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Abstract

This paper presents a model push on which to determine the flow rates vehicles per share on the basis of circular
intersections recorded entries and exits of vehicles in the aisles. In addition, it is possible to analyze the influence of
individual flows at intersections capacity, and determine the number of vehicles at the intersection of routes in the
knowledge of the number of vehicles leaving the intersection at the next exit. Count the number of vehicles it is easier
to manually and by using new technologies. Model results in a longer or shorter period of time which gives both static

and dynamic characteristics.

Keywords: Intersection roundabout, Traffic flow, Traffic intersections, Model, Capacity intersections

1

Research vehicle flows at roundabouts by counting
vehicles by direction is very difficult. Recording of
vehicle flows in intersections of roads that intersect at an
angle, intersections "T" and "Y" type, the model of
counting vehicles by direction can be applied because at
the entrance to the intersection or on a short road at the
intersection, it is possible to conclude in which direction
the vehicle will get out of the intersection.

Introduction

At roundabouts, especially with a larger number of
approaches, with a larger radius, or with more than one
traffic lane, the vehicle would have to be followed from a
certain approach to the exit in order to be attributed to a
certain direction of turn. For an intersection of 4
approaches, it is necessary to have 12 counters at the same
time, and each counter must monitor each vehicle from
the entrance to the exit, which is not possible with
increased flow. In addition, the counter should take into
account the structure of the vehicle, i.e. which group the
vehicle belongs to, which further burdens it [1].

The application of intelligent technologies for
recording currents in directions at roundabouts is also,
despite the high cost, difficult and the question of the
reliability of the results can be questioned.

The HCM 2000 methodology presents procedures for
the analysis of roundabouts with input data on vehicle
movement in directions, which makes it difficult to apply
to intersections with a larger number of approaches.
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The proposed Model for the Research of Roundabout
Flows (abbreviated MRRF) is based on counting vehicle
entrances and exits at access routes, without counting
vehicles by directions. The proposed model describes the
method of determining the flow of vehicles per section
within intersections and vehicle flows by turning
directions. Counting through counters is facilitated, and
the application of new technologies at reasonable costs
gives very good results.

2 Basic elements of a roundabout
intersection essential for exploring flows on
sections

The basic elements of the roundabout for counting
vehicles are approaches, entry and exit lanes by
approaches, sections between adjacent access roads and
the radius of the center of the traffic lane at the roundabout
[1].

The intersection of the roundabout with three access
roads is presented in Figure 1. The three-way roundabout
was used to define the model due to the simplicity and
possibility of noticing certain dependencies between
quantities.

Public city transport at roundabouts can have
significant time losses and thus become less competitive
compared to a private car [2], [5].
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Figure 1. Roundabout with 3 access

The importance of public urban transport in the
concept of urban mobility imposes the need to study
vehicle flows at roundabouts, of which there are more and
more today. Roundabouts are traffic hubs and can be
bottlenecks in the traffic flow. Traffic optimization
includes the capacity of intersections and even
roundabouts [3].

Placing traffic lights at the intersection of a roundabout
may not be able to improve the situation if the traffic flow
survey does not determine the work plan [8].

3 Inputs of the MRRF model

Input values are the basic elements of the intersection
and the size determined by counting at the approaches to
the intersection. The roundabout, among other things, has
n - approaches and R (m) - radius of the outer traffic lane
[4]. Depending on the average speed of the vehicle in the
outer traffic lane and the radius R, the time fc that elapses
from the entry of the vehicle into the intersection to its exit
at the same approach (semicircular turning time) can be
determined. Time #c (min) is a measure of cycle time.

Determining the cycle time 7. is important for
determining the number of cycles n. during counting. For
each cycle (from 0 to n.) according to the given model, it
is possible to determine the flows of vehicles along the
sections of the intersection, as well as the flows of
vehicles in the directions, and the number of vehicles
entering and exiting by approaches.

The duration of the cycle 7. can be a period of time
(e.g. 1 min, 5 min, 15 min and 60 min), and is closest to
the time of the semicircular rotation of the vehicle zc from
any approach. Its mathematical form is depicted in Eq.

(1).
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This form can be adopted as follows Eq. (2):

T =t = O,3768-§ (min) @

where is:
Lo (m) - the circumference of the circle of the outer traffic
lane
R (m) - radius of the outer traffic lane
Vs (km / h) - average speed of the vehicle in the outer
traffic lane.

