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Abstract The stochastic behavior is a key factor influencing the current state
of vehicle flow in real-time traffic. This paper investigates the stochastic behav-
ior of real-time traffic flow for a section of road using probability distribution fit-
ting. Traffic flow data is collected through manual counts conducted at various
inflow and outflow points within the targeted area. One specific path within this
area, characterized by significant traffic congestion, is chosen for data collection
due to its potential to reveal stochastic parameters. Data collection occurs over
a week, from 7:00 to 19:00, at Nawabshah, Pakistan. MATLAB is utilized for fitting
different distributions such as Normal, Lognormal, Weibull, Gamma, and Expo-
nential, using probability plots of traffic flow data. Goodness-of-fit tests, includ-
ing Kolmogorov-Smirnov, modified Kolmogorov-Smirnov, and Anderson-Darling
tests, are conducted at a 95% confidence level to determine acceptance or re-
jection of hypotheses. The hypotheses are accepted for Normal, Weibull, and
Gamma distributions based on the test results. Among these three accepted dis-
tributions, the lognormal probability distribution demonstrates the best fit, as
indicated by the rank of p-values from the hypothesis tests.
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1 INTRODUCTION

Traffic flow of vehicles over the road is depends on the congestion or free flow, in developed countries
the intelligent transportation system is work for the betterment of road condition for the traffic flow. The
dynamical system of the vehicles changed with changed with congestion or non congestion on section of
road. The nonlinear behavior of the vehicles occur mainly with congestion and in nonlinear condition of
the vehicles the shock waves creates on the position of the congestion, so the behavior of the traffic may
be concern as stochastic[1, 3, 4].

Analysis of traffic data strongly depends on its distribution pattern, using the traffic data a best fit
probability distribution can be used to find a nature of traffic flow over the section of road. The data
is collected manually for a week from 7:00 to 19:00 to count the vehicles over the location Nawabshah
Pakistan [2].

The distribution of fit using goodness-of-fit will take place for real data of traffic flow the different tests
of hypothesis will be applied using MATLAB distribution fit and different hypothesis tests like Kolmogorov-
Smirnov, Kolmogorov-Smirnov modified and Anderson-Darling by considering the p-values of test for hy-
pothesis acceptance or rejections [7, 8, 10].

The traffic flow condition is depends over the distribution of traffic speed of the vehicles and speed of
vehicle is depend over the situation of traffic condition of the section of road, the speed will be maximum
over the no congestion of traffic and minimum with congestion traffic. Maghrour[6, 9, 32] used the traffic
flow for budapest (Hungary) for the best fit over the collected data and found the normal, exponential,
lognormal, gamma and chi-Square are fit using Akaike Information Criterion (AIC) and Bayesian Informa-
tion Criterion (BIC). DS Berry (1951) used the data and speed for the best relation between the data and
speed distribution over the section of road, [11, 13, 19] studied the superstatistical analysis of traffic flow
and found the beta distribution is the best fit with a small fluctuation with chi-square test for the traffic
flow data, [18, 26] used the traffic data with condition the data is normally distribution and used to check
the data is unimodal or a bimodal and found the traffic data follow the unimodal only, [22, 30] used to
estimate the travel time distribution using all the distribution to estimate the time distribution under the
congestion and free flow congestion, [1, 24] used the data for superstatistical analysis with best fit data of
speed vehicles flow, [23] used the real traffic data and estimate the statistical distributions for forecasting
under the uncertainty condition of traffic condition, [5] used the studied the statistical analysis of traffic
flow using lognormal distribution of traffic flow,[12] use the time-gap traffic data under the mix-traffic
condition and used all the distribution by combining two distribution and also used the goodness-of-fit
distribution with hypothesis test, [27] use the time headway and speed headway under the mix condition
of traffic flow and test for the statistical analysis using distribution fit,[15, 16] studied for the determination
of best fit probability distribution of rainfall data in Bangladesh, and test the data under different hypoth-
esis test and distribution technique, [26] use the regression analysis for the fit the probability distribution
over the traffic data by considering the traffic data into different types at the location of Hong Kong, [30]
used the distribution fit by probability distribution function over the Origin-Destination of traffic network
for the congested traffic flow over the considered network and used the Generalized method of Moment
with exact and approximate estimator [20] used the goodness-of-fit probability distribution for the traffic
data for analysis the traffic network tail and used different hypothesis tests for goodness-of-fit data and
Monte Carlo simulation, [14] statistical analyze the traffic data collected over the traffic network for the
modeling and simulation purpose and for the normality of the traffic network data.
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[21] discussed the methods for data collection, Pneumatic road tubes, sensors, manually count, survey
of road, radar system, video recording and detection, GPS based traffic detection, smart phone apps as
GPS.

