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Abstract— At the macroscopic perspective, traffic analysis requires the knowledge of Fundamental Diagram, which involves the
relationship between the variables of density, flow, and speed. As one of the macroscopic traffic flow variables, density can be derived
by several approaches. At first, the density of traffic was measured over space, which difficult to be collected mainly in the long
section of the road. Therefore, the density variable was simply derived from the fundamental relation of macroscopic traffic flow
variable. By this method, the individual speed and flow variable are required in the local measurement. Both traffic density and flow
will apply the concept of PCU, which refers to the Indonesian Highway Capacity Manual, 1997 to consider the different characteristic
of the vehicle. In the mixed traffic of developing countries, providing traffic data was difficult due to the limitation of the traffic
sensor infrastructures. Frequently, providing density variable relies on the sample data for speed analysis. In the present study, the
estimation of density will focus on the local measurement over a time interval. By using individual data, density is proposed to be
measured directly over time, in which the equation can be modified to utilize the sample data. The number of sample for speed
analysis will be varied to know the accuracy and the performance of each approach in the density estimation of mixed traffic. Several
approaches for density estimation will be summarized and compared each other. Theoretically, the estimated density which measured
over time and space by using individual data can provide the most appropriate result. So, this estimated density will be established as
an actual density throughout the study. Then, the performance of each approach either using individual or sample data will be
evaluated upon the actual traffic density by mean absolute percentage error (MAPE). The result shows by using the same trap length
to measure the speed, the existing and the proposed approaches provide a good estimation of density either by utilizing individual
data or sample data of the vehicle speed. This result was indicated by the MAPE value, which obtained under ten percent. Based on
the further evaluation of the MAPE value, the performance of each approach was changed by utilizing the different category of data.
In addition, estimation of traffic density which utilizes the sample data of vehicle speed has good reliability.
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analyzing the traffic at the macroscopic perspective. Taking
[. INTRODUCTION the measurement of macroscopic traffic flow variables can
be distinguished based on the concept and the measurement

a country. In Asian developing countries, the high growth interval [1]. Tﬂe crc])ncept was vfarlec:]_ ?cco_rdlngrj] to tpf_e
targets to be achieved by government causes the demand fgesponse to the characteristic of vehicles in the traffic
transportation was increasing rapidly. The increasing of ana!yS|s, such length of the vehicle and prOJe(_:ted area of the
transportation demand led to the traffic congestion and v;ahm]g d['2]_[5]h. And the meaSl(ere_ment mtelrval V}/as
safety. In the urban area, the space for the infrastructure$'assified into three: time, space, and time-space interval.
was limited while the automobile was growing faster. So, Generally, _the roa(_JI faqlltles |n_the developing countries
this condition requires the ability to optimize the utilization v;/]ere hot equipped V]:"tﬂ fixed traffic s_enso;_ Itfrlnakes t_alglng
of the current infrastructure by managing the traffic itself. the measurement of the macroscopic traffic flow variables
Essentially, planning, design, and operation of the more d|ﬁ_‘|cult. The _vehlcle is (_:ounted_manually by direct
transportation system require the knowledge of fundamentaIO??Frvat'on (t)J b% video f?CO.;F"”g- Taktl)Tg thgrrr]neﬁsurement
traffic flow characteristic: flow, density, and speed. These of flow variable has no significant problem. The flow was
three variables were known as the macroscopic traffic flow measured over time at a specific cross-section of the road. It
variable. These variables were necessary to be acquired fo

Transportation has a major role in the economic growth of

Is different for the density, which measured over space at
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any time instant. By the existence of sensor infrastructure in The video data will be converted into image data for 10
developed countries, taking the measurement of density oveframes per second, then the arrival time and departure time
space was considered more difficult. Due to the difficulties, for each vehicle will be recorded. The individual data will be
providing the density variable was developed by a different shown for every minute. All the motorized vehicle in the
approach, where each approach will lead to the differentshare of traffic will be classified into three categories:
estimated density value. The most convenient approach isnotorcycle (mc), passenger car/light vehicle (lv), and heavy
derived density from the fundamental relation of vehicle (hv).
macroscopic traffic flow variable. The estimated density by _ i _
each approach may deviate from the actual density. B. Macroscopic Traffic Flow Variables

