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Abstract. Indonesia is a developing country which the average of daily traffic flow is crowded.
This is why the density of traffic flow becomes a serious problem and it is the root of the
congestion due to the density of the vehicles congestion especially in the city areas getting worse.
To realize the highway's construction, it needs to watch the road wide's needed and the traffic
signs placement. To set the layout of the city it needs a certain calculation so the proportion of
vehicle with the traffic is balanced and that will reduce the density of traffic flow that impact on
the decline in traffic congestion in Yogyakarta. It appears that the traffic flow is influenced
greatly by the density and speed of the vehicle. If the density is maximum and the speed also
maximum, there will be crash between vehicles. From the decrease of the conservation of mass
formula, the equation of the traffic flow model derived from equilibrium laws that will be
discussed in this paper. From this model, the decrease of the traffic congestion problem is
possible when considering some models of traffic flows.

1. Introduction

Traffic congestion becomes a serious problem which is being considered by various circles. Density of
the traffic flow is actually the root of the congestion due to the density of both personal and public
vehicles that continues to grow as the time goes by, which makes the congestion is getting worse
particular on narrow and branched. From those conditions, the most important thing to do is to make a
plan for the design of roads construction that play a role in traffic management in order to create a regular
traffic path, smooth, and barrier-free that makes the riders and other passengers feel comfortable.

To realize the highway construction, it is important to estimates the road’s width and the traffic signs
setting. To arrange the layout of the city, it needs a certain calculation so that the proportion of vehicles
balanced with the traffic flow. So, that will reduce the traffic congestion in Indonesia because of the
reduction of traffic density.

2. Theoretical Review
2.1. Vehicle Density

The density denoted by (p) is stating the number of vehicles per kilo-meter on the road [1]. In certain
unit time intervals, e.g. area S, p can be searched by calculate the number of vehicles per partition of
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the length Ax, mathematically can be written: p = ﬁ. By n is the number of vehicles that pass along
the road interval Ax.

2.2. Vehicle Flow Rate ) o )
Flow rate is the number of vehicles that pass a road at a certain time interval [1]. For example, at intervals

of time AT and at location x,, the flow rate can be searched by: g = %. With the index m is the number
of vehicles that pass on the location x,.

2.3. Speed

Speed v is the result between the flow rate with the density. In other words, speed is a function of the
location, time, and size of its interval. Mathematically can be written:

q _total distance

E ~ total of time

2.4. Relationship of Vehicle Density, Vehicle Flow Rate and Speed Against Traffic Flow

To provide an explanation of the relationship of these three variables, suppose there are cases if they
have a movement of vehicles with constant speed v with density (p). Since each state drove at the same
rate, the distance between each vehicle is constant, so the traffic density is unchanged. To measure the
flow of traffic on the t hour, we can use the formula s = v X t so that at the time t hour each vehicle
will take distance vt. So, the number of passed and observed vehicles by the t hour is a number of
vehicles at the distance wvt. Since p is the number of per kilometer vehicles and the actual distance is vt
kilometers, then pvt is a number of passed and observed vehicles during t hours. So, the number of per
hour vehicles or called the traffic flow g can be expressed by the following formula: g = pv. Since the
traffic variables depend on distance and time, the data is written: g(x, t) = pv.

3. Discussion

This session will describe the stream of traffic flow model in order to reduce the congestion in
Yogyakarta. The traffic flow model is derived from the laws of equilibrium as well as the law of
conservation of mass which requires that the changes of (kg/s) is dif ference massa per time =
input of massa — output of massa. If m indicates the number of vehicles which crossing the road,

p indicate the density, and q is the flow rate of the vehicle, which g indicates the flow rate of the vehicle
that entering a road while g, , is the flow rate of the vehicle coming out of the road, so it can be

expressed by the following formula: %l =q, — 9,.,, (1) Based on the density formula (p) where:

. . apV
p= % for m= mass and V= volume,then m = pV. Therefore, the equation (1) can be written: % =

Il (2). Because the object of discussion is the highway and only one dimension, then the
intended volume is the length of the road interval that is equal to Ax, so the equation (2) becomes:

apA oy a -
P = q, — 4,5, By dividing the two segments by Ax then: a—i = q"Z—“A".
X
a . ) ]
When Ax = 0, llmo%;‘m‘ = a—’; so the equation is generated as follows: a—i = - a—z Because q=
x—)
a apv
pv, where v is the speed, then: a—p = — aL so produced the vehicle density model as follows: a_ + 2=

0. In the second phase, there will be analysis the relationship of density with velocity by the assumptlon
no other influence factors that so the other ones are ignored. So it can be written: v = v(p).

