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Abstract

The present study analyzes the variation in maneuver time of different vehicle types during on-street parking near signalized intersections
with mixed traffic conditions. Traffic engineers frequently overlook this type of maneuver and their impact on a signalized intersection's
performance while designing and assessing one. In this study, different type of vehicles, such as car, Two-Wheeler (TW), Autorickshaw
(Auto), and Light Commercial Vehicles (LCV), are identified as parked vehicles near an intersection. Data on parking and maneuver time
have been gathered from multiple Indian states. In this study, LCVs have the longest average maneuver time (MT) of 12.81 seconds (sec),
followed by cars (10.25 sec), auto (7.58 sec), and TW (5.01 sec). According to these observations, maneuvering time (MT) for various types
of vehicles operating in mixed traffic conditions vary considerably (5 to 13 sec). Further, the study analyzes vehicle MT among different
vehicle classes and different intersections with parking maneuvers in the vicinity. The maneuver time (i.e., the time for which a parking
vehicle blocks the traffic) observed in the present study is less than half of the benchmark values typically cited in capacity analysis
guidelines. Notably, those conventional benchmarks are often applied uniformly, without differentiation across vehicle categories,

approach volumes, or traffic composition. The outcomes of the current study will be useful for transportation planners to evaluate the

performance of signalized intersections considering the effect of parking in the vicinity.
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1 Introduction

It is necessary to locate a parking spot for a vehicle both at the
outset and at the end of each and every trip. In recent years,
there has been a tremendous increase in vehicle traffic, which
has resulted in an increasing need for parking in metropolitan
areas. Even though the majority of industrialized cities today
have a greater number of dedicated parking places, these cit-
ies nonetheless frequently have to cope with traffic that is
backed up during peak hours. Majority of drivers park their
cars on the street, even though doing so is against the law
(Kurek and Macioszek, 2022), because it is more convenient.
On-street parking maneuvers commonly hinder traffic, and
even if they only do so for a small amount of time, this obstruc-
tion can add to the delay experienced by approaching vehi-
cles and therefore degrade the performance of the signalized
intersections (Cao and Menendez, 2015; Gayah et al., 2016).
The capacity of the facilities has decreased as a result of these
parked vehicles. Understanding maneuver time patterns of

parked vehicles is fundamental to improving urban mobil-
ity, optimizing parking systems, and enhancing traffic flow
efficiency. These patterns influence road congestion, curb-
side activities, and parking turnover rates, directly affecting
pedestrian safety and vehicular movement.

To account for the effects of on-street parking on the sat-
uration flow estimation, Highway Capacity Manual provides
an adjustment factor (Transportation Research Board, 2016).
This adjustment factor takes into account the amount of
parking maneuvers performed each hour, the total number of
lanes, and the standard blockage duration or the maneuvering
duration of parking vehicle of 18 sec. The duration required
for vehicles to perform parking maneuvers in Transportation
Research Board (2016) is based on a lane-based traffic with
designated parking lanes. However, the application of this
adjustment factor is not suitable in mixed traffic conditions.
Especially in countries such as India, where the absence of
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dedicated parking lanes is typical. Consequently, there will
be fluctuations in the width of lanes occupied by parked
vehicles and a significant degree of variability in the time
required for maneuvering. The objective of this study is to
investigate the impact of non-lane-based traffic conditions on
the maneuvering duration of parking vehicles. The study will
explore the factors that influence MT, such as vehicle type,
location, and vehicle composition.

The findings from this study will provide valuable insights
into MT of vehicles in non-lane-based mixed traffic condi-
tions. This would prove beneficial for traffic planners in prop-
erly evaluating the effectiveness of signalized intersections
and optimizing signal timing accordingly. Researchers can
use Markov chain models employed in this study to predict
maneuver transitions and optimize space utilization for dif-
ferent vehicle classes. Moreover, integrating maneuver time
analysis into microscopic traffic simulations enhances urban
planning by forecasting congestion levels and designing
effective parking layouts. Autonomous vehicles, powered
by Al-driven maneuver strategies, rely on these insights for
seamless parking, collision avoidance, and adaptive naviga-
tion. By leveraging these models, cities can reduce unnec-
essary circulation, minimize delays, and implement smart
parking guidance systems, ultimately advancing sustainable
urban development.

