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Abstract—Commuting is a basic mandatory for humans to do
daily activities. Every month, the amount of vehicles tend to
increase and it comes in several variances such as motorcycles,
cars, etc. This leads to increased level of congestion. This paper
will discuss the effect of heterogeneous traffic on transportation
system. By using SUMO traffic simulator, will be obtained
equivalence value of other vehicles to a motorcycle. Based on
our simulations, correlation between the amount of vehicle and
average speed already in line with relation of density and velocity
in traffic flow theory. From our experiment, we found that
average travel time is more accurate when using heterogeneous
traffic flow. It is 31-41% slower than flow that filled with only
motorcycles, but it is still 15-27% faster if its filled only using
cars. Heterogeneous traffic flow give more accurate travel time
than homogeneous flow on the real-world transportation system.
Index Terms—traffic flow, heterogeneous traffic flow, motorcycle equivalent unit, volume-speed correlation, SUMO traffic
simulator.

the theory of road networks and heterogeneous traffic flow,
section III discuss road situation in simulation, and it will be
analyzed and compared with homogeneous traffic flow. Section
V will be closed with conclusion.
II. THEORY
A. Road Network Model
In general, road network models illustrated by using directed graph (G), which has node (N) and edge (E) [5]–[7].
Nodes represent intersections, and edge will be the highway
connected to other intersections. This model is illustrated in
Fig. 1. One route of journey often passed several intersections,
made N will constructed from some nodes that will be passed
in order to reach its destination [8].

I. I NTRODUCTION
Humans need to commute due to do their daily activities,
such as going to school, works, recreations, etc. In order to
commute, humans need to use several kind of vehicles and it
will make the amount of vehicle increased in a certain time.
Based on Lubis [1], Indonesia was the third country that had
most number of motorcycle in 2007 after China and India.
Indonesia had 37 millions of it and it reached 78.3% compared
to other vehicles. At 2016, Statistic Center of Indonesia stated
that there are 100 millions of vehicles in Indonesia, and 77.5%
of it comes in form of motorcycles [2]. This amount keeps on
increasing over time.
Those vehicles will not be on the road at the same time,
but there will be a possibility of filling the road. In order to
accommodate the number of vehicles, better road networks are
needed. It will takes years in order to build better highway
infrastructure and it is not aligned with growth of vehicles.
This makes traffic jams occur more frequent.
The type of vehicles on the highway vary widely. Density
of the road will be increased when rush hour is coming.
The road will be crowded with motorcycles, cars, and any
other public transportations. Using motorcycle is consider to
be a simple solution to avoid congestion, because it could
maneuvers and overtake other vehicles. This made motorcycles
an ideal vehicle to commute in a city [3]. In order to get same
value between motorcycle and others, we used Motorcycle
Equivalent Unit (MCU) [4].
In this paper simulated heterogeneous traffic flow and
compared it with homogeneous flow. Section II will discuss
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Fig. 1. Road Network Model in Graph

For ideal conditions, intersections and roads will directly
connected and it could be used by vehicles to reach its
destinations. But, in reality the intersections and roads were
also used by other vehicles that had different destination. It
made the number of vehicle suddenly increased at a certain
time. This problem made road networks need to count some
parameters, such as weight (W) [9], in or out lane (E,O),
linkages of intersections (P) [10], etc. Generally, interconnections between nodes and edges will be denoted by using
G = (N, E, w) which had groups of nodes (N1 , N2 , ..., Nn ),
edges (E1 , E2 , ..., En ) and weights (w1 , w2 , ..., wn ).
B. Weight Variance on Edge
Weight on graph is the most important parameter in determining the best route. Value of weights is important in order
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to measure the cost between source and destination point. In
realization, the value of weights is not static, and it will change
periodically over time.
This value is effected by several parameters such as travel
time, mileage, security, density, etc. Bazzan et al. [11] stated
that the level of weights on the road networks is calculated
from human daily activities (demand) and it will be distributed
using supply system (road networks).
1) Supply: The rise of traffic flow also depends on several
factors such as weather or navigation system. Commonly,
humans commute by using cars when the weather is bad. They
also rarely ask for a recommendation route from navigation
system which sometimes gives alternative route and made the
congestion level higher than before. Beside that, regulation
such as speed limits, also contribute to traffic conditions [12].
These are several parameters that affected the number of
vehicles on the road:
1) Needs, humans need to do their planned or unplanned
activities, such going to the doctors, works, schools,
malls, etc.
2) Location, if there is a new mall or shopping center,
playground, or other attractions, it also will increase the
number of vehicles that headed to its location.
3) Transport Capability, the type of vehicle also contributes
to the number of vehicles. It will vary the kind of vehicle
on the road.
4) Weather, lots of people will use their private vehicles
when it rains.
5) Information Technology, navigation system could arrange sets of route for each vehicle, but there is a
probability that the system will recommend same route
for several vehicles, and made the number of vehicle
increased on the designated road.
There are several perspectives of traffic flow model, microscopic and macroscopic. In microscopic view, interactions
between driver and vehicle are described and analyzed. Those
interactions could be braking system, acceleration, headings,
etc. In macroscopic view will be measured average of all traffic
conditions [11], [12].
Measurement in macroscopic view will consider traffic flow
(q), average speed (v), and density or volume (k). All of
this measurements will be calculated as average, because it is
considering not only one road. Theoretically, the correlations
between flow, speed and density are illustrated in Fig. 2.
The higher the flow, also made the density higher, until the
road could not accommodate other vehicles. If vehicles could
passed a road in high velocity, it indicates the flow on the road
is high, and the value of density on the road is low. When there
are lots of vehicles on the road, the velocity of each vehicles
must be lower than usual.

