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The significance of flow saturation passing through a controlled intersection depends on numerous factors
such as traffic composition, conditions of turning maneuvers, road gradient, and parking influence. This aspect
has been extensively studied and documented in national regulatory documents. A drawback of this inquiry
lies in the complexity and unwieldiness of the derived formulas, especially for rapid assessments. The aim of
this article is to identify the most influential factors affecting flow saturation. The authors demonstrate that
the primary factors affecting intersection capacity are the number of lanes and traffic organization within
them. Traffic control schemes are presented wherein interferences from turning vehicles and pedestrian
movements during the same phase diminish the uniformity of capacity and the capacity value itself. This
reduces traffic light regulation efficiency, increases queue length, and overall vehicle delays. Three traffic
control schemes at controlled intersections are discussed regarding interferences caused by pedestrian
movements and turning flows. The article's conclusions are substantiated by conducting a multifactorial
experiment to determine statistically significant coefficients. Utilizing this approach allows for preliminary
assessments of flow saturation and intersection capacity both in conceptual research phases lacking initial

data and in existing conditions during rapid assessments.

1 INTRODUCTION

Each state has its own methodologies for determining
the traffic capacity (saturation flow) of automobile
streets and roads and intersections on them (17, 38),
both  controlled and  uncontrolled.  These
methodologies are enshrined in the relevant
regulatory documents (5,7,8, 18, 19, 33). This issue
can be considered well studied for a long time and
reflects the approaches of scientific schools on the
transport flows of the respective states.

The flip side of this study of the issue is that the
calculation formulas presented in them (5, 33, 37) are
rather cumbersome with a large number of correction
factors that give the reference traffic capacity
(saturation flow) due to the observed road conditions
at the facility (In the general calculation, the duration
of the permitting phase and the traffic light cycle, the
number of lanes, the presence of pedestrians, left-
hand and right-hand traffic, the traffic flow
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composition, the slope of the roadway, etc. are taken
into account) to the design value by numerous
correction factors (formula 1).

The calculated value of the saturation flow S of
the group of bands in specific road conditions is
determined by the formula:

S=SO'N'fw'fHV'fg'fp'fbb'fa'fLU 1)
“fir - frr 'prb 'prb

where S, - ideal saturation flow, given auto / h
(default 1900);
N - is the number of lanes in the group;
fw - coefficient considering the width of the traffic
lane;
fuv - coefficient considering the share of trucks in the
traffic;
f4 - coefficient considering longitudinal slopes;
fp is a coefficient that considers the interference
caused by steaming vehicles;
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fup I a factor that considers the noise generated by
buses;

fa - coefficient considering the type of territory;

fLu - coefficient that considers the uneven loading of
traffic lanes;

fur - is a coefficient that considers the interference
created by vehicles turning left in a group;

frr - is & coefficient that considers the interference
caused by vehicles turning to the right in the group;
fipp - coefficient that considers the interference
caused by pedestrians when turning left;

frpp - 1s @ coefficient that considers the interference
caused by pedestrians when turning right.

Also, in the regulatory documents, the issue of
uniformity (homogeneity) of the saturation flow
indicator is not studied due to the influence of the road
situation and additional maneuvers that vehicles can
produce at the intersection (8).

The use of large cumbersome formulas, coupled
with the statistical features of the movement of traffic
flows through intersections, is best with the help of
specialized software packages for traffic modeling,
such as VISSIM.

For approximate calculations before carrying out
field observations or for streets and roads under
construction, along which traffic intensities are not
yet known, the maximum traffic capacity (saturation
flow) can be approximately determined (29):

P = 1250y, car/h
where P - saturation flow;
¥, - multiband coefficient.
But this formula 2 is based on only one factor, which
can lead to gross errors.

According to the authors, there is a need for the
so-called. "Express method" for determining the
maximum traffic capacity (saturation flow) by some
of the most significant factors. This method or
technique would allow transport engineers to quickly
assess the capabilities of regulated units and prescribe
measures for their optimal use.

The result of this will be further used in the model
of controlled intersection with adaptive control (20,
29).