2 Background

Side friction encompasses a comprehensive factor that sheds
light upon the extent of interaction between the regular flow
of traffic and the myriad of activities transpiring in its vicin-
ity. Numerous studies conducted in developing nations have
shed light on the abundant activities taking place alongside
and occasionally even on the roadways, rendering urban road
operation a challenging task (Bang, 1995; Chiguma, 2007).
According to the insights of Bang, (1995), side friction entails
from the proximity between the flow of traffic and the diverse
activities occurring in close proximity, at times even across
or within the very carriageway itself. This encompasses fac-
tors such as on-street parking (Biswas et al., 2017), pedes-
trian behavior (Bak and Kiec, 2012; Cao and Li-ying, 2021)
pedestrian crossing, buses stopping at curbside bus stops,
bus lanes (Cao et al., 2017), presence of vendors, access
points, and the presence of non-motorized vehicles (NMVs)
(Purohit et al., 2014). It is imperative to note that parking
movements encompass both the longitudinal and lateral
dimensions of the road, and they exert a significant influence
on the efficiency of traffic flow. Several studies, including
those conducted by Edquist et al. (2012), and Kladeftiras and

Antoniou (2013) have adeptly examined the deceleration
in traffic flow on urban roads attributed to parked vehicles,
which contributes significantly to side friction.

In a study conducted by Behbahani et al. (2017), it was
discerned that the time required for a parking maneuver is
influenced by the width of the approach, with maneuver dura-
tion increasing as the width of the lane decreases. At intersec-
tions, taxis were found to possess an average maneuvering
duration of 7.37 sec.

After conducting an extensive review of the available liter-
ature, our comprehensive investigation has uncovered a note-
worthy finding: the temporal aspects associated with parking
automobiles are essentially dynamic, influenced by a variety
of factors as illustrated in Fig. 1. The allocation of time for
maneuvering plays a crucial role in determining the correc-
tion variables for saturation flow calculation. Nevertheless,
it is important to acknowledge that the existing body of
research in this particular field has primarily concentrated
on traffic scenarios that are identical in terms of lanes, with
a specific emphasis on dedicated parking lanes. As a result,
there is a significant lack of academic research regarding the
variability of MT in the context of mixed traffic conditions.
Fig. 1 gives many elements that have been observed to influ-
ence the duration of blockage in prior research investigations.

The literature highlights the importance of comprehensive
planning, effective mitigation strategies, and careful consid-
eration of the trade-offs between parking convenience and
intersection efficiency. As urban areas continue to evolve,
urban planners and transportation engineers must collaborate
to strike a balance between accommodating on-street park-
ing demand and maintaining optimal signalized intersection
performance. To achieve this, an understanding of the MT (or
even called blockage time) due to parking vehicles is crucial.

3 Methodology
The subsequent image (Fig. 2) illustrates the methodology

framework utilized in this study. This study aims to exam-
ine the various elements that affect the time it takes for
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Fig. 2 Flowchart for proposed methodology

automobiles to park, in line with the overall goal of our
research. In order to examine the variability in MT, a com-
prehensive videographic survey was undertaken at four
unique locations. This survey methodically captured the
intricate interaction between human behavior and envi-
ronmental conditions.

At cach of these sites, the method of extracting data
involved carefully winding back the recording on a lab mon-
itor. This allowed us to obtain useful information about the
makeup of the traffic, the types of parked cars, and how long
it took for them to move. UAVs were utilized for data col-
lection instead of static cameras primarily due to the lack
of a sufficiently elevated vantage point. They also enable a
complete view of vehicle maneuvers that are often obscured
in footage from fixed positions, such as the exact moment a
vehicle blends into traffic or comes to a stop. These transi-
tions are difficult to pinpoint from static angles.

