Journal of Engineering Science Vol. XXX, no. 3 (2023), pp. 26 - 34
Fascicle Industrial Engineering ISSN 2587-3474
Topic Applied Engineering Sciences and Management elISSN 2587-3482

https://doi.org/10.52326/jes.utm.2023.30(3).03
UDC 656.05 ACCESS |® ®

CROSSING SPEEDS OF CARS THROUGH SIGNALIZED INTERSECTIONS

Narciza-lzabela Galusca®, ORCID: 0000-0003-4084-2010,
Silviu-Cristian Iriciuc, ORCID: 0000-0001-8136-7426,
Gelu-Razvan Gimiga, ORCID: 0000-0002-6798-1793,
Diana-Nicoleta Dima, ORCID: 0000-0002-2217-4330,
Maria-Cristina Scutaru, ORCID: 0000-0002-7077-340X

Gheorghe Asachi Technical University of lasi-Romania, Department of Transportation Infrastructure and
Foundations, 1 Mangeron Blvd, 700050, lasi, Romania
*Corresponding author: Narciza-Izabela Galusca, narciza-izabela.galusca@academic.tuiasi.ro

Received: 07. 12. 2023
Accepted: 08. 22. 2023

Abstract. The article deals with the problem of traffic in three traffic-light intersections in the
street network of lasi city. Usually, the existing traffic lights do not fully take into account
the size, structure and parameters of the queue of vehicles waiting at intersections; which in
turn affects the traffic capacity of the intersection. In the study, we used a representative set
of measurements taken at the three intersections to interpret the variation in the crossing
speeds of the traffic light intersection space by the vehicle columns using the linear
regression method. We studied several categories of vehicles queuing before the stop line at
the intersection. We made a statistical analysis of the time taken to cross three intersections
by vehicles in different starting positions. The main results of the research showed estimates
in good agreement with observational data as well as a significant reduction in vehicle speed
(to 58%) when there are different categories of vehicles queuing at the intersection. This
study can be used in the urban traffic diagnosis method, being part of a traffic study together
with urban traffic forecasting and therapy.
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Rezumat. Articolul trateaza problema traficului in trei intersectii semaforizate din reteaua
de strazi din lasi. Semaforizdrile existente nu iau in considerare pe deplin dimensiunea,
structura si parametrii cozii de vehicule care asteapta la intersectii; care afecteaza la randul
sau capacitatea de circulatie a intersectiei. In studiu, s-a folosit un corp reprezentativ de
madsuratori efectuate in cele trei intersectii pentru a interpreta variatia vitezelor de
traversare a spatiului intersectiilor semaforizate de catre coloanele de vehicule utilizandu-
se metoda regresiei liniare. S-a studiat mai multe categorii de vehicule care stau la coada
fnaintea liniei de oprire la intersectie. S-a facut o analiza statistica a timpului necesar
rezultate ale cercetdrii au ardtat estimadri in buna concordanta cu datele rezultate din
observatii precum si o reducere semnificativa a vitezei vehiculului (la 58%) in cazul in care
sunt diverse categorii de vehicule care stau la coada la intersectie.

Cuvinte cheie: puncte de conflict, directie, distantd, coloand, trafic, vehicul.
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1. Introduction

At street intersections, some components of the traffic process influence the
functioning of intersections. The management of the traffic flow on the intersection surface,
as well as its functioning, depends directly on the space available in the intersection, the
existing public transport and the cargo shipment.

Public transport and cargo vehicles are defined by large dimensions, poor
maneuverability, slow starting and limited speeds, these vehicles place additional demands
on the elements of an intersection, introducing heavy traffic conditions, which must be
considered both in the calculation of traffic lights at intersections and in their design and
road layout measures and provisions.

In an intersection that can provide sufficient space, management of traffic flows, the
dimensioning of traffic storage lanes, the crossing is optimized, and conflict points can be
eliminated or their impact on flows reduced.

In an intersection that lacks space (especially when it has built-up frontages), it is not
possible to achieve a correct management of traffic flow, certain spaces are given up or others
are reduced in size, resulting in difficult traffic processes, with reduced speed and flow of
traffic and even increasing the possibility of conflict between vehicles or even traffic
accidents [1].

But vehicle delays include many parameters such as signal timing, number of phases,
vehicle advances, saturation flow, queuing, etc. [2].

It was also observed that the length of the queue depended on its composition and
the associated stop time [3].

The traffic flow through signalized intersections is influenced by a series of factors,
among which deserve mention: the time distribution of the traffic, the movement law of the
vehicle queues waiting to enter/ cross the intersection, the features of the signal regime, the
crossing speed through the intersection [4].

Since other traffic characteristics trough intersections have earlier been studied, an
analysis of the variation of the crossing speeds is done in this paper taking into account
several parameters as: the vehicle type, its position in the queue, the distance to be passed,
the movement direction (through/ left turning) of the cars entering the intersection [5].

