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Abstract The purposes of this study are to determine
the ratio of instantaneous speed on Federal highway at
Kilometer 32.9 from Kuala Lumpur to Shah Alam, to
analyse the implications of the instantaneous speed ratio's
numerical findings, and to examine the behaviour of
convergence for each level of easiness to flow. The
continuous flow model is one of the traffic flow theories
that conclude the traffic flow is identical to the equation of
heat. The research design used in this study is a
comparative model. The continuous flow model uses a
boundary value problem as well as additional constraints
to solve the differential equation solution. The videotaping
approach was used to select a sample of highway traffic
data on the tapered acceleration path. The findings of this
study disclosed that the ratio of instantaneous speed
converged slower at lower levels of easiness to flow than
at higher levels of easiness to flow. The ratio of
instantaneous speed was found to be more accurate when
the additional iteration numbers were considered and the
traffic's instantaneous speed ratio on the Federal highway
at Kilometer 32.9 from Kuala Lumpur to Shah Alam was
less than 1.39 at location 0.4 of 1. That value is less than
1.4 as proposed by the theoretical model. In conclusion,
the mathematical model was found to be accurate in
estimating the safe distance and speed of vehicles on

merging area so that the collision can be minimized and
for the assessment and decision-making of the
configuration of the traffic flow. As the implication, this
study offers the potential to increase the efficiency of the
traffic flowing through the entrance ramp.

Keywords Continuous Flow Model, Highway
Operation, Instantaneous Speed Ratio, Merging Area,
Partial Differential Equation, Traffic Flow

1. Introduction

Today, Malaysia has evolved to be a more democratic
country by growing the economy and enhancing services.
The population rises exponentially every year because of
globalization, so this contributes to a rising number of cars
in Malaysia. The construction of modern highways is
therefore not only targeted at avoiding congestion, but also
has different consequences on social economics, such as
the ability of individuals to access schooling, jobs, and
services. In the event of a disaster such as floods, landslides,
pandemics, hurricanes, and tsunamis, insufficient transport
networks can have devastating effects. Therefore,
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highways have a crucial link to routes for emergency
services, relief, and relocation.

An entrance ramp-highway junction is typically
configured to allow the driver time to estimate traffic flow
and movement and to assess the necessity for speed and
space before entering. However, some studies on the
entrance ramp design concentrate on the development of
the entrance ramp rather than evaluating the existing
entrance ramp. This covers study by [1], [2], [3], [4], [5]
and [6]. Therefore, it is considerable for us to widen the
discussion regarding the configuration of the entrance
ramp in Malaysia. It is substantial to study and reach a
conclusion that is mostly about the feasibility of planning
the proper design of entrance ramp, particularly in
Malaysia.

This paper seeks to determine the ratio of instantaneous
speed on the Federal highway at Kilometre 32.9 from
Kuala Lumpur to Shah Alam. The results of this analysis
would provide a deeper understanding of the macroscopic
traffic flow models and suggestions for optimizing the
entrance ramp’s configuration. The results obtained are
vital for discussion and decision about the design of the
entrance ramp-highway junction. Apart from that, this
paper also helps other researchers and highway planners
address different challenges by making good use of
existing highways and enhancing the design of the entrance
ramp-highway junction.

In this study, we assess a continuous flow model, that is
explained by the fact that traffic flow will be identical to
the flow of viscous liquid or gas that can be compressed in
one dimension. The parameter easiness to flow was used as
a dependent variable by [1], that is resemble to our study.
In comparison to [1], only the first iteration of the Fourier
series solution was used. We agreed to limit the number of
iterations in our study to a finite number. We are required
to observe the convergence trend with each easiness to
flow level chosen, so we practised the iterations number »
as a stopping measure instead of tolerance. The
comparative model was used in this paper as the research
design. Therefore, our findings can then be correlated with
the theoretical findings reported by [1].

