. Bang, Eds., 2011.

[30] S. Radhakrishnan and G. Ramadurai, “Discharge headway
model for heterogeneous traffic conditions,” in Proceedings of
the 18th EuroWorking Group on Transportation, Ewgt 2015, B. F.
Santos, G. H. A. Correia, and M. Kroesen, Eds., 2015.

[31] A. Sharma, L. Vanajakshi, and N. Rao, “Effect of phase count-
down timers on queue discharge characteristics under hetero-
geneous traffic conditions,” Transportation Research Record, no.
2130, pp. 93–100, 2009.

[32] K. Tang, K. Dong, and E. Chung, “Queue discharge patterns
at signalized intersections with green signal countdown device
and long cycle length,” Journal of Advanced Transportation, vol.
50, no. 8, pp. 2100–2115, 2016.



International Journal of

Aerospace
Engineering
Hindawi
www.hindawi.com Volume 2018

Robotics
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Active and Passive  
Electronic Components

VLSI Design

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Shock and Vibration

Hindawi
www.hindawi.com Volume 2018

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi
www.hindawi.com

Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Control Science
and Engineering

Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Sensors
Journal of

Hindawi
www.hindawi.com Volume 2018

International Journal of

Rotating
Machinery

Hindawi
www.hindawi.com Volume 2018

Modelling &
Simulation
in Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Navigation and 
 Observation

International Journal of

Hindawi

www.hindawi.com Volume 2018

 Advances in 

Multimedia

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijae/
https://www.hindawi.com/journals/jr/
https://www.hindawi.com/journals/apec/
https://www.hindawi.com/journals/vlsi/
https://www.hindawi.com/journals/sv/
https://www.hindawi.com/journals/ace/
https://www.hindawi.com/journals/aav/
https://www.hindawi.com/journals/jece/
https://www.hindawi.com/journals/aoe/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jcse/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/js/
https://www.hindawi.com/journals/ijrm/
https://www.hindawi.com/journals/mse/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijap/
https://www.hindawi.com/journals/ijno/
https://www.hindawi.com/journals/am/
https://www.hindawi.com/
https://www.hindawi.com/