2. Measurements of the Crossing Speeds

2.1. Confidence Level

In order to ensure an acceptable level of confidence to the results of measurements
[4], the average crossing speeds at a couple of intersections were determined on large
amounts of observed vehicles, and taking care to encounter various situations able to reveal
the influence of the parameters mentioned in the Introduction.

Intersections: the measurements were performed at: | - intersection Primaverii Bvd
Whit T. Vladimirescu (Figure 1), Il - Intersection Independentei Bvd. With V. Alecsandri Street
(Figure 2), lll - Intersection at “Cotnari” (Socola Bvd. With Primaverii Bvd.) (Figure 3) [6].

2.2. Conditions for Performing the Measurements

a) Measurements were performed during periods of most intensive traffic (peak hours
of traffic flow).

b) The weather, visibility roadway conditions were normal.

¢) The longitudinal roadway declivities were negligible.
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Figure 1. | - Intersection Primaverii Bvd Whit T. Vladimirescu.
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Figure 3. IIl - Intersection at “Cotnari” (Socola Bvd. With Primaverii Bvd.).

d) The intersections selected for measurements were quite different as regards the
traffic features.

e) The crossing speeds were measured from the starting moment of the queue having
waited behind the STOP line by the signal.

The average crossing speeds over the distance D (Figure 4) were calculated by use of
the Eq. (1) [7-16]:

v =D/At (1)

Where the distances to be crossed were measured in meters and the crossing times (in
seconds) were measured by direct observation of the crossing process, using a chronometer.
More exactly, At =t, - t, where t; is the starting moment, while t, is the moment at which the
vehicle has covered the distance D, (Figure 4) [7-16].

VEHICLE QUEUE -t ts

M=tsy-t, - D -

Figure 4. Time interval and distance to be covered for crossing an intersection.

3. Results and Discussion

The present study focuses on determining the variation of crossing speeds of traffic-light
intersections by columns of vehicles through manually collected data using the linear
regression method for three signalized intersections under heterogeneous traffic conditions

in the city of lasi.
Note that crossing speeds are a function of some specific elements such as:
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- Intersection crossing direction (forward, left turn) and crossing distance (intersection

| forward - 36 m, left turn - 28 m; intersection |l forward - 67 m, left turn - 24 m;

intersection Il forward - 47 m). The greater the distance, the more the column of

vehicles can exceed the starting speed stage and enter a normal speed development
mode. The speeds developed by vehicles crossing the intersection in the forward
direction are higher than the speeds of vehicles in a column turning left, for example.

- Vehicle type (PC - passenger cars, MWV - mid-weight vehicles, B - buses, B3 - 3-axle
buses, T - trucks, SV - special vehicles). Lighter and faster vehicles can develop higher
crossing speeds than heavier vehicles.

The average values of the crossing speeds determined for the intersections under
observation (in this study), also depending on some above mentioned features, are presented
in Table 1 and their variation for the through and left turn directions are illustrated in
diagrams of Figures 5 and 6.

The shapes of the variation curves of the mean crossing speeds as depending on the
vehicle positions in the queue (Figures 5 and 6) clearly suggest that most of them are
piecewise almost linear, therefore they may be piecewise approximated by segments of
straight lines that together form open polygonal lines. In order to obtain better
approximations, the x-axis was divided into several intervals, but these partitions differ from
one intersection to another and they also depend on the vehicle type and on moving
direction. Thus, the mean crossing speed y depends on the vehicle position in the queue x
(which is a positive integer variable) via a linear equation of the form Eq. (2):

y=a;j*xx+ b, (2)

where is related to the intersection and movement direction, j corresponds to the
vehicle category (PC - passenger cars, MWV - mid-weight vehicles, B - buses, B3 - 3-axle
buses, T - trucks, SV - special (very heavy) vehicles); finally, k corresponds to the current
interval in one of the above mentioned partitions (each of them associated to a subscript pair
(i, ). The coefficients ajx and by were estimated based on the statistical data presented in
(Table 1), using the method of linear regression.

Table 1
Mean Intersection Crossing Speeds, [m/s]
Inter-  Direction Distance Vehicle Vehicle position in the queue
section type 1 2 3 4 5 6 7 8 9
PC 571 6.20 650 6.75 7.07 7.52 783 8.26 8.72
D=3 MWV 545 572 597 6.23 6.51 6.65 692 - -
through
B 458 479 497 514 535 552 - - -
Bs 433 456 472 491 511 526 - - -
! PC 549 579 6.02 636 675 7.20 755 8.00 -
MWV 515 538 552 577 600 6.22 - - -
left D ;28 B 454 491 515 531 540 553 - - -
B 401 419 442 462 480 - - - -
Y 378 392 403 416 427 438 - - -
PC 712 740 770 798 827 854 876 893 9.07
i through D=67 MWV 705 721 740 7.64 7.86 809 829 - -
B 558 5.83 6.09 643 669 - - - -
Bs 545 576 591 6.09 6.26 - - - -
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ContinuationTable 1