Video data collection was conducted using the DIJI
Air 3 UAV, selected for its capability to capture orthogonal
views in ultra-high-definition 4K resolution at 60 frames
per second. Where necessary, fallback settings of 720p at
30 fps were employed to ensure uninterrupted recording.
This setup effectively mitigated occlusion issues commonly
caused by heavy commercial vehicles (HCVs) which often
obstruct static camera views.

Recordings spanned a section extending 100 meters
upstream and 40 meters downstream from the stop line of
the intersection, providing a comprehensive view of vehicle
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maneuvers and intersection dynamics. All UAV flights were
carefully monitored to maintain stable and consistent fram-
ing, proper orientation for capturing vehicle movement and
intersection geometry, minimal external interference, such as
weather conditions or bird activity. Due to UAV battery lim-
itations, video was recorded in sets of 15-minutes over a total
duration of 1 hour.

The time was measured with a precision of two decimal
places. Details such the approach name, vehicle class, and
the beginning and ending times of parking operations were
noted down. The measurement of MT involves the compu-
tation of the time difference between the termination and
initiation of parking activities of a vehicle at a designated
approach to a signalized intersection. The time is measured
from the precise moment the vehicle initiates the maneuver
to the time when the vehicle resumes a stable trajectory or
comes to a stop. The histograms, box plot, and cumulative
distribution function (CDF) were displayed to analyze the
variance in MT with respect to vehicle type, and location.
To determine if there is a statistically significant difference in
the variance of the computed MTs of the four types of vehi-
cles at the four separate sites, the non-parametric Analysis of
Variance (ANOVA) test was utilized.

4 Data collection and extraction

The present investigation included the collection of video-
graphic field data at signalized intersections from four sepa-
rate locations located in the middle and south western areas of
India (Fig. 3). The selected locations, as shown in Fig. 3, are
distributed across several regions of India, and thus offering a
comprehensive geographical representation. The inclusion of
a diverse range of traffic composition and driving patterns in
various sections of the country was ensured through selection
of intersections in three Indian cities, namely Nagpur, Surat
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and Calicut (refer Fig. 3). Four types of vehicles, including
cars, TW, auto, and LCV were observed as parked vehicles
in the vicinity of the above selected intersections in Fig. 3.

Table 1 provides information about the selected inter-
sections as well as the schedule for conducting the
traffic surveys.

The data that have been extracted provide insights on the
mix of traffic at each specific site. Figs. 4(a) to (d) display

Table 1 Study areas and details of survey

S1 No. Name of . Date and duration of App.roach
(Study . . City . width
. intersection data collection
site) (m)
Pushpa . 27/10/2022
101 Junction Calicut Thursday 9.30 70
AM to
102 Rangeela Surat 15/11/2022 10.30 75
Park Tuesday AM
Raja 11/01/2023  and
103 Shambhaji Nagpur Wednesday 4.30PM 10:5
to 5.30
09/11/2022 PM

104 Eranhipalam Calicut 12.5

Wednesday
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the distribution of vehicle classes based on their respective
percentage shares.

The traffic seen in the field mostly comprises TW, fol-
lowed by three-wheelers (Auto), and subsequently cars.
These intersections exhibit a relatively low presence of
LCVs, heavy commercial vehicles (HCV), and buses. A lim-
ited proportion of cycle rickshaws are also found.

5 Analysis of maneuvering time

The duration of the maneuvering process was quantified by
measuring the elapsed time from the moment of diverging
from the traffic till reaching a parked position, as well as
the time from the parked position to the point of merging
back into the traffic flow. The study examined the variabil-
ity in MT across different vehicle classes and locations.

5.1 Variation between vehicle classes
The MT is a measure of how long it takes for a vehicle
to either diverge and park or merge into the traffic flow.
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Fig. 4 Location wise traffic composition: (a) Traffic composition at 101; (b) Traffic composition at 102; (c) Traffic composition at 103;

(d) Traffic composition at 104.



Data have been collected from four distinct geographical
sites and subjected to analysis in order to determine the
duration of maneuvers for different vehicle types namely,
cars, TWs, autos, and LCVs.

