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Abstract

In many countries, traffic problem has increased time by time, it has been caused by the increasing
amount of vehicle and the lacking of segment road. For the example, urban traffic problem such as
traffic congestion has become a big problem for drivers. This research studied urban traffic modeling
using the link transmission model (LTM). The method was proposed is mathematical modeling,
including car and bus as the objects of research. The cars and buses data were collected directly by
the observers at the intersection that has four links and that are connected each other. The
simulation process was obtained for the each link at rush hour period. At the interval 6.30-7.30am
the total time spend in the link A, B, C, and D were 45.93h, 28.58h, 37.25h, and 19.91h. At the
interval 04.00-05.00pm the total time spend in the link A, B, C, and D were 27.38h, 28.58h, 37.25h,
and 19.91h. Based on these results, we might to give an advice to control the duration of traffic
lights that controlled traffic flow in the each link. The red traffic light duration of link A at 6.30-
730am must be lower than the others so the vehicles at link A will send much better and the TTS will
turn down.
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Introduction

The issue of traffic congestion has increased significantly for decades. The researchers have
been trying to study and explore the solutions of these problems. For the examples, the intensity of
traffic flow had been studied in Siberia [1], the 5G scenarios was implemented on traffic modelling
[2], the complete street strategies in cycle-ways was applied to solve high delivery demand [3], the
processing CCTV camera image feeds was used to detect the congestion levels in road traffic [4],
traffic congestion made the growth of economy down [5], total time spent (TTS) of multi class
vehicle was longer than the total time spent of original vehicle [6], the observed congestion is
caused by two different factors [7], minimum demand and maximum difference method was used to
solve transportation problem [8], and route determination for minimizing the total cost of vehicle [9].
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From these examples, we have been motivated to study the traffic condition at the main
intersection in Serang City, this intersection transfers the vehicles into business places in Serang city.
The extended link transmission model (LTM) is used in this paper to study the dynamical traffic
condition in Serang City. LTM model has been used in many different modeling system such as the
LTM modeled the air traffic management [10], [11] used LTM to simulate traffic congestion, the
shockwaves theory was derived from LTM model [12], the MPC controller applied in LTM model [13].
This paper gives another point of view about link transmission model that used in urban condition
including the intersection lane.

Methods

Traffic modeling has been studying for decades, start from the conservation law of vehicle
used by [14],[15], these results motivated many researchers to develop theories in traffic modeling.
This research used mathematical modeling to study the dynamics of traffic flow and the total time
spend of vehicles. The link transmission model (LTM) is the traffic model that used to determine the
amount of vehicles flow from one link into another link. LTM have been developed in the several
ways. In this study we used the LTM modified by [6] that included multi class of vehicles as described
in Equation (1) and Equation (2) below.
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The Equations (1) and (2) describe the number sending and the number receiving of
vehicles. The number of sending vehicle is the maximum flow potentially leaving the end of
segment and the receiving number of vehicle is the maximum flow able to enter the segment. From

those formulas we have some of parameters such as N(xfi,k) respect to the cumulative number
of vehicles j at time k and link L, M represent the passenger vehicles j equivalent, L, is the
length of link i, T, is the observation time, w; s the velocity vehicle j when the congestion

occurred, v, is the velocity of vehicle j at free flow condition, and p,_ . . represent to the

maximum density at link j . LTM algorithm divided into three steps. The first step is the process of
determining the number sending of vehicle and the number receiving of vehicle. The second step is
determining the transition number of vehicle G (k), and the last step is updating the cumulative

number of vehicle for each link at the next time step. To give more detail, we depict the procedure
to do the LTM algorithm as shown in Figure 1.

Step 1 Step 2 Step 3
Define the sending number of Determine the - Update the sending
vehicle flow and the receiving change flow from v number of vehicle flow
number of vehicle flow for - " incoming link to ' and the receiving
each incoming link and outgoing link. number of vehicle flow
outgoing link. for each link.

