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Abstract: The most common approach in forecasting vehicteds to estimate the average value of this Viariaib a
short segment or at some cross-section on the Biade many factors influence the speed variatdégrohining the
speed distribution law remains actual. Given thatriumerous studies confirm the normally distriddtee-flow speed
on intercity roads and a minority of urban speedlists, the mentioned task is especially relevantufban transport
planning which often requires consideration officafonditions far from the free-flow ones becauo$#raffic signalling
and other factors, which complicate driving andrdase the speed compared to the desired one. djés explores the
speed influenced by two types of places frequenirbban areas — signalized intersections and nacawageway
sections. The data for the study were collecteldharkiv, the second-largest city in Ukraine. Durithg study, it was
determined that the narrow carriageway decreasespibed in a way that speed values can be destijtbed gamma
distribution, while the influence of signalizedergections results in the possibility of using betponential and gamma
distribution to represent the speed variable. Tasuee the speed during the surveys, a novel mddmdthat considers
the waiting for the green signal was applied. Tsearch results showed that the urban traffic enmient decreases the
mean of the speed variable, increases its stam@aidtion and changes the normally distributed-flee speed to the
gamma-distributed.

1 Introduction since very often, corresponding flows are not freeause

Vehicle speed is among the most significan®f the following: o _ -
performance measures in traffic management bedause - first of all, the complications of traffic coniits in
represents travel and transportation conditionwelsas terms of speed appear at the influence zones gfesin
quality of service for drivers [1,2]. At the saniim¢, even grade intersections, especially signalized onesctware
up-to-date transport mode”ing software makeBumerous In any city and create most restrictions o
calculations using the average vehicle speed @esipit Vvehicle movement;

obvious fact that the speed is a random variablinbats - the second most frequent complications occuhet t
own distribution and influenced by many factorsethare narrow carriageway sections. _
hard to predict [3-5] (driving styles, weather, ¢irof day, The complications arising at the listed places dorc

personal reaction on traffic conditions, vehicladimg drivers to slow down or stop, and this certainffeets the
etc.). The appropriateness of this speed repreaenta SPeed distribution parameters. Thus, the purposiisf
during modelling sometimes creates doubts, especiaPaper is to study the vehicle speed variable iamdreas
when assessing vehicle Speed in the case of dexffie. t and establish its distribution in places with Cmbd
Accordingly, the issue of defining speed distribatiis ~traffic conditions, namely, at (i) narrow carriagews and

especia”y relevant for urban transport flow mgdg” fll% zones before the StOp-Iine of Signalized ingmtions
6].
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The first step in this study should be the hypattieg roads in Uttar Pradesh state, India [11]. The itaffas
of the type of speed distribution for these condsi The complicated by a lack of lane discipline. The aushaf this
places of the first type usually only decreasesiieed. To study were able to fit normal, lognormal, logistigmma,
adequately measure the speed affected by corresgondWeibull, Burr, and extreme value (EV) distributidiesthe
complications, it should be done outside the infaee speed values for different traffic compositions.
zones of intersections, pedestrian crossings, @ubli The conditions which usually decrease the speexh oft
transport stops, etc. As for vehicle speed measemsm occur in urban areas because of the dense tréftic.
before the stop line, it is worth noting that véditll stops example, the paper by Dhamaniya and Chandra [12]
are possible at all signalized intersections. Tdasses examines vehicle speed on major urban roads ire thre
methodological problems because in this case, it Isdian capital cities (New Delhi, Jaipur, Chandigaand
inappropriate to measure the speed as the ratitheof shows the speed distribution plot which looks lilkeemal
distancd travelled to the travel time— while waiting for distribution but has the left-shifted mode. Thesetd
the green, bothandt are equal to 0. Such a situation pointsestify that the complication of traffic conditioas well as
to the need to develop a new methodology to meahare the urban environment change the trend in speatksal
speed before the stop-line, which will allow fokiteg into  specific to the free flow. Similar results are gisesented
account possible vehicle accelerations, decelerstiand in the paper by Rao A. and Rao K. [13] for the niagd in

full stops. Delhi, India.
Urban traffic flows were also studied in the papgys
2 Literaturereview Shi et al. [14] and Mondal & Gupta [15]. In the rfoer