Assumed that there is no other vehicle passing the interval (a, b) means that p = 0 then the vehicle
will go at maximum speed, that is v,,4, but if there is an increase in density then the speed rate becomes
slow, so it can be written: v(p) < 0. Meanwhile, if the vehicle's density is maximum (p;,qks), then the
road conditions become compressed, in which case the vehicle cannot run or stop. When it is forced, the

vehicle will collide, because there is no room for move. So it can be written: v(pmaks) = 0.S0,p, - =

lwith L is the vehicle's length. Therefore the relationship between density and velocity can be illustrated
by the following figure:
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Figure 1. Graph of density and velocity

Based on the figure above, we obtained two points namely two points namely (0, v,,,445) and (pmaks, 0)
so the line equation’s form can be written:

v _ P — Pmaks
v —_—
mgllcgvmaks Pmaks
v = ﬁ t Vmaks
So, we get the density-dependent velocity modelin the form of the formula:
p
v(p) = Vmaks (1 - —); 0 <P < Pmaks

. P . .
Once the constructed model above is obtame@,a ’f’f relevant scaling of the model above will be
determined. The scale is the size comparison on the model with the actual size, either changing to the
smaller size or the larger one without eliminating its characteristics. It will be taken variables 6 and p,

where 6 indicates distance and y indicates time. If v, = 2 5o there will be X = g ty = isuch that:
dp Ot

Pt ==
Jdt; 0Ot
S0, p; means the density of the traffic flow with indespendent variable time (t).

4. Numerical Simulation
Traffic flow model's simulation using Matlab program by taking Ax = 1m, At = 0.01s, then v =
3m/s. So the density change can be seen as follows:
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Figure 2. Graph of density changes in case 1
From the picture above can be seen that all the time t on the left limit density of 3 vehicles per unit area
and on the right border density 2 vehicles per unit area. This indicates that in the position x = 0 there is
always 3 vehicles, and when x = 1680 there is always 2 vehicles. While to know the condition of
density in every position x at a certain t moment then depicted in the following graph:
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Figure 3. Graph of case 1 with t = 49.95
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Figure 4. Graph of case 1 with t = 249.95
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Figure 5. Graph of case 1 with t = 399.95
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Figure 6. Graph of case 1 with t = 999.95

Based on the graphs above, it is known that at t = 0 the vehicle’s density of 2 vehicles per unit area,
after t = 49.95 the vehicle began to increase. Because the number of vehicles in the left margin more
than the right border, so the vehicle piled up at the starting points. While for ¢ go up to infinity the
density along the road with the same width, which is 3 vehicles per unit area, but at the end of the road
there are still 2 vehicles per unit area.

Simulation in the second case, if it is assumed that the vehicle's density in the boundary area is the
opposite of the first case. It there are 2 vehicles then by doing the same will get the density graph as
follows:
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Figure 7. Graph of density changes in case 2
In this second case, the vehicle's density on the left boundary is 2 vehicles per unit area, while the
density on the right limit is 3 vehicles per unit area, so it can be seen that the accumulation of vehicles
occurs at the end of the interval will be congested. But once t = 1000 the road conditions have reached

a balanced density, it means the density is same along the road that is 2 vehicles per unit of road area.
As shown in the following graph:
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Figure 8. Graph of case 1 with t = 49.95
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Figure 9. Graph of case 1 with t = 249.95
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Figure 10. Graph of case 1 with t = 399.95
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Figure 11. Graph of case 1 with t = 999.95
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5. Offered solution
Based on the discussion above, it can be concluded that the model of traffic flow taken from the laws of

equilibrium are as follows: o + v 0, where p is the density and v is the speed of the vehicle. The

reason for the laws of equnlgtrlum with conservation of mass is to obtain a balance between the amount
of vehicle's density in a particular road and the speed variable. From the model above, it is known that
the traffic flow will be in equilibrium state if a—i = — ? which the amount of change in density over
time equals the negative of the changes in the average veTocity‘s number multiplied by the change in the
density of the road interval's length. So the solution to reduce the traffic congestion is to predict the
change in density per time should be proportional to the negative of the average speed times the density
changes over the road interval s length. It appears that the traffic flow is influenced greatly by the density
L ap 9 . e o . .
and vehicle’s speed. If —f + aL: # 0, there is a possibility that the situation of the road will be in chaos
where v(pmaks) = 0, W?}ich means the vehicles are stopped, and if it is forced there will be a crash. So,
another way to avoid traffic congestion is to maintain v(p,,qxs) # 0. To preserve v(pmaks) # 0, wWe

use the formula v(p) = Vyqps (1 — —2—). Because vVyqrs = 2 then Vs = =2 50 v(p) = 22(1 —
p Pmaks u txg txs
Pmaks” 0 p t
Suppose u =1 — - Then =1-u p=(1—-wWpmaks 0 V(1 —WpPmars) = =1 —
Pmaks Pmaks txs
(1-w)pmaks

). Because 0 < p < paks, thenv(p) = v((1 — wW)pmaks) < V(Pmaks), SO another way to

P i T

avof'clfuésongestlon can be seen from the value of v(p,,4xs) By Mmaintaining the value of v(p;aks) # 0.
To get the result, then the value can be seen in the acquisition of the last model:

xt . 1-wp, ..

tx p
Thus, the traffic congestion problem will decrease More when considering some of the traffic flow
models above.

6. Conclusion ) ) ) )

From the derivation of the conservation of mass formula, the equation of the traffic flow model derived
from the equilibrium laws that is g—’; + aaﬂ = 0, where p states the vehicle's density, v states the
vehicle's speed. It appears that the traffic flow is influenced greatly by the density and speed of the
vehicle. Based on the model, there is a possibility that the state of the road will be in chaos where

v(pmaks) = 0. For that, a way that can be done to avoid traffic jams is by keeping v(paks) # 0. TO
maintain v(p;,qrs) # 0, it used the formula v(p) = vyars(1 —Lk), so the problem of traffic
congestion will decrease when considering some models of traffic Flow.~
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