Figure 1. The Algorithm of LTM

Results and Discussion

In this section, the research results are presented using the real data and supported by
empirical evidence. The data collected from the intersection as pictured in Figure 2.
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Figure 2. The Intersection in Serang City (Source: google maps)

At each of the downstream links, we placed the observers to observe the vehicles flowing
into another link. As the second step of link transmission model, we intend to count the amount of
vehicles that can flow from one link to another link. The flow of vehicles is updated by the transition

number of vehicle G,.j (k) adopted from [16] as shown in Equation (3).
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S, (k) if R, (k)=S, (k)+S,. (k)
G, (k)=1 3)
mld[Si (k),R;(k)=S.(k), R, (k )} else
The Equation (3) describe the number of vehicles may transfer from incoming link i to

outgoing link j . The observation due at rush hour condition and the simulation is run by the data

collected from the observation. The simulation is occurred in four steps for each link. The results
below show the congestion and the total time spend that is occurred by the simulation process.

The Congestion at 6.30-7.30am
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Figure 3. Total congestion of vehicles for each links at 6.30-7.30am

In Figure 3, we can see the congestion in the different steps and links. Link A has the highest
congestion for each step with 706 vehicles in the average, Link C is the second, with 576 vehicles for
the average, link B has 446 vehicles on the average, and link D has 316 vehicles on the average. This
results appropriate with the real condition at Serang city where the link A, Jendral Sudirman street,
is the major road transferred traffic flow into some of regions at Serang. In the other result, we can
see the link D as the lowest. This condition relates with the fact that Trip Jamaksari Road is not a
fundamental road in Serang City.

TTS at 6.30-7.30am
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Figure 4. TTS of vehicles for each links at 6.30-7.30am

Figure 4 shows total time that vehicles spent in the road for each link. This result match with
the result of congestion in Figure 1. Link A spent more time than others, 47.09 hours for the average
and Link D is the smallest, 21.07 hour on the average. On this section, we compare the result at
06.30-07.30 am with the result at 04.00-05.00pm to get more accuracy about traffic flow at the
intersection. The results are occurred for the congestion and TTS as described in Figure 5.
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The Congestion at 04.00-05.00pm
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Figure 5. Total congestion of vehicles for each links at 04.00-05.00pm

In Figure 5, we get the different result from Figure 3. Link C has the highest congestion for
each step with 636 vehicles on the average, Link B is the second, with 490 vehicles on the average,
link A has 428 vehicles on the average, and link D has 341 vehicles on the average. These results
show another condition that occurred at 04.00-05.00pm. Link C as the opposite route of link A send
back the vehicles into Link A at 04.00-05.00pm. Both Link B and link D has improved the congestion,
These condition are influenced by the amount of vehicles from Link C that have chosen alternative
routes, Link B and Link D, to send into Link A.

TTS at 04.00-05.00pm
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Figure 6. TTS of vehicles for each links at 04.00-05.00pm

The result in Figure 6 matches with the result of the TTS in Figure 4. Link C has the highest TTS,
42.42 hours for the average and Link D is the smallest, 22.07 hour on the average. At 04.00-05.00pm,
The TTS of Link A had been decreased as the impact of the congestion on there. In Table 1, we can
see the numbers of parameters that we used in this research.

Table 1. Parameter of Model

Parameter Description Interval
_ Velocity of vehicle j in the link i 45< <80
, Traffic density in link i 0 < , <230
_ The length of link i 05< <2
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Conclusion

In this section, the results is summarized to get more specific information about the dynamics
of traffic condition. The Modified Link Transmission is used to study dynamical condition at the
intersection at different time. As the result, we get the information that the traffic condition at Ciceri
intersection has different total time spent of vehicle in each segments of intersection. As the impact,
we give the recommendation to the policy makers in Serang City to control the time of traffic light
appropriate with the traffic condition in each links. For the example, at 6.30-7.30am, the time of
green light in link A must be changed longer than the others, in order to transfer more vehicles in
link A to another link. In the other hand, at 04.00-05.00pm, the time of green light in the link C must
be matched, so the traffic from link C to the other links can flow more fluently. The discussion in this
paper is limited on one intersection, the further research may elaborate with add or connect
multiple intersection to get more complicated and specified results.
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