Most of the present developments in the research B#per, the gamma and Buiistribution were fitted best to
vehicle speed variable consists of observatiorttefree the speed values recorded in Xi'an, China. Both
transport flow on intercity roads. In this casee #nly distribution density curves have a left-shifted pda the
speed limit is that prescribed by traffic rulesdamost latter paper, gamma, beta, Burr, and extreme value
surveys on the mentioned roads aim to collect datthe distributions appeared to be most suitable to sgprethe
speed, define the general speed trend, and asgignal Speed of vehicles at 16 S|gnaI|_zed mtersecuon@em,
speed range to ensure safety for drivers [7,8]. TH@(_)Ikata, Bhupaneswar, and Jaipur, India. The _ae_tkubr
similarity of approaches to study the speed lecth this paper claim that the main reason for the dievieof
similarity of results, which testify that vehiclpeed in the speed distribution from the normal is traffic
free-flow conditions on interurban roads is normall heterogeneity. This explanation cannot be consitere
distributed [8-10]. The general shortcoming of nmfsthe ~ sufficient since many more factors influence theespin
analysed papers is the lack of statistical assegsnfiche Urban conditions [15,16].
correspondence between the empirical and theoretica One more reason that makes drivers decrease their
normal distribution, but the plots shown in the grapfully ~ speed is the traffic lane (or carriageway) widuificient
indicate the similarity with the Gaussian densityve. for comfortable driving. This issue is purely sedin the

At the same time, there is a shortage of works @elo literature, and only a few papers demonstrate Iae
to vehicle speed distribution under conditions thetrease  Width influences vehicle speed, traffic accidergfrency,
the speed compared to those that could be in ¢leefiipw. ~ driving behaviour, and movement trajectory [17,18].

One of these works presents the results of thedsgteiely The summary of the reviewed literature is presemted
that took place at 18 crash hotspot intersectionsucal Table 1.

Table 1 The results of vehicle speed studiesin different traffic conditions

Authors Place of stud Speed distribution ty}

Hashim [8] Vadeby and Forsman [1 intercity road norma

RSA [9] rural road norma

Shuo et al. [1¢ driving simulato norma

Sarkar and Kumar [11] intersections on rural r( arg]%rmal, Iognormal, logistic, gamma,

Weibull, Burr, EV

Rao A. and Rao K. [1 urban arterial (ring roa norma

Dhamaniya and Chandra [ urban arteria normal (lef-shifted mode

Shi et al[14] urban roac lognormal, gamma, Bu

urban signalised
intersection

Mondal and Gupta [15] lognormal, gamma, beta, Burr, E

This table clearly shows the trend for the shiftled found a clear explanation for this trend in avddab
speed modal values to the left with the complicatd literature including those devoted to the conceptao
traffic conditions particularly that specific to ham fundamental diagram of traffic flow [19,20].
environment. Also, it should be noted that we hawve
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The existence of different traffic conditions that

complicate driving and decrease speed raises ieofa
developing the methodology for speed
considering the revealed trends in the speed valugshe
specificity of the mentioned conditions. The needthis
methodology is premised upon the fact that mostef

Summarising the analysed literature, it can be
concluded that there is a need for both developimgw

researainethodology to measure the speed in urban networks

concerning possible vehicle speed decrease osthpl as
well as to properly apply a goodness-of-fit tesewffitting
the distribution to the recorded speed values.

existing researches contain the measurements of the
“instantaneous” speed on the road section chosgr Methodology

according to different manuals, most of which repwnd
avoiding influence zones of signalized and non-aligad

intersections, pedestrian crossings, and other ctzbje

causing vehicle acceleration or deceleration. dtéar that
these recommendations cannot be implemented esciti
especially in their downtowns with numerous sigredi
intersections.

Apart from that, the mentioned measurements we
acoustic
magnetic, and infrared sensors, pneumatic roadstub

made using radars, LiDARs, microwave,
inductive loops, video recording, etc. [1,21]. Allese
devices measure the speed over some time (likes)aoia

at some distance (like pneumatic road tubes). Whig of

3.1 Hypotheses about speed distribution affected
by urban traffic conditions

A prerequisite for hypothesising the type of vehicl

speed distribution under urban traffic conditiossthe

probable change in the free-flow speed distributiorve

conditioned by the decrease in average speed.

