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ABSTRACT

Despite the flow fluctuations and increased traffic demand
in the Macedonian cities over the last fifteen years, the Republic
of Macedonia is one of those countries which still employ only
the traditional systems of traffic management and control.
Those are fixed control systems that certainly cause problems
such as increased travel times and travel expenses as well as en-
vironmental degradation. A general call for “...something has
to be done...” becomes obvious. The best practices have shown
that this can be realized through unconventional solutions i. e.
by means of responsive traffic management. A very reasonable
example of such a system is the vehicle actuated control system
that we have found to be quite challenging to do our research.
Thus, we set up two folded research issues in front of us. The
first one was to scientifically prove that vehicle actuated signal
control can really be a reasonable substitute for a fixed time sig-
nal control, which will enhance the overall signalized intersec-
tion performance provided the timing parameters and the de-
tector placement rl properly designed. The second one was to
indicate that such an advanced control system is feasible and
sustainable for Macedonian cities. This paper focuses on the
first research issue only.

For this purpose, a semi-actuated signal control strategy on
an appropriately chosen signalized intersection was designed.
The primary objective was to determine the way in which the in-
ductive loop detector placement from the STOP line affects the
overall intersection performance. To meet the goal, two scenar-
ios were designed: 1. Detector placement at the STOP line, and
2. Detector placement at 8 metres behind the STOP line. Em-
phasis was placed on the semi-actuated signal control algo-
rithm design. The designed algorithm was then applied in the
net of VISSIM in order to simulate the semi-actuated signal
control process. Performance comparison analysis with the for-
merly pre-timed signal control strategy followed. It was con-
cluded that the overall intersection performance could be im-
proved both by adequate inductive loop detector placement
and by interaction with signal parameters. Hence, the place-
ment distances would have to be considered under the limita-
tion conditions only.
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1. INTRODUCTION

In the last twenty years a lot of work has been put
into the development of advanced traffic management
and control systems. In Europe and the USA there is a
tendency towards the design and implementation of
traffic management systems, which will enable harmo-
nization of the traffic process in space and time in or-
der to increase traffic network capacity as well as to
enhance traffic safety and provide “righteous” distri-
bution of the green time for all the users. Experiences
have shown that this can be realized through uncon-
ventional solutions i. e. by means of responsive traffic
management. For more than two decades the actu-
ated control systems have been functioning and un-
dergoing improvement and development of the tech-
nologies. A large number of algorithms and tech-
niques of actuated control have been applied. Among
the most known signal control strategies are the Brit-
ish MOVA (Microprocessor Optimized Vehicle Actu-
ated) and the Swedish LHOVRA (English translation
of the acronym - Truck/bus and platoon priority, Main
road priority, Incident reduction, Variable amber
time, Red-driving control, All red turning).

Despite the flow fluctuations and increased traffic
demand in the Macedonian cities in the last fifteen
years, the Republic of Macedonia is one of those
countries which still employ only the traditional sys-
tems of traffic management and control. Those are
fixed control systems which burden the network with
problems such as increased travel times and travel ex-
penses as well as environmental degradation ! .

A general something-has-to-be-done call becomes
obvious. The best practices have shown that this can
be realized through unconventional solutions i. e. by
means of responsive traffic management. Although
artificial intelligence and its application in traffic man-
agement and control systems have already entered the
stage, it was concluded that at this point of identified
problems one should start from a very reasonable sig-
nal control system.

Promet — Traffic& Transportation, Vol. 21, 2009, No. 6, 413-423

413




D. Kotlovska Necoska, K. M. Bombol: The Impact of Detector Placement on Signalized Intersection Performance

The motive behind the research undertaken was
two folded. The first research issue was to scientifi-
cally prove that vehicle actuated signal control can re-
ally be a reasonable substitute for a fixed time signal
control, which will enhance the overall signalized in-
tersection performance when the timing parameters and
the detector placement distances are designed properly.
The second one was to indicate that such an advanced
control system is feasible and sustainable for the Mace-
donian cities. This paper focuses on the first research
issue only.

For this purpose, a semi-actuated signal control
strategy on an appropriately chosen signalized inter-
section was designed. Since the appropriate detectors
placement is considered to be one of the significant
parameters of the vehicle actuated control operations,
this paper deals with the impact of the detector place-
ment on the overall intersection performance ex-
pressed by the delays and the level of service achieved.

