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METHOD FOR GENERATING AND
EVALUATING 3D DESIGNS OF
ELECTRICAL SYSTEMS FOR ELECTRICAL
VEHICLES’ CHARGING WITHIN A
BUILDING

FIELD OF THE INVENTION

[0001] The present invention concerns the domain of
electrical system designs, notably for electrical vehicle (EV)
load charging within buildings, especially within indoor
parking lots for both households and enterprises.

[0002] The present invention relates, in particular, to a
computer-implemented method for generating and evaluat-
ing 3D designs of electrical systems within a building.

BACKGROUND OF THE INVENTION

[0003] The design of an electrical system in a building is
generally based on a simple radial structure, with one
delivery point supplying a plurality of charging stations
through cables.

[0004] In order to reduce the cost of these electrical
systems, several modifications could be made, such as the
introduction of batteries, electrical cabinets, renewable gen-
eration units and power electronic devices.

[0005] Studying the impact of these modifications could
be handmade in a single-house, but is generally impossible
in a large building, where the potential benefits are far
greater. As an example, for an electrical system with EV
charging stations in a condominium parking, it would
require to simultaneously consider all the following param-
eters: the cable lengths (approximately 12 km for a parking
lot comprising 200 parking lots), the cable sizing based on
power flow calculations, the potential combination of addi-
tional equipment and the future evolution of the infrastruc-
ture based on forecasts.

[0006] In light of this background, there is a need for a
computer-implemented tool to automatically design in 3D
and evaluate electrical systems.

SUMMARY OF THE INVENTION

[0007] In accordance with the present invention, a com-
puter-implemented method is provided for generating 3D
designs of electrical systems to be deployed in a portion of
a building, especially of a parking lot adapted to the charging
of EVs, and for evaluating the 3D designs, notably from a
cost minimization perspective. By searching for optimal
cable paths, preferably based on a 3D scan, the resulting 3D
design of the electrical system is close to what could be
installed in reality.
[0008] As a result, an accurate estimation of the electrical
system characteristics can be made and used as a computer-
implemented tool for evaluating and selecting a 3D design
of the electrical system.
[0009] The electrical system comprises at least one source
point, a plurality of charging stations, and cables. The 3D
design of the electrical system comprises accordingly a set
of source positions corresponding to the position of each of
the at least one source point, a set of charging positions
corresponding to the positions of the plurality of charging
stations, and cable paths of the cables.
[0010] The method according to the invention comprises:
[0011] identifying a set of architectural elements from a
spatial representation of the portion of the building;
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[0012] a step of voxelization of the set of architectural
elements, the voxelization comprising generating a 3D
voxel database, each voxel of the 3D voxel database
defined such that at least one of the set of architectural
elements passes through said voxel, said voxel having
three-dimensional coordinates and additional data, the
additional data comprising information on the least one
of the set of architectural elements passing through said
voxel;

[0013] generating a weighted graph comprising a set of
edges being all possible cable paths, each of the set of
edges being configured to connect voxels of the 3D
voxel database and having a weight computed as a
function of the additional data of said voxels, the
weighted graph is advantageously used to favor or on
the contrary disadvantage a cable path and can easily be
controlled by a project manager;

[0014] solving shortest path problems to compute a set
of potential cable paths between respectively each one
of the set of charging positions and each one of the set
of source positions using the weighted graph;

[0015] selecting the cable paths among the set of poten-
tial cable paths such that each of the set of charging
positions is connected to only one of the source posi-
tions.

[0016] According to a first embodiment of the invention,
the method comprises performing a 3D scan acquisition of
the portion of the building where the electrical system is to
be deployed, in order to generate the spatial representation
comprising a point cloud data, the point cloud data being a
set of points with 3D-coordinates. The use of data provided
by a 3D scanner allows advantageously to design in 3D the
electrical system with the method according to the invention
in every building where measurements could be made which
enhances a generic character of the method.

[0017] Advantageously, the point cloud data having out-
lier points, the method according to the first embodiment of
the invention further comprises a pre-treatment of the point
cloud data to delete the outlier points.

[0018] Advantageously, said set of architectural elements
having planar surfaces, the identifying the set of architec-
tural elements comprises running a segmentation process
notably to identify geometrical elements (planar surfaces,
cylinders) and then associate the identified geometrical
elements to pre-determined architectural elements, in par-
ticular roofs, walls, or grounds.

[0019] Advantageously, the generating the 3D voxel data-
base comprises reconstructing missing voxels. Reconstruct-
ing the missing voxels allows advantageously to increase a
number of possible cable paths for instance by reconstruct-
ing hidden walls. The reconstruction results from a balance
between having enough voxels to be able to compute
optimal cable paths and avoiding creating aberrant voxels
that lead to unfeasible cable paths.

