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Introduction

An important direction for transport
problems solving is the formation of cit-
ies’ road networks with increased capacity,
improvement, and provision of conditions
for public transport movement (separate
lanes allocation and provision the prior-
ity in movement). It is quite hard to take
into account simultaneously these factors,
especially for cities with a historical road
network. It is possible to solve this prob-
lem with the help of the implementation
of modern technologies, automated traffic
control systems, in particular, to improve
the traffic light control system at the in-
tersections (pedestrian crosswalks). Such
management should satisfy the requests
of road users, based on objective func-
tions — safety and speed of movement.

Traffic light control systems at the
intersections in existing conditions have
limited time parameters by regulatory
documents, although they operate both
in adaptive (flexible) and fixed-time re-
gimes. Such systems mainly consider the
needs of traffic flows, giving minimal
duration for serving pedestrian flows.
The existing approach to the balancing
of traffic light duration does not always
take into account the peculiarities of the
pedestrian movement who try to cross the
roadway in every convenient moment in
time, even in conditions of risk. As re-
sult, traffic safety at grade level pedes-
trian crosswalks reduces (deteriorates).

Analysis of literature and problem
statement

During the design of the traffic light
cycle duration, to determine the rational
control regime, minimal time, which
provides crossing the roadway by pedes-
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trians, takes into account. In recommen-
dations, the methodology for determin-
ing the duration of crossing the roadway
by pedestrians is given. The majority of
these methodologies are based on as-
sumptions about the average speed of
pedestrian movement. That way, in rec-
ommendations of the Transportation Re-
search Board (2000), the speed of pedes-
trian movement is considered 1.2 m-s™!;
in the manual of Japan Society of Traffic
Engineers (2006), the speed is 1.0 m's™';
in the studies of Ukrainian researchers
—13-1.4ms™.

For the investigation of the speed of
pedestrian flows at the grade crosswalks,
several techniques are developed, but
the majority of them do not consider the
impact of counterflow. Various authors
developed the model of the duration of
crossing the roadway by pedestrians,
considering the length and width of the
crosswalk, and also the density of con-
flicting flow (Alhajyaseen, Nakamura
& Catbagan, 2008; Alhajyaseen & Na-
kamura, 2010; Iryo-Asano & Alhajya-
seen, 2017; Wang, Zhao, Cao, Lu &
Chen, 2017). During pedestrian flows
simulation, the method was used which
considers pedestrian delays which had
formed in result of counterflow impact
(the group of pedestrians with a maximal
density which had formed at pedestrian
crosswalks). The investigation showed
that with the intensity approximately
equal at each side of the crosswalk
(dense flow), pedestrian speed decreases
to one third with the comparison to the
flow, which moves in one direction. As
result, the conclusion was that the impact
of conflicting flows is significant and
should be reviewed during the design of
traffic light control systems to determine

the optimal time needed for crossing the
roadway by the groups of pedestrians.

In the study by Alhajyaseen and Na-
kamura (2012), the method of the deter-
mination of traffic light cycle duration
taking into account the length of the pe-
destrian crosswalk, which allows mini-
mizing traffic and pedestrian delays, is
given. This method considers the den-
sity, intensity, speed of traffic and pedes-
trian flows, and geometric parameters of
the roadway. During the calculation of
the traffic light cycle duration, two limi-
tations are considered: optimal duration
of permissive signal for traffic flow and
minimal duration for the pedestrian.

The main restrictions, which are used
during the calculation of traffic light sys-
tem, are the minimal duration of permis-
sive signal for traffic flow and maximal
duration of restrictive signal for pedes-
trian flow (Transportation Research
Board [TRB], 2000; Vrubel, 2003; Le-
vashev, Mykhailov & Holovnykh, 2007;
Vasylieva, 2007; Polishchuk & Bakulich,
2012). An experience of the investigation
of pedestrian behavior at signalized in-
tersections shows that the duration of pa-
tient waiting of green signal by them can
be within 30-90 s (Vrubel, 2003; Xiong,
Xiong, Deng & Wang, 2014). With such
values of restrictive signal, the number
of violators is no more 15% (Gong, Xiao
& Xu, 2019; Ma, Lu & Zhang, 2020).
By the duration of the patient waiting for
a green traffic light signal by pedestrians
means maximal time, which the pedes-
trian is ready to spend to wait for such
signal.

Many researchers establish the val-
ues of limits of traffic light cycle dura-
tion by empirical dependencies. Vrubel
(2003) investigated that the cycle du-
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ration should be no less than 70 s for
two-phase control; no less than 90 s for
three-phase control; no less than 110s
for four-phase control.