The cycle time Tc¢ needs to be re-corrected after
calculating and rounding the number of cycles 7. to the
next integer. For example:

Rlm] _2:36:314-30
V[km} 60-10
h

T =113 (min).

T, =0,3768-

The cycle time depends, among other things, on the
driver's behavior [6], [7]. The number of cycles n. during
counting is calculated by dividing the recording duration
time by the duration of a single cycle as shown in Eq. (3).

TTI’!
n. :T’ Ts‘n :tk _tp (3)
where is:
T,, -counting time
T. -cycle time

t, -start of counting (time of entry of the first vehicle)

t, -end of recording (time of exit of the last vehicle).

Finally, the number of cycles is an integer and can be
calculated by using Eq. (4).

Lu |y = N7| L
T, T,

After rounding the number of cycles, it is necessary to
recalculate the cycle time. Therefore, we have result
shown in Eq. (5).

“4)

_ Lo (min)
n

¢
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For example:
t, =00:00; £, =24:00; 7, =1,13 (min)
T, =24:00-00:00=24 (h) = 1440 (min)

a = 1440 - 1274 336 (cycle)
“ 1,13

1440

n, = INT[ ] = INT(1274,336) = 1274

>
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The final cycle time is:

_& _ 1440
‘' n 1274

c

=1,13029 ~ 1,13 (min)

The numbers determine the numbers of approaches U;
and exits ; of vehicles at the intersections. U are

inclusions in the i-th input and k-th cycle. [ l.k are

exclusions in the i-th output (input) and the &-th cycle. The
counters count the vehicles entering the intersection
regardless of which exit they will be disconnected from
the flow, and at the exits they count the vehicles that were
disconnected from the flow regardless of which entrance
they entered the intersection.

4 Model MRREF description

The basic application of the MRRF model is reflected
in:

- Determining the flow of vehicles by sections of the
intersection, in total and by structure

- Determining the number of vehicles by directions

- Determining the scope of intersection services.

4.1 Determination of vehicle flow on sections of
roundabout based on vehicle entrances and exits

Based on the previously described input quantities, the
deductive method defined a mathematical model for
calculating the flow of vehicles per section of the
intersection. The following describes the ratios of U-
vehicle entrances to the intersection, /-vehicle exits from
the intersection and g-vehicle flow per section between
the two approaches of the roundabout with 3 approaches.
Cycles were observed starting from the zero cycle when
there are no vehicles in the intersection and therefore the
number of exits at the first approach is ;" = 0.

Vehicle flows g/’ - per section or ¢; - between adjacent
approaches in the zero (initial) cycle are shown in Eq (6).
0_ 0 0.70

@ =49, =U; 31 =0

95 =q» =g, +U; - 15 (6)

a5 =qn =qy +Us - 13

The flow of vehicles on the section of the intersection
is equal to the difference of all approaches and exits of
vehicles on the approaches to the beginning of the section.
One line stretches along the tram route at a distance of 300
to 1000 m (on the other side of the river).

0 0
9 =412 :U1 _11
g2 =q% =00 +UL 10 (10 =0)

¢ =q3 =U{ +Uy +U3 =1 - I3 Q)

We can generally write for the initial cycle the
following Eq. (8).

qf=2Uf—ilf (i=1 don) (8)
Jj=1 j=1

where is:

n - number of approaches

U, - entries (inclusions) in the initial cycle
I? - exits in the initial cycle

g, - flows in the initial cycle

i - the designation of the section or approach at the
beginning of the section
Jj - approach mark at the end of the section.

In the next (first) full cycle, analogous to the
previously described, the relations form Eq. (9) are valid.

11 0 1 g1
@ =91 =95 +U, -1

@ =q5 =q1, +U, — 1) )
G =45 =4 +Us — I3
Therefore, we have the following Eq. (10):
4 =qi, =g +U| I
0 =4y =g +U +Uy =11 = I (10)
0 =q31 =45 +Ui +Uy +Us =1} =1, = I
In general, we can write Eq. (11):
n n
1 0 1 1
q; =4, +2Uj _le
j=1 j=1
n 0 n i 1 i 1 (11)
q; :ZU] _le +ZUJ' _Z]J
J=1 Jj=1 Jj=1 Jj=1
where is:

U - inclusions in the initial cycle
1) - exclusions in the initial cycle
g, - flows in the initial cycle

ul1l; ql.lj - in the first full cycle

i =1 to n, n - number of approaches

i - the designation of the section or approach at the
beginning of the section.

