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Abstract. Estimation of street lighting energy requirements is a task
crucial for both investment planning and efficiency evaluation of retrofit
projects. However, this task is time-consuming and infeasible when per-
formed by hand. This paper proposes an approach based on analysis
of the publicly available map data. To assure the integrity of this pro-
cess and automate it, a new type of graph transformations (Spatially
Triggered Graph Transformations) is defined. The result is a semantic
description of each lighting situation. The descriptions, in turn, are used
to estimate the power necessary to fulfil the European lighting standard
requirements, using pre-computed configurations stored in a ‘big data’
structure.
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1 Introduction

Design of street lighting installations is a compromise between the safety of road
users and the operational costs. These costs are proportional to the amount
of consumed energy, which directly translates into the amount of COy emitted
during its production. Recent studies also point out an additional (and unmea-
surable) cost: the negative impact of light pollution during the night on humans
and other organisms [6].

In Europe, the requirements for road and street lighting are set by the
EN 13201 standard [5], and there are several software tools used to verify de-
signs (prepared by a human designer) in that respect, such as Dialux® or Relux?.
Unfortunately, it is not feasible for human designers to consider all possible con-
figurations for a given set of street parameters, which leads to simplifications,
such as averaging of values to reduce the number of cases to be considered. For
instance, industry-standard designs do not take slight variations in pole spacing
(e.g.: 33, 34, 32, 35 metres) into consideration, but instead use one, averaged

! https://www.dial.de/en/dialux/
% https://relux.com/en/

ICCS Camera Ready Version 2021
To cite this paper please use the final published version:
DOI] 10.1007/978-3-030-77961-0_47 |



https://dx.doi.org/10.1007/978-3-030-77961-0_47

2 Ernst, Kotulski

value (e.g. 33 metres). The result of such an approach is increased energy con-
sumption.

Let us consider the Polish market. In projects supporting lighting retrofit, the
National Fund for Environmental Protection and Water Management requires
that the energy consumption is reduced by at least 50%. A designer is able to
provide such results using the aforementioned traditional design tools. However,
there is room for improvement. Automatic photometric optimisation systems [11,
10], based on artificial intelligence solutions, can provide designs with energy
consumption reduction of 70% to 80%. This has been practically proven in several
lighting retrofit designs for cities of Thilisi (100,000 lighting points), Washington
(54,000 lighting points) and numerous Polish cities.

This additional 30% is very important from the ROI (return on investment)
point of view. However, direct inclusion of consumption reduction requirements
in public tender requirements is controversial. Since this value is always calcu-
lated using the power consumption of the initial installation, it is susceptible
to inadequacies of that original configuration: if the road was underlit (and the
EN 13201 was not fulfilled, which means new poles may need to be installed),
the reduction factor will be lower (or there will be none at all); if it was overlit,
this value may be much higher.

Thus, it is essential to provide city officials with means of obtaining a realistic
estimate of the power required by a well-designed lighting installation and basing
their requirements on that. However, executing a full design cycle during the
project preparation phase is infeasible. Moreover, the photometric calculations
alone may take days, even for an automated tool.

Therefore, we suggest that this estimation is carried out based on the analysis
of publicly available map data. This paper presents a methodology that allows
for such analysis and allows for quick estimation of the requirements based on
pre-computed designs.

The structure of the paper is as follows. In Section 2, we characterise the
factors which influence the design of street lighting infrastructures, and, as a
result, their energy requirements. Section 3 describes the concept of spatially-
triggered graph transformations (STGT), a mechanism used to identify spatial
relationships among map objects and express them in a formal graph structure.
In the following Section 4, we propose a data warehouse-like approach to store
the results of photometric calculations and use them for quick estimation of the
energy requirements of outdoor lighting. Finally, Section 5 provides concludes
the presented work and provides an insight into works planned in the future.

2 Determinants of street lighting design and efficiency

The EN 13201 standard defines the rules assigning so-called lighting classes to
individual lit areas [4], and specifies the required lighting parameter values (lu-
minance, uniformity, etc.) for each class [5]. To fulfil these requirements in each
individual street or sidewalk, many factors must be taken into consideration, in-
cluding parameters of the area itself (e.g. its width), placement of the lampposts
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(e.g. spacing) and parameters of the infrastructure itself (e.g. pole height, arm
length, fixture type, etc.).

Figure 1 provides a visual representation of some of these parameters, and
their complete list is presented in Table 1. The rightmost column presents
the maximum reasonable number of variants (granulation) for each parameter.
Combinatorially, this leads to more than 2.75 x 10?2 situations for one design
(1.6 x 10%! is the product of the values; each combination shall be analysed for
each surface type). For a large city, this may result in a need to prepare several
hundred different designs, which is time-consuming. A possible solution would
be to pre-calculate these values; however, with this many combinations, both the
calculations and the storage of results seem infeasible. Fortunately, the number
of possible variants can be reduced by introducing formal relations among these
parameters, as presented in Section 4.

Single-sided lamp layout Double-sided lamp layout

LAMP SIDE | OTHER SIDE

SIDEWALK

SIDEWALK 2
SIDEWALK 1
SIDEWALK 2

Fig. 1: street Situations

3 Modelling and interpretation of spatial relationships

The first, essential step in estimating the power needs of an area related to street
lighting is identification and interpretation of the lighting situations, e.g. the val-
ues of parameters regarding the objects illuminated by a given lamp or series of
lamps. As stated in the previous section, we aim at extracting as much informa-
tion as possible using publicly available road maps, such as OpenStreetMap?.