In recommendations by Polishchuk
and Bakulich (2012), the limitations of
minimal duration of the traffic light cy-
cle are given (no less than 25 s). It is ex-
plained by the fact that with a short cycle
duration, delays in traffic flow increases
and capacity decreases.

Analysis of literature data established
many factors: minimal time, needed to
pedestrians for crossing the roadway, the
duration of the permissive and restric-
tive signal of the traffic light, intensity,
density, speed of traffic an pedestrian
flows, geometric parameters of intersec-
tion — crosswalk (Zhyvohliadov, 2012).
However, such factors are not taken into
account as a pedestrian discipline, lo-
cation of the crosswalk relatively func-
tional zone of the city, the designed pur-
pose of pedestrian movement, climate
conditions, and determination the dis-
tance between pedestrian crosswalks.
Given factors, determine the behavior of
pedestrians in compliance with the traf-
fic rules.

Based on the above, the problem of
choosing the rational regimes of traffic
light control for traffic and pedestrian
flows remains topical.

Aim and tasks of the research

The aim of the study is an investiga-
tion of traffic and pedestrian flows for
choosing the rational regimes of traffic
light control.

To achieve the goal, such tasks are
formed to:

— reveal the regularities and methods
of research of road users indicators;

— investigate road users indicators and
pedestrian behavior at signalized in-
tersections;

— choose rational regimes of traffic
light control for traffic and pedes-
trian flows;

— justify the recommendations about
the choice of rational regimes of traf-
fic light control for signalized inter-
sections of different types.

Research techniques

Experimental determination
technique

To evaluate quantitatively the dura-
tion of patient waiting by pedestrians it
is necessary to research the process of
crossing the roadway by pedestrians.
Obtained results will allow determining
the factors, which have a direct impact
on the time of pedestrians’ patient wait-
ing. But, it is necessary to consider such
indicators as traffic intensity, density, and
composition, traffic light control regime,
roadway geometric parameters, district
type where the intersection is located
(residential, central, and suburb district
of the city), climate conditions, etc.

To measure the duration of pedestri-
ans’ patient waiting, we used the method,
which is based on the investigation of
pedestrian behavior during crossing the
roadway by them.

On the primary stage of the research
conduction, we determined:

— geometric parameters of the road-
way (crosswalk), and the duration of
permissive and restriction signals of
a traffic light;

40

Y. Fornalchyk et al.



— recorded the number of pedestrians
who crossed the crosswalk in such
sequence: recorded the number of
persons who crossed the roadway
while turning on the permissive sig-
nal of the traffic light; recorded the
moment of the crossing of the last
pedestrian on the permissive signal;
recorded the number of pedestrians
who crowded during the restrictive
signal of a traffic light; recorded the
number of pedestrians who crossed
the roadway during the restrictive
signal;

— while turning on the permissive sig-
nal of a traffic light for transport, we
recorded the number of vehicles that
cross the stop-line.

In the next stage, we determined the
type of traffic light control (fixed-time or
adaptive) and climate conditions.

In the final stage, we determined
the speed, with which the pedestrians
cross the roadway. To obtain this indica-
tor (speed of pedestrians), we recorded
the time which pedestrians spent cross-
ing the roadway with the help of a stop-
watch. The experiment was carried out
no less than 20 times for different age
categories of pedestrians (young, middle
age, and old) on each of the investigated
objects, and after we calculated the aver-
age speed of pedestrian flow.

It was established that the dura-
tion, necessary for pedestrians to cross
the roadway depends on the length and
width of the crosswalk, and pedestrian
flow intensity.

Simulation modeling technique

To evaluate operation regimes of
traffic and pedestrian flows, there are
many foreign and domestic programs

and projects, within which the research,
modeling, and analysis of cities’ road
network condition are carried out. Both
powerful software package PTV Vissim
and simple mathematical models can be
distinguished.

To develop a transport model in
PTV Vissim software, it is necessary to
carry out such operations:

— to calibrate the map of research ob-
jects, build streets which approach
the research objects, set the appropri-
ate widths and the number of lanes;

— due to the results of field research, to
create incoming traffic flows on every
approach to the intersection (cross-
walk), specify respectively their com-
position and allowed movement di-
rections. Speed of vehicle movement
is specified separately for every type,
and restrictions on turns are set;

— asthe movement of traffic and pedes-
trian flows is controlled by the traffic
light signalization, it is necessary to
create signal groups and specify the
duration of permissive and restric-
tive signals for each phase;

— while crossing the traffic flows in
one control phase, it is necessary to
enter appropriate priorities for spe-
cific flows;

— to determine traffic flow delays (in
s-vehicle™") and vehicle queue length
(in m), it is necessary to set measur-
ing points on each approach to the
intersection (crosswalk).

