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In Indonesia, two-wheeled vehicles, or motorbikes, make up over 80% of all motorized
vehicles. These bikes are popular due to their affordability, fuel efficiency, and ability to
navigate through traffic quickly. However, the high volume of motorbikes leads to
complicated traffic patterns and poses safety risks. To enhance the safety of motorcyclists,
lane separation is the most effective engineering solution. This research aims to develop a
design model for an exclusive motorcycle lane (EML) on arterial roads in urban areas
through microsimulation. The EML design model is created using traffic simulations
conducted with PTV VISSIM 2020. The inputs for the simulation are EML width and
motorcycle (MC) volume. The EML width ranges from 3.0 meters to 4.0 meters, while the
MC volume varies from 910 MC/hr to 4800 MC/hr. The output of the simulation is
analyzed to establish the relationship between EML width, motorcycle volume, and the
volume-to-capacity ratio (VCR). The modeling will yield the maximum motorcycle
volume for each EML width, as well as the relationships between volume, speed, and VCR.
According to the EML design model, the maximum MC volume for an EML width of 3.0
m is 3,889 MC/hr, a 3.25 m width, 4,175 MC/hr, a 3.5 m width, 4,565 MC/hr, a 3.75 m

width, 5,000 MC/hr, and a 4.0 m width, 5,140 MC/hr.

1. INTRODUCTION

Motorcycles are the most popular vehicle as a mode of
transportation in several Asian countries, especially ASEAN
countries [1]. In Indonesia, data from 2024 shows that the
number of motorcycles has reached 130 million units,
accounting for 84.3% of the total 157 million motorized
vehicles [2]. The high ownership of motorcycles is attributed
to their affordability compared to other forms of
transportation, their ability to provide door-to-door
connectivity, and their compact size, which allows for greater
maneuverability. In many Indonesian cities, motorcycles make
up nearly 90% of the traffic flow [3]. This significant presence
of motorcycles leads to complex traffic operations [4] and a
decline in safety levels [5]. In many Southeast Asian countries,
motorcycle accidents account for nearly 70% of all road traffic
crashes [6]. Not only is there a high accident rate among
motorcyclists [7], but the operational speed of other vehicles
also decreases, contributing to road congestion [8].

Research indicates that lane separation is the most effective
engineering solution to enhance the safety of motorcyclists.
Creating exclusive motorcycle lanes has proven to be an
effective measure in reducing fatalities by 74%, yielding a
four-fold benefit-to-cost ratio for the government [9].

Indonesia, Malaysia, the Philippines, Taiwan, Sri Lanka,
and India have all implemented motorcycle lanes [5].
However, only Malaysia has established guidelines for
designing the geometry of these lanes. Indonesia has specific
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guidelines for designing special motorbike lanes for toll
bridges [10]. The exclusive motorcycle lane (EML) design
specifications on urban arterial roads indicate a width of 1.75
meters, intended for one direction with a single lane. It is
designed to accommodate a planned capacity of 2,400
Passenger Car Unit (PCU) per day. However, research on
urban arterial roads reveals that the volume of motorcycles has
surpassed 2,400 PCU per day [11-13]. Therefore, it is
necessary to reference this data to effectively design the EML
to meet current demand.

This research develops a model for designing motorcycle
lanes using simulation. Meanwhile, traffic simulation models
have become an essential and popular tool in modeling
transportation systems because the process is fast using
computers. One of the significant advantages of using such
simulation modeling is assessing different alternatives to the
scenario before implementation [14].

1.1 Motorcycle lanes

Motorcycle (MC) is a two-wheeled motorized vehicle with
or without housing and with or without a side carriage or a
three-wheeled motorized vehicle without housing [15].
Typically, motorbikes measure approximately 1.8 to 2.2
meters in length, 0.7 to 0.9 meters in width, and 1.1 to 1.3
meters in height [15].

Motorcycle lanes can be categorized into two types:
inclusive and exclusive. An inclusive motorcycle lane (non-
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exclusive motorcycle lane, NEML) is designed to serve
motorcyclists by separating motorcycles from other vehicles
through the use of traffic signs and road markings (Figure 1)
[16]. In contrast, an exclusive motorcycle lane provides a
distinct lane for motorcycles, utilizing physical barriers such
as road separators or curbs to keep motorcycles separate from
other vehicles (Figure 2) [16]. Both types of motorcycle lanes
aim to reduce the number of accidents involving motorcycles
by ensuring a physical separation from other vehicle types.

