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Abstract:

In this paper we consider a problem of controling an oversaturated
intersection in real time. We developed a mathematical model for solving
the problem, based on fuzzy logic. The model can be applied to
intersections characterized by oversaturated traffic flows. We compared
this fuzzy logic approach to the ’fixed time” controling of the oversaturated
intersection. By ’fixed time” we understood controlling based on the
hystorical data about traffic flows. In the case of the oversaturated
intersection considered in this paper, a classical approach of controlling in
real time (“actuated time control”) gives the same solutions as fixed time”
control. The criterion function for comparing solutions represents the
control delay of all vehicles that pass through the intersection within a
certain period of analysis. We tested these approaches on a T’
intersection, where the suggested model based on fuzzy logic generated
solutions with less control delay in comparison to the *fixed time” model.

Key words: isolated signalized intersections, oversaturated traffic flows,
fuzzy logic, real time control, vehicle control delay.
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Introduction

One of the biggest problems faced by the authorities in large cities
around the world is the problem of traffic congestion. City authorities allo-
cate significant resources to solve this problem which affects various
aspects of life of residents. The negative consequences of traffic
congestion are reflected primarily in increased time losses of traffic
participants. In addition, the consequences can be economic (higher fuel
consumption), ecological (additional air pollution) and many others. Since
it is not always possible to build new roads, in order to solve the problem
described, traffic engineers apply various control and management
measures and strategies to avoid or at least to mitigate traffic congestion.
Congestion pricing, park and ride and car sharing are just some of them.
The control of the operation of traffic signals has proven to be efficient and
at the same time an economically cost effective measure.

In this paper, we consider the problem of managing isolated signalized
oversaturated intersections. A mathematical model for controlling an oversatu-
rated intersection, based on the fuzzy logic system "Sugeno” type is develo-
ped. The criterion function represents the control delay of vehicles in a certain
period of analysis. The proposed model has been compared with "fixed time”
control with respect to the values of the criterion function. A simulation appro-
ach was used as a comparison method.

Data on traffic flows were obtained from the detector. We considered
the case when the intersection is oversaturated in all flows (“full oversatu-
rated intersection”). Such a case is possible in the central zones of large
cities, especially in peak periods of traffic load.

Real time management is characterized by dividing time into small
intervals, 2 to 5 seconds, after which a decision is made whether to extend
the existing phase or to interrupt it. This type of traffic control is
characteristic of the following works (Miller, 1963, pp.200-220), (Bang, 1976,
pp.288-292), (Vincent & Young, 1986, pp.385-387), (Lin et al, 1987, pp.89-98).
There are also approaches where the decision time is longer and their
characteristic is a prediction of signal plans for future traffic flows (Gartner,
1983, pp.75-81).

Since Pappis and Mamdani published a paper in 1977 in which they
proposed controlling the intersection which consists of two one-way streets
based on the fuzzy logic approach (Pappis & Mamdani, 1977,
pp.707-717), the interest of traffic engineers for the application of this mo-
de of operation has been growing. An analysis of the use of several types
of fuzzy logic management systems for the controling of an isolated inter-
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section was presented in the paper (Jacques et al, 2002, p.81). In this pa-
per, the directions for future development of fuzzy logical systems are gi-
ven in order to improve the work of the isolated intersection.

In the paper (Murat & Gedizlioglu, 2005, pp.19-36), the implementation
of fuzzy logic was demonstrated in order to optimize the schedule of flows in
phases. Murat in his work (Murat, 2006, pp.316-334) showed that the problem
of controling a signalized intersection can be successfully solved by a hybrid
algorithm of neural networks and fuzzy logic. A hybrid model of genetic
algorithms and fuzzy logic for the control of flows at an isolated intersection
can be found in the paper (Yang et al, 2006, pp.3391-3395). In the paper
(Nair & Cai, 2007, pp.1229-1233), a unique fuzzy logic model is developed for
controling traffic flows in specific situations at the intersection, such as traffic
accidents, works in the intersection zone, etc.