During the research, the methods of analysis and
synthesis, mathematical-empirical methods, micro
simulation (simulation package VISSIM and the pro-
gram module VAP) were used.

2. ON THE CONCEPT OF VEHICLE
ACTUATED CONTROL

Bank (TFK, 1982) has divided the methods to op-
erate the individual signalized intersections as follows:

— Fixed time signal control (FT): Predetermined,
fixed signal timing calculated to minimize overall
intersection delay for the traffic demand. Separate
time plans can be developed for different periods
during the day.

— Vehicle actuated control (VA): Variable green
time allocations and cycle time based on detection
of the traffic demand in the signalized approaches
or groups of lanes. The decision to extend green
light or not is based solely on the conditions for the
actual approaches or signal groups served by the
ongoing green.

— Self-optimized real-time control: Variable green
time allocation and cycle time based on real-time
optimization of traffic performance with regard to
the conditions for all the signalized approaches in
the intersection.

There are three basic types of vehicle actuated
control, each with controllers that are somewhat dif-
ferent in their design %

1. Semi-actuated Control: Includes detection only on
minor side-street approaches to the intersection.
The green remains on the main street until “call”
for service on the side-street is registered. This
type of control is frequently used when side-street
traffic is relatively light, but traffic signals are re-
quired to periodically interrupt the main flow to al-
low side-street vehicles to safely cross (the case in
our research).

2. Full-actuated Control: All approaches are with de-
tectors and with sequenced phases according to
“calls” for service. This type of control is common
at busy, isolated intersections, where daily demand
fluctuations would cause any fixed time control to
be inefficient.

3. Volume-density Control: 1t is basically the same as
full-actuated control with additional demand re-
sponsive features.

The actuated control uses the information on cur-
rent demands obtained from detectors within the in-
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Figure 1 — Process of actuated traffic control

Source: Luttenen T. R., Nevala. R., Capacity and Level of Service of Finnish signalized Intersections,

Finnra Reports 25/2002, Helsinki, p. 35
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tersection. The actuated controllers can be pro-
grammed to provide variable phase order, alternating
green times for each phase, alternating length of the
cycle caused by the alternating green times.

The signal control can be expressed as

up = Llug—1, 1, k), 1)
where L is the control logic, uy_; is the management
signal in the previous basic interval k-1, uy._;. is the de-

tective impulses in the previous basic interval k-1, and
k is the basic interval.

The process of actuated control is shown in Figure
1.

The vast majority of actuated signal installations
use inductive loops for detection purposes. The actu-
ated controller can change the length of the green
time, which in turn reduces the increase of waiting
queues. Thereby, the importance of the appropriate
placement of detectors is obvious. Unfortunately, in
many installations, the placement of the detectors has
been treated as a secondary concern even though vast
amounts of money have been approved for the selec-
tion of the controller unit.

One of the principal parameters affecting some of
the timing parameters (minimum green time, time ex-
tension unit, maximum green, the yellow and the all red
time) is the placement of the detector or how far it is
placed from the STOP line.

2.1 Strategies of detectors placement

Experiences show that detector placement strate-
gies vary, but generally speaking, the following analy-
sis is needed: a) placement distance, b) number of de-
tectors c) type of detectors.

The most common form of detection is the Point
Detection. It is commonly implemented with a single
short inductive loop. In such scheme, a single detector
is placed for each approach lane to actuate the con-
troller. The detector gathers information as to
whether a vehicle has passed over the detector.

Another strategy is the so called Area Detection. It
is provided by using a long inductive loop or series of
point detections.

However, the analysis of different signal control
strategies cannot allow the conclusion that a larger
number of detectors installed would provide a more
efficient traffic process.

For the purpose of this research the point detection
strategy has been applied. In our case the inductive
loop passage detectors have been installed only on the
minor intersection lane approaches, with dimensions
of 1.1 x 2.0m.