2) Demand: Humans travel to other places based on routine, planned or unplanned trips. However, those modes of
travel always had set source and destination points. This
demands of traveling could be described as Origin-Destination
(OD) matrix. By using this matrix, we could calculate driver’s
demands to reach similar destination.
C. Heterogeneous Traffic Flow
Real traffic conditions is not only considering four wheels
vehicles only, but also motorcycles, minibuses, buses, trucks,
and other vehicles. Several studies said that motorcycles could
reduced average velocity from current traffic flow that occurs.
Capability of motorcycle to maneuver, overtake, lane-sharing,
drive in opposite direction made other vehicles often need to
control their speed in order to avoid accidents [13].
Studies in traffic flow, very often implemented homogeneous traffic in their simulations. It usually uses car as objects.
There are few research that applied heterogeneous traffic flow
[14]. One way to implement it, we could add motorcycle in the
simulation. It is considered as small vehicle, had high powerto-ratio, and uncontrollable routes [3], [13], [14].
Based on the small size that motorcycle had, it could take
every possible route on the road. It is because motorcycles
had virtual lanes that divided main lanes on the road [15].
This is the reasons that motorcycle could drive in lateral and
longitudinal mode, overtake, driving in opposite direction, etc
[14].

Fig. 3. Movements of Motorcycle [16]

Fig. 3 shows several illustration of motorcycle movements.
There are 2 virtual lanes that divided every lanes. These 2
opposite direction lanes, is separated by black line. Motorcycle
could drives beside, front, or behind other vehicles, using
opposite direction lane, and suddenly speeding and slowing
down its velocity in order to avoid accident. In some cases,
motorcycles like to do convoys and causing reduction in traffic
flow.
Based on Chandra and Kumar [17], every vehicles could
be calculated the equivalent value between desired vehicle
with others, by using Passenger Car Unit (PCU). Minh et
al. [4], modified Chandra’s method to calculate Motorcycle
Equivalent Unit (MCU). They tried to find a value that
made other vehicles equal to some numbers of motorcycles.
Equation (1) is used to count MCU. Vc is the average speed
of motorcycle, and Vi is the average speed from other vehicle
observed. Ac is the rectangular areas that motorcycle needs,
and Ai comes from rectangular areas of other vehicle.
M CU1 =

Fig. 2. Fundamental Diagram [11]

Vc /Vi
Ac /Ai

(1)

The value of average speed V s is calculated by using (2).
From these formula, we determined average speed of each
vehicles after several observations. n means the number of
observations and Vi means the speed of selected type of
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vehicle. We should recalculate other average speed of other
kind of vehicles.
V s = Pn

n

i=1

1
Vi

(2)



In heterogeneous traffic flow, there are several rectangular
areas that need by every type of vehicles. Table I shows the
needed size of each kind of vehicle. Motorcycle, car, minibus,
bus, and truck need 1.2 m2 , 5.26 m2 , 12.81 m2 , 24.54 m2 ,
and 17.625 m2 respectively.
TABLE I
R ECTANGULAR A REAS OF V EHICLE [4], [17], [18]
No.