Jj - approach mark at the end of the section.

For the second cycle we can generally write Eq. (12):
i i
2 1 2 2
q; =4, +2Uj —21,-
j=1 j=1
¢/ =2 U =21+ 2V =2 1+
= =1 j=1 J=l
: 2 : 2
ZUJ - Zl:[j
-

+ /=

(12)
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Finally, according to the expressions for the initial,
first and second cycles, for any cycle the flow of vehicles
on the section of the roundabout is calculated by the Eq.

(13):
lek)Z(Zn:Uf+Zn:Uj‘.+...+Zn:Uflj—
J=1 J=1 Jj=1
SO WENS B VS Wi
IEE = =g ==

k=1 n k=1 n

W= S-S )
1 Jj=1

1=0 j=1 =0 j=1 Jj=

Parts of this expression have the following meaning
expressed in Eq. (14):

Us = [ZH:U;) +ZH:U} +...+Zn:UflJ:kiZn:U;’
J =l =

=1 =0 j=1
n n n k=1 n
1% = [Z[f +>1 +...+Z[f‘1)=221‘§ (14)
J=1 J=1 J=1 1=0 j=1

where is:

Us®W- the sum of all recorded entries on the
approaches to the cycle in the appropriate period. IS ()
the sum of all recorded outputs up to the cycle in the
appropriate period. In the shorter form for the cycle (k),
the flow is calculated according to the Eq. (15):

g =Ust) st YU W (1)

Jj=1 Jj=1
where is:

g

i-th to the approach in the i +1 -th cycle.

- flow at the junction of the intersection from the

U 5."); 1 5.") - recorded entrances and exits of vehicles on

the j-th approach and &-th cycle

4.2 Determining the flow of vehicles on sections of
a roundabout based on the number of vehicles by
directions

The analysis of the dependence of the flow on the
recorded numbers of vehicles by directions, ie the number
of vehicles between the approaches to the intersection
(aproaches / exits), was performed by cycles.

In the initial cycle, the number of entries per approach
is calculated as the sum of vehicle entries on the observed
approach to other approaches in the intersection, and the
number of exits as the sum of vehicle exits from other
approaches such as shown in Eq. (16).

0_ 0 0 0 0 _
Ul =uy +up +up Iy =0
0_ .0 0 0 0_ .0
Uy =y +uy +uy; Iy =uy
0 0 0 0 0 0 0
Us =u3 +usz; +us; Iy =uj3+uy;  (16)
where is:
u?, - vehicle entries in j -th approach for /-th exit

to 0 -th cycle

7,1 - direction of vehicle movement from j-th u /-th
The first cycle is expressed in Eq. (17):
Ul =y +up +ugy 1) =y +uy) +uj)

11 1 1 11 0 0
Uy =uy tuy +uy; 1y =uy, +uy, +uy,

U31 :ué1+u;2 +u§3 ]31 :u113+ué3+”23 (17)
The second cycle is expressed in Eq. (18):

Ul =uiy +uly +uy 17 =ul, +u), +ul,
U22:u221+u222+u§3 122:”122‘”‘;2‘”‘;2

U32 =u321+1/l322 +u323 ]32 :u123+u§3+u§3 (18)

In general, the relationship between the number of
vehicles by direction and the vehicle by approaches at the
end of the £-th cycle is expressed in Eq. (19).

n n j-1
K ko ko k-1 k
U, —Z“_ﬂ ; 1; _Z“/j +Z”/j
=1 =

I=1
. (19)
forj=1 itis ) u, =0
=1
where is:
U/ — the number of vehicles entering the driveway k-
th cycle.
I — the number of vehicles exiting the driveway j u k-
th cycle.
k
ink -th cycle.

- vehicle entrances to j -th approach for /-th exit

Expression (19) referring to the full cycle can also be
used to calculate the number of entries and exits of
vehicles from the intersection to the approach and, 4-th
cycle, or period of time. Therefore, we have the following
Eq. (20).

UR" =3 U =3 u,
j=1 I=1

P = ilﬁ” T iu}
=1 1= I=1

where is:

(20)

up" ,
i - the sum of all entrances to the entrances ink -

th cycle to i-th access.