Table 2 summarizes the descriptive statistics of the MT
for each vehicle class. It was found that the MT for cars
ranged from 4.00 to 20.00 sec, while for TWs it ranged from
2.00 to 11.00 sec. In addition, it was noted that the mean
duration of maneuvers for autos was 26.04% less than that
of cars, however for LCVs, it was 24.97% greater than that
of cars. The average value for TWs is around 50% less than
that of cars. These results suggest that the MT depends on
the size and maneuverability of the vehicle, as well as the
traffic conditions and parking availability at each location.
For all the vehicle classes the MT is positively skewed while
positive kurtosis is observed only for cars.

Fig. 5 depicts the distribution of MT for different vehi-
cle classes using a box plot. The plot reveals that autos and
LCVs exhibit a wider distribution of MT than cars and TWs,
with more variability in the data. The frequency histogram
plot for maneuver time, also shown in Fig. 5, indicates that

Table 2 Descriptive statistics of MT across vehicle classes

™ AUTO CAR LCV
Mean MT (sec) 5.01 7.58 10.25 12.81
Standard error 0.11 0.11 0.17 0.14
Standard deviation 2.01 1.96 2.98 2.30
Sample variance 4.05 3.84 8.86 5.28
Kurtosis -0.37 —-0.55 1.59 -1.13
Skewness 0.89 0.01 1.12 0.36
Minimum 2.00 4.00 4.00 10.00
Maximum 11.00 12.00 20.00 17.00
Count 310 291 313 277
24
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20 ]
18]
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Fig. 5 Box plot representing the duration of maneuver time
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the most frequent value of MT for TWs is 4.00 sec, while
for cars and autos it is near to 8.00 sec, and for LCVs it is
more than 10.00 sec. This observation suggests that TWs are
more agile than cars and autos, while LCVs are less agile
than other vehicle classes due to their size of the vehicle and
engine configuration.

Further it is evident [vide Fig. 6(a)], TWs and autos
have a higher cumulative frequency at lower maneuver
times, whereas cars and LCVs have a lower cumulative
frequency for lower MT.

This difference in cumulative frequency of MT can be
seen across the vehicle types which is presented in the CDF
[refer to Fig. 6(b)]. For instance, the cumulative frequency
of TWs is around 80 % for an operation that lasts for 6 sec,
while the frequency of autos is approximately 70% over
the same maneuver. On the other hand, the cumulative fre-
quencies of cars and LCVs are around 20% and less than
5%, respectively, of all occurrences.

All vehicle types significantly deviate from normal-
ity (p < 0.05), justifying the use of non-parametric tests.
Kruskal-Wallis analysis of variance (KW ANOVA) and
Friedmans test is performed to examine the differences in
variation among vehicle classes. Table 3 shows the results
of the non-parametric tests. The analysis was performed at a
95% level of confidence, and the resulting p-value was found
to be 2.14E-167. The statistical analysis indicates that, at
a significance level of 0.05, there is a significant difference
between the populations.

5.2 Variation between intersections

A detailed analysis was conducted to assess the geo-
graphical variation in MT. Table 4 presents the descrip-
tive statistics of MT at different sites, categorized by var-
ious vehicle classes.

The analysis of descriptive statistics reveals that the aver-
age MT of different vehicle classes exhibits variation across
distinct locations. The trend that was observed may have
been caused by a combination of factors, including varia-
tions in the behavior of drivers and the geometric qualities
of intersections in varying geographic regions.

