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Abstract. Modelling traffic characteristics is the foundation for resolving vari-
ous traffic and transportation issues. Among them, traffic speed has a signifi-
cant impact on roadway crashes at blackspot (BS) locations. Speed is a random
variable; several studies have recommended normal distribution to characterize
the distribution of traffic speed for uninterrupted flow. However, a mixed-
traffic situation causes heterogeneity, and the distribution of speeds deviates
from the normal distribution. The present study investigates the distributions of
traffic speeds for uninterrupted flow at 18 blackspot locations and individual
vehicle types in mixed-traffic environments. Seven distribution models, namely
Normal, Lognormal, Gamma, Logistic, Weibull, Burr, and Generalized Ex-
treme Value (GEV), are considered to determine the speed characteristics. Dif-
ferent parametric distribution models are fitted to the vehicular speeds using
maximum likelihood estimation (MLE) methods. Kolmogorov-Smirnov (KS),
Anderson-Darling (AD), and two penalized criteria, i.e., Akaike and Bayesian
Information Criteria (AIC and BIC), are used as goodness-of-fit (GoF)
measures to find the best-fitting distribution. The overall suitability of each pre-
dicted distribution is also determined using a novel ranking method. The test
findings suggest that GEV and Burr are the most suitable empirical speed dis-
tributions, with GEV fitting best above 96%. When the heavy vehicle composi-
tion (truck, bus, and tractor) is below 10%, 10—14%, 15-20%, and above 20%,
it follows the Weibull, Gamma, GEV, and Burr distributions, respectively, in a
mixed traffic environment.

Keywords: Speed distribution, Statistical test, Mixed traffic, Unsignalized in-

tersection.

1 Introduction

Modelling traffic characteristics could help in identifying issues related to traffic
and transportation operations [14]. An appropriate interpretation of traffic speed dis-
tribution could be important in a variety of applications such as speed limit evalua-
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tion, roadway design, safety analysis, capacity estimation, traffic noise prediction,
Level of Service (LOS) analysis, bicycle performance, pedestrian walking, bus opera-
tion analysis, kinematical traffic simulation model [11-13, 22]. They may help in
understanding traffic flow behavior to provide appropriate design features and regu-
late the traffic stream for various facility types [7, 10, 20]. A few key parameters are
frequently used to analyze and build models for traffic stream characteristics [15].
Traffic speed contributes significantly to roadway crashes at blackspot locations [21].
In addition, speed distribution considerably impacts traffic generation operations in
microsimulation approaches[4, 17]. Speed is a constantly varying random variable;
several studies have recommended normal distribution to characterize the distribution
of traffic speed for uninterrupted flow [6, 18, 19, 22]. Few studies have looked at how
other distribution models could be used to describe speed patterns in mixed-traffic
environments [8, 12, 13, 24]. It was suggested that a lognormal or gamma distribution
could better show speed distributions than a normal distribution [5]. Zou Y empha-
sized skew-normal and skew-t distributions to account for the excess kurtosis in the
vehicle speed distribution for the freeway traffic stream [23]. The speed variation
causes the traffic stream to be heterogeneous due to slow and fast-moving vehicles.
Additionally, smaller vehicles can maneuver and travel through the lateral space be-
tween larger vehicles, making the intersection more congested. However, a mixed-
traffic situation causes heterogeneity, and the distribution of speeds deviates from the
normal distribution [3]. At uninterrupted intersections, an appropriate speed distribu-
tion model is intended for both theoretical and simulation-based traffic modelling [9].
Statistics help in theoretical and analytical evaluation of various traffic flow applica-
tions. On the other hand, it is an integral part of the simulation study that results in the
traffic simulator vehicle generation process. Thus, it is essential to recognize the cor-
rect speed distribution pattern with reasonable accuracy for different traffic composi-
tions and vehicle types in a mixed-traffic environment. The remainder of this paper is
organized as follows. First, field data collection is considered in Section 2. Statistical
modelling and investigation of traffic speed is followed by Section 3. Distribution
trends, GoF test results and model ranking are described in Section 4. Finally, the
findings of this study are concluded in the last section.