[0020] Advantageously, several steps of solving shortest
path problems are performed respectively for each of a
plurality of sets of source positions, in order to generate a
plurality of 3D designs of electrical systems, each corre-
sponding to a set of source positions.

[0021] Advantageously, the selecting the cable paths com-
prises determining cable characteristics of each of the set of
potential cable paths and selecting the potential cable paths
minimizing cost, the cable characteristics comprising cable
lengths and cable sections, the cable sections being com-
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puted based on physical constraints. The method presents
the advantage of being able to compute accurately the cable
sections which impacts favorably cost estimations since the
cable sections are of substantial influence on the total cost of
the electrical system.

[0022] Advantageously, the computing the cable sections
comprises solving power flow equations such that the cable
sections comply with a voltage drop value between a source
point and a charging station.

[0023] According to an embodiment of the invention, the
method further comprises forecasting an evolution of the
electrical system, in particular a number and power require-
ments of the plurality of charging stations, the forecasting
the evolution of the electrical system comprising generating
a set of scenarios, having each an associated probability, by
using a probability a parking spot will be equipped with a
charging station with a given power at a given time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention will be better understood on reading
the description that follows, and by referring to the appended
drawings given as non-limiting examples, in which identical
references are given to similar objects and in which:
[0025] FIG. 1 illustrates a schematic diagram of a method
for generating and evaluating 3D designs of an electrical
system to be deployed in a portion of a building according
to the invention;

[0026] FIG. 2 illustrates schematically architectural ele-
ments identified from a spatial representation for an example
of an underground parking;

[0027] FIG. 3 illustrates a partial view of a point cloud
data (left) and a representation of the corresponding voxels
(right) using Minecraft, each voxel being associated to a
cube with a side length of 15 cm, and 500000 voxels being
drawn for the example of the underground parking, the
colors of the voxels depending on whether the voxels belong
to a horizontal surface, a vertical surface or both;

[0028] FIG. 4 illustrates an example of a 3D design of an
electrical system generated according to the method of the
invention for the example of the underground parking;
[0029] FIG. 5 illustrates potential cable paths generated
according to the method of the invention for the example of
the underground parking;

[0030] FIG. 6 illustrates a first 3D design of an electrical
system generated according to the method of the invention
with an initial voltage drop set equal to 2.5% of the nominal
voltage for the example of the underground parking;
[0031] FIG. 7 illustrates a second 3D design of an elec-
trical system generated according to the method of the
invention with an initial voltage drop set equal to 1.5% of the
nominal voltage for the example of the underground park-
ing.

DETAILED DESCRIPTION

[0032] The invention concerns a computer-implemented
method for generating and evaluating a three-dimensional
(3D) design of an electrical system configured to be
deployed in a portion of a building. The invention is
described hereafter in the context of the 3D design of the
electrical system for electrical vehicles’ (EVs) charging
within the portion of a building, especially an indoor parking
lot. In particular, an example of underground parking is used
all along the description for illustration purpose. Although,
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this application is not limitative of the invention which may
be applied to the 3D design of any electrical system for a
building.

[0033] Hereafter is provided a general description of the
invention.
[0034] FIGS. 4, 6 and 7 illustrate schematically possible

3D designs of electrical systems for the example of the
underground parking. The electrical system comprises at
least one source point, a plurality of charging stations, and
cables connecting each of the plurality of charging stations
to one of the at least one source point. The at least one source
point comprises at least one delivery point, and potential
additional electrical cabinets. The delivery point, in particu-
lar, corresponds to the point where the electrical system is
fed by an external electrical network, whereas the electrical
cabinets can be seen as local electrical “relays” which all are
connected to the delivery point.

[0035] In reference to FIGS. 4, 6, and 7, the 3D design 17
of the electrical system comprises a set of source positions
171 corresponding to the position of each of the at least one
source point, a set of charging positions 172 corresponding
to the positions of the plurality of charging stations, and
cable paths 173 of the cables.

[0036] As illustrated in FIG. 1, the computer-implemented
method according to the invention comprises:

[0037] identifying E1 a set of architectural elements 12
from a spatial representation 11 of the portion of the
building;

[0038] a step of voxelization E2, by means of a com-
puter, of the set of architectural elements 12, the
voxelization E2 comprising generating a 3D voxel
database 13, each voxel of the 3D voxel database 13
being defined such that at least one of the set of
architectural elements 12 passes through said voxel,
said voxel having three-dimensional coordinates and
additional data, the additional data comprising infor-
mation on the least one of the set of architectural
elements 12 passing through said voxel;

[0039] advantageously reconstructing E3 missing
voxels 14, and adding them to the 3D voxel database
13;

[0040] generating E4 a weighted graph 15 comprising a

set of edges being all possible cable paths, each of the
set of edges being configured to connect voxels of the
3D voxel database 13 and having a weight computed as
a function of the additional data of said voxels;

[0041] solving E5 shortest path problems to compute a
set of potential cable paths 16 between respectively
each one of the set of charging positions 172 and each
one of the set of source positions 171 using the
weighted graph 15;

[0042] selecting E6 the cable paths 173 among the set of
potential cable paths 16 such that each of the set of
charging positions 172 is connected to only one of the
source positions 171, notably by computing character-
istics of the set of potential cable paths 16, depending
on power flow equations. Hence, for situations where
there are several source positions, this allows advanta-
geously selecting to which source position each charg-
ing point should be connected to, according to physical
constraints and economical objectives.

