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The article examines the reliability of outdoor lighting systems operation considering the nature of failure flow.
The author formulated and set a problem of multi-criteria optimization with identified parameters and optimization
criteria. The key parameters of quality and reliable grid operation were identified. The detailed analysis of the elements
and principles of the outdoor lighting grid make-up established that it is a complex structure, constantly evolving in
time and space. The degree of its reliability depends on a set of conditions, especially the efficiency and reliability of its
individual elements (light sources, lighting devices, wiring, security features, etc.).

The posing of problems The worsening energy crisis
due to a limited supply of energy resources and increasing
demand for them is one of the most important problems of
our time. The rational use of light energy for lightning
open spaces involves not only the functional and material
resources, but, in a sense, a moral aspect, since it is used
as criterion of the urban improvement and comfort.

Analysis of recent research and publications The
outdoor lighting units make integral part of modern urban
landscape and their importance is largely determined by
the fact that they determine the number of road traffic
accidents (RTA) in the hours of darkness. Increasing
number of road accidents clearly indicates the poor
quality of the lighting in urban roads. The accidents are
most often in the areas with no lightning at all. The
reasons for the lack of lighting can be different, usually it
is the energy efficiency savings. Other reasons include
light source outage, wire breakage, damaged transmission
towers, damaged control lines, short-circuits in overhead
lines, cable lines and power points, "false" and true
responses of fuses. The last group is the most numerous.
The recovery of the disconnected line takes at least 24
hours. The number of failures of lighting units (LU)
comparing to the number of their recoveries defines one
of the most important features of the LU — reliability.
Besides the problems with the energy supply, which can
partly explain the decrease in the length of the illuminated
streets, this value is also influenced by the features of
outdoor lighting systems. Since such systems are built on
the cascade principle [1-3], the emergency in one area de-
energizes the following areas. The disconnections take
place when the fuse is tripped. However, besides truly
emergencies activating the protection, there is a problem
of so-called "false" positives. They occur when the
lightning line is disconnected by the fuse burnout after the
lighting unit was set to operation or the operating mode
changed, i.e. during the transient processes [1-3].

Under adverse weather conditions, this type of failure
can occur immediately after it was addressed (by
replacement of the fuse link). Thus, the protection
devices, particularly the fuses, are obviously in need for
improvement. It should be highlighted that the reliability
of the lighting unit as a whole largely depends on the
"false" responses of the fuses caused by their design flaws
and inadequate coherence between the features of existing
fuses and the properties of the start-up modes for the light
sources [4].
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Purpose of the article - enhancement of the
efficiency of the outdoor lighting grids with regard to how
fuses false positives affect the grids operational reliability
and economic efficiency..

The main research material. The reliability
evaluation of any facilities and systems implies
researching of the failure flow. The recent methods of
reliability evaluation can be divided into elemental and
functional [5].

The majority of elements used in outdoor lighting
systems and exposed to severe conditions of external and
internal factors are more likely to experience sudden
failures which embrace the "false” positives, too. Taking
into account that the lifespan of these elements often
exceeds the operational life of the equipment for a certain
period, the sudden failures become predominant. In the
outdoor lighting units, the probability of short circuits is
reported at the level of 37%, and of wire breakage — at the
level of 24%. However, the main recovery flow in the
elements of the lightning grids falls within 15-25 hours of
the time to failure [5].

Due to criteria of high-quality lighting, the analysis
of the outdoor lighting units functioning enables to
identify the following groups of system parameters: | —
illuminating parameters; Il — reliability parameters; Il —
technical parameters; IV — economic parameters. The
ranking of the optimized functions reduces the problem of
multi-criteria optimization to the following form:

1. maximize - f1; f1=f (x1 - x10);

2. maximize - f2; f2=f (x4 - x10);

3. maximize - f3; f3=f (x4, x6 - x10);

4. minimize - f4; f4=1f (x5 - x10).

The linear combination of criteria is as follows:

F=dlf1+62f2+4a3f3—-a4f4, (1)

where the operators of the summands are selected

according to whether the criterion is to be maximized or

minimized, @i coefficient (to be changed later) should be

selected based on the priority of the criteria. The criteria

in the ascending priority will go as follows f4,f3;2;f1.
The blank cell in Tablel means that the criterion cor-

relating with the column where this cell belongs, does not

depend on the respective parameter. Up and down arrows

mean the monotonous increase (decrease) of the criterion

when the parameter increases.