__ Since the speed variable is non-negative, the nuimm

speed value is 0. If a mean speediis 0, which is typical

for the free flow, the left tail of the normal disution

T—oo;O) has a very low probability;; = 0. The question

here is what change will be in the free-flow speed
distribution curve in case of a considerable aversgped

measurement is not applicable for the places befodecrease?

signalized intersections in urban areas, becaub&lee
speed at these places can be equal to 0 for somedtie
to waiting for the green. So, it requires searchorghow

to consider this time during the speed survey.

Also, the important thing here is that in urbamsygort
system modelling, the “travel speed” or “journegsgd’ is
significantly more valuable than the instantanespmsed.
During the calculation of travel or journey speédis
necessary to consider tHaandt are determined not by a

If the normal distribution is suggested for represeg
the vehicle speed, a decrease in the mean shout® ea
heavy negative tail, Figure 1. This tale is impbiesdue to
the speed domainvg 0). At that, the right tail remains
valid, and it looks like the exponential distritmrticurve.
Therefore, it is reasonable to suppose that thdtresthe
average speed decrease will be the change of tineaho
distribution curve to an exponential one. A gamma
distribution can be considered an intermediatetpnithis

measuring device, but by the road users. They la® aprocess because:

dependent on traffic management measures, citgtlogi
traffic conditions, and the personal perceptiordig¥ers.
These issues are of little attention in the existitudies on
speed distribution.

- gamma distribution with the shape paramegerl is

exponential distribution;
- gamma distribution approaches normal distribution
when the shape parametgr— o .
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Figure 1 Supposed result of the decrease in the mean of the normally distributed speed
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According to these prerequisites, the complicatén
traffic conditions should cause a decrease in gesspeed
and, consequently, decrease the gamma distribsiiape
parameter bringing it closer to 1, i.e., to the agntial
distribution. The reverse statement is also true.

position in the zone before the stop-line is natakle
because of the wide range of speed values — argtantn
time span will lead to either omission of a parttbé
vehicles during measurement or multiple estimatifrthe
position of the same vehicle. Specifying a roadveeg of

Since the carriageway narrowing does not cau@a constant length will also result in unclear di@s

extremely complicated traffic conditions becausaitly
forces drivers to stop a vehicle, the hypothesisutb
gamma-distributed vehicle speed at the
carriageway looks grounded.

narro

caused by the random distance between the placesewh
vehicles stop at the stop line. To solve theselprob, we
came to the conclusion that it is reasonable te tile
vehicle dimension as the distance for which thesipgs

Traffic conditions before the stop line are moredime is measured.

complicated compared to those at a narrow carriagew
because a certain share of drivers must stop aitdfava
the green. It allows for further testing of the bgesis in
the conditions which should lead to an additioreairdase
in the gamma distribution shape paramgter

Sinceg is the squared ratio of the average speetb

the standard deviatiod, i.e., g = (\7/0)2, to estimate it

for different traffic conditions, it is necessaxy éstimate
the main moments of the speed variable.

The proposed methodology for speed measurement is
as follows:

- a researcher assigns the road cross-sectionhéor t
speed measurement;

- during the observation of traffic flow, it is ressary
to record two points of time - when the assigneasst
section is crossed by the front and rear point®adh
vehicle;

- it is necessary to record a vehicle’s length e th
distance between the mentioned points;

Compared to the narrow carriageway, the signalized _ i, the absence of special tools, the best wayage

intersection will make a certain share of speedeshery
close to 0 because of situations when vehicleseai the
intersection on red, stop at the stop-line, and feaithe
green. At the same time, the conditions for driviimgpugh
the intersection on the green are complicated bylgther
road users, so the speed survey will also shoverdtigh
speeds. This should lead to a significant incréasehe
speed standard deviation compared to the situatidhe
narrow carriageway. So, there are no reasons tecexp
considerable changes in the average speed sincartpe
of the speed extends due to the shift of both bsufidese
considerations allow supposing that during the eyrof
vehicle speed before the stop-line, it is reasanabéxpect

such measurements is to make a video record ditteafd
process it.

To measure the speed, the cross-section befostthe
line should be assigned in a way that when walifimghe
green, the body of the front vehicle in a queueuhbe
within the cross-section. Then the waiting timelviié
taken into account in speed calculation, whichbisgatory
to assess the impact of signalized intersection.