Fig. 7 shows the location wise variability of average MT
values across different vehicle classes. The MT for the vehi-
cle classes auto, car, and LCV has a varying relationship with
the width of the approach, characterized by an increase of
MT with approach width followed by a subsequent decrease.
This effect can be attributed to the modification in driv-
ing behaviors. When the approach width increases, driv-
ers have a tendency to shift towards the lane adjacent to the
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Fig. 6 MT variation across vehicle classes: (a) Frequency histogram of MT; (b) CDF of MT.
Table 3 Non-parametric test results
Test Statistic df p-value Effect size (%) 14 , I §
Kruskal-Wallis 734.09 3 0.0000 0.6631 § § 7 §
121"
Friedman 615.46 3 0.0000 0.5575 ' § § §
N\ =
Table 4 Descriptive statistics for MT at different study locations 9 \ § %\ % |
- 58N 5
Vehicle Mean MT  Standard Sample Sk % E§ \ S q %% \\\ \
. . ewness Z \\ NN \\ \ \
class (sec) deviation ~ variance ! :\ IR %% \\\\ %
B-) A \ N N
T™W 4.08 1.24 1.54 1.27 ‘g i§ \ Q §§ \ § § i
AN
o AuTO 591 1.81 3.27 0.83 g | E\\\ \ § §§ § §
\ !
CAR 9.65 2.61 6.84 0.58 # ‘ §§ N Q% : § §
Lev 13.45 251 6.31 ~0.06 "N ’ § § ‘
— A
™ 4.37 1.24 1.54 1.31 o B \ %
102 AUTO 8.60 1.64 2.69 0.04 )
CAR 11.67 3.03 9.18 0.82
LCV 13.66 1.78 3.16 0.27
™ 5.24 2.20 4.82 0.69
Fig. 7 Mean MT of vehicle classes at different locations
AUTO 8.52 0.98 0.96 0.04
103 Table 5 Normality test results
CAR 10.35 3.67 13.44 1.17
Vehicle Intersection KS statistic p-value
LCV 12.59 2.58 6.63 0.41
™ 101 0.2383 0.0016
™ 6.13 2.31 5.33 0.02
102 0.2363 0.0018
AUTO 7.63 1.83 3.35 0.87
104 103 0.2741 0.0002
CAR 9.28 1.78 3.17 1.25
104 0.1880 0.0232
LCV 11.81 1.73 3.00 1.14
AUTO 101 0.2177 0.0051
shoulder and then eventually park. This behavior may be 102 0.2651 0.0003
caused by factors such as traffic conditions, parking avail- 103 0.2098 0.0078
ability, and driver preferences. While MT of TWs increases 104 0.1444 0.1425
with the width of approach, this tendency can be attributed to CAR 101 0.1402 0.1651
the relative ease with which the TW driver can perform the 102 0.1889 0.0222
turning maneuver, often initiating the parking activity from a 103 0.1735 0.0447
lane situated farther from the edge of the carriage way. 104 0.1813 0.0317
The results of the Kolmogorov—Smirnov (KS) test across LCV 101 0.1447 0.1408
vehicle types and intersections reveal consistent deviations 102 0.2014 0.0121
from normality, justifying the use of non-parametric tests 103 0.1908 0.0203

(Table 5). Two classes exhibited borderline normal behavior: 104 0.2100 0.0077




AUTO at 104 (p = 0.1425) and LCV at 101 (p = 0.1408).
While both p-values exceed the conventional 0.05 threshold,
indicating failure to reject the null hypothesis of normality,
they remain close enough to suggest non-normality.

A Friedman's analysis of variance (ANOVA) and
Kruskal-Wallis test was conducted to assess the statistical
variation in MT values across multiple sites. Table 6 shows
non-parametric Test results of the intersections.

The Kruskal-Wallis test revealed significant differ-
ences in vehicle counts across intersections for all vehicle
types, indicating that traffic volumes vary significantly by
location. Two-wheelers (TW) show a moderate intersec-
tion-level effect and a moderate repeated-measure effect.
Autos showed the strongest intersection-level variation
with a large effect size, while cars exhibited the mildest dif-
ferences, suggesting more uniform distribution across sites.
These findings highlight the need for intersection-specific
traffic management strategies, especially for highly variable
modes like autos and LCVs.