At signalized intersections (cross-
walks), it is necessary to carry out pe-
destrian flow simulation similarly to the
traffic flow. For the proper operation of
such model, it is necessary to set the in-
coming pedestrian flow and (for needs)
pedestrian routes of movement.
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The main parameters of pedestrian
movement within at-grade crosswalks are
intensity, density, and speed of pedestri-
an movement; the number of crosswalks;
the presence of points of attraction near
the investigated research object.

Research results

Pedestrian behavior model depending
on the movement intensity and
crosswalk length

Experimental measurements of traf-
fic and pedestrian flow indicators were
carried out on sections of road network
of Lviv city. In the primary stage of this
research, the range of objects was chosen
—signalized intersections and crosswalks
beyond intersections. Chosen objects
differed by the width of the roadway on

approaches to the stop-line (from lane
to three lanes on the direction), distance
between adjacent stop-lines (about from
50 to 700 m) and signalized intersections
— by the number of pedestrians (from
3 to 5). Intersections, where pedestrian
behavior was investigated, were consid-
ered with fixed-time traffic light cycle.
All investigated intersections were con-
ditionally divided into three types rela-
tive to their location on the city territory:
type I — near transport junctions; type II
— central zone; type III — residential zone
(Table 1).

Based on the goal, task, and meth-
od of experimental measurement, eight
signalized intersections and pedestrian
crosswalks of each type were chosen for
its conduction. Taking into account the
fact that indicators of traffic and pedestri-
an flows are characteristic for the change
during the day, measurements were car-

TABLE 1. Types of signalized intersections and pedestrian flows relative to their location on the city

territory
. Peculiarities Lo
Intersec- | Location on the . Peculiarities of traffic | Presence of flows
. . . of pedestrian flow .
tion type city territory flow movement generation center
movement
large heterogeneity
permanent intensive | of traffic flow (up to
near tansport in peak periods; ori- | 70% of cars); signifi- | trade establishments,
I . nsp ented in the direction | cant share of urban bus stations, and
junctions . . .
to and from genera- public transport, railway stations
tion centers maneuverability at
the car parking
precise generation
ermanent intensive significant homoge- center is absent,
11 central zone p durine davlicht neity of traffic flow distribution of pe-
& daylig (up to 95% of cars) | destrian flows by the
territory is steady
share of cars is
850 -
. . changeable, evenly 8.0 85%, urban pub stopping points of ur-
111 residential zone . . lic transport — up to -
directed in all zone N . ban public transport
10%, freight transport
almost absent
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ried out for peak (morning and evening)
and inter-peak periods. For each period,
appropriate indicators were fixed dur-
ing 50 traffic light cycles. It is important
that during these measurements record-
ings from surveillance cameras from the
Center of traffic management of Lviv
city were used, which allowed fixating
traffic indicators and pedestrian behavior
(number of violations) simultaneously
with involvement of small number of re-
searchers. We consider this as an advan-
tage of this method.

The operation of signalized intersec-
tions and crosswalks was analyzed to in-
vestigate pedestrian behavior taking into
account their intensity and crosswalk
width. On such intersections, the dura-
tion of restrictive signal for pedestrians
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changed from 26 to 115 s. Results of this
research are processed in the MS Of-
fice Excel software. Experimental de-
pendencies of the number of violations
of the traffic rules by pedestrians, which
cross the roadway in risk conditions
from traffic flow intensity, expressed
through the volume-capacity ratio, are
obtained (Fig. 1). Volume-capacity ra-
tio (z) was determined as interrelation
of traffic intensity (N) to capacity (P):
z = N/ P. Maximum permissible capac-
ity of one lane on intersections of type Il is
750850 pcu-h™; for type II — 800-900
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of experimental measurements. Here,
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FIGURE 1. Experimental and approximated dependencies of the number of violations the traffic rules
by pedestrians from street volume-capacity ratio before stop-line for intersections types (Z,,, — duration
of the restrictive signal of a traffic light for pedestrians)
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change depending from the lane width as
it lays within 3.0-4.0 m. Lane width has
no impact on pedestrian behavior but it
depends from the roadway width (pedes-
trian crosswalk length). Average values
of the number of violations the traffic
rules by pedestrians for different day
periods (with the aim to investigate the
change of violations at the intersection
with different volume-capacity ratio) is
given on Figure 1.