Briefly, this study focuses on investigating the approaches At the macroscopic perspective, three main variables:
to derive the proper density in the mixed traffic by using density k, flow rate g, and mean speed are always
sample data in the local measurement. So, the density will beconnected by the identity relation of Fundamental Diagram
estimated by a different approach. Basically, it was not in the Equation (1).
known yet clearly which kind of approach can represent the g=klu (1)
actual traffic density in the most appropriate. Defining the . . )
approach for estimating the actual density was required to be 1hiS fundamental relation shows that knowing two
established as the reference to assess the performance of tif@riables automatically leads to the third. There are three
other approaches. Theoretically, a density which measuredifferent ways to represent the relationship between the
over time and space interval can provide the best-estimated"@croscopic variables in the two-dimensional diagram:

value to represent the actual traffic density variable. This 9=Q(K), u=U(k), and u=U(q). Generally, these three
approach utilizes the individual data. Then, the effect of relations were plotted to show the capacity flow and describe

different approach can be shown by comparing eachthe condition c_)f traffic, where the relaticq:FQ(!() betvx_/eer_1
estimated density either utilize the individual or the sample flow and density was the most often used. Simply, in single
data of vehicle speed. The analysis result will show which '€9ime model, traffic was distinguished into two:
kind of approaches can provide a small error as compared t¢!ncongested phase and congested phase, which separated

actual density. Finally, the proper approach to estimate thevertically at the critical densitl. in thex-axis. The point of
density variable in the mixed traffic can be obtained. critical densityk. in thex-axis will provide the capacity flow
in they-axis. In share of the road, the characteristic of traffic

either at microscopic or macroscopic perspective was
influenced by all surrounding stationary and moving objects

In the present study, two approaches are proposed tqyehicles, median, and roadside activities). In addition, the
estimate the actual traffic density over time for utilizing the aqverse weather like rainfall in most developing countries
sample data. Then, several existing and the proposedysq affects the microscopic and macroscopic traffic flow
approaches will be compared to estimate the actual traffic,5iaples such as headway, density, flow and speed [6], [7].

Il. MATERIAL AND METHOD

density variable based on the field observation data. The effect of the adverse weather in the traffic characteristic
A Field Data confirmed that this factor induced the reduction of road
' capacity [8].

In_ this study, field data were coIIec_ted at a mid-block Basically, it was widely known that the traffic flogvwas
section of two-lane urban road with a width of 8.7 meters in measured directly over time and densityvas measured

Makassar, Indonesia. Since the Indonesian highway was Nof, v snace by the Equation (2) and Equation (3) respectivel
equipped with the sensor infrastructure, the traffic data will P y q ) a (3) resp y-

be collected manually by video recording. The traffic _n @)
condition of Urip Sumoharjo Street was observed through q TAT
video camera from the pedestrian bridge ofi @ptember m
2013 at 08.30-11.30 a.m. in sunny conditions. The 3)

observation of traffic considers a short section of a road as AX
the detection zone with 8.8 meters in longitudinal length as\yheren - the number of the vehicle that passes a Cross-
seenin Fig. 1. section of the road during a time interdl; m - the number

of the vehicle across a road section witK length at an
instantaneous time.

In the third variable, the speedcan be defined into two
different measurement intervals as used to define the traffic
density and flow variable. By satisfying the fundamental
relation in the Equation (1), the speedin the local
measurement can be expressed by the Equation (4). It refers
to the term of the space mean speed or also known as the
harmonic mean of the individual speeds. And, in the
instantaneous or measurement of space, the spead be
expressed by the Equation (5).

LA 4
Fig. 1 Detection zone of the observation area
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n n flow variable at three different intervals can provide a
similar result under homogeneous and stationary condition.
Zi (}\//j zms(%j In the local measurement with a time intervdl at the
' ' specific point, density variable can be directly observed. In
_ ZiVi ®) the reality condition, the measurement over space interval
u= m and time interval may differ each other. The relation

wherev, - the speed of vehiclie n, - the number of vehicle between both intervals has been investigated by the earlier

sample that passes a cross-section of the road during a timetudy ~Wwhich —analyzes the relating time-occupancy
interval AT. measurement and space-occupancy measurement [12]. It

At the macroscopic perspective, density variable was shows that the location of time-occupancy measurement

often used to describe and model the actual traffic state withalong the section of road has an influence on the resulting

the flow variable. Density is a traffic measure which estimation bias. . .
explains the extent of usage of road space by vehicles. By understanding the concept of measurements interval of

Density is the other term of concentration which used _macrosc_opic raffic flow variable, qlensityin_ PCU OVer Space
interchangeably as one of the macroscopic traffic flow in Equation (6) can be expanded into the time-space interval

variables. Traffic density can be derived by several [13], [14]. In the measurement over time and space, the

approaches. In the earlier study, a comparative evaluation OEZT;ESQ (%f density in PCU can be expressed in the

density estimation method in India has been conducted [9],
[10]. The study compares several methods to derive density _ zj (a,’ Dzmj (ti )) 7
by assuming the traffic under a homogeneous condition in k= AT [AX (7)
the vehicle unit. So, the different characteristic of the vehicle
was not considered yet in the comparison. The estimatedN .
: : easurement intervAlT andAX.
density over space was established to represent the actud . -
: : In the other measurement interval, the definition of
density, which used to assess the performance of the other,

estimation method. In the measurement of space, densitydenslty in PCU which measured over time and space as seen