The street infrastructure (e.g. roads, sidewalks, cycle lanes, etc.) is repre-
sented in such sources as lines, described by the following attributes:

— the spatial component, e.g. the shape of the line,

3 https://www.openstreetmap.org
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Variable label Description

Number of fixtures E |Number of fixtures installed on the pole. 2

" %\ Width F |Width (in meters) of the sidewalk on the street| 5

% @ side where an analyzed lamp is installed.

q% g* Lighting class G |Lighting class of a sidewalk. 12

.;9) & |Distance  from |H |Width (in meters) of the gap between the street| 6
street and the sidewalk.

Witdth I |Street width (in meters) 26

E Number of lanes |J |Number of street lanes 5

omi Surface type K |Street surface type: from RTAB1 to RTAB16 16

5«3 Q0 L |Value of the q0 factor for the street surface. 10
Lighting class M |Lighting class of the street 12

" %\ Width N |Width (in meters) of the sidewalk on the street| 6

% @ side opposite to a side where an analyzed lamp is

£ g installed.

.;9) = Lighting class O |Lighting class of the sidewalk 12
Distance  from |P [Width (in meters) of a gap between the street and| 6
street the sidewalk

Lamp arrangament Q |Arrangement of poles/fixtures: single-sided,| 2

double-sided

Shift in fixture alligment |R [Shift between two opposite lamp rows 30

Distance between pools |S |Average distance (in meters) between poles 60

Pole distance from street|T |Distance (in meters) from the pole to street (set-| 6

back)

Pole hight U |Pole height (in meters) 10

Arm lenght V |Arm length (in meters) 6

Tilt angle W|Fixture tilt angle (in degrees) 10

Fixture type X |Fixture model 40

LDT file Y [Name of a file containing a light distribution ma-{10

trix.

Fixture power Z |Fixture power (in watts) 20

Table 1: Parameters of the design designation
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— the attribute component, describing, among others:
e object type: road (including road class), walkway (sidewalk, path, steps),
cycle lane, etc.; this attribute is always provided,
e number of lanes; this is provided optionally, but can be inferred from
the road type in most cases,
e width in meters; also provided optionally, but can be inferred from the
number of lanes and road type.

However, the relationships between individual objects are usually absent in
the source data; these include:

— continuity — denoting if a certain fragment of a road is a continuation of
another one; this defines the road network structure, which can usually be
inferred from the map (by identifying common nodes), but may also be
missing e.g. due to editing mistakes,

— intersections — a concept similar to continuity, denoting if two objects inter-
sect; it may represent the intersection of two roads, but also an intersection of
a walkway and a road, which can (and should) be interpreted as a pedestrian
crossing,

— distance — the distance between the closest points of two spatial objects
(road to road, road to building, lamppost to road, etc.),

— parallelism* — identification of objects which run parallel to each other; this
relationship is never represented in an explicit way.

The last mentioned relationship, parallelism, is crucial in many applications,
including street lighting. This is because the same infrastructure is often used
to illuminate different objects:

— a single lamp (fixture) often illuminates a road and its sidewalks,
— a single pole may be used to host lamps illuminating dual carriageways, or
a road and a walkway separated by a median island.

3.1 Graph representation and generation

Identification of spatial relationships between objects can be a time-consuming
task, as it involves the analysis of geometric shapes. Also, due to the huge number
of possible combinations and the complexity of the process, such analysis may
easily get out of hand when performed using only traditional tools, such as
spatial databases (e.g. PostGIS®) or toolkits (e.g. GeoPandas®).

Because of this, we propose that the identified relationships are stored in
a graph called SRG (Spatial Relationship Graph). After this phase, the ‘raw’
relationships will be further analysed to infer useful knowledge; in this case, the
knowledge pertains to identified lighting situations, as described in Section 2.

4 The use of this term may be confusing, at it is often used to describe parallel execu-
tion of logic on separate processors in concurrent applications. Please note that in
this paper, it is always used to denote geometric parallelism of shapes.

® http://postgis.org

5 https://geopandas.org
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Spatially-Triggered Graph Transformations. For this purpose, we sug-
gest the use of spatially-triggered graph transformations (STGT). The proposed
mechanism is based on the formal approach supported by the well-known graph
transformation structure [1, 8].

In essence, this methodology maintains a graph, where the structure and/or
attributes are modified when:

(i) a certain spatial relationship is identified in the raw data, or
(ii) a specialised, semantic relationship is inferred from a more general one.

Its main advantage is that it allows the analysis to be performed automat-
ically at a large scale (e.g. an entire city), while maintaining a form that can
be reviewed and, if necessary, altered by the operator (as they are explicitly
expressed according to their semantics). One of the major drawbacks of the
approach presented in [9] (which doesn’t use a graph to coordinate the analyt-
ical process) is the complex representation of both the analytic algorithms and
their intermediate results. The presented STGT-based approach remedies this,
allowing for easy backtracking and improvement.

(a) Initial state of map data (b) Estimated object shapes

Fig. 2: Fragment of a city map used for spatial analysis

A Simple Example. Let us provide a simple, intuitive example. Figure 2a
presents the initial state of the map data, as downloaded from OpenStreetMap.
To maintain clarity, we shall focus on the part to the east of the junction, e.g.
on objects Rs14, Swia, Swip and Swg. Already at this stage, we may infer the
following relationships:

1. Swy, is parallel to Rs1q,
2. Swsy, is parallel to Rs1,,
3. Swg intersects with Rsq,.
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