1.2 Literature review

In Malaysia, guidelines stipulate that the provision of
motorbike facilities on non-expressway roads is necessary
when specific criteria are met [16]. These criteria include:

1) A total traffic volume exceeding 5,000 vehicles per day
on a 2-lane, 2-way road, or more than 10,000 vehicles per
day per lane on a multi-lane road.

2) The percentage of motorbikes in the traffic exceeding
30%.

3) A total of more than 5 motorcycle accidents per kilometer
per year.

4) Side friction scores of less than 30.

Factors such as the width of the motorbike lane and the level
of service (LOS) are considered to determine the maximum
motorcycle service flow rates. The LOS value is derived from
the headway and space concept, as illustrated in Figure 3.

Hussain et al. [17] estimated the capacity of the EML based
on two types of driving patterns: headway patterns and space
patterns. The model establishes the relationship between
volume and speed according to the headway driving patterns,
resulting in a maximum capacity of 3,060 MC per hour per
lane. In contrast, considering riding patterns based on space,
the maximum capacity is 2,207 MC per hour per meter.

In Thailand, according to research by Mama and
Taneerananon [18], the provision of EML is warranted if the
following conditions are met:

1) More than 3 fatalities and serious injuries per 10 km per

year.

2) A volume-to-capacity (V/C) ratio exceeding 0.7 (LOS C).

3) More than 1 MC accident/10km/year.

4) MC volume greater than 500 MC per hour (hr).

5) The 85th speed of MC surpassing 60 km/hr.
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Simulation results using VISSIM 5.4 indicate that at a LOS
D, the following capacities can be accommodated based on
lane widths [18]:

1)A lane width of 2.0 m can support up to 1,000

motorcycles per hour (MC/hr).

2) A lane width of 2.5 m can accommodate 1,060 MC/hr.

3) A lane width of 3.0 m can handle 1,120 MC/hr.

4) The maximum width of 4.0 m can support up to 1,550

MC/hr (Figure 4).

Figure 2. Exclusive motorcycle lane [16]
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Figure 3. Maximum motorcycle flow rates for various LOS and lane widths [16]
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Figure 4. Relationship between MC volume, lane width and LOS [18§]

The requirement for dedicated motorbike lanes in Indonesia
is based on operational speed and the annual average daily
traffic (AADT), as indicated in Table 1. Motorbikes constitute
40% of the total AADT [15].

Motorcycle lanes are necessary when the volume of
motorcycles exceeds 600 per hour per lane. This requirement
is based on the observation that there should be a minimum
headway of 6 seconds between each motorcycle on urban
roads. Consequently, this headway allows for a total of 600
motorcycles to pass in one hour [19].

The minimum and maximum widths for motorbike lanes
designed for two motorbikes to travel in parallel are 261
meters and 368 meters, respectively [12].

Table 1. Specifying the type of motorbike lane [15]

- MC AADT (PCU/day)
Type of Facility 1,200-10,000 >10,000 Speed (km/hr)
NEML Yes - <40
EML Yes Yes > 40

According to guidelines for designing motorbike lanes on
toll bridges, these lanes should be positioned in the leftmost
section of the road and must be physically separated from
lanes designated for vehicles with four or more wheels (EML
type). The width allocated for one motorbike is 2.0 meters,
allowing for a capacity of 1,320 motorbikes per hour per lane.
For two motorbikes, the required width is 3.3 meters, which
enables a capacity of 2,640 motorbikes per hour per lane [11].

Research conducted in Jakarta shows that the
implementation of special motorbike lanes significantly
improves road performance. The LOS for these lanes
increased from F to C. In contrast, the service level for non-
motorcycle lanes slightly decreased from B to C [12].

Research conducted in Bali indicates that the
implementation of motorcycle lanes positively impacts road
traffic. This is evidenced by the volume-to-capacity ratio
(VCR) values: roads with motorcycle lane facilities show
VCR values of 0.42 and 0.54. In contrast, roads without
motorcycle lanes have VCR values of 0.34 and 0.43 [13].