' . in the Equation (7) can be transformed to obtain density over
was defined as the number of vehicles observed for a,. . .
. ; . . . time [1]. It can be expressed in the Equation (8).
specified length of road at a given time instance. At first,

heret; - occupied time or time spent by the vehicta the

density considers neither the length nor the width of the Z(a_ E (% D
vehicle. If similar types of vehicles are traveling on the road, k= ! AV ®)
density gives a fairly accurate measure of traffic quality. AT

Density, expressed as a number of vehicles per unit length of | the other approach, density can be derived by using the

roadway, is valid only under highly homogeneous traffic jdentity relation of Fundamental Diagram as shown in the
conditions, wherein the difference in individual vehicle Equation (9).

speeds and vehicle dimensions are negligible. In practice,

however, even under homogeneous traffic conditions, there k = (9)
are significant differences in the term two characteristics

(speed and dimension) of vehicles. Therefore, it is important Basically, the Equation (9) was developed in
to consider the characteristic of the vehicle in the traffic homogeneous traffic [15], [16], even though it still valid for
analysis. The passenger car unit or PCU is one of thethe mixed traffic condition [17]. In this approach, density
concepts, which has proposed to incorporate the can be derived by defining the flajpand speed in advance.
characteristic of the vehicle in the traffic analysis. This Basically, the flow variablg is measured directly over time
concept was also known as passenger car equivalent (PCEhich has widely known as seen in the Equation (2). By
which first specifically addressed significantly in Highway adopting the concept of passenger car unit, the flow can be
Capacity Manual 1965 [11] to distinguish the characteristic modified as seen in the Equation (10).

cC o

of truck and passenger car. Z (O’J- (h,
In order to consider the characteristic of vehicles in the q == - (10)
traffic analysis, the concept of PCU will be adopted to define AT

the macroscopic traffic flow variable. By adopting the Where,n, nj - the number of vehicle/vehicle categgrshat
concept of passenger car unit, dengityver space can be passes a cross-section of the road during a time intafval

expressed by the Equation (6). 0; - passenger car equivalent of a vehicle category
Z a n The definition of speed refers to two formulas as seen in
Kk=<=1""! " (6) the Equation (4) and Equation (5). These two equations are
AX quite different and provide the correct definition by different

where m, my - the number of vehicle/vehicle categojry measurement interval. In the local measurement, the mean

across a road section withX length at the instantaneous speed over a time interval is the harmonic mean of the

time; a; - passenger car equivalent of a vehicle category individual speeds. In the homogeneous condition,
Since, taking the measurement over space is difficult, substituting the Equation (2) and the Equation (4) into the

providing density are developed to be derived from the otherEquation (9) will lead to the definition of the density over

approach. Theoretically, density variable can be obtained bytime, which expressed by the Equation (11).

the other measurement interval: time interval and time-space

interval. Taking the measurement of macroscopic traffic
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TABLE |
Zi % PASSENGERCAR EQUIVALENT VALUE
=~ 1 (11)

AT Type of Vehicle PCE-Value
Since, the PCU concept was adopted to estimate density Ll?/écr)]tto\r/%y;]:itele(l\(/lLC\:/)) 01'4
variable, defining the speadmay be different. Some argue Heavy Vehicle (HV) 13

that by using sample data, the weighted average individual
sr|]oeed as seen in thedE(jganon (12) was more appropriate |, yhe mixed condition, estimating traffic density in PCU
than space mean speed [18]. by using individual data can provide a better description of

Z_(n. DT) — z . (V|) the actual condition of ftraffic density. Since the

— &V T &S (12) L . .
u= ( ) Vi T, characteristic of mixed traffic does not follow the lane rule,
zl i is density will be estimated per direction of the road. The

Approach 1 that will be adopted to estimate the density is

whereV; - the average speed of vehicle categorgs - measured directly over time and space as illustrated in Fig. 2.

number of sample of vehicle categgrthat passes a cross-
section of road per time unit. N R

In case using individual data,s will be equal to the.
So, the definition of mean speed in the Equation (12) will be |
equal to the normal arithmetical average individual speed in
the time interval or also known as time mean speed as see

in the Equation (13).
D) B N ()
u= ou==_ 13)
zj (nj ) n

The term of time mean speed in the Equation (13) and the
mean speed in the Equation (5) are different. The mean
speed in the Equation (5) is derived from the instantaneoug Ve ti ///;7/ S/
measurement in space interval, and time mean speed i =/// // /// ;/‘
derived by the local measurement in the time interval. So, in| ——= Tt tir trias e b
a homogeneous condition, acquiring the density by using the terws: T fesl” ° '
time mean speed in the Equation (13) does not satisfy th Fig. 2 Traffic density Ovefzi"me and space L
identity relation of Fundamental Diagram.