)

2 MATERIALS AND METHODS

In this work, an observation (uncontrolled
experiment) is carried out over a sample of regulated
intersections with different traffic patterns to assess
the saturation flux by the phases of traffic lights (9,
10).
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On the basis of the observational data obtained, a
multifactorial experiment will be carried out in the
work to determine the presence of a relationship
between the number of traffic lanes and traffic
management schemes for saturation flow and its
uniformity (3). The obtained coefficients will be
assessed from the standpoint of reliability and
statistical significance with the final formulation of
the mathematical model of the dependence of the
result on the initial data (21, 22).

Data processing and model building were carried
out using standard Microsoft Office and Statistica 10
software packages.

3 EXPERIMENT

To estimate the maximum traffic capacity during the
burning of the resolving phase (saturation flow), it is
proposed to use a simple linear model of dependence:
Y =ay+ ax; +ax+...+a,x, 3)
where a,, - the coefficients determined in the study;

x, - a set of factors affecting saturation flow
performance.

In our case, for the subsequent simplicity of the
proposed methodology (12), the factors will be the
number of traffic lanes before the intersection and the
intersection group according to the way of organizing
the saturation flow.

Y =0aotax; +aszx; (4)
It is proposed to consider these factors:
a, - constant of a linear function;
a, x, - intersection group;
a,x, - the number of lanes in front of the stop line.

The choice of the linear function is taken because
of its relative simplicity. Also, linear functions are
used in various techniques for finding the capacity
based on the saturation flow (13, 33).

In the work, a sample of 15 controlled
intersections in Tyumen was selected with different
parameters of the cycle time (14, 15), the burning
time of the permitting signal, the number of lanes in
front of the stop line and different traffic patterns at
the node (3). The actual saturation flow was
determined as the number of cars that passed during
the resolving phase of the traffic light, provided there
was a remainder of the cars that did not pass the
intersection.

Interdictions according to the traffic control
scheme were divided into the following 3 groups (3):



1) Intersections at which turning directions and
pedestrian traffic are prohibited or separated into
separate phases;

2) Intersections in which only the left-turning
directions are highlighted in separate phases or
prohibited;

3) Intersections in which turning directions and
pedestrian traffic are carried out in the general flow
without prohibiting a left turn.

The division into 3 groups was based on objective
factors that, in the absence of significant interference,
the bandwidth value will be the highest (the
coefficient of variation is the minimum). When
pedestrians move in one phase, there will be
interference for right-turning directions, which will
reduce the saturation flow indicators (23, 30), and for
the 3rd group, interference from a conflicting left turn
of vehicles in the main phase will create the greatest
uncertainties in the saturation flow parameter and its
uniformity.

It consists in the fact that according to the
fundamental theorem of Lyapunov of the theory of
probability, when more statistics are accumulated
without dividing it according to the set of influencing
factors, the result is a normal distribution of a random
variable (3,4). This was done for the purpose of
subsequent processing of the experimental results,
since most of these methods of processing the results
are based on the normal (according to the Gaussian
curve) nature of deviations of the experimental values
from the mean.

In the process of assessing the representativeness
of the sample, it turned out that for a reliability of
95%, within the framework of the permissible error
for the results of 10% of the average, it is necessary
to make 12 to 35 measurements at each junction (3,6,
34).

Further, according to the data obtained as a result of
the experiment, an experiment matrix was compiled
with an assessment of the influence of each factor on
the final value with an assessment of the reliability of