Based on the obtained results, the ten-
dency of decrease of the number of vio-
lations by pedestrians while crossing the
roadway by street volume-capacity ratios
is established: 0.50-65 for intersections
of type I (duration of restrictive signal
for pedestrians is 20—40 s); 0.40-0.65
for type II (duration of restrictive signal
for pedestrians is 40—-100 s); 0.45-0.55
for type III (duration of restrictive sig-
nal for pedestrians is 40-100 s). For the
intersection of type III, with the duration
of the restrictive signal of a traffic light
for pedestrians is 100-120 s, an increase
of the number of violations of the traffic
rules by pedestrians regardless of road-
way volume-capacity ratio is observed.

Research showed that street vol-
ume-capacity ratio and control regime
are determinant factors in making a de-
cision by pedestrians about crossing the
roadway in risk conditions. With road-
way volume-capacity ratios from 0.20
to 0.40, large intervals between vehicles
are observed, pedestrians, feeling their
relative safety, cross the roadway in risk
conditions (especially such thing is ob-
served during long restrictive signal).
With the increase of roadway volume-
-capacity ratios (0.40—-0.60), intervals be-
tween vehicles density, vehicles structure
by composition on the lanes. This leads

to that pedestrians do not risk violating
the traffic rules (cross the roadway on
the restrictive traffic light signal). With
volume-capacity ratios 0.80—0.95 (vehi-
cle movement due to traffic jams is al-
most absent), the prevailing majority of
persons decide to cross the roadway on
the restrictive signal. In these conditions,
the number of persons who wait for safe
roadway crossing, i.e. with abidance of
traffic rules, decreases.

Dependence of the number of viola-
tions of the traffic rules by pedestrians
(Nyiolations)> 1.€. crossing the roadway
during restrictive signal, from roadway
volume-capacity ratio (z) is non-linear
and can be described by the quadratic
equation:

_ .2 4
Nyiolations = @ * z-+ b - z+ ¢ [personh™]

where:
a, b, ¢ — coefficients of the power
function.

Numerical values of coefficients are
determined in the MATLAB software.
Obtained results of the dependence of
the number of violations the traffic rules
by pedestrians from streets volume-ca-
pacity ratio for three types of intersec-
tions are given in Table 2.

Based on obtained dependencies for
the second and third intersection types,
we can confirm that the largest number
of violators is observed with the duration
of restrictive signal for pedestrians above
80 s — respectively about N,jojations 1S 90
and 50 person-h ™. This phenomenon ap-
pears for several reasons. The first is that
due to the long waiting time for permis-
sive signal, pedestrians decide crossing
the roadway in risk conditions because
at the intersection three or four-phase
traffic light cycle operates. The second
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TABLE 2. Dependence of the number of violations of the traffic rules by pedestrians in the zone of

signalized intersections operation

Duration of the restrictive
ional of the pedestri Number
signal of thc pedestran Formulas R? of for-
traffic light
mula
[s]
Intersection type I
20-40 Nyiolations = 1 3413 - 22— 1562.6 - z+ 527.55 0.89 2
Intersection type 11
40-60 Nyiolations = 135.64 - 22 — 160.43 - z + 83.757 0.78 3
60-80 Nyiolations = 156.23 - 22 — 184.17 - z+ 95.505 0.74 4
80-100 Nyiolations = 257.28 - 22 —290.76 - z + 126.83 0.71 5
100-120 Nyiolations = 318.14 - 22 —360.83 - z + 154.7 0.70 6
Intersection type 111
40-60 Nyiolations = 175.21 - 22 — 183.32 - z + 60.92 0.79 7
60-80 Nyiolations = 162.68 - 22 —171.22 - z+ 62.09 0.77 8
80-100 Nyiolations = 14825 - 2* — 146.81 - z + 59.96 0.74 9
100-120 Nyiolations = 7563 - 22 — 67.45 - 2+ 49.01 0.73 10

is that with the increase of the number of
persons which crowded near traffic light
object waiting for the permissive signal
most frequently a situation appears when
one of the pedestrians decide crossing
the roadway on the restrictive signal and
a group of other pedestrians follows after
him.