This study involves a selected site on Malaysia Federal
Highway which is a ramp area at Kilometer 32.9 from
Kuala Lumpur to Shah Alam. On the tapered acceleration
lane, a sample of highway traffic data was obtained and
recorded by videotaping process. The main objectives of
this paper are (a) to determine the ratio of instantaneous
speed on Federal highway at Kilometer 32.9 from Kuala
Lumpur to Shah Alam, (b) to analyse the implications of
the instantaneous speed ratio’s numerical findings, and (c)
to examine the behaviour of convergence for each level of
easiness to flow.

2. Literature Review

All physical phenomenon that happens in this world can
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be translated into differential equations. Most problems
requiring the use of numerical approaches as analytical
solutions are difficult to attain. Some literatures which
discussed the numerical approaches in solving differential
equations are, e.g. [7] and [8]. Almost all cities and states in
Malaysia are linked to highways in order to ease the
congestion and travel from one destination to another city
and state.

Additionally, one of the most basic standards that cities
must meet is road safety. In 2019, [9] stated the
effectiveness of traffic-calming interventions must be
assessed not only in terms of improving street life, but also
in terms of engineering and safety. In [10] specified the
geometric condition of the highway, the amount of traffic
flow, side barriers and intersection setting are significant in
assessing the performance of the three-arm in signalized
intersection of roads. There is a similar theory in this study
evaluating the performance of merging area on highway.

In 2010, [11] stated that the concept methods of
mathematics are an aid to understand the real-world
problems. Recently, traffic simulation and traffic flow
models have been prominent in the area of research. In
2013, [12] studied linear programming problems and their
connections with nonlinear differential equations. In some
ways, the study in [12] is linked to our analysis. Other than
that, [13] analyzed the two heat transfer and Magneto
hydrodynamics (MHD) flow over a permeable
stretching/shrinking sheet with ohmic heating. There is
almost the same principle in the studies in [12] and [13]
where nonlinear partial differential equations were used
and turned into ordinary differential equations.

One purpose of this paper is to examine the partial
differential equation solution. The solution obtained is
essential for the identification of parameters to interpret
data collected in numerical results. Many mathematical
models and theories of traffic flow were developed to
explain the relationship between flow, speed, and density.
According to [14], the knowledge of traffic stream
parameters and their mutual relationships is required to get
a better understanding of traffic behavior.

In 2015, [15] indicated that a merging ramp is important
for vehicles to enter and exit a highway without causing
any interruption on the traffic flow. The vehicles will slow
down from their normal speed when they approach the
merging area. In 1966, [1] stated that one of the most vital
problems on traffic flow is the merging problem. It is due
to the fact that the traffic condition is stochastic during the
merging maneuver. This statement is supported by [16]
that claimed the merging process is a complex pattern of
driver behavior. The study of traffic behavior on an
uninterrupted highway is significant for comfort and safety
at merging maneuvers. In [17], it was indicated that the
traffic congestion always occurs at the area of highway
junction. This is because of the conflict between vehicles
entering and exiting from the road connection as well as the
vehicles passing through the main road.
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3. Methodology

In this paper, we want to determine the ratio of
instantaneous speed on Malaysia Federal Highway i.e. on
the ramp area at Kilometer 32.9 from Kuala Lumpur to
Shah Alam. The iterations number of solutions are carried
out to analyse the implications of the instantaneous speed
ratio’s numerical findings as well as to examine the
behaviour of convergence for every easiness to flow level
F, . Before that, we will explain the solution of the partial
differential equation by using the heat equation in general.
The continuous flow model is the macroscopic model used
in this study. The principle is founded on the idea of
compressible fluid viscous flow in one dimension.

3.1. Notations

The notations which are used throughout this paper are
as shown below (see e.g. [18]),

V' = Vehicle speed,
t = Time,
N=Number of vehicles per unit time at X,
0O = Amount of traffic on the highway over time ¢,
R,, = Amount of ramp vehicles merging at a specific
moment in time ¢,
P = Potential for motivating pressure,
X = A particular location on the highway,
L = A particular segment of highway is located
upstream of the merging point,
V(X,t)

% = The ratio of instantaneous speed at X

to mean speed over a long of highway L,
F, = Easiness to flow,

n = Iterations number

3.2. Research Design and Approach

The solution of the partial differential equation (1) gives
a parameter that can be used to study the behavior of the
traffic’s instantaneous speed ratio at merging area on the
Federal highway at Kilometer 32.9 from Kuala Lumpur to
Shah Alam.