6 Markov Chain-based approach to analyzing MT shifts
Standard probabilistic models assume independent observa-
tions, but maneuver time transitions are sequentially depen-
dent. Markov models adapt to changing probabilities over
time, making them more suitable for dynamic urban environ-
ments. Fixed probabilistic models require predefined param-
eters, limiting adaptability. Markov chains dynamically
adjust transition probabilities based on real-time data.
Markov Chain modelling is employed to assess the
probabilistic behavior of MT for different vehicle types.
Transition probability matrices are used to analyze long-
term behavior and state dependencies within maneuvering
processes. The stationary distribution of the Markov Chain

Table 6 Non-parametric test results of the intersections

. Statistic .
Vehicle Test N d -value Effect size (>
H/ ) if p (U]
T™W Kruskal- 37.67 3 <0.0001 0.1550
Wallis
Friedman 38.46 3 <0.0001 0.1603
AuTo  ruskal- 86.55 3 <0.0001 0.3562
Wallis
Friedman 71.41 3 <0.0001 0.2975
car  Kruskal- 13.68 3 0.0034 0.0563
Wallis
Friedman 12.67 3 0.0054 0.0528
Loy Kruskal- 24.18 3 <0.0001 0.0995
Wallis
Friedman 24.16 3 <0.0001 0.1007
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is computed to evaluate long-term behavior, indicating the
equilibrium probability of a vehicle remaining in a given
maneuver state. This helps to determine whether certain
maneuver times are dominant. Modeling vehicle movement
using a Markov chain framework provides insights into
maneuver time transitions across different vehicle classes.
Each vehicle category (TW, AUTO, CAR, and LCV) is rep-
resented as a stochastic system, where maneuver time inter-
vals serve as discrete states in the transition process.

A Markov process describes transitions between states
where future probabilities depend only on the present state
(memoryless property). By constructing transition matrices,
the probability of a vehicle remaining in its current maneuver
duration or shifting to another category is quantified.

Here, maneuver time intervals act as system states:

» State 1: Maneuver time between 1-5 seconds;

» State 2: Maneuver time between 5-10 seconds;

e State 3: Maneuver time between 10—15 seconds;

» State 4: Maneuver time between 15-20 seconds.

Each vehicle class is modeled using a transition probabil-
ity matrix, capturing how often a vehicle moves from one
MT state to another.

General formulation of a transition matrix:

A By By By
By Py Py By
By By Py
By Pp Py Py

ey

where P, represents the probability of transitioning from
State ii to State jj.

The transition probabilities reflect the likelihood of a vehi-
cle's maneuver duration falling within each time interval.

The concept of equilibrium is interpreted as the steady-
state distribution derived from the normalized frequencies.
This distribution represents the long-run expected propor-
tion of vehicles in each time bin.

Each heatmap (Fig. 8) serves as a visual representation
of the likelihood of transition between different MT catego-
ries, allowing for an intuitive interpretation of maneuvering
dynamics. The color bar positioned on the right-side acts as a
probability scale, where varying color intensities correspond
to different levels of transition likelihood. Darker shades
indicate higher likelihoods of transition. These heatmaps
provide critical insights into how different vehicle classes
adjust their maneuver behavior over time. For instance, vehi-
cles with shorter MTs may exhibit concentrated high-prob-
ability zones in early time intervals, while those with
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Fig. 8 Markov chain probabilities: (a) Transition Matrix for Vehicle Class 1 (TW); (b) Transition Matrix for Vehicle Class 2 (AUTO);
(c) Transition Matrix for Vehicle Class 3 (CAR); (d) Transition Matrix for Vehicle Class 4 (LCV)

extended maneuver durations display broader transition pat-
terns across multiple time intervals.

The highest probability is that the TWs remain in the
lowest MT bracket, as TWs tend to execute short, frequent
adjustments. The likelihood of TWs shifting to a signifi-
cantly higher maneuver time category is low.

Autos exhibit high transition probability within mid-range
maneuver times. The majority of them remain in the 5-10 sec
interval. Turning radius for autos is higher than TWs, restrict-
ing quick directional shifts thus the probability of lower MT
is moderate. However, due to the risk—taking behavior of
auto drivers there is a lower probability of transitioning to
longer maneuver times.

Cars exhibited higher flexibility in maneuver transitions,
with significant probability (0.6134) of moving to the next
maneuver time category. Cars exhibit significant movement
across maneuver time states, with higher probability of tran-
sitioning to the next time interval showcasing adaptive driv-
ing behaviors. They have greater likelihood of transition-
ing into longer maneuver durations (10 to 15 sec) than TWs
and autos, indicating adaptive behavior, possibly influenced
by driving conditions (hence resorting to defensive driving
while parking), lane changes, or traffic density.