Type

1

Motorcycle

2
3

Car
Minibus

4
5

Bus
Truck

Vehicles
included
Scooter
Motorbike
Mopeds
Car, Jeep, Van
Mini bus
Mini truck
Bus
Truck

Average
Dimensions (m)

Rectangular
Area (m2 )

1.87 x 0.64

1.2

3.72 x 1.44
6.10 x 2.10

5.36
12.81

10.10 x 2.43
7.5 x2.35

24.54
17.625

Table II is the data that will be used in simulation. Observations will be conducted when vehicles moved to intersection.
Observed road will be called 1to2, 3to2, 4to2, and 5to2. Node
1 is illustrated as residential area and node 5 is illustrated as
area of office or school. Vehicle from node 1 will move at the
beginning of simulation to give an example of rush-hour in
the morning. From node 5, vehicles will start to move in the
middle of simulation, there are no vehicles move from it in
the beginning of simulation.
Observation point will be conducted for vehicles that passing the intersection. This is because when a vehicle already
passes an intersections, there will be no obstacles that prevent
the movement of vehicle. There will be a queue of vehicles
when it’s near the intersection, because it will take turns to
move to other roads.

III. ROAD S ITUATION
Based on Statistic Center of Indonesia, amount of motorcycle is dominating other vehicles which almost reached 70%.
This huge number could be the main reason why Indonesia
always had high rate of congestion. This section discussed a
simulation using heterogeneous traffic flow. The result of this
simulation will be discussed in the next section.

Fig. 4. Vehicle Distribution

TABLE II
D ESIGNED T RAFFIC F LOW
Source
Node
1
1
1
3
3
3
4
4
4
5
5
5

Destination
Node
3
4
5
1
4
5
1
3
5
1
3
4

Begin
Time (s)
100
100
0
300
100
0
300
100
0
300
300
300

End
Time (s)
500
500
400
600
500
400
600
500
400
800
500
500

IV. E XPERIMENTAL R ESULT

Number of
Vehicle (unit)
75
75
100
75
50
50
75
50
50
100
50
50

A. Implementation
Simulation in this paper will be conducted by using Simulation of Urban Mobility (SUMO) traffic simulator. Distribution
of vehicles will be implemented as designed in previous
section. In the result of our simulation, distribution of vehicles
before passing the intersection are 58%, 23%, 15%, 1%, and
3% for motorcycles, cars, minibuses, buses, and trucks. Fig. 5
shows the vehicle distribution comparison between designed
and result of simulation.

Simulation in this research used a 4-way intersection. Every
intersections will be connected to other nodes. There are
several variations in departure times for each vehicles. Table
II, shows number of vehicles distribution for each roads. This
illustrated rush-hour situation that occurs in real traffic flow.
Distribution of vehicles will consist of 60% ,22%, 14%, 1%,
and 3% for motorcycles, cars, minibuses, buses, and trucks
respectively. This distribution model is based on a city in
Indonesia.
This 4-way intersections is connected to 4 roads with 2 lanes
each. Every lane had 3.2 m width and at least 100 m length.
Roads that used is consist of 4 nodes connected with 1 center
node. Node 1,3,4,5 illustrated source and destination nodes,
and node 2 will be the intersection point.
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Fig. 5. Variant of Vehicle on Each Roads

The total number of vehicles on the roads are 447 motorcycles, 178 cars, 115 minibuses, 8 buses and 26 trucks.
These vehicles are distributed on 4 roads that are connected to
intersection (node 2). Fig. 5 shows type of vehicles distribution
on all observed roads. Observation data will be taken 23 times
in order to get results in this paper.

Fig. 7. Volume-Speed Correlation in 1to2

passed these roads are not as much as 1to2. Linear regression
that could be used in this roads are y = −0.0016x+0.4709 for
3to2 and y = −8E − 05x + 0.8148 for 5to2, with R2 = 0.038
and R2 = 5E − 05 for each roads respectively.