Based on the collected literature, Indonesia currently lacks
a reference for designing EML for urban arterial roads that
considers the relationship between MC volume and VCR.
Researchers aim to address this gap by developing a
microsimulation model for EML design.

659

2. METHODOLOGY
2.1 Simulation data

The lane type examined in this study is the EML, which
restricts access to MC only. The model input parameters are
derived from data collected in previous studies, focusing on
total traffic volume, motorcycle traffic volume, traffic speed,
and motorcycle speed.

The EML design model is generated through traffic
simulations using PTV VISSIM 2020. This involves inputting
lane configuration and width data and analyzing the modeling
results to examine the relationships between MC volume, lane
width, and VCR. The input parameters for traffic behavior
were determined based on observations from previous studies
[3, 20]. The dimensions of the MC were selected to be 2.0
meters in length and 0.85 meters in width, which are
considered appropriate for the traffic characteristics in
Indonesia.

The methodology for determining the free flow speed of
motorcycles involved video recording on a specific road
segment. The selection of survey sites was based on observing
the speed of vehicles passing through the segment, which
includes both constant and unexpected traffic. The length of
the road segment used for data collection was 20 meters. The
survey was conducted between 6:00 AM and 6:15 AM. Data
collected consisted of the number of motorcycles and the
travel time for each motorcycle as they passed through the
survey location [20].

Table 2. MC free flow speed distribution

Speed (km/h) Cumulative Frequency

35 0.10
45 0.46
55 0.88
65 1.00

Video footage was analyzed using Avidemux software,
which displayed the results on a laptop monitor marked along
the 20-meter stretch. The screen recorded the travel time of
motorcycles in milliseconds (Figure 5). During the 15-minute
survey, 208 motorcycles were counted, and their travel times
were measured, providing a sufficient sample size for analysis.
The travel time data was then converted into spot speed data,
which was organized into a speed distribution (Table 2).
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Figure 5. Presentation of recorded results

2.2 Calibration

Calibration in VISSIM involves establishing the
appropriate parameter values to replicate real traffic conditions
closely. This process can be informed by observed regional
driver behavior. In VISSIM, driver behavior characteristics
can be adjusted by setting parameters based on three key
aspects: car-following behavior, lane-changing behavior, and
maintaining appropriate lateral distance between vehicles
(lateral behavior) [3].

The car-following model represents how drivers follow the
vehicles in front of them. VISSIM utilizes a stochastic traffic
flow model that operates in time stages, treating each vehicle
as an individual unit. Three car-following models are available
to manage driver behavior: No Interaction, Wiedemann 74,
and Wiedemann 99.

- The No Interaction model is for vehicles that do not
recognize or react to other vehicles.

- The Wiedemann 74 model is suitable for urban traffic and
mixed environments.

- The Wiedemann 99 model is ideal for freeways that lack
regional merging [3].

In this study, the Wiedemann 74 model is the most
appropriate choice for the traffic conditions at the study
location. It effectively accounts for how drivers maintain a
safe distance both in front of and behind their vehicles.

The parameters selected in the VISSIM calibration process
are as follows:

1) Average standstill distance, namely the distance between

vehicles when they stop.

2) The Additive part of a safety distance is the coefficient

increasing the safety distance.

3)The safety distance multiplier coefficient

Multiplicative part of safety distance.

4) Desired position at free flow, namely the road lane the

driver desires during free flow conditions.

5) Overtake on the same lane, namely, behavior in preparing

(can prepare from any lane).

is the
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6) Distance standing, namely, the distance between vehicles
when stopping.
The calibration parameters for driving behavior were
sourced from research by Irawan and Putri [3], as shown in
Table 3.

Table 3. Driving behaviors calibration parameters

Calibration Default  Calibration
Parameter
Average Standstill 200m 0.60 m
Car ]'){stance
Following Additive Part of 2.00 m 0.60 m
Model Safety Distance
Multiplicative Part 3.00 m 1.00 m
of Safety Distance ’ '
Desire Position at Middle An
Free Flow of line Y
Lateral Distance 0.20 m 0.2m
Standing
Lateral ;
Lateral Distance
- 1.00 m 0.5m
Driving
Overtake on Same Off On
Lane
2.3 Validation

Validation in VISSIM entails verifying the accuracy of the
simulation calibration by comparing observed data with the
results generated by the simulation. Various methods can be
employed for validation, depending on the specific parameters
being assessed. In this research, we utilized two statistical
approaches: the Chi-squared formula, specifically the
Geoffrey E. Havers (GEH) statistical formula (Eq. (1)) [21],
and the Root Mean Square Error (RMSE) [22, 23]. The GEH
formula has specific criteria for the resulting error values, as
shown in Table 4. RMSE values of 0 indicate a perfect fit.