LCVs demonstrate the most notable transition into lon-
ger maneuver durations; this suggests that LCVs require
more maneuvering time due to vehicle size, engine capac-
ity and load carried. Considering the above, compared

to other vehicle classes, LCVs rarely stay within short
maneuver durations.

To determine if the Markov transition probabilities
align with expected distributions, Anderson-Darling (AD)
Test was applied. They fit expected statistical behavior
with no significant deviations.

7 Comparison with previous studies

The provided image (Fig. 9) presents a comparison of MT
values for different types of vehicles in relation to known
literature. The mean MT for cars observed in the pres-
ent study (10.25 sec) exhibits significant variation com-
pared to the values reported by Transportation Research
Board (2016) (18 sec) and a study conducted by Cao and
Menendez (2015) (17 sec). However, the acquired results
closely align with those reported in the study conducted by
Kurek and Macioszek (2022) (9.12 sec).

The mean MT reported from the present investigation
is significantly lower compared to the majority of previous
studies. The comparison of these values with those obtained
for buses is not possible in this study, as it did not include an
analysis of this specific vehicle class.

8 Conclusions

The performance of a signalized intersection is contin-
gent upon a multitude of factors, with the proximity of
parking facilities to the intersection being one among the
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Fig. 9 MT values obtained in the study in comparison with literature

characteristics that influence its effectiveness. The duration
of vehicle maneuvering, commonly referred to as blockage
time / maneuver time (MT) due to its impact on traffic flow,
is a dynamic variable influenced by factors such as vehicle
type, vehicle characteristics, traffic composition, and drivers'
behavior. The calculation of the saturation flow adjustment
factor for parking near signalized junctions heavily relies on
the MT, which is considered a key determinant. In particu-
lar, in scenarios with diverse traffic circumstances, the impor-
tance of these factors is significant due to the substantial dif-
ferences in MT based on vehicle class and location.

The results of this investigation indicate that MT
increases with vehicle size. The underlying factors con-
tributing to this occurrence can be linked to the specific
attributes of the vehicle as well as the actions and choices
made by the driver. The average MT for cars has been
identified as 10.25 sec, but LCVs exhibit a mean MT of
12.81 sec. TWs on the other hand, showed a mean MT
of 5.01 sec. The data provided indicates that the average
MT of LCVs is roughly 25% higher compared to that of
cars. On the other hand, the MT for TWs is around 51%
lower. Variations in MT are likely influenced by traffic
dynamics within the study area, characterized by mixed
traffic and informal lane usage i.e. lane change without
signaling. Additionally, geometric road features such as
reduced carriageway width, absence of dedicated parking

spaces, and closeness to intersection turning zones may
further contribute to these differences.

Moreover, the difference in MT between locations is also
noteworthy. For autos, cars, and LCVs, the MT has a non-lin-
ear relationship with the width of approach. Specifically, the
MT initially increases and then decreases. The observed trend
can be linked to changes in driving behavior that arise when
the width of the approach is increased. When the approach
width is narrow, vehicles often start to park from whichever
lane they are traversing, leading to a reduced MT. When the
width of the approach is wide, drivers have a tendency to
shift into the lane adjacent to the shoulder and then park their
vehicles, which leads to a decrease in the time required for
maneuvering. The observed behavior could potentially be
influenced by various circumstances, including but not lim-
ited to traffic conditions, availability of parking spaces and
choice of the individual driver and the driving traits. Further,
the study revealed a positive association between the width
of approach and the MT for TWs. The relative ease with
which the TW drivers can make the turning maneuver helps
to explain this behavior, frequently commencing the maneu-
ver from a lane positioned at any distance from the roadside.
As the width of the approach increases, the TW drivers will
have to cover a greater distance and encounter a higher num-
ber of conflicts with other vehicles, thereby resulting in the
increase in MT for some of the vehicle classes.
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Additionally, a statistical analysis and Markov chain prob-
ability-based prediction was conducted, highlighting sig-
nificant variations in maneuver time (MT) across different
geographical locations, vehicle classifications, and traffic
compositions. The observed differences in MT across vehicle
classes not only highlight the role of approach width in shap-
ing parking behavior but also reinforce broader maneuvering
patterns seen at signalized intersections. The transition matri-
ces presented for different vehicle types further illustrate how
maneuver durations vary in response to vehicle-specific char-
acteristics and operational constraints. The transition matri-
ces presented for different vehicle classes reveal distinct
maneuver time characteristics near signalized intersections.
TWs predominantly exhibit shorter maneuver durations,
with a high probability of remaining in the 1-5 second inter-
val, indicating quick adjustments and minimal hesitation.
Autos, constrained by a larger turning radius, show moder-
ate maneuver persistence but maintain a lower likelihood
of transitioning to longer maneuver times due to risk-taking
behavior. Cars demonstrate varied maneuver durations, with
significant probabilities of extending to mid-range intervals,
reflecting strategic positioning in dense traffic. LCVs display
extended maneuver times, primarily transitioning between
5-15 second intervals, likely influenced by their larger size
and operational constraints.