The fuzzy logic system "Mamdani" type for controlling an isolated
oversaturated intersection has been developed and shown in the paper
(Zhang et al, 2008, pp.179-184). They considered the problem when there
are two oversaturated approaches, in a mutual conflict. Other currents are
unsaturated. In this case, there is a possibility of application of classical
control in real time with the detectors ("actuated time control"). The authors
compared their approach with the indicated classic approach, where fuzzy
logic was better in all criteria. To compare the results, they used the
simulation model proposed in the paper (Li & Prevedouros, 2004, pp.594-601),
who developed the TACOST algorithm ("Traffic Adaptive Control for
Oversaturated Intersections") by solving the same problem.

The application of simulation and a fuzzy logic system, implemented
in MATLAB environment, to the problem of controlling isolated signalized
intersections can be found in the work (Soh et al, 2010, pp.924-933). The
possibility of using a detector with a camera in the traffic flow control at the
intersection in real time is shown in the paper (Diaz-Cabrera et al, 2015,
pp.3911-3923). The authors used fuzzy clustering to process the image
they get from the camera in the best possible way.

This work is organized in the following way: after the introductory
review and a brief review of some of important papers in this field, the
second chapter is devoted to setting the problems and goals of this paper.
The third chapter provides a methodology for solving a problem based on
the fuzzy logical system. In the fourth chapter, the proposed approach was
tested on an "T" intersection. A simulation was used to compare the
results obtained by the classic approach and the methodology proposed in
this paper. Chapter 5 is dedicated to concluding observations and
directions for future research.

868



Setting up problems and goals

This paper examines an intersection that has oversaturated traffic
flows at all phases. This intersection is called completely oversaturated
and it is different from the ones considered in the paper (Zhang et al, 2008,
pp.179-184), where an intersection with two oversaturated flows in mutual
conflict is considered.

In the aforementioned work, the authors compared fuzzy logical control
with classical detector control. When the intersection is overloaded in practically
all streams, "fixed time" management is recommended as it provides the same
signaling plans as classical detector control (Roess et al, 2011).

Fuzzy logical systems are managed using linguistic variables that are
characterized by unclear boundaries. For example, is it possible to accurately
estimate the travel time between two nodes on the transport network or whether it
is possible to say precisely for a branch of the network whether it is congested or
not, or whether it can be precisely stated what is the degree of that congestion.
The answer to these questions is definitely negative. According to the classical
theory of sets, the branch of the transport network may either belong to or not
belong to a group of congested ones. In other words, the elements of a set can
absolutely belong to that set, or absolutely do not belong to it.

Inspired by this kind of thinking, Zadeh in his famous work from 1965
proposed a modified theory of sets (fuzzy sets) in which the membership of a
set can be expressed by some percentages, and not only or absolutely belongs
(1) or absolutely does not belong (0), see (Zadeh, 1965, pp.338-353).
Accordingly, according to this modified theory, sets of branches of the network
can with 70% belong to a set of congested branches, and with 30% collection
where there is no congestion.

Fuzzy logic is suitable for controlling an oversaturated isolated
intersection because it is able to imitate the "ideal" policeman at the
intersection. Such a policeman does not count the vehicles, but he/she
intuitively knows (feels) when enough cars have been released from one
approach while vehicles are piled from the other approach.

The aim of this research is to show that the fuzzy logic approach can
be competitive with respect to the classic approach, in conditions of total
oversaturation. What is more, using the unevenness of vehicle’s approach
during the phase which we analyze, the fuzzy logical system tries to find
better signaling plans than a fixed time control strategy. The measure of
the quality of the received signaling plans (cycle values and green times
per phase) is control delay of the vehicle.
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Methodology

The fuzzy logic controller that we developed and present in this paper
controls the queues of vehicles based on two input and one output fuzzy set.
The first input fuzzy set is the number of vehicles in a queue that is served
during the green phase (Vap). The second input fuzzy logic set represents the
number of vehicles in a queue waiting for the green time of the next phase (Vq).
Fuzzy logical sets are shown in Figure 1. The input fuzzy sets consist of three
membership functions represented by Gaussian curves: the small, middle and
large order of the vehicle. The limit values for the number of vehicles in a row
shown in Figure 1 can be changed depending on the specific intersection.