zg&

| bé’é

NSNSy

|
=R--T
1

, . N In Fig. 2, the actual traffic density will be estimated in the
C. Traffic Density Estimation measurement area which shown by the shaded area of the
As one of the macroscopic variables, density variable is two-dimensional diagram. In the measurement area over a
used to describe and estimate the actual traffic state. So, fime intervalAT and space intervaX, density in PCU can
makes providing the proper density variable was gettingpe defined by the Equation (7) in the previous section.
necessary to obtain the appropriate model for estimating theaccording to the illustration in the Fig. 2, the time spent by

actual traffic state. In the present study, the new approach i ahiclei on the measurement interval andAX, (t) can be
proposed to determine density in the mixed traffic condition. expressed by the Equation (14).

The performance of several approaches for density

estimation will be summarized and evaluated. A case study t = mir(ti 2 ,T)— ma><(ti ’l,(T —AT)) (14)
of traffic in Makassar, Indonesia will be conducted for this Where,ti 1, t;, - the arrival and departure time of vehitlia
comparative study. The individual data were required for the he getection zone.

analysis, where it will be utilized to derive the macroscopic |, the Equation (14), the arrival and departure time show
traffic flow variable: density, flow, and speed for every ihe time when the trajectory line of vehidlget the entry

minute. In the analysis or study of mixed traffic, the point and the exit point of the detection zone respectively.
characteristic of the vehicle was getting more important to Tpe Approach 1 can be adopted by substituting the Equation

be considered due to the large variation in the share of thej4) into the Equation (8), which requires the individual data
road. In order to consider the characteristic of the vehicles ingy; traffic density estimation. By utilizing the individual data

the traffic analysis at_ macroscopic perspective, the concept, ihe time-space interval, the Approach 1 can provide the
of Passenger Car Unit or PCU will be adopted to express thénst appropriate estimation of the actual traffic density.
traffic density and flow variable. In the present study, the  Taking the measurement of traffic density, which involves
acnrcept ch: pascengl\jr ca: ulngl)t97referrs]_ LO Lhe Indor!esg;mthe space intervabX is difficult, especially for the long
ighway Capacity Manual, 13997, which the motorized oo inn of road. Due to the difficulties of the measurement,
vehicle in the share of traffic will be classified in three density over a time intervalT become an alternative to be

ﬁgf\?or\'lzi:iCEOttl)gcy%%nssr_stisfn%e"r vceahrictl)ers“?ntlt) Ve;s'ggn agrdused for traffic analysis. So, the present study will focus on
y [19]. 9 P 9T the approaches for density estimation in the local

car will adopt PCU value as shown in Table 1. measurement at the specific point or a short section of road.
At first, density over time was derived from the identity
relation of Fundamental Diagram as shown in the Equation
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(9). By adopting the Equation (9), two other approaches for Briefly, in this study, density variable will be estimated by
density estimation can be derived by a different definition of six different approaches, which summarized in Table 2.
speed. The Approach 2 and 3 adopt the space mean speed asThe basic concept for traffic density estimation which
the Equation (4) and the weighted average individual speedadopted each approach in Table 2 can be explained as the
as the Equation (12) respectively. The Approach 2 and 3 carfollowing:

be expressed by the Equation (15) and Equation (16), where
both equations can utilize the individual and sample data.

:zj(ai mj)DZiDSK}Q)
AT ng
ZJ(ai |]]J)D Zj(nj)
AT

Z{n_ BL(V)J

(15)

] nj,s
As mention earlier, traffic densitly also can be directly
measured over time by the Equation (8). So, in the Approach
4, the Equation (8) will be adopted to estimate density over
time, however this equation only suitable for utilizing the
individual data. Since providing the individual data was

difficult, utilizing the sample data is another option to
provide density variable. Therefore, in the present study, the
Equation (8) is proposed to be modified for utilizing the
sample data by the Equation (17).

- Approach 1: traffic density will be estimated by taking

the measurement directly over a time inte#@land
space intervahX.

« Approach 2: traffic density was derived from the

identity relation of Fundamental Diagram by using the
harmonic mean speed.

« Approach 3: traffic density was derived from the

identity relation of Fundamental Diagram by using the
weighted average individual speed.

« Approach 4: traffic density will be estimated by taking

the measurement directly over a time intedval

« Approach 5: the concept was derived by modifying

the Approach 4, where the normal arithmetical
average will be adopted to utilize the sample data of
vehicle speed.

- Approach 6: the concept was derived by modifying

the Approach 4, where the harmonic mean will be
adopted to utilize the sample data of vehicle speed.