2 Field data collection

An accident blackspot, sometimes known as a "black spot," is where crash activity
has historically been concentrated. A mixed traffic condition is a designated traffic
condition when you have one single road carriageway with no physical or lane mark-
ings utilized by different vehicles. If there are road lane markings, people do not fol-
low them. Therefore, it causes heterogeneity, and the distribution of speeds deviates
from the normal distribution [3]. Consequently, relying on the bell-shaped distribution
for modelling vehicular speed can yield unreliable outcomes. A total of 18 different
blackspots unsignalized T- intersections identified by Uttar Pradesh Public Works
Department (UP-PWD) were chosen from the Indian state of Uttar Pradesh to obtain
extensive vehicular speed characteristics. All intersections on two-lane rural roads
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(pavement widths of 7-10 m) are of particular concern because the traffic stream
follows a lack of lane discipline in a mixed-traffic environment. Therefore, field data
collection becomes more difficult for this study. The speed of each vehicle is meas-
ured 80-120 m upstream and downstream of the conflict zone on both approaches
with a handheld LIDAR speed gun. A 30-minute video survey was used at each site to
collect traffic volume data. Vehicles are classified into seven distinct categories, such
as motorized two-wheelers (2W), motorized three-wheelers (3W), standard cars (Car),
trucks, buses, tractors, and light commercial vehicles (LCV) as per Indo-HCM [1].
Whereas a truck, a bus, and a tractor are considered heavy vehicle composition.

3 Statistical modelling and investigation of traffic speed

This study considers seven hypothesized distributions, such as normal, lognormal,
logistic, gamma, Weibull, burr and GEV distribution. Different parametric distribu-
tion models are fit to the vehicular speeds using MLE (maximum likelihood estima-
tion) methods [2]. The investigated empirical distributions are as follows:
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Where p is the location; o, B are scale, and k, § are shape parameters.

4 Results and discussions

4.1 Descriptive statistics for speed data

Descriptive statistics for speed data at each location are summarized in Table 1.
The speed data collected is skewed; thus, it may not follow the normal distribution.
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Individual vehicle speed data is also examined while considering the total sample
size. As shown in Fig. 1, the box and whisker plot show that different vehicle types
and driving behavior result in different speed ranges. Therefore, the normal distribu-
tion is not the best way to describe vehicular speed characteristics at unsignalized
intersections. Thus, finding a suitable speed distribution for different traffic composi-
tions and vehicle types could be useful for modelling the traffic behavior.

Table 1. Descriptive statistics for speed data at each location.

Min Mean Max

Location Ssiil:p le speed speed speed Variances Skewness Kurtosis
(kmph) (kmph) (km)

BS 17 164 17.00  45.06 86.00 226.35 0.39 -0.16
BS 94 158 23.00 46.95 72.00 132.13 0.14 -0.57
BS 95 204 10.00  49.24 94.00 261.39 0.26 0.21
BS 96 200 23.00 55.92 96.00 252.76 0.23 -0.28
BS 114 122 18.00  44.02 66.00 12542 -0.27 -0.56
BS 116 158 1200 41.94 78.00 222.52 0.21 -0.72
BS 202 158 25.00 57.85 88.00 239.52 -0.12 -0.70
BS 214 152 11.00 33.93 58.00 100.41 0.38 -0.26
BS 253 116 1200 4436 73.00 218.73 -0.14 -0.54
BS 254 120 1400  41.63 70.00 15542 0.05 -0.26
BS 258 190 15.00 39.19 66.00 123.23 -0.08 -0.52
BS 260 164 13.00  43.77 70.00 211.54 -0.18 -0.85
BS 262 176 19.00 39.40 65.00 109.48 -0.08 -0.60
BS 264 158 18.00 51.85 78.00 161.16 -0.43 0.33
BS 268 174 18.00 50.05 87.00 245.14 0.06 -0.61
BS 273 178 18.00 51.76 94.00 24791 0.22 -0.10
BS 276 116 1200  45.12 72.00 209.37 -0.16 -0.48
BS 277 194 14.00 50.54 90.00 283.63 -0.09 -0.58