The developed fuzzy logic system is of a "Sugeno" type and
determines at each 2 s whether the existing phase is extended, or is
interrupted (EXT). The output size consists of two numbers: 1 if the phase
is extended by another 2 s, and 0 if the phase is interrupted.

Each phase has its minimum green time (gmin) and its maximum
green time (gmax). The minimum green time is determined based on the
distance of the detector from the stop line. More details on determining the
minimum green phase time can be found in the book (Roess et al, 2011).
The maximum green time is determined by optimization in the case of
"fixed time" control. More details about optimization in "fixed time" control
can be found in the paper (Jovanovi¢ & Teodorovi¢, 2017, pp.556-576).

T T T T T N T T L T T
mgli ;E.:rji & ik mali sreanjl Ef

Degree of membership
Degrea of mambearship

Figure 1 — Input variables into the fuzzy logical system
Puc. 1 — BxoOHble nepemeHHbIe 8 cucmeme Pa33u-rio2uxku
Cnuka 1 — YnasHe senu4uHe y ghasu 5102udku cucmem
The EXT value has a range of 0 to 1. If the EXT value is greater than or
equal to 0.5, the phase is extended; if less than 0.5 the current phase is
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interrupted. Therefore, each phase can be interrupted either by the decision of
the fuzzy logical system or if it has reached its maximum green time. The
algorithm for deciding on an extension or phase break is given in Figure 2.

gphase: gphase

The green phase
control (g,,e)

+2s

‘gphase< Bmin ‘gphase Z gmax‘
—ﬁ N

Stop the

Fuzzy logic phase
controler

! |
4EXT >05 \ ‘EXT <05

Figure 2 —The algorithm for the control of the green phase time
Puc. 2 — Anzopummbi On1s1 yripaeneHusi npoodosmKumenbHoOCmMbio 3es1eHol ghasbl
Cnuka 2 — Anieopumam 3a yrpaesrbar-e 3e/1eHUM 8peMeHOM ¢hase

The developed model does not anticipate the skipping of the phases,
nor the choice between the several phases to which the green time will be
assigned. Considering the subject of the study of this work (the
intersection oversaturated in all phases), such changes in the algorithm
would not lead to significant improvements in the value of control delay.

The fuzzy logic system is formed based on the "If-Then" rules. The "If"
part of the rule is a premise, while the "Then" part represents a consequence.
In this case, the "Then" part of the rule is a binary decision about whether to
extend the phase for another two seconds or to interrupt it. The basis of the
rule of the phase of the logical system is formed and shown in Table 1.

Table 1 - Fuzzy rules base
Tabnuua 1 — basa ¢ha3su npasun
Tabena 1 — basa ¢pasu npasuna

Serial number| if Vy, (voz) is | and Vg (voz)is | then EXTis | Weight factor

1. small small 1 0.8
2. small medium 0 0.8
3. small big 0 1

4. medium small 1 1

5. medium medium 1 0.6
6. medium big 0 0.8
7. big small 1 1

8. big medium 1 0.8
9. big big 0 0.6
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The exit from the logical system stage is the value of EXT, which is
between 0 and 1. Based on the value of the EXT size, a decision is made on
the extension or interruption of the green phase time (the algorithm in Figure 2).
EXT is obtained by defuzzification, which is the last step of the proposed
methodology. Defuzzification and the fuzzy logical system are implemented in
the program package "MATLAB" 2010, and in its "Toolbox" called "FIS Editor".
The "3D" dependence of the input and output variables is shown in Figure 3.