3. OPERATIONAL ANALYSIS OF THE
INTERSECTION PERFORMANCE

3.1 Data collection and analysis

A survey of the intersection Partizanska St. — Toso
Daskalo St. — Strcin St. in the City of Bitola was carried
out (Figure 2).
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Figure 2 — Location of intersection approaches

In order to make intersection performance analy-
sis, the following data were necessary:

1) intersection characteristics - type of area, number of

lanes, lane width, grade (presented in Table 1),

2) traffic conditions (traffic flows, % of HGV and

BUS, the peak hour...),

3) traffic signal parameters (cycle length, green time,
yellow time).

The traffic data were collected on the basis of six-
teen hours counting (from 6 a. m. till 10 p. m.) in
15-minute intervals on 4 counting points (approaches
1, 2, 3 and 4). The data processing showed that the
peak hour was from 3 p. m. to 4 p. m. The peak hour
demand flows in vehicles per hour are depicted in Fig-
ure 3.

The misbalance of the traffic volumes is evident
(major flow/minor flow — East, West/North, and
South). In certain day periods, the ratio major/minor
flow is larger than 3:1, particularly distinctive is Ap-
proach 1/Approach 2 ratio (Figures 4 and 5). The flow
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Table 1 — Intersection field data

Approaches Parameters Data
Area Type Other
2 entry lanes
No. of lanes
1 exit lane
Approach 1-E Lane width 3.00m
Grade 0%
Separate left/right turn lanes Separate left turn lane
Parking provisions None
1 entry lane
No. of lanes 7
1 exit lane
Lane width 3.00m
Approach 2 - S
Grade 0%
Separate left/right turn lanes None
Parking provisions None

Approach 3 -W

2 entry lanes

No. of lanes

1 exit lane
Lane width (m) 3.00m
Grade (%) 0%

Separate left/right turn lanes

Separate left turn lane

Parking provisions

None

Approach 4 - N

2 entry lanes

No of lanes

1 exit lane
Lane width (m) 3.00m
Grade 0%

Separate left/right turn lanes

Separate left turn lane

Parking provisions

None

East
514 373
9: < South
N
s ~
/ N
o
487
West

ratio is the main prerequisite for developing and im-
plementing the semi-actuated traffic signal control
which would provide unconditional priority to the ma-
jor flow.

Approach 1 - through (1-3)
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Figure 3 — Peak hour traffic demand flows

Figure 4 — Major Traffic flow
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Approach 2 - through (2-4)
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Figure 5 — Minor Traffic Flow

The indicator for the intersection performance
was the vehicle delays 3 at the approaches and the level
of service (LOS).

VISSIM is able to calculate the delay per vehicle
between two user-defined points. The delay within
VISSIM is defined as the average total delay per vehi-
cle in seconds. The total delay is calculated by sub-
tracting the theoretical (ideal travel time) from the
real travel time. The theoretical time is the time that it
would take to travel between two points if there were
no other vehicles and no signal controls within the net-
work.

After the simulation of the above stated two-phase
and pre-timed controlled intersection, the following
parameters for the operational performance were ob-
tained (Table 3).

The analysis of the simulation results has led to the
following observations:

1. The largest delays appear at the major street (Ap-
proaches 1 and 3). The LOS = C;

Table 3 — Simulation results (Pre-timed signal control)

2. The minor flow appears to be interesting. For both ap-
proaches (2 and 4), LOS=A. This is due to the low ve-
hicle flows. During the simulation process, a state
where no vehicles during the green intervals were
perceived. (Especially on Approach 2);

3. The general performance is not poor (overall LOS =
O);

4. If semi-actuated control is going to be imple-
mented, before-and-after intersection operational
analysis has to be made. The outcome results con-
cerning the time losses (delays) will be worthy of
note.

4. DESIGNING SEMI-ACTUATED
TRAFFIC SIGNAL CONTROL
ALGORITHM

4.1 Definition of semi-actuated control model
conditions and parameters

The model parameters must be set first: minimum
green, maximum green, the yellow and all red time as
well as the green extension unit. The traffic conditions
to be set concern the green interval termination or its
extension on the basis of the vehicle time headways.
The data on the number of accumulating vehicles dur-
ing the red time, and the data on the number of dis-
persing vehicles during the green time within the cycle
were collected.

