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Proposing and Verifying Certification Standards of Smart LED Streetlight

Systems Using Simulation
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This paper proposes certification standards for smart LED streetlight systems using simulation-based testing
and verification. The lack of certification standards for smart LED streetlight systems has been identified as a
critical issue, particularly concerning dimming control. This paper proposes three dimming control standards: the
minimum time to initiate dimming, the duration of the dimming period, and the number of concurrent streetlights
that can be controlled. For simulation modeling, Relux and analytical formulas are used to model streetlights and
vehicles, respectively. The two models are integrated into the smart LED streetlight system models using Simio.
The simulation experiments were conducted with two objectives: to present certification standards and to apply
and verify real-world cases. Six hundred thirty scenarios were identified according to the installation environment
and vehicle speed certification criteria suggestion. Then, the experimental results were applied to a specific road
in the Republic of Korea. The certification criteria proposed in this study offer alternative approaches to operating
the streetlight system more efficiently. The proposed simulation method proposed in this study can be applied
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to smart LED street lighting systems and various new products lacking certification standards.
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Fig. 1. Smart led streetlight system
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Table 1. Related research

Related
research

Characteristic

Advantage

Disadvantage

Shim &
Lee
(2019)

Proposal of a simulation-based
certification procedure for explosive
doors subjected to explosion loads,

replacing the traditional
demonstration explosion test

An experimental approach is presented in
this study to address the challenges of
economic and temporal constraints in

product quality certification by utilizing
simulations as an alternative method

Based on the simulation results,
real-world validation was not
adequately addressed, and there
was a lack of information on
how the simulation results could
be applied to real-world scenarios

Choi
(2011)

An Analysis of Road Lighting
Facility Criteria and Installation
Conditions for Streetlight Arrays

A proposal is presented for simulating
streetlight installation conditions through
a computer program to effectively
evaluate and ensure proper installation

The contents of streetlight
arrangement are present, but
there is no provision for
dimming control

Khatavkar
(2015)

A study on the implementation of a
dimming control system for street
lights with the aim of maintaining

stable lighting and increasing energy

efficiency

A study was conducted to explore
energy-saving measures through
streetlight dimming control in smart
cities. The study presented quantifiable
energy savings achieved by measuring
power consumption using tables.

The primary focus of the study is
energy saving, with dimming
control serving as a means to

achieve this goal

Kim
(2021)

An investigation into the viability of
dimming control and the development
of a scenario to establish a
fundamental dimming guideline
utilizing traffic volume data

The implementation of customized
scenarios based on road lighting class,
traffic volume, and time of day can
enable effective dimming control of
streetlights under varying road conditions

The proposed dimming control is
based on time zones, rather than
vehicle entry

ED si=AS01MEE| =2
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Table 2. Road lighting grade for drivers
Type of road Type of transportation and vehicle traffic Class
sailing high and low lines are high traffic and complicated road alignment Ml
tlifer:):-rdait;infifnjl i:tlé::;t;zrsl’s \jzrifh high traffic or complicated road alignment M2
completely restricted access to highways | low traffic and simple road alignment, or dark surroundings M3
a highway, an sailing high and lack of separation between traffic control and other types of road users | Ml
low separation road traffic control and other types of road users are well separated M2
major urban traffic routes, highways, lack of separation between traffic control and other types of road users M2
and national highways traffic control and other types of road users are well separated M3
low importance connecting roads, local | lack of separation between traffic control and other types of road users M4
connecting roads, main access roads to
residential areas, to private land traffic control and other types of road users are well separated M5
Table 3. Luminance about road lighting grade for drivers
Road lighting sm?z:/:;alg&;z?nice Luminance Uniformity (7}, ) | Luminance Uniformity for TI(%)
class el Loind Lo, lanes( ;) Lunin/ Lo (Maximum)
Ml 2.0 0.4 0.7 10
M2 1.5 0.4 0.7 10
M3 1.0 0.4 0.5 15
M4 0.75 0.4 - 15
M5 0.5 0.4 - 15
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Table 4. Variables and inputs for streetlight model

Variable Input Value
road type R1
road lighting class M1, M2, M3, M4, M5
photometric centre height 10m, 1lm, 12m
Array type One-sidei) ;tg.ggzzzd layout,
the Number of lanes one-way 1, 2 , 3, 4 lanes
streetlight LED power 100W , 150W
luminaire tilt 10°
overhang 1.5m , 2.3m
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Variable

Explanation

The minimum time to
initiate dimmin . .
J level of illumination.