Determination of rational control
parameters

Based on the results of field research
indicators of traffic and pedestrian flows,
and road network parameters, the choice
of rational control regimes is justified.
The rational regime of traffic light con-
trol was determined by such indicators
as a share of the restrictive signal on the
lane in traffic light cycle for traffic flow
(respectively, permissive for pedestri-
ans), street volume-capacity ratio, and
maximal queue length on the approach

to the stop-line. Maximal queue length
was determined to determine the poten-
tial impact of traffic flow delay on the
adjacent intersections. We carried out
the verification of correctness of listed
indicators using the PTV Vissim soft-
ware. Besides, we considered pedestrian
behavior (number of violations the traf-
fic rues by them) for three intersection
types. With this aim, the model of a one-
-lane segment on the approach to the in-
tersection (crosswalk) was created.

The research was carried out in the
PTV Vissim software, where a one-lane
roadway (3.75 m) was built with the
length of 1,000 m, mixed traffic flow
with the share of cars (for intersection
type I — 70%; for II — 95%; for III — 80—
—85%) was created.

Primary data for traffic simulation
were set, the intensity of vehicles in
passenger car units changed from 50 to

Choice of the rational regimes of traffic light control for traffic and pedestrian flows
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700 pcuh™!. Lane capacity on the ap-
proach to the intersection was accepted
800 pcuh .

Traffic light object was created with
one group of signals and the duration of
the cycle was set 120 s with the structure
red-green. The share of restrictive signal
for traffic flow on the lane in the control
cycle was determined by the equation
— p=1g/ T (the duration of restrictive
signal changed from 10 to 105 s). Be-
sides, normative restriction 25 < 7. 120 s
was taken into account, and the value
of the main time duration for transport
was no less than z, > 7 s. The transitional
interval of the pedestrian phase did not
change, as the geometric parameters of
the roadway are constant.

To determine the maximal queue length
of vehicles before stop-line in different
traffic light control regimes, we simulated
traffic and pedestrian flows at intersections
of three types (types 1, II, and III).

Changes of the maximal queue
length of vehicles depending on street
volume-capacity ratio before stop-line
and the share of restrictive signal dura-
tion on the lane in the control cycle are
given in Figure 2.

Interrelation between satisfactions of
pedestrian needs, based on the criterion of
minimal number of violations, and traffic
flow condition (by the criterion of vehicle
queue length), based on planning features
of roadway and traffic light control indi-
cators for each type of signalized intersec-
tions and crosswalks is given in Figure 2.

Share of pedestrians that cross the
roadway on the restrictive signal of a
traffic light for intersections type I in-
creases with the increase of restrictive
signal duration. It indicates the need for

adjustment of traffic light cycle duration
near the places of a large generation of
pedestrian flow. Besides, reduction of
permissive signal duration for pedes-
trians reduces waiting time for traffic
flow what, within the intensity above
500 pcuh™! by one lane, causes the for-
mation of the vehicular queue by the
length of more than 100 m with the re-
strictive signal 40 s (point A, Fig. 2).

As simulation results show of the
change of maximal queue length of ve-
hicles before stop-line for different inter-
section types (Fig. 2), its maximal value
is observed for intersection type I (near
transport junctions) — 504.56 m with
roadway volume-capacity ratio — 0.88
and the share of the restrictive signal on
the lane in control cycle — 0.83 (point B
in Fig. 2). If in analogical traffic light
control regimes to compare the values
of maximal queue length for intersection
type Il (central zone) and type III (resi-
dential zone), then we can confirm that
vehicular queue length reduces and is re-
spectively 353.65 m (point C in Fig. 2)
and 257.88 m (point D in Fig. 2).

Discussion

While choosing the rational regime
of traffic light control, the necessary
condition is considering psychophysio-
logical and physical properties of people
and forecasting their behavior.

Based on the results of experimental
research (Fig. 1), simulation modeling
(Fig. 2), and on the criterion of optimiza-
tion of traffic flow delays, we developed
recommendations about the choice of
rational regimes of traffic light control
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FIGURE 2. Changes of maximal queue length of vehicles depending on roadway volume-capacity ratio
before stop-line and the share of restrictive signal duration on the lane in the control cycle
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TABLE 3. Recommendations about the choice of rational regimes of traffic light control depending on

traffic delay and pedestrian behavior

Recommended duration of the restrictive signal of a traffic light
Street ) for pedestrians
Vo!ume-capa01ty [s]
ratio (2) intersection type I intersection type II intersection type IIT
Two phases
z<0.2 10-15 10-20 10-25
02<z<045 10-20 10-30 10-30
045<z2<0.7 15-30 30-50 30-50
0.7<z<1.0 25-30 45-55 50-65
Three phases
z<0.2 10-20 10-30 10-30
02<z<045 15-25 20-45 25-50
0.45<z<0.7 20-35 35-50 40-60
0.7<z<1.0 35-40 40-65 60-90
Four phases
z<0.2 10-20 10-35 1040
02<z<045 20-30 25-50 40-75
0.45<z<0.7 30-40 40-60 60-95
0.7<z<1.0 40-50 60-90 75-110

(duration of restrictive signal for pedes-
trians) taking into account pedestrian be-
havior (Table 3).