TABLE I
APPROACH FORDENSITY ESTIMATION

zj (aj d%] The approach for density estimation
=\ 7 N\, .
k AT (17) Approach 1 Kk = ZJ ( J lim] ('))
_ _ _ AT [AX
where v - the mean speed of vehicle category
In the Equation (17), two approaches for density Approach 2 Zj (a'j Dhj) Zims(%j
estimation can be derived by defining the mean speed of k= AT E n
vehicle categoryj differently. The mean speed can be s
represented by the normal arithmetical average of individual z (a'j Dhj) Z (nj)
speed as the Equation (18) and the harmonic mean speed as k== B :
the Equation (19). Approach 3 AT 3 [ Z iDJ.’S(Vi)
) A
Vi _T @ilﬂj,s Vi (18)
].S
— N Approach 4 K= Z, (al Dzmi (% D
Vi = Z ( j (19) AT
idj,s %i z a. O nj‘S
By substituting the Equation (18) and the Equation (19) |  Approach 5 i E —(v)
into the Equation (17), the Approach 5 and 6 can be k= 1015
formulated as the Equation (20) and the Equation (21) AT
respectively. 1
0 n s Approach 6 zJ' a; N @iDJVS(%i)
2, @ m, BW k= o
k - idj,s (20)
AT Several approaches in Table 2 will be applied to estimate
0 1 the traffic density by using the individual data (ID) and
Zj a; U, Eln. @iuj,s %i sample data (SD) of vehicle speed. In addition, the accuracy
= LS (22) of sample data of vehicle speed to provide the density
AT

In case using individual datays will be equal to they. It
makes the Equation (21) will be equal to the Equation (8).
Therefore, estimating the traffic density by the Approach 6
and 4 using individual data will produce a similar result.
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variable will be investigated throughout this study. In the
present study, a sample of vehicle speed will be selected
randomly from the individual data aided by a computer
program. The category of sample data will be varied, which
has a different number of each vehicle type. The number of



sample for each vehicle type was varied to know the
performance and the limitation of the approach to estimate

[ll. RESULTS ANDDISCUSSION
In the present study, the observed data were analyzed to

density by utilizing the sample data. There will be 10 yerive the traffic density by several approaches for every

categories of sample data, which will be utilized in the

present study as seen in Table 3.

TABLE Il
VARIATION OF NUMBER OF SAMPLE DATA

minute. By the one-minute interval, there are 148 observed
data, which have been collected during three-hour
observation. The remaining data were not used due to the
error at the collecting stage. Briefly, the condition of traffic

Number of samples during the observation period can be described by plotting
Type of data MC XY av the density and flow variable in the two-dimensional
Sample data 1 (SD1) 5 2 2 diagram in Fig. 3.
Sample data 2 (SD2) 5 3 2
Sample data 3 (SD3) 5 5 2 90
Sample data 4 (SD4) 5 7 2 _
Sample data 5 (SD5) 5 9 2 ERA e}
Sample data 6 (SD6) 10 5 2 5 60
Sample data 7 (SD7) 15 5 2 E
Sample data 8 (SD8) 20 5 2 £ 45
Sample data 9 (SD9) 7 7 2 § 30
Sample data 10 (SD10) 9 9 2 ;
& 15
In Table 3, the sample of a heavy vehicle will not be =
varied like two others vehicle. Since the share of the heavy 00 0 ol 02 03 0.4 0.5 0.6
vehicle was not significant, the number of samples were ' ' D'cnsity (PéU/m/roaﬁ) ’ ’
established equal to the number of the vehicle for each timg

interval and no more than two vehicles. The number of the Fig. 3 Density-flow plane

sample may change between one and two vehicles and fixed

for all categories of sample data. Therefore, the effect of a In Fig. 3, the traffic flow was measured over time, and
heavy vehicle will not be much discussed throughout the density was estimated by the Approach 1, where both
study. By using several approaches in Table 2 to utilize thevariables are presented in passenger car unit for every
different Categories of data in Table 3, there will be 44 minute. The Flg 3 shows Slmply that the condition of traffic
different values of estimated density. All the combination of data during the observation period was mostly in the

the traffic density estimation can be seen in Table 4. uncongested phase. In addition, the composition of traffic
TABLE IV during the observation period is shown in Fig. 4 and Fig. 5.

COMBINATION OF ESTIMATED DENSITY

The approach for 140
densitS%stimation Type of data o 120 O% oo
Approach 1 ID 2 100 CDO%%%TO% © 5o O oo -
ID, SD1, SD2, SD3, SD4, SD5, SD6, > g0 [P0 0P e 8 05 0O
Approach 2 SD7, SD8, SD9. SD10 5 e @R © o:é%oo X %ﬁ%@o%pﬁ
ID, SD1, SD2, SD3, SD4, SD5, SDS, 2 © 0o, o Q)%b e
Approach 3 SD7, SD8, SD9, SD10 £ 40 Y
Approach 4 ID 20
Approach 5 SD1, SD2, SD3, SD4, SDS, SD6, g
SD7, SD8, SD9, SD10 SERITEREIEEEEEZS
Approach 6 SD1, SD2, SD3, SD4, SD5, SDS, Time (Minute)
SD7, SD8, SD9, SD10 OMC LV AHV