Speed (kmph)
T -
s 8 8
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|
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|
|
- |

2w aw Car Truck Bus Tractor LoV

Fig. 1. Speed characteristics of each vehicle type.
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4.2  Distribution trends of observed speed data

Before implementing one or more parametric candidate distributions on a dataset,
choosing a predetermined set of distributions is essential. Firstly, plotting histograms
and empirical distribution models for vehicular speeds implies the selection of candi-
date distributions. This study examines seven empirical distribution models to deter-
mine speed characteristics: normal, lognormal, Gamma, Logistic, Weibull, Burr, and
GEV. MLE methods fit the location, shape, and scale parameters of different paramet-
ric distribution models to vehicular speeds at each location and for individual vehicle
types, as shown in Table 2. The PDF and CDF (distribution trends) of different distri-
bution models for two different locations and vehicle types are shown in Fig. 2. In the
same way, the PDF and CDF of other selected locations and individual vehicle types
are determined.

Table 2. Distribution parameters for different analytical models for each location/vehicle.

Location/ Normal Lognormal Gamma Logistic Weibull Burr GEV
Vehicle i s} i [ k a I a k S o B I's n o 4
BS 17 45.06 1495 375 035 8.64 44.36 858 325 50.28 3353 65.95 382 39.03
BS 94 46.95 1142 382 025 1616 46.68 667 454 5142 649 73.31 493 42.84
BS 95 49.24 1609 383 038 821 48.67  9.00 330 3481 440 77.32 378 43.09
BS 96 5592 1582 398 030 1182 5551 9.08 386 6181 403 80.93 a44 4990
BS 114 44.02 (AR)} 375 0.28 13.85 44.40 649 460 4825 837 207.60 461 40.78
BS 116 41.94 14.82 367 0.39 734 41.51 8.75 in 46.98 4.22 32.65 3.12 3633
BS 202 57.85 1538 402 0.29 12.78 58.15 9.08 430 63.66 6.30 28.47 4.30 53.06
BS214 3303 9.95 348 030 121 3339 569 367 3760 219 41.00 4.70 29.99
BS 253 44.36 1466 373 039  7.60 44.53  B.52 340 4942 820 35.30 341 3992
BS 254 41.63 1236 368 0.33 10.15 41.63 7.08 374 46.12 17.47 3.86 37.23
BS 238 39.19 1108 362 031 1L16 3940 647 399 4328 436 400 3538
BS 260 43.77 14.46 371 039 771 44.08 8.60 3.45 4879 931 3.45 39.96
BS 262 39.40 10.40 363 0.29 13.06 39.56 6.09 429 4334 3.39 430 358
BS 264 51.85 1261 391 029 1403 5241 698 475 366l 3.58 477 48.06
BS 268 50.05 1557 386 034 935 4991 9.14 3.58 5562 236 391 4450
BS 273 51.76 15.66 3.90 0.32 10.07 51.39 8.96  3.60 57.42 4.98 4.06 45,78
BS 276 45.12 1434 375 038 4533 832 356 5014 8.09 3.56 40.81
BS 277 50.54 16.75 386 039 50.75 9.83 389 5633 in 3.39 44.89
2w 50.26 14.53 387 0.31 49.88 846 379 55.61 10.21 4.02 4515
W 40.00 9.17 366 025 40.24 536 498 4359 86 4.99 3978
Car 5546 1427 398 027 5508 827 425 6095 293 543 5117
Truck 41.38 11.50 363 030 41.12 6.68 396 4568 774 4.99 42.92
Bus 46.46 11.69 380 026 4609 692 438 5100 762 4.25 44.07
Tractor 24.16 732 317 030 2428 422 3.63 2747 172 4.86 34.97