Figure 3 — ”3D” dependence of the fuzzy logical system variables
Puc. 3 — "3D” 3agucumocmb rnepemMeHHbIX 8 cucmeme ha33u-1o02uku
Cnuka 3 — ,3D” 3agucHocm npoMeHs/bUBUX 8e/lU4UHa ¢ha3u 102u4Koe cucmema

Test example

As a test example, we take a hypothetical "T" intersection with a traffic
flow in each approach having its own phase. The intersection is in full
mode, with one traffic lane at each approach. Detectors are located at a
sufficient distance from the stop line so they can count all vehicles that
make up the queue on the access roads.

At every 2 s, the detector sends the binary information to the stage to
a fuzzy logical controller in the form of O (no new vehicle) or 1 (precisely 1
vehicle appeared). Also, 2 seconds is provided for serving a vehicle (when
it leaves the stop line). By this setting, at every 2 seconds the queue of
vehicles is updated at each of the intersection approaches, whether the
gueue has the green time or is waiting for service.

872




Figure 4 shows the test intersections with the layout of flows in all
approaches during the phases. The figure shows a lane traffic flows (veh /
h). All red time between all phases is 2 s, within which the detector sends
the information whether a new vehicle has joined the queue or not.

Fs F> Fa

B C -
==A *

Dl 940 ::-A|\

fc—== 730 1D,

S 08L —IUUI\

Figure 4 — Test intersection
Puc. 4 — Tecm nepekpecmok
Cnuka 4 — Tecm packpcHuya

Based on the optimization, a solution with the minimum value of control
delays is obtained. This solution implies "fixed time" control. At the same
time, the green timing of the phases obtained in this way represents the
maximum green time in "real time" control. The solution gives a cycle value
of 120 s and a green time value of 40 s, 38 s and 36 s, respectively, in
phases. The minimum green time for all phases was adopted at 10 s.

The fuzzy logic controller uses imbalances in the coming of a vehicle
during the cycle. The schedule of vehicles approaching in 10 minutes time is
given in the Appendix. Vehicle arrival is generated in a random way
(Appendix). The solutions offered by the model developed in this paper are
presented in the form: C; glphase, g2phase, g3phase. The following
solutions were obtained: 1) 72; 18, 38, 10. 2) 100; 36, 28, 30. 3) 68; 14, 38,
10. 4) 46; 10, 20, 10. 5) 120; 40, 38, 36. 6) 112; 40, 30, 36. In the last, seventh
cycle, phase 3 was not tested because the analysis period, which was 10
minutes, expired. The time for phase 1 and 2 was obtained from 40 s and 10
s, respectively, while the interrupted phase 3 was 28 s. In this case, it can be
concluded that the incomplete cycle was 82 s, with the cycle lost time of 4 s.
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Simulation

In order to test the performance of the generated solutions, a simulation
model has been developed to calculate the control delay of the vehicle. The
basic geometric model on which the calculation of control delay of vehicles
is based, given by (Akgelik, 1980) and the model assumes that the arrival of
the vehicle during the cycle is constant. Within the framework of the
developed simulation, in this paper, vehicle flows vary from phase to phase,
which reflects the real situation at the intersection more closely.

In this case, vehicles are served within three phases, with the initial
queues of unserved vehicles from the previous cycle. The total control
delays during the k-cycle are obtained by calculating the surface of the
highlighted parts in Figure 5. The total control delays per cycle are divided
by vehicle flows (A, B and C of Figure 4). In the further test, the equations
will be given only for the flow of the vehicle A, while the control delay for
flows B and C are calculated analogously to that.