On the basis of traffic flow conditions in the state
of saturation # the following model parameters were
determined:

Movement/ Delay Level of Service Level of Service Overall Level of
Approach (sec) (LOS*) (LOS) /approach Service (LOS)
W-N 35.6 D
Approach 1 32.8 sec
(major flow) W-E 33.2 D LOS=C
W-S 233 C
N-E 1.7 A
Approach 2 3.59 sec
(minor flow) N-W 29 A LOS=A
N-S 4.0 A 27.7 sec
E-W 35.8 D LOS=C
Approach 3 34.8 sec
(major flow) E-N 150 B LOS=C
E-S 26.5 C
S-wW 6.6 A
Approach 4 3.18 sec
(minor flow) S-E 02 A LOS=A
S-N 3.4 A
*According to HCM 2000
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1) the value of saturated time headway amounts to
1.7 seconds,

2) the value of the maximum time headway amounts
to 2.0 seconds (limits range from 1.7 to 1.9 sec-
onds),

3) the vehicle speed is defined in the VISSIM net-
work in the range of 30 to 35km/hour (for PC) and
of 30 to 25km/hour (for HGV and BUS) (with the
speed limit of 50km/hour in urban areas),

4) the non-occupancy inductive loop time (no vehi-
cles present) is equivalent to the desired maximum
time headway. For time headway of two seconds,
the time of the non-occupancy inductive loop time
is one second. This is the time needed for determi-
nation of the green extension unit.

With such parameters set, the condition for green
extension time was determined: if the non-occupancy
inductive loop time is longer than one second, then
the phase ends with minimum green time (there is no
green extension). If it is less than one second, then the
green will be extended for two seconds.

4.1 Design of semi-actuated signal control
logic

The suggested actuated controller has been de-
signed to work in four phases with allowed left turns
and a double barrier. The working principle is the
same as in NEMA controllers. According to the condi-

B Semi_Actuated - WordPad

File Edic View Insert Format Help

DSH SR # B

PROGRAM Four;

ARRAY

FEREREARRRARAR AR AR KRR AR AR
S ERERARARRRRLRRAVSARAARARAR AR
FEREREARRRARARAARA KRR R AR AR

tClearance[&] = [0,4,0,4,0,4,0,4],
Recall[s] = [0,1,0,0,0,1,0,0],
Passage[8] = [0,0,0,2,0,0,0,2],
MaxGreen[d] = [0,40,0,0,0,40,0,0];

Step 1

SUBROUTINE Compute_Conditionals;

SRR EETERTREATARARRATARARRAAANS

Jfrres DEFINE CONDITIONALS *r#r/
R R AR R AR AR AR A AR AR

Callz := RECALL[Z]:

Call4 := presence(4) or oCccupancy(4);
Callé := RECALL[6]:

Callg := presence(d) or occupancy(g);
GapCutd := headwayid) > Passage[4]: Step 2
GapOutd := headvay(8) > Passage[8]:

HinGverd := t_green(4) »= t_green_min(4];
HinGvers := t_green(8) >= t_green min(s]:

JE T PP P PP P P PP S P PR P P PP Py
J#%%F CONDITIONS TO CAUSE PHASES ###%/

/®%%F TO CROSS BARRIER TOGETHER ##%7%/
TR AR TR ARARAARARARARRRRARARAAN S

Step 3
GapQut4d := GapOutd AND GapOutd:

SUEROUTINE Ringl:

TR AR R AR REATEARARRARAAA N ~

J®w%% RING #1 ACTUATED LOGIC ####/
TR ARRAR AR REATERARRARAAA T

IF t_green(2) THEN
IF Call4d THEN

start (HaxGreen2Timer) ;

IF (MaxGreen2Tiwer = MaxGreen[2]) THEN
sg_red(2);
start (Phase2ClearTiner) ;
NextRinglPhase := 4
stop (MaxGreen? Timer) ;
reset (MaxGreen2Timer) ; >~

IF t_green(4) THEN
IF (Call2 ND MinOverds AND GapOut48) THEN
so_red(4):
start (PhasedClear Timer| ;
NextRinglPhase := 2;

SRR R R AR SR
Jas% Clearance TIMERS 7a%7/
SRR R R AR ]
IF (PhasezClearTimer = tClearance[2]) THEN p
IF NextRinglFhase = 4 THEN
sg_green(4) ;

END:

Step 4

[

Figure 7 — Design of signal control logic in VAP
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tions and parameters already set, signal timing design
was performed with VAP.
The phase development order is shown in Figure 6.