GEH = (qsi‘mulated - qobserved)z (1)
0.5 = (qsi‘mulated + qobserved)

where, g = traffic flow volume (vehicles/hour).

RMSE is defined as the square root of the mean of the
squares of the sum of the errors in the prediction model (Eq.
(2)) [23].

Table 4. Conclusion of GEH value

GEH Value Conclusion
GEH <5.0 Accepted

5.0<GEH <10.0 Warning: Possible model error or bad data
GEH >10.0 Rejected

The validation process focuses on the volume and
operational speed of motorbikes. The results obtained from the
VISSIM simulation were compared with observational data
from research conducted by Hussain et al. [17]. The volume of
motorbikes was validated using the GEH statistical formula
(Table 5), while the operational speed was validated using the
RMSE formula (Table 6). The outcomes from the GEH and
RMSE tests indicate that the results are acceptable and
accurate, confirming that the model accurately represents the
actual conditions in the field.

1
Jn 2 — Fp)?
RMSE (%) = yn=r T )

XA;/n
where,
n = number of data;
A;= observation data;
F,= simulation model data.

Table 5. Validation of MC volume with GEH

Observed Simulated o

Volume Volume di‘t)'f GEH Conclusion

(veh/hr) (veh/hr)

600 595 0.83 020 <3
acceptable

1,400 1,392 0.57 0,21 <3
acceptable

1,800 1,783 0.94 0.40 <3
acceptable

Table 6. Validation of MC speed with RMSE

Observed  Observed Simulated
Volume Speed Speed RMSE Conclusion
(veh/hr) (km/hr) (veh/hr)
40.0
600 50.0 41.36 0.011 Very good
53.0
29.5
1,400 32.0 36.76 0.010  Very good
34.0
22.0
1,800 24.0 36.26 0.032 Very good
27.0
2.4 Modelling data

This study models the EML design to accommodate
motorcycle volumes exceeding 2400 PCU/day, allowing for
the movement of two or more motorcycles in tandem.

The motorcycle volume is simulated to range from 2,407
PCU/day to 12,667 PCU/day. When converted, this
corresponds to a motorcycle volume of 910 MC/hr to 4,800
MC/hr. A trial-and-error approach is used with the VISSIM
program to determine the maximum volume that the EML
width can accommodate.

The minimum width requirement for the EML is illustrated
in Figure 6, which indicates that the outermost dimensions for
a motorbike, when accounting for a separator and a curb, is 0.4
meters. The width of the motorbike itself is 0.85 meters, and
the distance between two motorbikes is 0.5 meters. Therefore,
the minimum required width for the EML is 3.0 meters.
Simulations for modeling the EML were conducted using
widths of 3.00 m, 3.25 m, 3.50 m, 3.75 m, and 4.00 m.

0.85m 0.85m

040m 040m

MARKING 1
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3,00m >

Figure 6. EML width

The road types in the EML design pertain to sections within
the secondary road network system, classified explicitly as
arterial roads. There are two main road types: 6/2-T (6 lanes,
2-way divided) and 4/2-T (4 lanes, 2-way divided). For the
6/2-T road type, each traffic lane measures 10.5 meters wide.
According to the design drawings, the construction of the
EML does not necessitate widening. The application of EML
on arterial roads can be seen in Figure 7.

The modeling used MC volume parameters, EML width,
and volume-to-capacity ratio. EML capacity is determined
based on the 2023 Indonesian Road Capacity Guidelines for
urban roads [24]. Capacity is the maximum traffic volume that
can be maintained along a particular road segment or
intersection for 1 (one) hour under certain conditions covering
geometry, environment, and traffic.

Capacity (C) calculation for 4/2-T and 6/2-T divided road
types is determined for each direction and each lane. C road
segment is calculated using Eq. (3).