41



Science, Engineering and Technology

Volume 1, Issue 2, Pages 38-46

IE(” - the sum of all exits at the entrances in k -th
cycle to i-th access.

By including equations (20) in equation (15), the final
expression is obtained for calculating the flow of vehicles
per section, i.e. after a certain approach.

g =us* ) — s+ yp™ - 1p*

k n k n i i
=33 -3 S-S
J= J=

1=0 j=1 =0 j=1
k-1 n_n k=1 n_ n
(k) _ 1 n 21
g1 =2 2. 2 Uy =22 D ui +
=0 j=1 I=1 11=0 j=1 =1

+
j=1

n n i—1
k k-1 k
wjy | Dy + Dy

I=1 =) I=1

By applying expression (21) for the initial and first
cycle, we obtain the following equations:

For zero cycle we have the following Eq. (22):
0_ 0 0 0
q, =U; Tup, tu;,
0 _ 0 0 0 0 0
q, =4, tuy Uy +uy—U,
0 0 0 0 0 0 0
Uy U T Uy Uy Uy, U U,
0 0 0 0 0 0 (22)
q, =Up T Uyt Uy +Uy +Uy

0 0
Uz —Ups

g3 = qy +u3) +uz, +us,
G35 =uyy +uy) +uy, +ug) +usy +us,

The first full cycle we have the following Eq. (23):
4 =45 "‘(”111 +u, "‘”113)_(”101 +u3, "‘”21)
q =
‘Ié = ‘hl +(“;1 "‘“52 +”£3)_ (“112 "‘“gz +u§2)
q; =
4 =4, +(“;1 + 13, +“;3)_ (”113 + 13, +”§3)

11 1 1 1 1 1 1
qz = Uy t Uy Uzt Uz tUz3 —Up — U

0 0 0 1 1 1
Uyy FUzy +Uzz + Uy +Up U

(23)
0 1 1 1 1
Uz + Uy + Uy tUy — Uy

The obtained systems of equations can be used to
calculate unknown quantities after counting vehicles at
the intersection, as well as to establish other relations
between the model sizes.

4.3 Determining the number of vehicles by
directions based on the number of vehicles at the
entrance and exit observed by the approaches to the
intersection

The final expression for calculating the number of
vehicles by directions, and on the basis of the determined
number of vehicles by approaches, based on the
conclusions by cycles, cannot be unambiguously defined.

The reason for that is a larger number of unknowns than
the number of equations in the system.

The system of equations Eq. (24) applies to the zero
cycle:

0_ 0 0 0 0 _
Uy =uyy +up +ugy Iy =0

0 0 0 0 0 0

U3 = u3) +u3, +uss I3 = upy +ujs
Vehicle flows per section are depicted in Eq. (25)

g =Uy -1}

g0 =gt +UL— 10 = (UL + U2 )~ (10 +10)

=g} +Ul -1}

vt -v)- (7 + 1+ 17)

(25)

The known (recorded) parameters are U I-O i/ I-O on the
basis of which flows are calculated qlp by intersection

. . 0 . . . .
sections. The sizes are unknown u ; vehicle entries in j

-th access for [-th exit. The number of unknown
parameters is 9, and the number of equations is 6, so that
the system of equations cannot be solved unambiguously.
The solution is possible only if the movements of the
vehicle from the entrance to the exit from the intersection
are recorded.

4.4 Determining the number of vehicles by
directions based on the number of vehicles at the
entrance and exit observed by the approaches to the
intersection

The volume of services (Wo) of the roundabout - load
in a certain period of time (cycle - k) is a function of the
number of entrances per approach or the number of exits
per approach. Therefore, it can be expressed in Eq. (26).

k < aqe k <
WO():Z;UI’,‘ ili WO():Z;J_f
j= j=

where is:

U/ — the number of vehicles entering the approach j in
the k-th cycle.

I — the number of vehicles exiting the approach j in
the &-th cycle.

(26)

5 Application of the MRRF model

The application of the MRRF model is presented on
the example of a crossroads with three approaches and on
a concrete example of a roundabout in Sarajevo, Ilidza
municipality.

42



Science, Engineering and Technology

Volume 1, Issue 2, Pages 38-46

Example 1: Application of MRRF model at
roundabout with three approaches

Input data of the MRRF model for the roundabout,
according to fig. 1, are given for four cycles, and without
the marked start and end time of the cycle, as well as
without the exact time of entry and exit of the vehicle on
the approaches.