When controlling the dimming of streetlights, the brightness is adjusted based on vehicle
speed, vehicle detection distance, and equidistant interval delay time to achieve the desired

The duration of the

dimming period been reached.

A minimum duration for maintaining the set brightness after streetlight dimming control has

The number of concurrent
streetlights

In order to ensure that streetlights remain illuminated beyond the stopping sight distance of
a vehicle, the minimum number of streetlights to be controlled simultaneously is determined
by the vehicle speed and the interval of the luminaires.

Table 6. Simulation input variable (scenarios)

Variable Range Case

Note

Distance between

62 (90 including

1, 2, 4 (the number of lanes)
M1, M2, M3, M4, M5 (road lighting class)

15.5~76. L . -
streetlight pole 5:5-76.5m replications 10m, 12m (photometric centre height)
100LED, 150LED, 200LED (streetlight LED power)
Vehicle Sensing Distance 50m 1 -
Vehicle speed 30~120km/h 7 Increasing 15km/h each

A total of 630 scenarios

ED st=A2 01855 =2
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Table 7. [High efficiency led business feasibility study area for energy saving]
environmental conditions for road lighting in the representative demonstration zone of anseong-si

. Second General | Third General Anseong Anseong | Anseong 38
Iljuk- . . . . Central .
myveon Industrial Industrial Oksan Terminal | Terminal Road national
4 Complex Complex Jugong APT 1 2 highway
Luminair J CDM LED HPS HPS LED LED MH HPS
Himinarre use 150W 150W 250W 250W IS0W | 200W | 350W | 250W
Average road
surface luminance 2.15 1.95 2.96 0.87 7.89 3.96 0.92 2.38
(cd/m?)
Luminance 0.64 0.5 0.57 0.4 0.60 0.63 077 | 025
Uniformity
_ Luminance 0.44 0.48 0.48 0.57 0.27 0.66 0.48 038
Uniformity for lanes
Road lighting class M5 M5 M5 M5 X M3 M5 X
Required road M5 M3 M3 M3 M5 M3 M3 M3
lighting class
Table 8. [High efficiency led business feasibility study area for energy saving]
analysis of road lighting luminance measurement results and road lighting levels in the interior
Tljuk- Second Ge.:neral Third Ge.neral Anseong Anse9ng Anse9ng Central ?8
mveon Industrial Industrial Oksan Terminal | Terminal Road national
y Complex Complex Jugong APT 1 2 highway
Width of road [m] 5.5 16.0 12.5 15.9 6.0 18.5 8.4 16.0
Widh of 35 40 3.0 33 27 30 28 35
driveway [m]
Amay type b.oth- both-sides staggered staggered one-side staggered one-side staggered
sides layout layout layout layout
Strectlight 274 39.0 345 403 172 | 300 | 280 | 390
Spacing [m]
Photometric 82 102 8.5 102 9.6 9.0 10.0 100
centre height [m]
Luminaire tilt [°] 8.0 10.0 5.0 5.0 20.0 20.0 5.0 7.0
Arm length [m)] 1.8 3.0 2.4 22 2.4 2.6 1.6 22
Overhang [m] -1.0 1.8 1.0 1.2 1.4 1.1 0.2 0.5
Table 9. Input value and number of simultaneous street lamp controls based on proposed model results
Road Distance between Actuality Streetlight Vehicle speed Stop sight
streetlight pole (m) Spacing (m) (km/h) distance (m)
Second General Industrial Complex - 39
Second General Industrial Complex 36 60 80
(Proposed model)
Anseong Terminal2 - 15
Anseong Terminal2 1925 50 60
(Proposed model) ’
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Fig. 14. Streetlight pole range for simulation
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Fig. 15. Simulation modeling for anseong terminal2

Fig. 16. Simulation modeling for second general
industrial complex
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Table 10. Experimental results for second general industrial complex

. . Distance between | The number of | The minimum | The duration of
Vehicle speed | Stop sight . . . .
Road ) egraes (i) streetlight pole concurrent | time to initiate | the dimming
(m) streetlights dimming (sec) | period (sec)
Second General
Industrial Complex 60 80 3 1.920 2.160
(Proposed model)
Anseong Terminal 2
19.2 2. L.
(Proposed model) 50 60 9.25 3 907 386
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