Barrier

Ring1L 1 2 3 4 J
] 4 l‘( -1+ — <L_

> W, 1 -_—
f <
Ring 2 . P
5 6 7 8

Figure 6 — Phase diagram of
semi-actuated signal control

Within the order defined, the traffic signals oper-
ate in the following way: if on the major approach
the signal is green and if there is a call on the minor
approach, then the counting down for the maximum
green time on the major approach starts. When the
given value has been achieved, the green time is
provided for/switched to the minor approach. If the
non-occupancy inductive loop time on the minor
approach is longer than the given extension unit
(time of passage), then the green time is terminated
and switched to the major approach. The model de-
sign is performed through the following steps (Figure
7):
Step 1: Defining of the constants;

Step 2: Defining of the conditions;

Step 3: Defining of the phase demands/barriers;

Step 4: Designing of the signal logic (Ring 1 and Ring
2);

Step 5: Defining of the yellow and all red time (clear-
ance time logic) for each ring.

4.2 Implementation of the algorithm and
inductive loops in the VISSIM network

After the model has been designed, two scenarios
of the inductive loop placement in VAP were devel-
oped. The following time parameters were taken up:
Scenario 1:

Placing of the inductive loop at the STOP line
5 seconds,
1 second,

Minimum green
Time extension unit
Maximum green 50 seconds — major approach,

The yellow and

the all red time 4 seconds.

Scenario 2:

Placing of the inductive loop at 8 metres from the
STOP line

Minimum green 8 seconds,

Time extension unit 2 seconds,

Maximum green 40 seconds - major approach,

The yellow and

the all red time 4 seconds.

Different inductive loop detector placements re-
quire different time parameters. The minimum green
time and the time extension unit increase when the in-
ductive loop is placed at a longer distance from the
stop line. The maximum green time values on the ma-
jor apsproach can vary in the range from 40 to 60 sec-
onds °.

4.3 Discussion

After the simulation has been performed, the De-
lays and the Level of Service (LOS) for all the ap-
proaches and directions of movement were calculated
(Table 4).

For Scenario 2 (the inductive loop is placed at a
distance of 8 metres from the STOP line), the output
results (delays and LOS) are shown in Table 5.

A comparison analysis of intersection perfor-
mance for both types of signal control strategies
(pre-timed vs. semi-actuated control) is shown in Ta-
ble 6.

The before-and-after intersection performance
analysis has led to the following observations:

A) Scenario 1 (the inductive loop detector is placed at
the stop line):

— Major flow delays have been reduced by 30%

VvS. current state.

— The Level of Service has decreased by one level
down on the minor flow approaches (from
LOS=A to LOS=B).

B) Scenario 2 (the inductive loop is placed at 8 metres
from the Stop line):

— Delays on both major and minor flows have
been reduced by 15% and 12%, respectively.
The major flow delay reduction proves that the
green interval length is not always a parameter
to rely on in order to increase the LOS of that
approach.

— Minor flow delays have been reduced by 13%
and 23% on both approaches (2, 4) This is due
to the fact that the controller has the informa-
tion on the queue length (there is no informa-
tion on the vehicles behind the loop), which is
of utmost importance for the green time distri-
bution on the minor approach.

— The overall LOS is B. It has been improved by
one level up as compared with the current state.

As compared with the current state, the overall de-
lay reduction for Scenario 1 is 17% and 32% for Sce-
nario 2. The reduction of delays for changed detector