Fig. 2. PDF and CDF of different distribution models for a) BS17; b) BS254; ¢) 2W; d) Car.
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4.3  Goodness-of-fit (GoF) test results

Different GoF tests are used in traffic engineering to assess the effectiveness and
applicability of various distribution models. The goal of the GoF statistics is to figure
out how different the fitted parametric distribution is from the empirical distribution.
This study uses KS, AD tests, and two penalized criteria, AIC, and BIC, to find the
best-fitting parametric distribution at each location and for each vehicle type.

KS: Dstar = SupIFn(ch) — F(x)| (®)
AD: o (Fn(x)-Fx)) 9

nJ e F(x)(l—F((x))) dx v
AIC: AIC = 2k — 2In(L) (10)
BIC: BIC = kin(n) — 2In(L) (11)
Null hypothesis: Hy:E,(x) = F(x) (12)
Alternate hypothesis: Hy:E,(x) # F(x) (13)
Value of KS test: Dstar = max|F(x) — E,(x)],0 < x < o0 (14)
Critical value of KS test: D,y = 1-358105 n>50, 0=0.05 (15)

’ Vvn

Where, F,,(x)= empirical CDF of vehicle speed, F(x)= fitted theoretical parametric
CDF, k= number of estimated parameters, n= number of observations, L= maximum
likelihood value for the model. Furthermore, if Dy, < D, 4, accept the null hypothe-
sis, which is statistically significant; otherwise, reject the null hypothesis. Fig. 3
shows the percentage of fit for each analytical distribution. The test results show that
GEV and Burr are the best empirical speed distributions, with GEV fitting above 96%
in a mixed-traffic environment.
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Fig. 3. Fit percentage for each hypothesis distribution.

4.4  Distribution model ranking

The overall suitability of each predicted distribution is also determined using a
novel ranking method [11, 16]. The statistical test results assign a priority value (P,)
from 1 to 7 (a lower value indicates less significance) and a weightage factor (F,,) to
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each distribution. Therefore, a ranked value (RV;) and total rank value (TRV) of statis-
tically significant distributions are computed using the following equations, as shown
in Table 3. Based on TRV, GEV is found the most appropriate among all other distri-
butions.

Weightage factor: F = _Di (16)
w |'7=‘l Pi
Rank value: RV, = Fw 17)
' Dstat
Total rank value: TRV = lef LRV (18)

Table 3. Ranking of different analytical distributions at each location.

GoF Normal Lognormal Gamma Logistic Weibull Burr GEV

KS 36.63 13.61 28.38 35.64 36.55 53.23 55.78
AD 2.98 0.00 0.87 1.97 2.76 4.00 5.60
AIC 24622.05 24947.45 24737.95 24730.49 24638.40 24609.32 24581.45
BIC 24783.87 25059.27 24849.77 24843.32 24792.22 24777.19 24749.18
Ranking 3 7 6 5 4 2 1

5 Conclusions

The results show that for most blackspot locations, Burr or GEV distributions can
model speed data with superior performance under prevailing traffic conditions. In
comparison, the lognormal distribution is found to fare poorly among the candidate
distributions. The GEV distribution combines the Gumbel, Weibull and Fréchet fami-
lies derived from extreme value theory. When the heavy vehicle composition is below
10%, 10-14%, 15-20%, and above 20%, it follows the Weibull, Gamma, GEV, and
Burr distributions, respectively. This work can analyze various performance measures
and flow characteristics and simulate driver behavior at unsignalized intersections.
Thus, the present study suggests a new statistical distribution model that would help
in choosing speed distribution characteristics for uninterrupted traffic flow at black
spot locations in a mixed-traffic environment.
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