To formulate the model, often one refers to the general
heat equation (1) as follow (see e.g. [19]).

o’P  , 0P
2 4 =
oX ot

C, )

where ¢® and C are constant.

In developing the model, to solve the partial differential
equation, the continuous flow model prescribed an initial
condition as well as an array of boundary conditions. The
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boundary conditions aligned with the ramp are shown in
Figure 1.

By referring to Figure 1, the boundary conditions which
are associated with the ramp for the right-hand drive traffic
can be clarified in detail. In the first situation, at =0, the
vehicle is unaware of the shifts in the potential for
motivating pressure on the highway,

P(X,0)=P,. )

In the second situation, at the distance X =L, due to
the merging of traffic, the pressure potential at the entrance
ramp changes from F, to £,

P(L,t)=P. 3)

Lastly, for the third situation, at X =0, the entrance
ramp in front of it has little impact on the pressure potential
F, and the vehicle is unaffected.

P(0,1) = B, )
P(L.t) =Py P0.t) =Py
Highway
X=1L X=0

1
1
1
1
1
|
1
l
:P(X,l)) =Py
1

Entrance ramp :

L

Figure 1. Highway with an entrance ramp and initial-boundary value
problem (IBVP) for right-hand drive traffic.

The separation of variable technique is applied to solve
the solution of the initial-boundary value problem (IBVP)
in (5). However, in this paper, we do not attach specific
derivation because we want to focus on the objectives of
our paper. The final solution of the partial differential
equation in (5) provides a parameter that can be used to
determine the ratio of instantaneous speed on the Federal
highway at Kilometer 32.9 from Kuala Lumpur to Shah
Alam. The equation in (5) also denoted as a parameter of
the instantaneous speed ratio S,

I

Vv 20L

£SO (2] o

n

-n*F, nrX
e CoS .
L

(L-2X)+
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3.3. Setting up the Iteration Number of Solution

From equation (5), we can see that the easiness to flow
parameter F, and instantaneous speed ratio parameter
are very closely related. As mentioned, both parameters
are crucial in order to achieve the objectives in this paper.
The iterations number of »n to be examined to achieve
the appropriate numerical error through the convergence
values of speed ratio.

The values of N are taken to be 1, 2, 3, 4 and 5 as
given in equations (6)-(10), respectively. See e.g. [16].

S,:M:Hﬂ(uzxp( —&QR“)[J" cos[%)]- (6)

14 20L
S, = V(i(’t) =1 +£(L -2X)+ [2 - 0'4R“'j(e’ﬁ’ Cos[ﬂjj
14 20L 0 L
( i, 27X ™
+| 27 cos{ L D

0
oo 2o (),

S, =—= 1) _ 1+ L(L —2X)+ [2 - m]{ﬂ cos(ﬂ)j
v 20L 0 L

o)) o

=
-

AP R, (L-2X)+ 2—0'4R‘” e o cos(ﬂ]
7% 20L 0 2
+| 2e70 cos(zﬁXJ + 2—70'4}2”‘ eh cos(—aﬂxj +

L 90 L

2¢71 cos{4ﬁxj 2 QAR sy cos[—szxj .

L 250 L

(10)
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3.4. Data Collecting and Analysis

The Maple programming language (Maple 2017)
computes the results obtained from traffic flow data on
Federal highway at Kilometer 32.9 from Kuala Lumpur to
Shah Alam. The levels of easiness to flow F, were
selected from ranging 0.1 to 5.0 based on the suggested
levels by [1]. The highway traffic data were obtained by
means of a videotaping method from a tapered
acceleration path. All the traffic flow data were supported
by the Faculty of Civil Engineering, Universiti Teknologi
Mara.