The observed deviation from the Highway Capacity
Manual's (Transportation Research Board, 2016) 18-sec-
ond benchmark for maneuver time (MT) underscores the
limitations of applying uniform standards to traffic environ-
ments characterized by heterogeneity and informal behav-
ior. In the study area, MT is notably influenced by mixed
vehicle types, informal lane discipline, and constrained
road geometry—factors not adequately captured by the
HCM 2016 (Transportation Research Board, 2016) frame-
work. Understanding these maneuver patterns in both mov-
ing and stationary contexts is essential for developing inte-
grated urban planning strategies. Aligning signal timing with
parking space allocation, optimizing curbside accessibility,
and refining vehicle-specific traffic control measures will
ensure smoother transitions between vehicular movement
and stationary phases. By incorporating both dynamic and
stationary maneuver characteristics into transportation mod-
els, policymakers can create holistic solutions that mini-
mize congestion, enhance roadway efficiency, and improve
overall urban mobility. The findings highlighted a compel-
ling rationale for formulating adjustment factors tailored to

Indian traffic contexts. Embedding these into national man-
uals could significantly enhance the precision, fairness, and
applicability of infrastructure planning tools.

Contributions of the present study

This study investigates the variation in MT of parked vehi-
cles near signalized intersections, with a focus on how differ-
ent traffic compositions influence these patterns. By compar-
ing the MT values derived from field observations with those
reported in existing literature, the research identifies both con-
sistencies and deviations across vehicle classes. These com-
parisons yield critical insights into the behavior of various
vehicle types in mixed traffic environments, particularly in
the presence of undesignated on-street parking. The findings
contribute meaningfully to the evaluation of signalized inter-
section performance and offer a robust foundation for refin-
ing parking adjustment factors used in saturation flow esti-
mation under real-world, heterogeneous traffic conditions.
The findings from this study offer a valuable empirical basis
for developing new parking adjustment factors tailored to the
Indian Highway Capacity Manual (CSIR, 2017).

Limitations and future scope

The study was conducted at only four different locations,
which may not represent the entire range of signalized inter-
sections and traffic conditions. In order to enhance the pre-
cision of outcomes, the scope of implementation might be
widened to include other geographical areas. External fac-
tors like pedestrian activity can also affect the MT of vehi-
cles. This aspect presents a promising approach for future
research. The current analysis did not account for variations
in the time of maneuvering that may arise from changes in
the angle of parking. Further studies can be done to incor-
porate the angle of parking. Implementing a system for real-
time data collection could help in understanding the varia-
tions in maneuvering time with changes in parking angles.
Conducting simulation studies considering various parking
angles and observing the effect on maneuvering time could
also be a part of future work. During our observational
period, buses were not observed to be parked or stopping
near the studied intersections and were therefore excluded
from the current analysis. However, other vehicle classes
such as buses can be incorporated in future studies, as they
are one of the critical components of urban traffic.
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