[17]used the randomly collected data using sensor which is high costly and internet based, [17, 31] used
the tracking the pedestrian on the road by neglecting the traffic vehicles using the video recording method.
[23, 29] has analyze into the traffic data collected method and described the manual count method and
described the manual method is low casting and risk-less technique to collect the data due to collection of
specific vehicles, whiles in other method of collecting data, all types of vehicles including human movement
is also count as traffic data. In this research the method of data collecting is manual method to collect the
data on one path for a week. Most of the researchers has done the statistical data analysis and distribution
fit for the analysis and types of traffic flow over the traffic data, this study capture the traffic flow data of
Nawabshah Pakistan, and then used it to find the best fit probability distribution for the type of traffic flow.

2 METHODOLOGY
2.1 AREA SELECTION

Figure 1 shows Satellite view of the section of road of Shaheed Benazir Abad Nawabshah Sindh Pakistan.
The road is with the 2.0 miles starting from New Naka to Zero Point Nawabshah, the starting point is consist
of 8 lanes we consider data for one lane, the vehicles may move to the considered lane from any lane, the
road is in with ramps on and road off, but we consider the road with no ramps on and off because the road
data should be collected at the fixed location so the flow from on ramp and off ramp may affect at the
targeted location. So the road is smooth with no ramp in or ramp out so the inflow and out flow of the lane
will be same. The traffic flow data is collected manually by visiting the located place using vehicles count,
the vehicles consist of all type of vehicles including bikes, cars and heavy vehicles. The data is collected
into the one hour of interval, like the total number of vehicles in one hour, and same is collected for free
flow time interval and peak hours.
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Figure 1. Satellite view of section of road of Nawabshah, Shaheed Benazir Abad
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2.2 DATA-COLLECTION

For real data collection over the section of road a manual method is adopted by visiting the actual place of
road, the data is collected for one day continuously from 7:00 to 19:00 for a complete week of the month
from January 15, 2024 to January 21, 2024 because it including the effect of peak hours, peak days at the
main inflow and outflow of the section of road. The vehicles are to be considered as volume of traffic
including all types of traffic as car, bikes, cycles and heavy vehicles because there is no any restriction for
the enters or exists of any types of vehicles because the section of road is used for all types of vehicles.
Table 1 shows the total number of vehicles flow over the section of road.

Table 1 Vehicles flow data collection over the section of road.

Callection of data aver the section of road with no ramp an or ramp off Date: Tamary 15-19, 2074 Statistics Hoor-wise

Day/Time | 7:00-8:00 | 8:00-900 | 5:00-10:00 {L0:00-11:00(1 1:00-12:00(12:00-13:00/13:00-14:00{14:00-15:00|15:00-16:00116:00-17-001 T:00-18:0018:00-19.00| Total | Average dered Dewi| Range |Skewness
Monday 198 33 412 41 466 501 411 i 391 42 w 202 4352 | 36267 | 10812 | 303.00 | -042
Tuesday 42 33 348 411 512 628 452 455 402 376 310 132 4731 | 39425 | 11530 | 396.00 | 048
Wednesda 233 w7 334 n 389 428 s 439 421 368 318 294 429 | 369.08 | 7803 | 278.00 | 010
Thursday | 311 432 512 623 602 584 487 392 429 512 411 334 5629 | 469.08 | 10185 | 31200 | 005
Friday 263 366 412 Eo 467 535 512 499 474 428 329 276 4988 | 41567 | 9025 | 27200 | -0.53
Satwday | 248 345 411 518 511 476 433 47 38 388 413 3 499 | 41633 | 76.69 | 270.00 | -0.67
Sunday 152 i 375 7 390 44 516 412 367 365 310 31 4202 | 35017 | 8381 | 364.00 | -0.56
Total 1647.00 | 2445.00 | 2.804.00 | 3.074.00 | 3337.00 | 3.4%6.00 | 3.428.00 | 3,126.00 | 2.873.00 | 2.679.00 | 2388.00 | 2.026.00 | 33327.00| 396.75 | 14.89 | 12600 | 067