4. Results and Discussion

4.1. Data Collecting

The goals of this paper are to determine the ratio of
instantaneous speed on Federal highway at Kilometer 32.9
from Kuala Lumpur to Shah Alam and to analyse the
implications of the instantaneous speed ratio’s numerical
findings. The set of data obtained on this ramp is the

SN — SN—I Of
equations (6)-(10). Table 1 depicts the numerical results of
S, and errors |SN —Sy_q| wherel<N<5, NeN for

F, =0.50, 0.70, 1.00 , 3.00, 5.00.

numerical results S, and errors
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Table 1. Speed ratio and Errors for easiness to flow /iy = 0.50,0.70,1.00,3.00,500.

Series solution The series solution as Errors
E) X/L as per equation (9) per equation (10) |S _s |
S, S, 5 79
0.50 0.0 2.58E+00 2.58E+00 7.45E-06
0.1 2.42E+00 2.42E+00 9.46E-07
0.2 2.03E+00 2.03E+00 7.21E-06
0.4 1.51E+00 1.51E+00 2.78E-06
0.5 1.01E+00 1.01E+00 6.50E-06
0.6 5.88E-01 5.88E-01 4.43E-06
0.7 2.96E-01 2.96E-01 5.38E-06
0.8 1.16E-01 1.16E-01 3.90E-09
0.9 1.74E-02 1.74E-02 3.91E-06
1.0 -3.44E-02 -3.45E-02 7.45E-06
0.70 0.0 2.19E+00 2.19E+00 5.00E-08
0.1 2.09E+00 2.09E+00 6.00E-09
0.2 1.84E+00 1.84E+00 4.90E-08
0.4 1.49E+00 1.49E+00 1.80E-08
0.5 1.11E+00 1.11E+00 4.30E-08
0.6 7.52E-01 7.52E-01 2.99E-08
0.7 4.64E-01 4.64E-01 3.62E-08
0.8 2.55E-01 2.55E-01 3.91E-08
0.9 1.23E-01 1.23E-01 2.63E-08
1.0 5.27E-02 5.27E-02 5.02E-08
1.00 0.0 1.85E+00 1.85E+00 0.00E+00
0.1 1.78E+00 1.78E+00 0.00E+00
0.2 1.62E+00 1.62E+00 0.00E+00
0.4 1.39E+00 1.39E+00 0.00E+00
0.5 1.13E+00 1.13E+00 0.00E+00
0.6 8.66E-01 8.66E-01 0.00E+00
0.7 6.26E-01 6.26E-01 0.00E+00
0.8 4.34E-01 4.34E-01 0.00E+00
0.9 3.01E-01 3.01E-01 0.00E+00
1.0 2.26E-01 2.26E-01 0.00E+00
3.00 0.0 1.18E+00 1.18E+00 0.00E+00
0.1 1.16E+00 1.16E+00 0.00E+00
0.2 1.12E+00 1.12E+00 0.00E+00
0.4 1.08E+00 1.08E+00 0.00E+00
0.5 1.03E+00 1.03E+00 0.00E+00
0.6 9.81E-01 9.81E-01 0.00E+00
0.7 9.32E-01 9.32E-01 0.00E+00
0.8 8.87E-01 8.87E-01 0.00E+00
0.9 8.51E-01 8.51E-01 0.00E+00
1.0 8.21E-01 8.21E-01 0.00E+00
5.00 0.0 1.09E+00 1.09E+00 0.00E+00
0.1 1.08E+00 1.08E+00 0.00E+00
0.2 1.06E+00 1.06E+00 0.00E+00
0.4 1.04E+00 1.04E+00 0.00E+00
0.5 1.01E+00 1.01E+00 0.00E+00
0.6 9.92E-01 9.92E-01 0.00E+00
0.7 9.70E-01 9.70E-01 0.00E+00
0.8 9.49E-01 9.49E-01 0.00E+00
0.9 9.29E-01 9.29E-01 0.00E+00

1.0 9.06E-01 9.06E-01 0.00E+00
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4.2. Discussion

The numerical results of instantaneous speed ratio are
generated from equations (6)-(10) by applying the traffic
flow data on Malaysia Federal Highway which on-ramp
area at Kilometer 32.9 from Kuala Lumpur to Shah Alam.
On this ramp, the traffic volume @ upon this highway is