PC 502 526 557 570 591 6.22 654 687 7.10
left D=24 MWV 463 493 504 514 523 541 554 - -
m B 4.24 453 477 4950 500 - - - -
Bs 344 377 405 419 4535 - - - -
0 through D=47 T 526 542 554 566 580 593 6.06 614 -
m SV 378 392 403 416 427 438 - - -

The maximum deviations from the estimated values, for each line corresponding to a
triple (i, j, k) of subscripts, are listed in the last two columns of (Table 2 and Table 3), while
the middle column contains the linear equation of the line segment assigned to each of these
triples. These deviations (given in percent, above and under the estimated value, respectively)
enable us to remark that the approximation of variation curves of the crossing rates (speeds)
with the vehicle position in the queue (and with the other three features) is very accurate:
the largest deviation found was equal to 1.6%.
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Figure 5. Mean crossing speeds vs. vehicle position in the queue, for through movement
and five vehicle types.
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Figure 6. Mean crossing speeds vs. vehicle position in the queue, for LEFT TYRBS
movement and four vehicle types.
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The Equations Modelling the Variation of the Crossing

Speeds with the Vehicle Position in the Queue

Table 2

Intersection,  Vehicle  Vehicle Linear regression equations Maximum deviation [%]
Direction type position (including a parabolic equation)
+ -

PC 1-7 y = 0.340x + 5.450 1.10 1.10

7-12 y = 0.540x + 4.000 1.60 1.40

/ MWV 1-7 y=0.262x + 5.190 0.10 0.20

through 7-12 y =0.205x + 5.475 0.20 0.20

B 1-6 y = 0.188x + 4.400 0.20 0.30

B3 1-6 y =0.188x + 4.157 0.50 0.60

PC 1-5 y =0.288x + 6.830 0.10 0.10

5-9 y=0.210x + 7.220 0.40 0.80

p MWV 1-3 y=0.172x + 6.887 0.20 0.10

through 3-7 y=0.227x +6.712 0.10 0.30

B 1-5 y=0.277x + 5.290 0.50 0.50

B3 1-2 y =0.310x + 5.140 0.00 0.00

2-5 y=0.167x + 5.425 0.30 0.10

» T 1-8 y=0.127x + 5.146 0.40 0.40

through v 1-6 y=0.120x + 3.670 0.40 0.30

Table 3

The Equations Modelling the Variation of the Crossing

Speeds with the Vehicle Position in the Queue

Intersection,  Vehicle  Vehicle Linear regression equations Maximum deviation [%]
Direction type position (including a parabolic equation)
+ -
BC 1-3 y =0.255x + 5.255 0.40 0.40
3-8 y=0.388x + 4.856 0.80 0.50
/ MWV 1-3 y =0.180x + 4.986 0.30 0.60
3-6 y=0.233x + 4.827 0.10 0.20
left turns
B 1-4 y =-0.057x? + 0.540x + 4.057 0.30 0.10
4-6 y =0.110x + 4.865 0.30 0.10
B3 1-5 y =0.198x + 3.182 0.40 0.40
pC 1-5 y=0.227x + 4.830 0.90 1.10
5-9 y =0.295x + 4.490 0.90 0.30
1-2 y =0.300x + 4.330 0.00 0.00
p MWV 2-5 y =0.100x + 4.730 0.00 0.20
5-7 y =0.155x + 4.455 0.00 0.40
left turns
5 1-3 y =0.265x + 3.975 0.00 0.60
3-5 y =0.115x + 4.425 0.00 0.30
. 1-3 y =0.305x + 3.135 0.00 0.70
3-5 y =0.150x + 3.600 0.20 0.00
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4. Conclusions

A couple of conclusions may be drawn from the presented data and the piecewise
linear estimations of the mean intersections crossing speeds as functions of the vehicle
position in the queue, of the particular intersection observed, of the vehicle type and of the
movement direction, using the linear regression method:

1. The crossing speed steadily grows from the first vehicle (on the first position in the
queue), because of the delay due to the start from a still state, towards the most remote
positions in the queue. The latest vehicles take advantage of the time needed to reach a
higher speed until entering the intersection.

2. The lower is the crossing speed, the heavier is the vehicle.

3. The crossing speeds for vehicles moving through are higher than the ones for left-
turning vehicles if we compare them for the same vehicle type and position in the queue.
This difference is natural because of the difficulties of left turns.

4. The distance D to be covered also influences the crossing speeds, which grow with
it since the vehicles can reach a higher speed due to a longer time for acceleration.

5. The composition of the waiting queue is less important for an approach street with
several (two or three) lanes, but it is significant for one-lane approaches. The same holds for
the percent of left-turning vehicles, which cause delays in the movement of the whole queue.

As a conclusion, it may be appreciated that the mathematical modelling of the crossing
speeds through street intersections using piecewise linear equations obtained by linear
regression gives (very) accurate results. Therefore, it may be useful in the analysis (diagnosis)
of the urban traffic flow through signalized intersections, and it thus provides a basis for
studies aiming at the improvements of traffic signal regimes.

Conflicts of Interest: The authors declare no conflict of interest.
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