C=CyxFCryx FCus x FCyx 3)

C is the observed road segment capacity, PCU/hour
(PCU/hr).

Cy is the basic capacity of the ideal road segment condition.

FCy is the capacity correction factor due to the difference
in lane width from the ideal condition.

FCps is the capacity correction factor due to the condition
of side friction (HS) on roads equipped with shoulders, curbs,
or sidewalks.

FCuyx is the capacity correction factor due to the size of the
city that is different from the ideal city size.

Basic capacity conditions (Cy) are roads with straight
geometric conditions, a minimum length of 300 m, an average
effective lane width of 3.50 m, a covered curb or shoulder, a
city size of 1-3 million people, and low side friction. The Cp
value is 1,700 PCU/hr.



Environmental conditions are assumed to have low side
friction on roads with curbs and the ideal city size. By entering
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the capacity correction factor value, the EML's capacity value
is determined. Table 7 shows the EML capacity values.
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Figure 7. Traffic lane width

Table 7. EML capacity
EML Width (m) FCL; FCns C (PCU/hr)
3.00 0.92 094 1,470
3.25 0.96 094 1,534
3.50 1.00  0.94 1,598
3.75 1.04  0.94 1,662
4.00 1.08  0.94 1,725
3. RESULTS

The simulation results in Figure 8 illustrate the relationship
between EML width and operational speed. The lowest speed
recorded is 33.75 km/hr, when the MC volume is 4,800
motorcycles per hour (MC/hr), and the EML width is 3.0
meters. Conversely, the highest speed recorded is 44.58 km/hr,
when the MC volume is 910 MC/hr, and the EML width is 4.0
meters.

It can be concluded that a motorcycle's speed is influenced
by the width of the EML and the motorcycle's volume. When
comparing motorcycles of a certain volume, those traveling on
a 4-meter-wide EML tend to achieve higher speeds than those
on a 3-meter-wide EML. This difference in speed is attributed
to the increased lateral distance available for maneuvering on
a wider lane. Based on this information, it is possible to
determine an appropriate speed limit for the EML.

A Pearson correlation test was performed to assess the
linear relationship between MC Speed, EML width and MC
volume. The test results are presented as a correlation
coefficient value (r). The r values, which range from 0.96 to
0.99, indicate a strong linear relationship between EML width
and MC speed.

The EML design model generated from the simulation is
shown in Figure 9. This model analyzes the relationship
between lane width, MC volume, and VCR. From Figure 9, it
is evident that at a VCR of 1.0, the maximum volume
accommodated by different lane widths is as follows: A lane
width of 3.0 m can accommodate 3,889 MC/hr, 3.25 m can

accommodate 4,175 MC/hr, 3.5 m can accommodate 4,565
MC/hr, 3.75 m can accommodate 5,000 MC/hr, and a lane
width of 4.0 m can accommodate 5,140 MC/hr.
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Figure 8. MC speed-EML width-MC volume relationship
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Figure 9. EML design modelling

The simulation results for V/C performance of 0.25, 0.50,
0.75, and 1.00 were subjected to GEH statistical tests. The
results showed that the observed and simulation results
volume with VISSIM were acceptable.
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The width of the EML required to accommodate a specific
volume of motorcycles can be calculated using this model. For
instance, if the EML is designed to handle a motorcycle
volume of 3,500 SM/hr with a VCR of 0.75, the required width
of the EML will be 3.75 meters. However, if environmental
conditions prevent designing the EML with a width of 3.75
meters, narrowing the width will result in an increased VCR
value, which in turn will diminish the performance level of the
EML.

4. CONCLUSIONS

The findings of this study indicate that the maximum
volume that can be accommodated by an EML width of 3.00
to 4.00 meters in each direction is between 3,889 and 5,140
MC/hr.

The implementation of EML is recommended for roads
classified as type 6/2-T (6 lanes, 2-way divided) with a total
width of 11.0 meters. This recommendation is based on the
fact that an EML with a width of 3.0 to 4.0 meters per direction
can be accommodated by slightly reducing the width of the
mixed traffic lanes, without the need to add new lanes.

Since the modeling is based on microsimulation, where the
simulation results highly depend on validation with
observational data, it is necessary to complement the design
with the latest field data.
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