F1 F2 F3
qes
Flow C o 7 ;CE lo(k+1)
e g b ?2‘35 e 7
.87/ Pcs
Ic DCI% : = )
7 :
CAt Car ~ CAL
—r Qs
Flow B qu /ISBE 1B(k+1)
/1233 i 7 Dps
Q1 g / Dg, L) 3
1. G D D
/ Be5'B 3
B Dg, 1
______________________________ qu |
Flow A g2 §WW -
P B D o ) Fae Bl D)
Qa1 5L S Y s
I D'an “ane D'an
la )
& Ay g2 Ap g3 Ag

Figure 5 — The calculation of the control delays during the kth cycle
Puc. 5 — Pacyem nomepb 8peMeHU 8 mevyeHue ,K*“ yukna
Cniuka 5 — lNpopayyH 8peMeHCKUX 2ybumaka moKoM K-moe YuKriyca
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The control delays for phases 1, 2, and 3, during the k cycle, are
denoted by Da; (k), Da2 (k) and D3 (k), respectively. They are counted as
follows:

D,u(K) = (1,0 +15,(0) 9,40
0,00 =+ (00 +1,(0)- 0,00
D,0(K) = 1-(1200 +12,60)- 9,0

where we denoted: I/, (k) — number of vehicles in the flow A at the
beginning of the kth cycle, g, (k); g2 (k); 95 (k) — green time for phases 1, 2
and 3 in the kth cycle. The number of vehicles in the flow A at the end of
phases 1, 2 and 3 in the kth cycle: /"4 (k); Fae (k) | Pae (k) is calculated in
the following way:

e (K) =14 (K) + 0 - 9, (K) — 9, (K) - S
12,(K) =12 (K) + ;- 9, (K)

lae (K) = 13(K) + Q3 - 95 (K)

In the proposed simulation, we consider the case when s is constant
and equal to 2 for each vehicle approach. Calibration of the model is
possible also for different values of s in different approaches.

After completing one phase, the model does not switch to the next
one immediately, but there is also the protection time At. Within this time,
the detector can register a new vehicle. Accordingly, the following binary
variable is introduced:

1 if at the end of the phase F detector
o =1 register thevehicle in the time At,
0 othervise.

The numbers of the vehicles in the approach A at the beginning of the
phases 2 and 3 in the kth cycle 4 (k) and P4 (k), and the number of
unserved vehicles during the kth cycle (represent the initial queue at the
beginning of the k+7-st cycle): I, (k+1) are calculated in the following
manner:

(k) =1 (k) + &
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17 (K) =15 (k) + ¢
Lok +1) =15, (K) + ¢

The control delays for the approach A during the protected time At:
D'an (k); D?ane (k) | D’ane (k), for phases 1, 2 and 3, respectively, are
obtained from the next calculations:

DL (k) = =+ (1, (k) +12(k))- A,

2
D2, (k) = (12, + () A,

D, (00 = 1 (1,00 +1,(k +D)-a,

In this case, the time At is 2s for all phases. This value is constant
throughout the entire simulation. In other words, the At times are the same
during all k cycles.

Denote by D, (k) control delays for approach A during the kth cycle.
Then, we finally obtain:

Da (k) = Day (k) + Das (k) + Das (k) + D" ant (k) + D?ant (K) + Dast (k).

Results

For the data presented at the beginning of the fourth chapter, control
delays of vehicles are generated in the case of fixed-time control (FTC)
and also for the fuzzy logical time controller (FLTC). The values for 10
minutes of simulation are shown in Figure 6.

After 10 minutes of simulation, the control delays of vehicles in the
case of FTC control were 66 853 s, while in the case of FLTC control they
were 58 468 s. Fuzzy logic gave better results for 8 385 s, or 12.54%.

If with CVD (s) we denote the control delays generated during the
simulation, and with Q;, Q> and Q3, the total number of vehicles per phase
(data given in Figure 4), the average control delays of the vehicle (ACVD
(s / veh) ), during the simulation, are obtained as follows:

6-CVD

ACVD=————
Q+Q, +Q,
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Accordingly, the average control delays of the vehicles in the case of
FTC control were 164 s / veh, while in the case of FLTC they were 143 s /
veh. Fuzzy logic gave better results for 21 s / veh.