. Average | 23520 | 349.86 | 400.57 | 439.14 | 476.71 | 49943 | 48971 | 44657 | 41043 | 38271 | MLM4 | 28943 | 7551 | 23813

S8 |tandered] 5007 | 4554 | 5865 | 10649 | 7477 | 9553 | 2896 | 3955 | 3486 | 8080 | 4935 | 953 | 4120 28.04

:é.; :?:;_ Range 159.00 | 135.00 | 178.00 | 336.00 | 213.00 | 284.00 | §3.00 | 107.00 | 107.00 | 270.00 | 116.00 | 175.00 | 39L.00 25850

i3 Skewness | 032 0.87 10§ 0.56 0.40 -0.36 -140 | -0.02 0.91 0.4 107 0.10 122 0.54

Table 1 shows the total number of vehicles for a week from Monday to Sunday, from 7:00 to 19:00 with
the interval of one hour. The data is statistically tested with total number of vehicles days-wise and week-
wise.

The average flow of vehicles is calculated according to day and week-wise, in figure 3, the red color
data shows the total week-wise average, standard deviation, range and skewness , blue data shows the
week-wise per hour average, standard deviation, range and skewness, while the diagonal values shows
the total average, standard deviation, range and skewness of the collected data. In order to use a suitable
distribution over the collected data for a best fit, the Normal distribution, Lognormal distribution, Expo-
nential distribution, Gamma Distribution, Weibull distribution will be used using MATLAB distribution fit
by plot the data in probability-plot (pp-plot) by probability distribution over the collected data. To analyze
the stochastic behavior of the traffic flow over the collected data, the probability distribution are suitable
form, the behavior of the probability distribution over the collected data is to be consider as the stochastic
behavior of the traffic flow over the collected data. The probability distribution function for the defined
distributions found in [15].
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Table 2 Probability Density Funtion of different Distributions

Sr | Distribution | Probability distribution function Range
1| Normal o
orma fx) = \/i X exp 202 -00 < X < 00
—(Inx—zu)2
2 | Lognormal fx) = X\/ixexp 20 0<x<o00-~0<u<o0,0>0
-1 _(x\"
3|  Weibull fx) =2 (%)“ exp( (3)) x>0
4 Gamma fx)= B"vaXOH exp'% 0<x<o0,aa>0,3>0
5 | Exponential f)=- exp ¥ 0<x<oo,u7#0

2.3 GOODNESS-OF-FIT TESTS

The goodness-of-fit is the key to discuss the statistical test to check the behavior of data is fit to the specific
distribution of not. It is a type of test which can be applied on the described confidence of interval, and
gives the test that the data is accepted for the defined confidence interval or not by two values Hy and
Hy. The main purpose of this study is to fit a best distribution over the traffic flow data, the data was
collected over the section of road of Nawabshah Pakistan. The goodness-of-fit is ever for the hypothesis
test accept of rejected Hy is used when a hypothesis test accept the test and H; used when a hypothesis
rejected. The three goodness-of-fit tests like Kolmogorov-Smirnov test, Kolmogorov-Smirnov modified
test and Anderson-Darling will be used for the distribution with 95% of confidence level. The tests describe
the statistics value, p-value for the distribution and description for hypothesis accepts or can't accept the
hypothesis will be discussed. The following three tests are to be considered for the goodness-of fit and the
test which accepts the all types of hypothesis test is to be considered as the most fitted for the distribution.