Promet — Traffic& Transportation, Vol. 21, 2009, No. 6, 413-423 419




D. Kotlovska Necoska, K. M. Bombol: The Impact of Detector Placement on Signalized Intersection Performance

Table 4 — Output results, Scenario 1

Scenario 1
Placement At the stop line
Minimum green 5 seconds
Time extension unit 1 second
Maximum green 50 seconds
Yellow and all red time 4 seconds
Delays/Approach (sec) LOS/Approach Overall LOS
W-N 27.6
Approach I 25.2 sec
(major flow) W-E 215 LOS=C
W-S 17.3
N-E 10,6
Approach 2 10.1 sec
(minor flow) N-W 102 LOS=B
N-S 11.4 23 sec
E-W 27.6 LOS=B
Appoach 3 23.7 sec
(major flow) E-S 16.3 LOS=C
E-S 25.2
S-w 10.7
Approach 4 11.15 sec
(minor flow) S-E 130 LOS=B
S-N 14.8
Table 5 - Output results, Scenario 2
Scenario 2
Placement 8 metres from the stop line
Minimum green 8 seconds
Time extension unit 2 seconds
Maximum green 40 seconds - major approach
Yellow and all red time 4 seconds
Delays/Approach (sec) LOS/Approach Overall LOS
W-N 22.6
Approach I 21.9sec
(major flow) W-E 20.7 LOS=C
W-S8 13.3
N-E 7.7
8.9
Approach 2 N_W 101 sec
(minor flow) LOS=A
N-S 11.8 19 sec
E-W 23.4 LOS=B
21.2
Approach 3 E-N 9.4 sec
(major flow) LOS=C
E-S 18.75
S-w 8.6
Approach 4 9.3 sec
i S-E 8.9
(minor flow) LOS=A
S-N 10.14
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Table 6 — Before-and-after analysis of intersection performance

Approach Delays (5)
Current State (s) Scenario 1 (s) Scenario 2 (s)
Approach 1 32.8 25.2 21.9
Approach 2 3.59 10.1 8.9
Approach 3 34.8 23.7 21.2
Approach 4 3.18 11.15 9.3
All 27.7 23 19
Delays ratio (%)
Approach Scenario 1 vs. Current state Scenario 2 vs. Scenario 1
Approach 1 -33 15
Approach 2 135 13
Approach 3 -32 12
Approach 4 127 23
Overall LOS
Current State Scenario 1 Scenario 2
LOS=C LOS=B LOS=B

placements (Scenario 2 vs. Scenario 1) is 18%. The
LOS for both scenarios is B (one level higher as com-
pared to the current state).

This analysis has proved that the inductive loop
placement has an impact on delays. By increasing the
inductive loop distance from the stop line, the LOS
improves. With regard to the question whether any in-
tersection operational performance improvement can
be expected by further increase of the inductive loop
distance from the stop line, the answer will be proba-
bly positive. The improvement of the LOS would be
insignificant because of the intersection geometry and
the major vs. minor flows ratio.

By appropriate inductive loop detector placement
in the relation to the stop line and in an interaction
with the signal time parameters, the overall intersec-
tion performance could be improved (reduction of the
delays, LOS increase) but only if the limitation condi-
tions concerning inductive loop placements are taken
into consideration. However, the signal time parame-
ters are to be of crucial importance.

S. CONCLUSION

In case of large traffic flows misbalances (major vs.
minor flow), the implementation of a semi-actuated
traffic signal control is recommended as good substi-
tution for the conventional pre-timed signal control.
The effect of the inductive loop detector placement in
relation to the STOP line on the overall intersection
performance is being emphasized as of great signifi-
cance. Therefore, by designing two scenarios for in-

ductive loop detector placement, and with the
semi-actuated control algorithm developed and ap-
plied in VISSIM, it has been proved that the inductive
loop detector placement has an impact on the overall
Level of Service (LOS) of the intersection through the
delays foreseen.

There are the possibilities for developing new sce-
narios but they could make the model more complex
particularly when modeling the discharge of the minor
flow. In relation to the inductive loop placement, this
possibility is reduced. Summarizing, adequate place-
ment of the inductive loop detector in relation to the
STOP line and in an interaction with the signal time
parameters results in an improvement of the overall
intersection performance (reduction of the delays,
LOS increase). Hence, the detector placement dis-
tances have to be considered under the limitation con-
ditions only.

The future developments go in the direction of
area detection or as recently published, in lane-to-lane
detection. The adaptive control signal strategy is being
assumed as of the latest achievements in advanced
traffic signal control strategies.