= 70000
=
o
2
> FIC
= 60000 -
8
=
g
S 50000 - FLTC
2
=
-]
=
= 40000
30000
20000
10000
0 T T T T T 1
100 200 300 400 500 600
Time (s)

Figure 6 — The simulation results
Puc. 6 — Pe3ynbmambi MOOe1upo8aHusi
Cniuka 6 — Pe3ynmamu cumynauuje

Conclusion

In this paper, the fuzzy logical model of the Sugeno type for
controlling an isolated oversaturated intersection in real time has been
developed. The intersection is oversaturated, so there are unserved
queues of vehicles at the end of the cycle in all approaches (fully
oversaturated intersection).

For an intersection characterized by such oversaturation, it is
recommended that it should be controlled using a fixed-time strategy and
fixed green-time in all phases. If it were controlled by the classic detector
strategy, the same values of cycles and green times would be obtained, as
well as in the case of fixed-time control.

Using the unevenness of the vehicle arrivals, the fuzzy logical
controller developed in this paper succeeds in generating different cycle
and green time values in phases. Control delays, tested on a numerical
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example, are less than 12.54% for the fuzzy logic control compared to
fixed time control. Control delays are calculated during a ten-minute
simulation, which is specially developed for the purpose of this paper.

The directions of future research could go towards the application of
the proposed model to the coordinated work of traffic signals, both for
linear and zonal coordination. Also, consideration could be given to
improving the results by optimizing the membership functions of the fuzzy
logical system or the fuzzy rules.
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YIMPABJIEHUNE N3OJTMPOBAHHLIM 3AIPY>XEHHbLIM
NMEPEKPECTKOM B PEAJIbHOM BPEMEHW.
METO[ ®A33N-NTOIMMKA.

Anekcarndp [1. Mosarosuy, Kamapura C. Kyknu

@ BoiclLasi npoeccmoHanbHas nHxeHepHas Lkona TexHukym TaypyHyM,
3emyH, Pecnybnuka Cepbusa

o Benrpaackuii yHusepcuteT, akynbTeT TpaHcnopTa u nyTen coobLyeHus, r.
Benrpag, Pecnybnuka Cepbus

OBJIACTb: maTematuka, nHpopmaTtuka, JOPOXHOE ABMKEHNE
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl
A3bIK CTATBW: aHrnunckmn

Pe3some:

B daHHOU pabome paccmampusaemcsi npobnema  yrpaereHus
€8emoghopoM Ha U30JIUPOBaHHOM MEPEKPECMIKE 8 peaslbHOM epemeHu. B
cmambe rnpedcmasrieHa paspabomaHHasi Ha OCHOBaHUU ¢ba33u-rlo2uKu
Mamemamudeckasi MOO€slb, KOMOPY MOXHO  UCIMOb308amb 8
Mo0obHbIX cumyayusix. JaHHasi MoOernb crieyuarnbHO paspabomaHa Orns
peaynuposaHusi  repekpecmka C  3a2PyXKEHHbIM  MPaHCrIoPMHbLIM
romokom. PaspabomarHbili Memod cpasHugaemcsi C yrpasrieHuem
3a2pyXKeHHbIM NepPeKPecmMKoM MemodoM «GDUKCUPOBAHHO20 8pPEMEHU.
Memod «gbukcuposaHHO20 8pemMeHU» nodpalymesaem yrpaereHue Ha
OCHogaHuu 6a3bl 0aHHbIX O mMPaHCIoOPMHOM romoke. B crydasix
3agpy)KeHHOCMU repeKkpecmKka, O KOmopbix udem peyb 8 OaHHOU
cmamee, NPUMEHSemcss Memo0 «peanbHO20 8PeMEeHU», KOmopbIl Mo
pesynbmamam He ycmynaem mMemooly «OUKCUPOBAHHO20 BpPeMEeHU»
ynpaeneHus. @yHKUUsI cpasHUMesbHbIX Kpumepues rpedcmasnsem
CYMMapHyt0 Omep0  B8PEMEHU B8CeX MPaHCOpPMHbIX cpedcms,
rpoeKarowjux MepekpecmoK 8 mevyeHue npoeedeHuUsi aHanusa.
MemoOdbl 6biniu  ucribimaHbl Ha rnepekpecmke «T», pe3ynbmamesl
mecmupoeaHUs rokKasasu, Ymo MoOesib, OCHOBaHHas Ha ¢ha33u-rio2uKe
Oana peweHuUss C MEeHbWUMU 3HaYyeHusiMu Kpumepues byHKUUl 8
aHarusupyeMoM [POMEXYMKEe 6PEeMEeHU, M0 CPasHEeHUK C PoYuMU
memodamul.