Fig. 6. Implementation

Fig. 6 is the simulation by using SUMO traffic simulator.
As seen in the figure, there are several vehicles queue before
a traffic light in an intersection and waiting for their turn
to move to the destination. This simulation also apply lanesharing mode for each lanes. This will allows motorcycle to
use 4 virtual lanes on the roads.
Fig. 8. Volume-Speed Correlation in 3to2

B. Motorcycle Equivalency Unit (MCU)
Equation (1) and (2) is used in order to get average speed
for each kind of vehicles and equivalence value (MCU) is
defining equality other vehicles to a motorcycle. In table III
shows MCU of vehicles for each observed roads. In 1to2, there
is a huge difference between amount of generated motorcycles,
buses, and trucks. Based on simulation, there are very large
amount of motorcycles that passing 1to2, but there is almost
no buses on those road. This made 1to2 had no equivalence
value for bus. On the other hand, one bus equals to 77.9, 52.4,
and 61.5 motorcycles on the 3to2, 4to2, and 5to2.
TABLE III
M OTORCYCLE U NIT
Roads
1to2
3to2
4to2
5to2

Motorcycle
1
1
1
1

Car
13.428
6.266
5.471
5.968

Minibus
32.111
21.407
9.514
16.055

Fig. 9. Volume-Speed Correlation in 5to2
Bus
N/A
77.926
N/A
61.520

Truck
176.717
53.016
32.726
39.270

By using MCU, average speed on each roads will be
calculated. As seen in Fig. 7, correlation between volume and
average speed that occurs in 1to2. Linear Regression that could
be used to describe those correlation is y = −0.0138x+9.2724
with R2 = 0.4035. The correlation in this road is similar to
relation of density and velocity in traffic flow theory.
As seen in Fig. 8 and Fig. 9, Roads 3to2 and 5to2 also similar to relation of density and velocity, but it is not as precise
as 1to2. The reason could be related to amount of vehicles that

A little bit different from others, section 4to2 contradictory
with relation of density and velocity. The correlation on this
road could be described by using regression y = 0.0016x +
0.4709 with R2 = 0.0137. From observation data, there are
some anomalies from several vehicle that had velocity close to
zero. It means, there are no vehicles or stuck in the traffic jam.
If we removed those anomalies data and focus to data that had
moving vehicle, the relation of volume and speed will be the
same with other roads.
C. Comparison of Travel Time in Various Traffic Flow
In this section, we compared average travel time between
heterogeneous and homogeneous traffic flow. In order to get
average travel time in homogeneous traffic flow, we rerun
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our simulation and change all vehicle into motorcycles or
cars only. The total amount of vehicles are 736 for each
simulations. Distribution of motorcycles are 234, 159, 154,
and 189 that will be passing in 1to2, 3to2, 4to2, and 5to2
respectively. Meanwhile, the distribution of cars are 242, 166,
173, and 196 for the same road mentioned before.

Fig. 10. Travel Time Comparison

In Fig. 10, we took a road (5to2) as an example and
compared the average travel time that needed between various
traffic flow. Based on our simulation in traffic flow that consists
of only motorcycles, all vehicles need 11 observation times to
finished their journeys. It will need 9 observation times longer
when we changed motorcycles into cars. It means when we
used homogeneous traffic flow, average travel time will not
accurate.
TABLE IV
T RAVEL T IME C OMPARISON B ETWEEN H OMOGENEOUS &
H ETEROGENEOUS T RAFFIC F LOW
Road
1to2
3to2
4to2
5to2

Homogeneous Flow
Motorcycle (M) Car (C)
13
28
13
25
11
22
11
20

Heterogeneous
Flow (H)
22
19
16
17

Comparison
H&M
H&C
41%
21%
32%
24%
31%
27%
35%
15%

By using heterogeneous traffic flow we will get travel time
in 5to2 more accurate than homogeneous traffic flow. All
vehicles in these kind of flow need 17 observation times
to reach their destinations. It is the same with other roads,
on 1to2, 3to2, 4to2 which is using heterogeneous flow got
more accurate than homogeneous one. Table IV shows the
comparison between variances of traffic flow for each road
in simulation. Heterogeneous flow is 31-41% slower than
homogeneous flow with motorcycles, but it is still 15-27%
faster than flow that filled with cars. Heterogeneous traffic
flow give more accurate travel time than homogeneous flow
on the real-world transportation system.
V. C ONCLUSION
This paper discussed about the effect of heterogeneous
traffic flow. Based on our simulation, equivalence unit between
motorcycle and other kinds of vehicle vary for each roads.
Overall, correlation between amount of vehicles and average
speed already in line with relation of density and velocity in
traffic flow theory. In our simulation also found that average
travel time is more accurate when using heterogeneous traffic
flow. It is 31-41% slower than flow that filled with only

motorcycles, but it is still 15-27% faster if its filled only using
cars.
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