Even though the saturation flow is a priori each coefficient and discarding statistically
influenced by the composition of the traffic flow (28, insignificant values.
31, 35) and the number (percentage) of cars turning at
the intersection, the study made some simplification.
Table 1: Operation parameters of the considered sample of intersections (1).
. . .. | Group of
. Observed cross section | Number | Cycle time, | Release phase| Average capacity,| .
Intersection name ; : intersect
of the stop line of lanes | sec period, sec auto/phase ions
Melnikaite - L
Respubliki Respubliki 2 90 40 21,8 3
Gertsena - Gertsena 2 7 30 176 3
Pervomaiskaia
50 let Oktiabria (1st
50 let Oktiabria— | direction) 4 88 40 459 2
M.Gorkogo SQ Iet_Oktlabrla (2nd 4 88 40 36,5 5
direction)
. 50 let Oktiabria 4 90 31 50,2 1
50 let Oktiabria — -
Profsoiuznaia Osipenko 4 90 17 31,1 1
Profsoiuznaia 4 90 13 253 1
C_helu_Jsklntsev (1st 9 68 34 217 5
Respubliki direction)
S Cheliuskintsev (2nd
Cheliuskintsev direction) 68 34 15,2 3
Respubliki 2 102 51 22,0 2
Respubliki — L
M Toreza Respubliki 2 95 35 29 1
Respubliki —
M.Gorkogo M.Gorkogo 2 45 16 15,7 1
50 let Oktiabria— | 50 let Oktiabria 4 90 34 51,1
Odesskaia Odesskaia 2 90 15 13,9
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Akkumuliatornaia

. Akkumuliatornaia
— lamskaia

75

28 10,9

4 RESULTS AND DISCUSSION

Further, at the stage of data processing, we changed
formula 4:
y=ag—a;n(x)) +a,x, (5)

Under the most favorable conditions for the
passage of cars through the intersection, the
saturation flow will be greatest (32). The logarithm
function of one will be zero.

When compiling the matrix of the results of the
experiment, 3 factors were selected (formula 5), they
can affect the maximum traffic capacity (saturation
flow).

The results of the experiment are summarized in
Tables 2 and 3.

When processing the results of the experiment,
each parameter was checked for statistical
significance according to the Student's test (tables 2
and 3). The 95% probability is taken as a confidence
level.

Table 2: Checking the statistical significance of the
coefficients ay, a,, a,.

Model Coefficient(Confidence Rela_tlve
o . confidence
coefficient value interval .
interval
ag 613,785 [£1983,079| 323%
a; -1168,34 (+£1136,153| 97%
a, 1199,68 | 534,52 45%

Analysis of the data in Table 2 shows that the
coefficient ap is statistically insignificant, and a; is
close to statistically insignificant (97%). This
suggests that the constant of the linear function can be
neglected in the model.

To check and improve the significance of the
coefficient aj, it was proposed to remove the
coefficient ao. The results were summarized in Table
3.

Table 3: Checking the statistical significance of the
coefficients a,, a,.

Model Coefficient (Confidence Relafuve
- . confidence
coefficient value interval .
interval
a; -902,074 |£728,0415| 81%
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| o, | 1356580 160,27 | 219 |
The best quality of the model was obtained from
the results presented in Table 3. The final function of
finding the maximum traffic capacity during the
resolving phase of traffic light regulation (saturation
flow) P will look like this:

P=-902In(k) +1357n (6)
where k - is the coefficient of the intersection
group according to the traffic organization method
(the values of the coefficient are either 1, 2 or 3
according to the group);
n - is the number of lanes before crossing.

S CONCLUSIONS

According to the results of the presented study, a
linear mathematical model was obtained that
describes the maximum saturation flow of a
controlled intersection, depending on the number of
traffic lanes, as well as the organization scheme and
traffic conditions (11, 26).

The resulting formula is close in value to formula
2, which is proof of the general correctness of the
approach to the experiment.

According to the results of the experiment, it can
be seen that this two-factor model is sufficiently
simplified and the number of turning cars and the
intensity of pedestrian traffic (for passing the right-
turning flow) will also affect the saturation flow (2).

Further, it is necessary to make additional
experiments, and an attempt will be made to improve
the statistical significance of the first coefficient, as
well as the possibility of introducing an additional
parameter. This parameter will estimate the
percentage of cars turning left and right.

This model can be used to optimize (14, 15, 25)

the organization of traffic on the road network in
order to reduce flow instability, which leads to longer
gueues, increased delays and reduced road safety (1,
24).
Also, the model can be used in simulation models of
controlled intersection operation, working according
to the Monte Carlo method to adapt the operation of
the reference intersection model (16, 27, 36).
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