To avoid uncertainties with the mode of estimated
speed distribution, the speed survey should focos o
vehicles of similar technical parameters. For tieiason,
during the survey, it is reasonable to cover thkicles
permitted for movement in city centres, most of ethare

a decrease in the gamma distribution shape paramecars Considering the common lengths of the caris i

compared to that one for the narrow carriagewaybse
of an increase in the standard deviation of samgpedds.

3.2 Approach to measure the speed

It can be certainly stated that the use of insteadas
speed to evaluate traffic conditions had arisenthes
simplest solution obtained by researchers in tliertefo
characterize a specific road section — there inie®d to
specify the distance at which the speed is measitrex
only necessary to implement recommendations ofrthst
manuals mentioned in the literature review.

Such conditions cannot be met at the influence zofhe
signalized intersections. When calculating the olehi
speed before the stop-line of a signalized intdisechboth
the distancé travelled and the travel tintean be equal to
0 due to the situations when certain vehicles vaithe
green. To address this issue, it is necessary velaje a
special methodology for speed measurement.

To calculate speed using the ratid tift, it is necessary
to specify a distance and measure the passing time,
specify a time span and then measure the distaassed.
Specifying a constant time span for measuring gtdclke

reasonable to assign the cross-section at 1.5 orebdie
stop-line. The final aim of the listed measuremeattsa
desired cross-section is to determine the averpgeds
with which a car passes a distance equal to a targh.
From here on, this average speed will be refewesihtply
as ‘speed’.

The feature and the advantage of the proposed
methodology is the opportunity to assign the roeuks-
section for the speed measurements, which is redlzdole
in any existing approach and allows for avoiding
difficulties with the situations when vehicles waigfore
the intersection as well as ensuring the compatybii the
speed values measured in all considered urbanictraff
conditions. That is why this methodology was prefdifor
speed studies presented below.

4  Resultsand discussion
4.1 Vehicle speed at a narrow carriageway

The speed influenced by the narrow carriageway was
studied in Kharkiv, Ukraine. This study is presehta
detail in the paper by Horbachov et al. [22]. Thaim
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points which had conditioned the choice of the marr - during the observation, the section had oneitrkgfhe
section for speed observation were as follows: in each direction because of car parking in thetrignes,

- the considered section of Yaroslava Mudroho Sand there was the heavy snowfall that significantly
(Figure 2) is free of public transport; narrowed the carriageway (up to 5.45 m for oncoming

- the section is outside the zones influenced hyaffic flows) and caused the *“bottleneck”. These
intersections that allow drivers to go faster befand after conditions made it possible to study the driveesponse
the narrowing; to the carriageway narrowing and excluded their

habituation to the lane width.
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Figure 2 The segment of Yaroslava Mudroho S. (Kharkiv, Ukraine) selected for the study of speed influenced by the narrow
carriageway

The traffic on the considered street section waefi  distributions — gamma and normal — to the empiriced.
from 8:30 a.m. to 10:16 a.m. and then processerk, hte The video processing results are presented in Talilbe
is appropriate to show the final result of the spservey results of fitting the distributions are shown igute 3.
with the statistical estimation of fitting the thretical

Table 2 oeed statigtics at the narrow carriageway section of Yarodava Mudroho S. in Kharkiv (retrieved from[22])

No. of observatior - 21¢€
min 1.32
max 12.5(
Speed (ns?
peed (ns7) ave 5.9¢
std. dey 2.3z
o scale 0.89¢
Gamma distribution parameters
shap 6.66¢
a b
Kolmogorov-Smirnov d = 0.0325, Kolmogorov-Smirnov d = 0.026,
Chi-Square test = 8.955, df = 8, p = 0.346 Chi-Square test=2.04, df =1, p=0.15
60 : 140
50 120
2 £ 100
g4
€ 30 i
3 3 0
o 15}
g 2P Lg 40
= 7
10 20
0 | I I | I 0 L
0.00 127 255 382 509 636 7.64 891 1018 1145 12.73 14.00 0.0 25 7.0 10.5 14.0
Car speed, m/s Car speed, m/s