2.4 Kolmogorov-Smirnov Test
The Kolmogorov-Smirnov test [8] described based over the Empirical distribution function, used to check
the data is follow the specific distribution or not and is define as,

Ey =" Q)

Where n(j) is the number of points less than Y; and Y; is the points from smallest to largest data point,
the statistical test of Kolmogorov-Smirnov test can be defined as,

i-11
KS(s,0) = D = Max <jcy (F(Y,-) ST F(Y,-)) 2)

Where p is the mean and sigma is the standard deviation. F is the cumulative distribution function, D is
the statistical value and the hypothesis test reject the distribution if the D value greater than critical value
comes from table of K-S test.
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2.5 Kolmogorov-Smirnov Modified Test
The Kolmogorov-Smirnov Modified test can be defined using [25], used to find the distribution fit for the
collected data when it is not normally distributed. The K-S modified test is very much challengeable when
the data is much near to normally distribution because the critical values are most probably same values
for the K-S test and K-S modified test. The Modified K-S test using the equation

i-1

KS(F,7) = D = Maxy <jc ([1 - RO - 0 - -0 - F(Y,-)J) €)

2.6 Anderson -Darling Test

The Anderson-Darling test [28] The Anderson-Darling AD test is used when the collected data follow the
specific distribution, the main difference between the K-S test and AD test that K-S test does not depend
upon the distribution or says it is not necessary that the data follow the distribution it may be follow or
not, while the AD test guarantee about the data must be comes from the specific distribution because the
AD test follow the critical value of the hypothesis test. But this test needs much sensitive while using AD
test and is used each time different critical value of distribution while using the specific distribution, like
by using normal distribution the AD test calculate the critical value while using other distribution same
critical value will not be applied on the others distributions, the critical values of the normal distribution,
lognormal distribution, Weibull distribution, gamma distribution and exponential distribution are in used
for the AD test. For this test the test is one sided it means that distribution follow the one sided tail shape.
The AD test is defined using the formula.

N
1 .
A= -N- 21 (20 = 1) [IN(FO) +In (1 = FXy-ja1))] (4)
Where F is the cumulative distribution function for the distribution. N is the total number of data points.
A is the tested value for the AD test, and the distribution is fail to fit over the data if the A value is greater
than the critical value of AD test.

2.7 Chi-Square Test

The Chi-Square test is one of the statistic test for the distribution and used when the Collected data is
large, then Chi-Square is good for the approximate, this test is mostly used while predicting the collected
data. The Chi-Square can be defined using the following equation.

kK (0j-E
x2=Z< e ’) (5)

=1 /

Where O is the observed frequency and £; is the expected frequency and £; = F(xp) - F(x1) where F is cu-
mulative distribution CDF function of the specific distribution which tested for the fit, k is the total number
of the observed value and can be defined as k = 1 + log5, where n is the total length of sample. Here
the Chi-Square test is not applied because this study is used to check the stochastic behavior of traffic
flow by fitting the suitable distribution over the collected data, while the Chi-Square test is mostly used for
predicting the collected data.
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3 RESULTS AND DISCUSSION

The figure 1 shows the probability plot of the collected data, the data is considered the probability distribu-
tion and converted into the boundary 0 and 1 using probability plot, figure 2 to figure 7, shows the Normal,
Log-normal, Exponential, Wei bull and Gamma probability distribution respectively fit over the collected
data using the probability plot of the data, the lines into the figures are the distribution lines which pass
through the data points of the collected data. The distribution fit is to be considered fit the distribution
when the distribution line pass through the data points, the much closer to the distribution line is much
fitted distribution, so figure3 show that the distribution line is passing through the data points and first
few data points and last are away from the distribution line, similarly the figure4 and figure 6, the distri-
bution line is much closer to the collected data, while the figure5 shows exponential distribution and the
distribution is not fitted over the collected data The figure 8 shows the standard Error in to the distribution
fit, the 5% or less error shown in to the log normal and gamma distribution which is 0.0299142and2.23807
respectively, so the log normal and gamma distribution are the best fit for the data and among then the
log normal shown much best fit for the data. After describing the all fitted distributions, for the fitted dis-
tribution the stochastic behavior of the stochastic traffic flow model must behavior like the distribution or
it can be considered that by using the most fitted probability distribution is likely to apply over the traffic
flow for the stochastic behavior of the traffic flow.