4396 vph, the vehicles on the ramp combined one at a
time R is 707.689 vph and the section’s length is 185

meters. The numerical findings are helpful because it
displays the speed ratio trend for this merging area. The

errors |S '~ —Sn—1| of the instantaneous speed ratio are

required in our numerical experiments for analyzing the
implications of the instantaneous speed ratio’s numerical
findings. From the numerical results, the equations in
(6)-(10) are the series with a high rate of convergence for
every level of F, ie. [;=0.50,0.70,1.00,3.00 and

5.00.
Commonly, when the numerical results obtained have
been sufficiently closed with the fifth iteration Ss,

tolerances are used as stopping criteria. We will not use
tolerance as the stopping criterion in this paper, since we
want to examine the convergence behavior for each
chosen level of F{. On the whole of the numerical results

obtained, the ratio of instantaneous speed values on
Federal highway at Kilometer 32.9 from Kuala Lumpur to
Shah Alam can be determined based on the continuous
flow model. As expected, when the additional iterations
numbers are factored in, the ratio of instantaneous speed
values are more reliable. In this paper, for reasonable
accuracy, N =5 is already good enough.

We calculate the ratio of instantancous speed with
unlimited iterations, but it fails due to memory limitations
on the computer. The maximum number of iterations we
can complete in order to achieve the desired outcomes is
N =100000. However, as seen in Figure 6, the ratio of
instantaneous speed results is not graphically distinct
when N =5

4.3. Graph Plotting

Next, we want to examine the behavior of convergence
for every easiness to flow F, level. From Tables 1-5, we

plotted the location X /L as x-axis and instantaneous
speed ratio as y -axis. The first iteration S, till fifth

iteration S5 as well as the theoretical speed

ratio-distance graph are presented in Figures 2-7 as
follows.

3.0 —yp—F0=050
a 2.5 —tp— FO=070
p= ' —e—F0=100
E 2.0 FO=3.00
1
0.5
0.0
g5 %001 02 0.3 0405 0.6 0.7 0.3 O
Location X/1
Figure 2. Speed ratio vs distance for the first iteration S, at

F, =0.50,0.70,1.00,3.00,5.00 .

3.0
2.5
2.0

Speed Ratio
[T
o in

2 9
o in
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—— FO=0.50
—a— FO=0.70
—p F0=1.00

FO=3.00
e F0=5.00
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Figure 4. Speed ratio vs distance for the third iteration S, at

F, =0.50,0.70,1.00,3.00,5.00 .
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Figure 5. Speed ratio vs distance for the fourth iteration S4 at

F, =0.50,0.70,1.00,3.00,5.00 -

Speed ratio vs distance for the second iteration S, at
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Figure 7. Speed ratio vs distance in theory. Adapted from Reddy in [1].

4.4. Discussion

Figure 2 shows that the speed ratio—distance graph for
the first iteration (n =1). The ratio of instantaneous speed

values as per equation (6) is shown in dotted lines joining at
the location X /L . From our observations, there are
negative values of instantaneous speed ratio from
X /L=09meters until X /L =1.0 meters for F; =0.50
and £ = 0.70 . The negative values do not specify that the
vehicles are heading backward or in the wrong direction.
In Figures 3-5, we can see that all the lines of easiness to
flow F levels intersect at approximately in the middle of
the graph at L/2=92.5 meters. If we compare Figure 3
to Figure 5, certain significant variations are apparent.
Figure 6 shows the instantaneous speed ratio-distance
graph for the fifth iteration (n=5). As we can see the
graph in Figure 6 provides the predicted graph as seen in
Figure 7.

Based on Figure 6, at the higher levels of F, i.e.