For the Republic of Macedonia, the implementa-
tion of advanced traffic signal control strategies will
entail the development of equipment and standardiza-
tion. Criteria have to be defined for putting the sys-
tems into operation. It is recommended that:

1) the philosophy of traffic signal control strategies
design is to be changed and adjusted as well,

2) standards for new technologies have to be intro-
duced,
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3) scientific and research work on the development if
simulation models has to be intensified,

4) financing has to be safe and sound.
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AIICTPAKT

BJIHJAHUE HA PACTOJAHHUETO HA IIOCTA-
BYBAILE HA J/IETEKTOPOT BP3 PABOTATA HA
CHTHAJIH3HPAHA KPCTOCHHIIA

Cu ywme nocmojam 3emju (kaxko Penyoauxa Maxedonuja)
Kaode wimo 60 Ynpasyearemo u KOHmpoiama Ha coobpakajom
ce npumenysaam camo mpaouonannume cucmemu. M noxpaj
Grykmyayuume 60 moxogume u 3201eMeHAMd COOOPAKAJHA
nobapysauka 6o usmuxamume 15 200unu 6o zpadosume 60
Marxeoonuja, cu ywme ce kopucmam cucmemume 3a QUKCHA
Konmpoana na coobpaxajom. Osa npeouzsuxysa npooiemu Ha
coobpakajnama mpedica (32onemenu 8pemutba Ha NAmyearse,
320/1eMeHU MPOULOYU HA NAMYEArbe U 0e2padayuja Ha HCUBOM-
nama cpeouna). Ouueneden e nosukom 0exd ,, Heuimo mpeoa 0a
ce nanpasu ““. Hajooopume npaxmuxu nokajcyseaam oexa moa
Modice 0a ce peanusupa co nPUMeHda Ha HeKOHBEHYUOHAIHUME
peuleHuja m. e co nPpUMeHa Ha CUCmemMume Wimo ce 3aUcHu 00
coobpakajom. Mnoey pazymen npumep Ha maxkog cucmem e
NOMMUKHAMama cooopaxajHa CUeHAIHA KOHMPOLd, NPeOU3eUK
€O KOJuimo Hue ce coouusme.

Ommyka 60 ucmpasicysaremo ucnpasenu 6eeme npeo oge
baparva. Kaxo npeo, Hayuno da dokadceme 0eKa NOMMUKHA-
mama coooOpakajHa CueHAIHA KOHMPOIA HAGUCTIUHA MOJice Od
bude peanna 3ameHa 3a UKCHAMA KOHMPOIA CO WMo Ke ce
320/1eMU BKYNHAMA eUKACHOCT HA CUSHATUIUPAHAMA KPMOC-
HUYA, HO CO NPABUNIHO NPOEKMUPAHU BPEMEHCKU NAPAMEmpPU U
nokayuja na demexmopom. Kaxo emopo, oa ce nokagice dexa
8AKBUOM HANPEOeH CUCINEM 3a KOHMPOA € MOICEH U OOPIHCIUE
3a maxedoHckume 2padosu. Osoj mpyo ce (hokycupa Ha npeo-
mo baparve.

Bo maa nacoxa npoexmupana e norynommukHama cooo-
pakajna cuenaina cmpameauja Ha coo08emHO U36pana UHOU-
sudyanna kpcmocuuya. OcHosnama yen beuie 0a ce 00pedu Ha
KOJ Ha4uH NOCMABY6AEmo HA 0eMeKmMOPCKama UHOYKmMueHda
jamxa 6o oonoc na CTOII nunujama enuje ép3 cesKynHama
paboma na kpcmocnuyama. 3a 0a ce ocmeapu yenma, npoex-
mupanu 6ea ose cyenapuja: 1. [locmasysare na demexmopom
na CTOI nunujama u 2. [locmasysarwe na demexmopom Ha 8 m
00 CTOII aunujama. Iloceben akyenm e cmagen Ha npoexmu-
parbe Ha aneopumMom Ha ROJIYROMMUKHAMAMA CUSHATHA KOH-
mpoaa. [Ipoekmupanuom aneopumam e npumMenem 60 Mpedica-
ma na VISSIM co yen da ce cumyaupa npoyecom Ha noaynom-
mukHama coobparajna cuenanna konmpoaa. Hanpasena e cno-
peodbena ananuza Ha epuracHocma Ha Kpcmocrhuyama (npeo u
nomoa). Ce 3axnyuu 0exa co coo08enHo nocmasyearse Ha oe-
MeKmopom u 60 UHMEPAKYUja co CUSHAIHUME Napamempu,

Modice 0a ce nododpuU ceKYNHaAma paboma Ha KpCMoCHUYama,
HO Camo npu 00pedeHU 0SPaHUYY8auKy Gakmopu 3a pacmoja-
Hujama na nocmagyearve.