Probability Plot of Collected data Marral Probability Distribotion fit
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Figure 2. Probability plot of the collected data

Lognommal distribution fit

U-Ds_% E O xdata

Logrnormal distribution

055+

Probability distribution
o
b

0.0 |
0.005

b |

00007

L L L
ADD 480 &00

Diata

L L
150 300 360

Figure 4. Lognormal probability distribution fit

Figure 3. Normal probability distribution fit
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The data set is tested using Kolmogorov-Smirnov (K-S) test, Kolmogorov-Smirnov Modified test, and
Anderson darling (AD) test is applied for Normal, lognormal, exponential, Weibull and gamma distribution
and the result is shown in table 2, which shows the result of statistics, p-value, and decision at 95% of
confidence level. Using the table of values from decision it's clear that the distribution which accept the
all hypothesis test are Normal distribution, Weibull distribution and Gamma distribution while the Expo-
nential distribution all the hypothesis test rejects and for Lognormal distribution the K-S and K-S modified
test accept the hypothesis while A-D test reject the hypothesis test, concluding, the Normal, Weibull and
Gamma distributions are best fit distribution for the collected data over the section of road, while among
Normal, Weibull and Gamma distribution taking rank of p-values the normal distribution is the best fit
over the data. Figure 8, shows the standard error into the distribution which is calculated which applied
the distribution fit using the MATLAB distribution fit tool box, for each distribution using the distribution
tool box in MATLAB gives the standard error into the distribution fit. Similarly the same is also calculated
by using the formula SE = o+/n, where sigma is the standard deviation of the collected data and n is the
length of collected data, as in figure 8, the maximum error is in exponential distribution, while for oth-
ers distribution the normal distribution and Weibull distribution has the error more than allowable error
which is greater than 5% while the lognormal and gamma distributions has the minimum standard error
which is under the 5%.

Table 3 goodness-of-fit test for the collected data

Distribution | Parameter | Estimation | GOF Test Statistics | p-value | Decision
Normal Location mu 400.05 | K-Stest 0.05922 1| Can't reject Normal
Scale sigma 99.848 | K-S modified | 0.05922 | >0.15 | Can'trejectNormal
A-D test 0.31649 | 0.53398 | Can'trejectNormal
Log normal | Location mu 5.957 | K - Stest 0.10783 | 0.26392 | Can'trejectLognormal
Scale sigma 0.274 | K -Smodified | 0.09592 | >0.15 | Can'trejectLognormal
Exponential | Mean theta 0.003 | K - Stest 0.05922 1 | Can'trejectExponential
0.003 | K - Smodified | 0.05922 | >0.15 | Can'trejectExponential
Weibull Scale alpha 0.003 | K - Stest 0.05922 1| Can'trejectWeibull
Shape beta 0.003 | K - Smodified | 0.05922 | >0.15 | Can'trejectWeibull
Gamma Shape alpha 0.003 | K - Stest 0.05922 1| Can'trejectGamma
Scale theta 0.003 | K - Smodified | 0.05922 | >0.15 | Can'trejectGamma
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4 CONCLUSION

This study is based over the determination of best probability distribution fit over the collected traffic flow
data over the section of road of Nawabshah Pakistan. The probability distribution fit is used by distri-
bution fit on MATLAB and the hypothesis test applied over the collected data, totally five distribution fit
used namely Normal distribution, Lognormal distribution, Exponential distribution, Weibull distribution
and Gamma distribution fit. Among these five distribution fit only three distribution fit are accept that are
Normal, Weibull and Gamma distribution and from these fitted distributions the best fit is lognormal dis-
tribution. Three hypothesis test Kolmogorov-Smirnov (K-S) test, Kolmogorov-Smirnov Modified test, and
Anderson darling (AD) applied over the collected data and by using 95%of confidence level, these hypothe-
sis accept the test only for Normal, Weibull and Gamma distributions and using rank by p-values the most
best fit distribution is lognormal and Gamma probability distribution. Hence concluding that the stochas-
tic behavior of the collected data is like the lognormal distribution and gamma distribution. In future the
same study can be carry out by incorporate the data with ramps on and off, by subdivided the traffic flow
data in vehicles types, section of road with inflow and outflow data from different road section and over
the boundaries of the road section by neglecting ramp in or out, by considering more than one path and
collecting data for more than one path, by changing the different method of collecting data and many
more.
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