Based on the data, given in Table 3,
the least amount of violations of the traf-
fic rules by pedestrians while crossing the
roadway and the average vehicular queue
length on one approach to the signalized
intersection will be observed under the
condition of limitation of the duration of
restrictive signal for pedestrians:
for two-phase control: intersection
type [ —to 30 s, type II —to 55 s, type
III — to 65 s;
for three-phase control: intersection
type I —to 40 s, type I —to 65 s, type
III - to 90 s;

for four-phase control: intersection
type [—to 50 s, type II —to 90 s, type
I —to 110 s.

Such recommendations are advised
to provide in current regulatory docu-
ments about the regulation of traffic
light control implementation at the in-
tersections of city streets and roads, as
for today only minimal and maximal
limitations of traffic light cycle duration
operate, which are 25 s and 120 s respec-
tively. It should be noted that principles
of design of traffic and pedestrian phases
are justified only by criteria of absence
of conflict and limitations of minimal
traffic intensity (to 120 pcu-h™") and pe-
destrian intensity (to 900 person-h™").
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Conclusions

1. For signalized intersections with dif-
ferent conditions of traffic and pe-
destrian flows, it is established that
these conditions depend on the lo-
cation relative to the territory of the
city. Considering this, intersections
are grouped by movement peculiari-
ties (traffic flow intensity and com-
position, the existence of centers of
pedestrian flow generation) on three
types: type I — near transport junc-
tions; type II — central zone; type III
— residential zone.

2. Itis determined by results of experi-
mental measurements that for dif-
ferent intersection types in existing
movement conditions, the smallest
number of violators among pedes-
trians with the duration of restrictive
traffic light signal for pedestrians 40—
—60 s is by roadway volume-capacity
ratio 0.50-0.65 for intersection type [;
0.40-0.65 for type 1I; 0.45-0.55 for
type IIIL.

3. By results of simulation results, it
is determined for intersection type
I that the largest vehicular queue is
504.56 m by roadway volume-ca-
pacity ratio 0.88 and the share of re-
strictive signal for traffic on the lane
—0.83. If at these traffic light control
regimes, to compare the values of
maximal queue length for intersec-
tion type II (central zone) and type
Il (residential zone), then queue
length reduces and is about 353.65 m
and 257.78 m respectively.

4. By results of experimental research
and simulation of the passage signal-
ized sections of city streets by traffic
flow (using the PTV Vissim and the

MATLAB software) considering the
needs for pedestrian movement, and,
taking into account the regularities of
vehicular queue formation, it is es-
tablished that limitation of restrictive
signal for pedestrians, regardless of
the number of control phases, should
not be more than: on the sections of
type I - 50 s; type 11 - 90 s; type 111 —
110 s. Such time limitations of traffic
light control parameters meet the cri-
teria of delay minimization for traffic
flows and the least amount of viola-
tions the traffic rules by pedestrians.
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Summary

Choice of the rational regimes of traf-
fic light control for traffic and pedestrian
flows. The method for the choice of rational
regimes of traffic light control is developed
based on the minimization of the number of
violations the requirements of traffic light

signals by pedestrians depending on the vol-
ume-capacity ratio of traffic lanes and con-
trol of vehicular queue on the approach to the
stop-line. Assessment of rationality is carried
out considering the simultaneous impact of
such factors as roadway volume-capacity
ratio, traffic light restrictive signal duration,
the number of violations of the traffic rules
by pedestrians, and maximal queue length
of vehicles. The model of the change of the
number of violations of the rules of crossing
the roadway by pedestrians depending on
the volume-capacity ratio of different inter-
section types is developed in this paper. The
model of determining the maximal vehicular
queue length before intersections depending
on the volume-capacity ratio and the share of
the restrictive signal on the lane in the control
cycle is developed. Recommendations about
the choice of rational regimes of traffic light
control depending on traffic delay, planning
parameters of the road network, and pedes-
trian behavior are proposed.
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