Table 1 - Characteristics of the criteria

Symbol Parameter name Type of Parametric
variables constraints
Indicator I
X1 blindness Quantitative x1 <40
The average
X2 brightness of | Quantitative [)é 2d</r1n§]
the road surface
The average
X3 horizontal Quantitative x3< 20 [IX]
illuminance
Deviations . -10%<x4
X4 voltage Quantitative <+10%
X5 Plant capacity | Quantitative 0<x5 <00
Operation I
X6 without failure Quantitative 0<x6<00
X7 Downtime Quantitative 0<x7<00
The number of
refusals (in- .
Xs cluding "false" Quantitative 0<xg<oco
responses)
The number of
X9 maintenance Quantitative 3<x9<5
teams
The service life I
X10 of the elements Quantitative 0<x10<00

To find an optimal solution with the remaining pa-
rameters, we suggest reducing the problem to a one-
criterion one and have it adjusted by a decision-maker [3].

As an indicator of cost efficiency of capital invest-
ments for the compared alternatives, the minimum re-
duced costs are taken. The economic outcome of account-
ing reliability is expressed in the following main points:
improving the quality of one element, thereby increasing
its reliability; backup of each element, thereby increasing
the reliability of its operation, without increasing reliabil-
ity of a single element; defining the damage depending on
the probability of one element failure and the whole
backup of the object under consideration. Therefore,
when choosing the optimal level of electricity supply and
lighting control reliability, it is necessary to compare the
expenditures required to improve the reliability and the
probable damage from the malfunctioning of the outdoor
lighting grid.

Conclusions: 1. The author formulated and set a
problem of multi-criteria optimization with identified
parameters and optimization criteria. The key parameters
of quality and reliable grid operation were identified.

2. The detailed analysis of the elements and
principles of the outdoor lighting grid make-up
established that it is a complex structure, constantly
evolving in time and space. The degree of its reliability
depends on a set of conditions, especially the efficiency
and reliability of its individual elements (light sources,
lighting devices, wiring, security features, etc.).

3. It was found that most of the failures of the LU can
be explained by the protection device response (fuse).
Considering the specifics of the grid structure, such
responses thus de-energize a fairly large portion of the
network.

4. It was determined that the increase in the number
of the fuses “false” positives responses fuses is mostly

driven by the grid overload and short-circuit modes.
Among them, the most important is the parameter that
determines the number of failures for a certain period of
time. Optimization of the protection device design would
increase the reliability and reduce the non-refundable
damage caused by low-quality outdoor lighting.
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AHHOTaLUA

IHOBBIINEHUE HAJEXKXHOCTH
OYHKIIMOHUPOBAHUSA CUCTEM
HAPYKHOI'O OCBELIEHUS

Eropoga O. 10., Eropos A. b., 'oat A. B.

B cmamve paccmampusaiomess 80npocwl HA0EHCHO-
cmu PYHKYUOHUPOBAHUS CUCTHEMbI HAPYIHCHO20 Oc8euje-
HUA ¢ yuemom Xapaxmepa HOMOKA OmKa3os. Aemopom
cpopmynuposana u nocmagiena 3a0aia MHOOKpumepu-
AnbHOU onmuMu3ayuY 8 KOMopoul onpedeieHvl napamem-
pul u Kpumepuu onmumuzayuu. Belagieno napamempu,
KOmopbvle usparom onpeoeisirouyio pois 0isi obecneyenus
KA4eCmBeHHO020 U HAOENHCHO20 QYHKYUOHUPOBAHUS Cemu.

AHoTanis

MIABUIEHHS HAIMHOCTI
®YHKIIOHYBAHHSI CHCTEM
30BHIIHBOI'O OCBITJIEHHS

€roposa O. 10., €ropos O. b., T'out I'. B.

Y cmammi posenadaromecs numanms naoivinocmi
@yHKYIOHY8AHHA CcucmeMU 308HIUHbLO20 OCBIMICHHS 3
VPaxy8aHHAM Xapakmepy NOMOKY 8iomos. Aemopom
cghopmynvosana i nocmaenena 3aoaia 6acamoxpu-
mepianvHoi onmumizayii 6 AKil eu3HayeHi napamempu i
Kpumepii onmumizayii. Busaeieno napamempu, saKi epa-
10mb  BUSHAYANLHY pOb ONid 3a0e3neyeHHs AKICHO20 i
HAOIIHO20 (YYHKYIOHYBAHHS MepPediC.
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