The effect of sample data on the performance of each
approach will be evaluated. All the estimation value of
density by different approaches will be compared. In the
comparison, the density value which measured over time an
space by using individual data will be considered as an
actual value. Then, the error of density value by the other

approaches can be shown by the statistic measurements

Mean Absolute Percentage Error (MAPE), which expressed
by the Equation (22).
MAPE _1 DZN Xactual i ~ Xwimated,i‘
N = Xactual,i ‘
where X,wa; - the estimated density by the Approach 1,
which utilize the individual data at period Xegimatedj - the
estimated density by the others combination at périod

(22)
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Fig. 4 Traffic composition

In Fig. 4 and Fig. 5, the number of the heavy vehicle was

cpot significant which ranges below one percent of the share

of the road. On the other hand, both Fig. 4 and Fig. 5 show
that the motorcycle dominated the share of traffic more than

60% of the total vehicle. On average, the ratio between

motorcycle and passenger car is around 3.5:1. In Fig. 4, the
number of the vehicle are fluctuated over time, which induce

the variation of sample rate for each category of sample data
in Table 3. On average, the sample rate of motorcycle and
passenger car/light vehicle in several categories of sample
data can be seen in Table 5.



100%
80%
60%
40%

20%

Traffic Composition (%)

0%

Time (Minute)
OoMC 8LV BHV

Fig. 5 Proportion of vehicle for each category

Table 5 provides the additional information about the

sample number of motorcycle and passenger car, which

established in the present study. The sample rate in Table
will not be much discussed throughout the study, but it still
useful to provide a simple description of how big the sample
as compared to the real traffic. According to the Table 4,
several estimated values of traffic density will be obtained

by the different approach and category data. Then, all the
estimated density is evaluated and compared each other. A

mention earlier, the traffic density which estimated by using

the Approach 1 will be compared to the other approaches tq

provide: mean absolute percentage error (MAPE). The
MAPE value for all estimated density in different approach
and type of data can be seen in Table 6.

TABLE V
SAMPLE RATE OF CATEGORY OFSAMPLE DATA

Sample Rate
Type of data MC LV
Sample data 1 (SD1) 7% 9%
Sample data 2 (SD2) 7% 14%
Sample data 3 (SD3) 7% 23%
Sample data 4 (SD4) 7% 32%
Sample data 5 (SD5) 7% 42%
Sample data 6 (SD6) 14% 23%
Sample data 7 (SD7) 21% 23%
Sample data 8 (SD8) 28% 23%
Sample data 9 (SD9) 10% 32%
Sample data 10 (SD10) 12% 42%

TABLE VI
MAPE VALUE OF ESTIMATED DENSITY

Type of data . The appgroach for:lensity e:timation -

1D 3.29% 9.05% 1.32% - -
SD1 8.01% | 9.65% - 7.689 8.47%
SD2 7.17%| 9.62% - 6.959 7.52%
SD3 6.80% 9.62% - 6.549 6.72%
SD4 6.89% 9.64% - 6.529 6.37%
SD5 7.35% 9.67% - 6.519 6.19%
SD6 5.27% 8.83% - 5.879 5.51%
SD7 4.94% 8.19% - 5.649 5.25%
SD8 4.88% 8.21% - 5.469 5.02%
SD9 5.78% 8.97% - 5.829 5.67%
SD10 5.40% 9.10% - 5.83% 5.07%
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The statistic indicator in Table 6 will be used to evaluate
the performance of each approach either using individual
data or several variations of sample data of vehicle speed.
The result shows the variation of the performance of each
approach by the change MAPE value for all categories of
data. Generally, all the approaches which used to derive the
traffic density have a good performance. It was indicated by
the MAPE value, which obtained under 10% as compared to
estimated density over time and space interval. The
evaluation of all estimated density can be more
understandable by plotting the MAPE value into the chart
which clustered over the approach and type of data as seen

in Fig. 6.

SD1 SD2 SD3 SD4 SD5 SD6 SD7 SD8 SD9 SD10

10%

8%

6%

MAPE (%)

4%

2%

0%
ID
B Approach 2 ® Approach 3

Approach 4 ® Approach 5 © Approach 6

Fig. 6 MAPE value of estimated density

In Fig. 6, the analysis result shows that the Approach 3
has the lowest performance, which indicated by the highest
error for all the variation of the type of data. Naturally, it
shows clearly the more sample data, the better of the result
of traffic density estimation. It was indicated by the trend of
MAPE value of each approach decreased between SD1 and
SD8, where the number of samples was increased.