Zero cycle:
i u’n Ul 0 36 28
uijo = | uy un uy | =1 33 0 20
s u’sn u's 21 24 0

Note: Numbers on the diagonal are semicircular turns, and
numbers below the diagonal are included in the outputs in the
next cycle.

Entries by cycles Cumulative
U'= 64 64
U’ = 53 117
Uy’ = 45 162
us’ = 162
Exits by cycle Cumulative
"= 0 0
L= 36 36
I’= 48 84
N 84
First cycle:
0 26 32
w'= 135 0 19
18 28 0
Entries by cycles Cumulative
U’ = 58 58
U, = 54 112
Us' = 46 158
Us' = 158
Exits by cycles Cumulative
I'= 54 54
L'= 50 104
L= 51 155
NG 155

Second cycle:

0 45 50
wi =150 0 40
35 45 0
Entries by cycles Cumulative
U’ = 95 95
U’ = 90 185
Uy’ = 80 265
Us’ = 265
Exits by cycles Cumulative
17 = 53 53
I’ = 73 126
I = 90 216
IS%= 216
Third cycle:
0 62 52
ui = | 48 0 43
56 45 0
Entries by cycles Cumulative
Uy = 114 114
Uy = 91 205
Us = 101 306
Us’ = 306
Exits by cycles Cumulative
I’ = 85 85
L’= 107 192
I = 95 287
IS°= 287
Fourth cycle:
0 72 82
wi'= 151 0 43
49 58 0
Entries by cycles Cumulative
U= 154 154
U = 94 248
Us' = 107 355
Us’ = 355
Exits by cycles Cumulative
I = 104 104
L= 117 221
I = 125 346
157= 346
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The sum of inputs and outputs up to the observed
moment (cycle) is given in Table 1. The flow of vehicles
per section of the intersection is calculated according to
(expression 2) is presented in Table 2 and Figure 2.

Table 1. Vehicle entrances and exits up to the observed cycle

Us*? + yj* ISV +
cycie aCCEeSS acCCeSS access acceSS accCess access
1 2 3 1 2 3
0 64 117 162 0 36 84
1 220 274 320 138 188 239
2 253 343 423 208 281 371
3 379 470 571 301 408 503
4 460 554 661 391 508 633

Table 2. Vehicle flow per section of intersection

- cycle i - section
1to2 2t03 3tol
0 64 81 78
qgi= 1 82 86 81
2 45 62 52
3 78 62 68
4 69 46 28

300
q (vehicle/time)
250

section of
intersections

®3dol

200

m2do3

-| ®mldo2
Stol;28

100

50

0

0 1 2 3 4

Figure 2. Vehicle flow per intersection section and total for
intersection per cycle

Example 2: Application of the MRRF model at the
roundabout in Sarajevo (Ilidza)

The roundabout in Ilidza has 6 accesses, 1 of which is
only for tram traffic, and one approach is one-way —
entrance (Figure 3). For trams, there is a traffic light in
front of the entrance to the intersection and in the
intersection itself,[8] which makes this intersection
special.

Fiure 3 oundabout, lidza

Research of flows at the intersection was conducted

with the help of a program developed at the Faculty of
Transport and Communications in Sarajevo, Figure 4.

+upUTSVD
ol emman o lmcimet. v o [Ee . e . &
i

el

SNIMANJE TOKOVA NA LICU MIESTA |

Figure 4. Form of program for research of flows at
intersections and road sections

With the help of the mentioned program, the number
of vehicles was recorded in such a way that the exact time
of entry and exit of vehicles on the approaches was
recorded, and by type of vehicle. By selecting an
intersection, direction or approach by pressing the
appropriate letter on the keyboard, the activity time is
entered into the database.

The recording was made on November 9, 2012. from
06:00 to 22:00. In this paper, the period from 12:00 to
15:00 is singled out. The number of vehicle entries by
approaches and hours is presented in Table 4 while Table
3 presents vehicle flow per section of intersection in the
period 14:00 to 15:00.

The number of vehicles that entered the intersection at
all approaches per hour, from 12 to 13 hours 2298, from
13 to 14 2365 and from 14 to 15 2629, represents the
scope of service of the intersection by hours.
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The highest flow of vehicles occurs in the period from

14:00 to 15:00 on the section of the intersection between
approaches B and D. At approach B, also approximately
the largest number of vehicles entered the intersection in
the same period.