Figure 3 The digtributions fitted to the val ues of speed influenced by the narrow carriageway:
(a) Gamma; (b) Normal (retrieved from[22])
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The Kolmogorov-Smirnov and? test indicated a distribution type under more complicated urbanficaf
positive result in fitting the gamma distributianthe speed conditions.
values recorded at the narrow carriageway secEiufe
3a). The normal distribution was fitted to the meledl 4.2  Vehicle speed influenced by traffic signalling
speed values at the minimum sufficient number osbi  The study of vehicle speed influenced by traffic
(Figure 3b), which makes this result not so conmigdut  signalling also requires choosing an intersection f
supports the connection between gamma and nornobservation. The key factor in making this choisehie
distribution considered at the beginning of subieacs.2. possibility of video recording in conditions spéif in
These findings confirm the tangible impact of th&ffic  subsection 3.3 - the camera should record theidraff
lane (carriageway) width on the vehicle speed Wégia passing through the cross-section 1.5 m beforestibye-
[22]. line. The opportunity to meet these conditions feasmd

The results obtained in the paper [22] corresporitle  at the intersection of Yaroslava Mudroho Str. and
hypothesis of gamma-distributed vehicle speed bbria Alchevskyh Str., namely, at the approach from
but give insufficient data to anticipate the speeChernyshevska St. (Kharkiv, Ukraine), Figure 4a.

Steoollli"l:ge . ‘. = | i
T LE‘.} & —2018/11/21
&—o 09:59:02

Figure 4 The approaches to the inter sections sel ected for the speed study:
(a) the section of Yaroslava Mudroho; (b) the section of Peremohy Avenue

The cycle time at the intersection is 60 s, andyteen variable have led to a significant change in thenga
time for the traffic direction under observation frigure distribution parameters - the scale parameter hawrg
4a - from right to left) is 20 s. The observatioasrcarried significantly along with the significant decrease the
out on 21 Nov. 2018 for three hours, from 8:15 aon. shape parameter that has approached 1.

11:15 a.m. The recorded video was processed aocpiali The gamma distribution was fitted to the recorded
the methodology proposed in subsection 3.3. Ttspeed values, Figure 5a, and the goodness of ft wa
processing results are presented in Table 3. evaluated using the Kolmogorov-Smirnov criteriomeT

evaluation allowed for the conclusion that the hiipsis
Table 3 Speed statistics for the zone beforethe stop-lineatthe  of the possibility of describing the speed influedicby

approach to Alchevskyh Sr. in Kharkiv traffic signalling with the gamma distribution camrbe
No. of observatior - 40¢ rejected because of achieving the acceptable X®per
min 0.0v significance level of the used criterion. The Pears
Speed (n5Y) max 19.1- criterion was not applicable in this case. Thisitesan be
ave 5.3C considered preliminarily positive taking into acabthe
std. dev 4.9¢ significance level of the Kolmogorov-Smirnov critar
Gamma distribution paramete.ascak 4.60: (less than 20%) a_nd interpreted as a one-time ej@a{'ron
shap 1.15: of the hypothesis that should not be considered as

confirmation.

This table shows that at the given signalized The proximity of the gamma distribution shape
intersection, the speed has decreased comparebleto parameter to 1 makes it reasonable to test thethgpis of
speed at the narrow carriageway observed before. Tthe exponential distribution of the speed variabBlgure
standard deviation has increased more than twigehwh 5b. In this case, the significance level of therKegorov-
can be explained by a noticeable extension of pleecs Smirnov criterion has decreased to less than 15%.
range. Major changes in the main moments of thedpe
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Kolmogorov-Smirnov d = 0.05390, p < 0.20

350

300

250

200

150

Number of observations

100

50

0
0.00

747 14.33
Car speed, m/s

Figure 5 The digtributions fitted to the val ues of speed influenced by
(a) Gammg; (b)

21.50

Kolmogorov-Smirnov d = 0.05794, p < 0.15

350

300

]
wh
(=3

200

150

Number of observations

100

50

0
0.00 733 14.67
Car speed, m/s

traffic signalling at the approach to Alchevskyh Str. in Kharkiv:
Exponential

22.00

Consequently, it appeared reasonable to contineie th

research under conditions even more complicatéerins
of speed. This research allowed for further testihthe
hypothesis of the suitability of the use of gamm
distribution to describe vehicle speed under variotban
traffic conditions and define the relationship betw
traffic conditions and the gamma distribution shap
parameter.