In addition, the result in Fig. 6 shows that utilizing the
sample data by several approaches was reliable to estimate
the traffic density variable. The accuracy of sample data can
be evaluated for each approach by comparing the MAPE
value between the individual and the sample data. In the
Approach 2, the MAPE value by utilizing the individual data
is 3.29% and utilizing the sample data provide the highest
and the lowest MAPE value: 8.01% and 4.88% for the SD1
and SD8. So, the difference MAPE value by using a small
sample data is about 4.72%. The trend in the Approach 3 is a
little bit different, where the MAPE value of individual data
is less than several categories of sample data: SD6, SD7,
SD8, and SD9. Utilizing these four-sample data by the

Approach 3 can estimate the density better than utilizing the

individual data. From the results obtained, the performance
of the Approach 3 cannot be fully explained yet. At least, the
low performance obtained by the Approach 3 confirmed the
earlier statement that adopting weighted average speed to
utilize the individual data will lead to the definition of time
mean speed. The time mean speed is never less than space
mean speed as should be used in the local measurement to

satisfy the identity relation of Fundamental Diagram. In

principle, the other approaches which adopted to estimate

the traffic density, are satisfying the identity relation of



Fundamental Diagram. Therefore, the estimated density bythe Approach 6 has better performance for density
the Approach 3 will be higher than any other approach. estimation. Moreover, the trend was different for the
For more detail analysis, the performance of each Approach 2 and 3. In the Approach 2, the trend was changed
approach to utilizing the individual data and sample data will in the category of SD4 and SD5. In both categories of SD4
be evaluated separately. The MAPE value of each densityand SD5, the number of sample for passenger car was more
which estimated by several approaches to utilize thethan the motorcycle, in which the individual data shows the

individual data can be seenin Fig. 7.

opposite in the earlier discussion about traffic composition.

MAPE (%)
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8%
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4%
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0%

Approach 2 Approach 3 Approach 4

Fig. 7 Estimated density using individual data

This case illustrates the limitation of the Approach 2 for
density estimation, where the number of sample for each
vehicle category should notice the composition of traffic.
And for the Approach 3, the increasing of the sample for
passenger car does not provide a significant difference in the
MAPE value.

Furthermore, the MAPE values of the Approach 5 and 6
in the data categories of SD4, and SD5 did not change
significantly as compared to previous category SD3. So, it
means, taking 5 samples for a passenger car as used in
category SD3 is quite enough to represent the overall speed
of this vehicle type. This specific number was affected by
the average of individual data for the passenger car.

In the further evaluation, the performance of several
approaches will be compared in the category of sample data:
SD3, SD6, SD7, and SD8. In these categories, it will

In Fig. 7, the result shows that the Approach 4 can consider more sample of the motorcycle. The number of

estimate traffic density over time very well with lowest sample for the motorcycle will be varied by 5, 10, 15, and 20
MAPE value: 1.32% as compared to the Approach 2 andyepicles and sample for the passenger car was fixed with 5
Approach 4 by 3.29% and 9.05%. And, for utilizing the yenjcles. The MAPE value for all approaches can be seen in

variation of sample data, the performance of severalfig g

approaches will be evaluated separately by different type of

sample data. At first, the approaches will be evaluated in th
category of sample data SD1, SD2, SD3, SD4, and SD5. In
these three categories, the number of sample of thg
motorcycle was fixed with 5 vehicles and sample for the

10%

8%

9.62%

8.83%

8.21%

passenger car will be varied by 2, 3, 5, 7, and 9 vehicles. By & ,, N
utilizing these categories of sample data, the MAPE value 2
for all approaches can be seen in Fig. 8. <Et 4% ( 4.88%
12%
2% 02%
10% 6.94% 5 5.46%
9.65% 9.62% 9.62% 9.64% 9.67% 0%
8% N1 SD3 SD6 SD7 SD8
- 8 i i g mA h2 mA h3 mA h5 =A h 6
é % 7 18% B 1 7.38% pproac pproac pproac pproac
[ :mc , IV , an vV N :mc , IV , an \Y N
g ., SD3 5), Iv (5), and hv (2); SD6 10), v (5), and hv (2
S 4% | & 52% 72% SD7: mc (15), Iv (5), and hv (2); SD8: mc (20), v (5), and hv (2)
3 37% 19% Fig. 9 Estimated density using sample data 3, 6, 7, and 8
2%
o 7.08% 6.93% 6.34% 6.32% 6.31% In Fig. 9, the Approach 2 provides better performance by
& - D2 SD3 SD4 — the lowest MAPE value in the category of sample data: SD6,
- Wy mA W3 mA W5 oA e SD7, and SD8. The result relates to previous evaluation
pproac pproac pproac pproac about the limitation of the Approach 2. The performance of

the Approach 2 was affected by the ratio of motorcycle and
passenger car in the sample data. The more similar the ratio
motorcycle and passenger car between sample data and
individual data, the better result will be obtained. On average
. in individual data, the ratio of motorcycle and passenger car
In_ Fig. 8, the result shows that both Approach 5 and 6Was 3.5:1. Therefore, by fixing the sample of a passenger car
provides a good performange, Whgre the trend of MAPEWith 5 vehicles and increasing the sample of the motorcycle
value was decreased by the increasing number of sample fOBy 5 10. 15 and 20 vehicles. the ratio of both vehicles will
a passenger car. In the first three categories of sample datéb'e in’crez;lsec,i by 1:1, 2:1, 3:1, ’and 4:1. It makes the Approach