F, =1.00, 3.00and 5.00, they appear to converge faster

and have stable value at almost 1. This is because the
vehicles are driving slowly due to intense traffic. However,
Figure 6 reveals that if we add the number of iterations »

The Behavior of the Instantaneous Speed Ratio at Merging Area of Traffic Flowing on Federal Highway

to 5 then the ratio of instantaneous speed does not show
much difference after N is equal to 5. We also can see

the errors |S5 —S4|are inclined to 0 (see Table 1). At

lower levels of F, ie. F,=0.50 and 0.70, Figure 6

displayed that the ratio of instantaneous speed values
converges more slowly to the desired solution. Besides, at
lower levels of F, ie. F,=0.50and0.70, the vehicles

are not moving at uniform speed along the location
(X /L) of highway. It is attributed to the drivers having at
least 1/50f L/2to slow down their cars to prevent a
collision.

In this paper, X/L=0.41is obtained from 1/5 of
L /2 from the starting point of location (X /L) . Figure 6

shows that the detailed graph on the Federal highway at
Kilometer 32.9 from Kuala Lumpur to Shah Alam
achieves the specification to minimize the collision. The
ratio of instantaneous speed is observed to be below 1.39

(<1.39) for the higher levels of Fie. F,=1.00, 3.00
and 5.00 at X /L =0.4 (see Table 2).

Table 2. The ratio of instantaneous speed when X / L = 0.4 for every
easiness to flow F .

Instantaneous Speed Ratio

FO

S, s, S, s, S,
0.50 1.66 1.54 1.52 1.51 1.51
0.70 1.54 1.49 1.49 1.49 1.49
1.00 1.39 1.39 1.39 1.39 1.39
3.00 1.08 1.08 1.08 1.08 1.08
5.00 1.04 1.04 1.04 1.04 1.04

Figure 7 shows the theoretical speed ratio -distance
graph. The particular location (X /L) along the highway
is varied in increments of 20 meters. We found a few
similarities in comparing the graphs in Figure 6 to Figure 7.
In Figure 6 and Figure 7, we observe that the ratio of
instantaneous speed approaches unity whenever the levels
of F get higher or close to 5.00. Other than that, as the
levels of easiness to flow F, increase, the ratio of
instantaneous speed decreases in the portion of the
highway from 0 to L/2=0.5 and continuously decreases
from L/2=0.5to L=1.0. The ratio of instantaneous
speed at location 0.4 is less than 1.4, according to the

conceptual graph in Figure 7. Based on Figure 6 and Table
2, the ratio of instantaneous speed is less than 1.39 at
X /L=04.Tt can be deduced that the ramp area on the
Federal highway at Kilometer 32.9 from Kuala Lumpur to
Shah Alam is good and achieves the criteria in reducing the
collision.

5. Conclusion

This study focused on the idea of compressible fluid
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viscous flow in one dimension. This theory defines the
movement of traffic as similar to the movement of fluid or
gas. We resolved the continuous flow model for the traffic
of the right-hand drive. In the continuous flow model, the
pressure potential principle offers a strong theoretical basis
to describe the variation of the speed ratio on the merging
area. In order to determine the ratio of instantaneous speed,
the easiness to flow is used as a dependent variable.
Overall, the ratio of instantaneous speed displays
slower convergence at lower levels of £ i.e. when

F, =0.50 and 0.70. But, the ratio of instantaneous speed
shows a faster convergence at higher levels of F| i.e.
F,=1.00,3.00 and 5.00 . We concluded that the

traffic’s instantaneous speed ratio on the selected area is
sufficient to avoid traffic accidents. It is proven by the
obtained value of the ratio of instantaneous speed i.e. less
than 1.39 at the location X /L =0.4. This value agrees with
the value as proposed by the theoretical model i.e. less than
1.4.

The results of this study include a deeper interpretation
of both the continuous flow model and the approaches used
to enhance the design of the entrance ramp. The findings
obtained are essential for the assessment and
decision-making of the configuration of the traffic flow.

For the recommendation of future studies, we suggest
to study a new parameter other than instantaneous speed
ratio and easiness to flow that we can measure in
evaluating the car theories and models. Other than that,
we recommend the study of the theory that relates with the
reasonable range level of easiness to flow. Furthermore, it
is also suggested to calculate the instantaneous speed ratio
for different other locations of ramp area in order to make
conclusion on the efficiency of ramp design. Lastly, it is
suggested to further the studies to explore the stochastic
flow model that may give the desired results through a
statistical approach.
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