A traffic light was set up on section A-C and in
approach B at the intersection due to tram traffic that
slows down the flow at the intersection.

Table 4. Number of vehicles that entered the intersection by
approaches and hours

Approaches 12 do 13 13 do 14 14 do 15
A 276 383 359
B 975 1139 1102
C 662 652 795
D 364 171 350
E 21 20 23
Sum 2298 2365 2629

Table 5. Vehicle flow per section of intersection in the period
14:00 to 15:00

sections A-C C-B B-D DA
(vehZQeng 723 664 923 875

According to the HCM methodology for the analysis
of the capacity of roundabouts, it is possible to determine
with acceptable accuracy the utilization of access and
intersection capacities for single-lane intersections [2].

The capacity (throughput) of the roundabout (C) is
represented by the number of vehicles passing the
intersection per unit time. It is calculated as the sum of the
bandwidth of all approaches (Qgi) at the roundabout [5].

C=>0, (vehicle/h) (27)
i=1

where is:

QOr (vehicle/h) — access bandwidth - input

n — number of approaches

Ok = f(Qc, dimension)

There are several different models for determining the
throughput, and for our conditions, with certain
adjustments, the Austrian-Swiss model can be used. The
access capacity for small and medium roundabouts (linear
dependence) is calculated by using Eq. (28).

L=1500—E(b-MK+a-MA)} (veh!h) (28)
where is:
L - input throughput [vehicle / h]
MK -load on the roundabout (in the area of the conflict
point) [vehicle / h]
MA - exit traffic load [vehicle / h]
a - input geometry factor

b - factor of the number of traffic lanes at the
intersection

Factor b expresses the influence of the number of
traffic lanes on the approach - entrance. The limits of
value according to the Austrian-Swiss experience are:

a) with one traffic lane b = 0.90-1.00

b) with two traffic lanes b = 0.60—0.80

¢) with three traffic lanes b = 0.50-0.60.

The extent to which the access-saturation is saturated
is determined by the degree of load, and is calculated
according to the expression

A=Me 100 (o)

(29)

where is:

A - approach load level - input [%]

ME - input load [train / h]

L - ability to enter [train / h]

¢ - factor of the number of traffic lanes at the entrance.

According to Austrian-Swiss experience, the factor of
the number of traffic lanes is:

a) single-track input ¢=1.00
b) two-lane input ¢=0.60-0.70
c) three-lane input ¢=0.50

Table 6 shows the values of the parameters of the
roundabout in Ilidza according to the HCM methodology
with modification of the factors in accordance with
specific conditions. Minor errors are possible due to, in
this example, the omission of the tram approach E.

Table 6. Parameters of the intersection in Ilidza in the period
14:00 to 15:00 on November 9, 2012.

P, ’ Access

arameter 1 B C D
Me (input load) 359 | 1102 795 | 350
Ma (output load) 532 | 521 699 | 350
Mk (load on the roundabout) 723 664 923 875
a (input geometry factor) 0,3 0,3 0,3 0,3
b (factor ole‘he numb.er of traffic 0.6 0.6 0.6 0.6
lanes at the intersection)
¢ (factor of the number of traffic 10 0,65 1.0 10
lanes at the entrance)
L (ability to enter) 973 | 1007 | 821 940

0,

A (%) (degree of access load - 369 | 711 | 968 | 372
entrance)

The intersection capacity is C = 3741 (vehicle/h), and
the intersection load is Wo = 2606 (vehicle/h). It can be
seen from the previous example that by applying the
MRRF method, it is possible to obtain input data for
modifying the expression for determining the capacity of
the roundabout at the level with several approaches and
two or more traffic lanes at the intersection in a simpler
way.
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6 Conclusion

The described model (MRRF) can be used in
determining the flow of vehicles on the sections of the
roundabout based on the recorded entrances and exits of
the vehicles on the approaches. In addition, by applying
the model, it is possible to analyze the effects of individual
flows on the capacity of the intersection, and to analyze
the number of vehicle movements in the directions of the
intersection and their impact on the capacity of the
intersection. Vehicle counting is simpler both manually
and with the application of new technologies. The model
(MRRF) enables results in a longer and shorter period of
time, which gives it both static and dynamic
characteristics. The presented model can be applied
except in intersections of roundabouts in the level and in
intersections of other types in the level regardless of the
number of approaches.
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