SD1, SD2, and SD3, the Approach 5 has a better, . : . .
performance than the others, which indicated by the Iowestgn%wseSSa better result in categories of sample: SD6, SD7,

MAPE value. And the remaining categories: SD4, and SD5,

SD1: mc (5), Iv (2), and hv (2); SD2: mc (5), Iv (3), and hv (2);
SD3: mc (5), Iv (5), and hv (2); SD4: mc (5), v (7), and hv (2);
SD5: mc (5), Iv (9), and hv (2)
Fig. 8 Estimated density using sample data 1, 2, 3, 4, and 5
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In addition, the Fig. 9 shows that the MAPE values of the several categories. The performance of each approach varied
Approach 2, 5 and 6 in the data categories of SD7 and SD&y different category of sample data. The Approach 5 shows
did not change significantly as compared to previous highest performance in the category of data: SD1, SD2, and
categories SD6. So, it means, taking 10 samples for theSD3, which has a relatively small number of sample. In the
motorcycle as used in category SD6 is quite enough tosample data SD4, SD5, SD9, and SD10, the Approach 6
represent the overall speed of this vehicle category. Theprovides better performance than the others. And, the
representative number of sample was dependent on thé\pproach 2 was better in the sample data SD6, SD7, and
average of individual data for the motorcycle. SD8. Based on the evaluation, the composition of the vehicle

In the last evaluation, the performance of several sample affected the performance of Approach 2. Therefore,
approaches will be compared in the category of sample datadetermining the number of sample for each vehicle category
SD3, SD9, and SD10. In these categories, the number oin the Approach 2 should consider the actual share of traffic.
sample of motorcycle and passenger car will be set equal tofhere are several cases, which make the composition of
5, 7, and 9 vehicles. The MAPE value for each approach carnvehicle sample cannot match with the actual share of traffic

be seenin Fig. 10.

such as no initial information about the actual composition

of traffic, and the number of the sample is given or obtained

10%

9162%
910%

8% 897%
6%

4%

MAPE (%)

2%

0%

SD3

SD9

SD10

® Approach 2 Approach 3 ™ Approach 5 Approach 6

SD3: mc (5), Iv (5), and hv (2); SD9: mc (7), Iv (7), and hv (2);
SD10: mc (9), Iv (9), and hv (2)
Fig. 10 Estimated density using sample data 3, 9, and 10

In Fig. 10, the result shows that when the number of

by the other observed data: Probe and Bluetooth data. So, in
these cases, the other approaches are required to solve the
limitation of the Approach 2. In the present study, the
Approach 5 and 6 are proposed to estimate the density by
utilizing the sample data. Both the Approach 5 and 6
produce a better estimation of traffic density, which
indicated by the change trend of MAPE value to utilize the
different sample data.

Moreover, the accuracy of the estimation of traffic density
by utilizing the category of sample data was also acquired. It
shows that the estimation of the traffic density over time for
all approaches provides an error that not much different with
the individual data. Therefore, by the limitation of resources
to provide the traffic data, the estimation of density variable
by utilizing the sample data of vehicle speed was reliable.
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Approach 5 gives the lowest MAPE value. This case
confirmed the previous evaluation in Fig. 8. So, it can be
interpreted that in the relatively small sample, the Approach [1]
5 was better than the other, even the sample for motorcycle
and passenger car is equal. In Fig. 10, the MAPE value of
the approach 5 between the category of SD9 and SD10
slightly increased, where it should be decreased by the
increasing number of sample. The result informs that the [2]
same number of sample of motorcycle and passenger car
may affect the performance of the Approach 5 as shown in
category SD10, which has a relatively larger number of
sample.

(3]

[V. CONCLUSION

This study evaluates several approaches to derive the
density variables with passenger car unit in the mixed traffic [
condition. The result of this study shows that generally, all
the approach provides a good performance by the MAPE
value under 10 % on the same trap length for measuring thel[5]
speed of the vehicle. In more specific, the performance of
each approach can be examined based on the variation of the
category of data. By utilizing the individual data, the
Approach 4 has the highest performance to estimate the
density variable. And for utilizing the sample data, the [l
performance of each approach was examined separately in
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