Traffic conditions complicated more than the above
described can occur before the stop-line at theoapp to
a signalized intersection where both a green timkits
share in the cycle are even less. This complicat@mnbe
observed at the secondary approach to a signaliz
intersection with a long cycle time. The conditiamighis
type are specific to the approach of Peremohy Asenu
Klochkivska St. in Kharkiv. At this approach, thezgist
two lanes and the left-turn phase, Figure 4b. Tk
intersection has a large area and good road sutfete
allows driving in almost free conditions after gtart from
the stop-line. Therefore, these conditions carobsidered
similar to the conditions in the previous obseaibf the
car speed before the stop-line. At the same tiheegycle
time and the green time for the selected approabich
are 90 s and 16 s correspondingly, differ signifiyafrom
those in the previous case — 60 s and 20 s regplyctihe
green time for the selected traffic direction i$ extremely
short and equals 16 s which is 20% less than girthéous
intersection. But the green share in the cycle tims
decreased almost twice — from 33.3% to 17.8% slifjas
the observations at the intersection of Peremohy @nd
Klochkivska St, as it will extend the speed ranbatt
characterizes urban traffic conditions. The obsemaat
this intersection was carried out for one hour be t
weekday - Friday, 10 January 2020 - using videonding
of the traffic passing the cross-section before th
intersection stop-line. As a result of video praieg, 260
values of car speed in more complicated trafficditooms
were obtained, Table 4.

Table 4 Poeed statistics for the zone before the stop-line at the
approach to Klochkivska Sr. in Kharkiv

q No. of observatior - 26(
min 0.0z

1 max 11.5(

pSpeed (M57) ave 2.42:
std. dev 3.00¢

- o | _scale 3.71¢
Gamma distribution paramete.;.Shallol 0651

The data in Table 4 are consistent with the hymishe
that a decrease in average speed leads to ansaciea
speed standard deviation, which decreases the gamma
distribution shape parameter. Compared to the pusvi
observation, the average speed has decreased f&m 5
m-sto 2.42 ms?, i.e. 2.2 times, and the standard deviation
has decreased from 4.94ghto 3.00 ns?, i.e. 1.45 times.
At the same time, the ratio of the average speeihdo
standard deviation has resulted in the gamma loligtoin
shape parameter taking a value that is very clode t

The results of fitting the distribution with this
parameter have convincingly indicated the suitbbidif
gamma distribution to describe the car speed, Eidar
The scale and the shape parameter have taken ltres va
3.011 and 1.005, respectively. At these paramethes,
mean of the fitted gamma distribution approximately
equals the standard deviation, and both momentsi@se
to the value of the scale parameter. The gammatxigon
shape parameter close to 1 indicates the posgilafit
describing the observed car speed distribution hmy t
exponential one that was confirmed by the appropria
tests, Figure 6b. These results fully confirm tiipdthesis
of the gamma-distributed vehicle speed in urbaffidra
conditions.
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Kolmogorov-Smirnov d = 0.01413, Kolmogorov-Smirnov d = 0.01438,
Chi-Square test = 3.72859, df = 2, p=0.15501 Chi-Square test = 3.72213, df = 3, p = 0.29307
70 70
60 60
& so EED
g g
g [4
g 40 g 40
= =)
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::,: 30 g 30
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0 , ' = 0
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Car speed, m/s Car speed, m/s

Figure 6 The digtributions fitted to the val ues of speed influenced by traffic signalling at the approach to Klochkivska S. in Kharkiv:
(a) Gamma; (b) Exponential

It is necessary to point out that in up-to-daterditure, signalized intersection, which causes a noticeable
there is a lack of results similar to those presgtbove. complication of traffic conditions, exponential ilsution
Also, there are no convincing explanations forrtheealed appeared to be suitable to represent the speeablarihe
changes in the speed distribution type caused hylzan reason for this change in speed distribution tg@esteady
environment. decrease in average speed and an increase in speed

The way that can help to explain these changdwis tstandard deviation with the complication of traffic
study of the speed in the conditions that makeryieven conditions.
more complicated in terms of speed. These conditiam The results obtained in this paper are sufficient t
be found on the network links with limited overtagi conclude that (i) gamma distribution is suitablegpresent
opportunities and only one lane available for moeetmA the vehicle speed variable influenced by urbanfitraf
speed study of this type will deepen the knowlealgeut conditions and (ii) the discovered background foe t
speed distribution in urban areas and allow forteloet changes of speed distribution type is fully appiadprfor
clarification of the regularities reflected by thedealing with real-world issues related to the tcaff
fundamental diagrams of traffic flow. management performance, city logistics, and urban

transport planning.
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