KJIYYHH 350POBH

UHOUBUOYATHA  CUSHATUSUPAHA KPCMOCHUYA, NOMMUKHAMA
CUSHATIHA KOHMPOAd, NOJYNOMMUKHAMA CUSHATHA KOHMPOId,
O0emekmopu Ha UHOVKIMUGHA JaMKd, CUMYLAYUjd, BPEMEHCKU
3a2ybu, HUBO Ha ycyad

REFERENCES

1. Testing Innovative Strategies For Clean Urban Trans-
port For Historic European Cities - RENAISSANCE
(FP7 Project, 2008- 2012)

2. McShane. W. R., Roess, P. R., Prassas, S. E., Traffic En-
gineering, Prentice Hall, Upper Saddle River, New Jer-
sey 07458, 1998, pp 542-545

3. VISSIM 4.20 User Manual, PTV Planung Transport
Verkehr AG, 2006 pp 250

4. Kyte. M., Wang. H., Effect of detector And Timing Para-
meters on Operations of Cross Street of Isolated Intersec-
tion, Idaho, 2007

5. Basic Signal Timing Controller Parameters, Uldaho,
2007

LITERATURE

[1] Button, K. J., Hensher, D. A.: Handbook of Transport
Systems and Traffic Control, Netherlands, 2001

[2] McShane, W., et al.: Traffic Engineering, New Jersey,
1998

[3]1 Traffic Control Systems Handbook, US Department of
Transport, Federal Highway Administration, Februa-
ry, 1996

[4] Koaroscka, 1., IIpoyenra na epuxachoma na paboma na
U3OUPAHA KPCMOCHUYA €O NOMMUKHAMA coobparkajua
cuenanna konmpona, Marucrepcku tpya, YKJIO, burona,
Peny6muka Maxkenonuja, 2008

[4] Akcelik, R.: Signal Timing Analysis for Vehicle Actuated
Control“, Working Paper WD TE 95/007, ARRB,
Transport Research Ltd, Australia

[5] Akcelik, R.: Analysis of vehicle-actuated signal operati-
ons“, Australian Road Research Board, Working Pa-
per WD TE 93/007, 1993

[6] Bombol, K. M., Modern Requirements of Traffic Flow
Control Systems - Current Development. Proceedings,
ISEP 97, Elektrotehnilska Zveza Slovenije, Ljubljana,
Slovenija, 1997, pp 261-264

[7] Courage, G., Papanou, P.: Estimation Delay at Traffic-
—actuated Signals, Transportation Research Record,
630, pp 17-21

[8] Kyte, M., Wang, H.: Effect of detector and Timing Para-
meters on Operations of Cross Street of Isolated Intersec-
tion, U Idaho, 2007

[9] Luttenen T. R., Nevala. R.: Capacity and Level of Service
of Finnish signalized Intersections, Finnra Reports
25/2002, Helsinki

422 Promet — Traffic& Transportation, Vol. 21, 2009, No. 6, 413-423




D. Kotlovska Necoska, K. M. Bombol: The Impact of Detector Placement on Signalized Intersection Performance

[10] Al-Mudhaffar, A.: Impacts of Traffic Signal Control
Strategies, Doctoral Thesis in Traffic and Transport
Planning, Infrastructure and Planning Royal Institute
of Technology, Stockholm, Sweden 2006, pp 5- 6

[11] Testing Innovative Strategies For Clean Urban Trans-
port For Historic European Cities RENAISSANCE
(FP 7 Project, 2008- 2012)

[12] Robertson, H., et al.: Actuated signals and detection,
Manual of Guidance, Vol. 3, 1994, No. 2

[13] Basic signal timing controller parameters, Uldaho, 2007.

[14] Traffic Signals - Section IV, Engineering Concepts /
Guidelines, Uldaho

[15] Highway Capacity Manual, 2000
[16] PTV VISSION, VISSIM 4.2, USER MANUAL
[17] VAP MANUAL

Promet — Traffic& Transportation, Vol. 21, 2009, No. 6, 413-423 423