Krnroyesblie crioga: u30/1UpO8aHHbIl MEPEKPECMOK CO C8emoghopom,
3a2py’KeHHbIl mpaHCropmHbIl MOMoK, (has3u-yio2uka, yrnpaeneHue
pearnbHOM 8peMeHU, Momepu 8peMeHU MpPaHCropMmMHbIX cpedcms.
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YIMPABJbAHE N30OJIOBAHOM NPESACUHEHOM PACKPCHULIOM
Y PEAJTHOM BPEMEHY (MPUCTY ®A3W JTIOT'MKOM)

Anekcardap [. JoBaHoBuh, KamapuHa C. Kykuh

@ Bucoka UHXeH-epcKa LLKomna CTPYKOBHUX CTyaunja TexHukym TaypyHym,
3emyH, Penybnuvka Cpbuja

o YHusepauteT y Beorpagy, CaobpahajHu dhakyntet, beorpag, Penybnvka Cpbuja

OBNACT: maTematuka, MHpopmMmaTuka, caobpahaj

BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

Y pady je pasmampaH npobnem ynpae/baka  U30/108aHOM
cemMaghopucaHoOM pPacKpCHUUOM y pearHoM epemeHy. PassujeH je
Mamemamu4ku Molesnl 3a pelwiasare rpedmemHoe npobrema Koju je
6asupaH Ha gbasu nozauyu. Modern ce 0OHOcU caMo Ha PackKpCHUUY Kojy
Kapakmepuwy npe3acuheHu caobpahajHu mokosu. lNpucmyn pewasary
rnpedmemHoz rpobriema ropeheH je ca fihed time” ynpaerbamem
ripe3acuheHom packpcHuyom. “Fihed time” noOpa3ymesa yrnpaerbare Ha
ocHosy rnodamaka o caobpahajHum mokosuma. Y criyqajy npesacuheHe
packKpcHUUe KracHu4aH npucmyn ynpae/barba y pPearHOM 6PeMeEHY
(,actuated time control’) Oaje ucma pewera Kao u ,puxed mume”
ynpaerpare. Kpumepujymcka @yHKuuja 3a rnopeheme pewera
npedcmaesrba yKyrnHe 6peMeHCKe aybumke ceux eosurna Koja npohy
packpcHuyom y odpeheHom nepuody aHanu3se. [pucmynu cy mecmupaHu
Ha , T” packpcHuyu, ede je Moden 3acHosaH Ha ¢hasu Jfio2uyu 2eHepucao
pewerba ca MaH-0M 8pedHowhy Kpumepujymcke chyHKUuje y oOHoCy Ha
ocmarie fipucmyrie, y o0peheHom rnepuody aHanuse.

KrbyyHe peuyu: u3onosaHa cueHanucaHa packpcHuua, npesacuheHu
caobpahajHu mokosu, ¢asu JioguKka, ynpaerbakbe y peasHoM
8peMeHy, 8PeMEHCKU 2ybuyu 8o3ursa.
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