[0043] Hereafter, the spatial representation used in the
scope of the invention is detailed.
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[0044] In reference to FIG. 1, in a preferred manner, the
method according to the invention comprises the generation
of the spatial representation 11 by performing a 3D scan
acquisition EO of the portion of the building where the
electrical system is to be deployed. Then, the spatial repre-
sentation 11 comprises a point cloud data 111, the point
cloud data 111 being a set of points with 3D-coordinates. In
a general manner, the number of points in the point cloud
data is the result of a compromise between the wanted level
of precision of the spatial representation 11 and the duration
of'the 3D scan acquisition E0. In an illustrative example, the
point cloud data, used for the example of the underground
parking illustrated through FIGS. 2 to 7, presents approxi-
matively 400 million points.

[0045] The point cloud data 111 may comprise outlier
points. It could be advantageous to perform a pre-treatment
to delete those points with outlier detection techniques.
[0046] As an alternative to the point cloud data from a
3D-scan acquisition EO0, the spatial representation 11 may
also be a 3D model 112 of the portion of the building, as
represented in FIG. 1. For instance, a Building Information
Model (BIM) could be used. Although, the use of data
provided by a 3D scanner is more generic as it is feasible in
every case where measurements could be made, whereas a
BIM could be available only for a small proportion of the
buildings.

[0047] Throughout the rest of the description, the inven-
tion will be described in the frame of the spatial represen-
tation generated by a 3D scanner, meaning the point cloud
data.

[0048] Identifying the set of architectural elements from
the spatial representation is detailed hereunder.

[0049] As illustrated in the example of FIG. 2, the set of
architectural elements 12 comprises in particular roofs,
walls, and grounds which are planar surfaces, and other
simple elements such as pipes or cable trays. Identifying the
set of architectural elements 12 comprises notably identify-
ing geometrical elements (planar surfaces, cylinders) by
running several segmentation processes, and then associat-
ing the identified geometrical elements to pre-determined
architectural elements.

[0050] As a first step, the planar surfaces are advanta-
geously identified. In order to do so, the used segmentation
process is preferably a region growing algorithm. The point
cloud data serves as an initial poll of points to be explored.
The principle of the region growing algorithm, which
requires several iterations, consists in, at each iteration,
selecting randomly a point from a current poll of points as
a seed, identify if the point already belongs to a planar
surface, and if so, identify geometrical characteristics of the
corresponding planar surface.

[0051] Then, only the planar surfaces complying with a
pre-defined minimum surface criterion are kept. This con-
dition allows advantageously to ignore too small surfaces,
corresponding for instance to cars, signs, or cable trays. The
points belonging to “big enough” planar surfaces (respecting
the pre-defined minimum surface criterion) are removed
from the current poll of points.

[0052] Ina preferred manner, the algorithm can be stopped
when either a given number of iterations is achieved or when
a given ratio of the initial poll of points has been removed.
An indicative minimum ratio of removed points from the
initial poll of points is 95%, for underground parking.
Although, the choices of algorithm parameters remain at the
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appreciation of the user and depend on the specificities of the
considered point cloud data. For instance, in presence of
irregular shapes such as people, cars, or trees, the minimum
ratio of removed points could be increased or decreased.
[0053] When the algorithm is stopped, the geometrical
characteristics of the planar surfaces, notably the planar
surfaces’ contours and normal vectors are advantageously
recorded.

[0054] Advantageously, the nature of the planar surfaces
may also be identified, in order to associate the identified
geometrical elements to architectural elements. As an
example, a ground can be defined as a planar surface
presenting a high quantity of points, with respect to other
planar surfaces, which does not have a similar plane above
it and which is not the highest planar surface, i.e. the highest
roof.

[0055] As a second step, simple geometric elements may
be identified using the remaining points of the poll of points,
after the planar surfaces’ identification, designated as
remaining poll of points. The simple geometric elements
may comprise pipes and cable trays which are metallic
structures configured to support the cables.

[0056] More specifically, the cables should not be located
on pipes, whereas they are preferably set up on cable trays
to reduce cost and to increase the acceptance of people, such
as inhabitants of condominiums. Different types of cable
tray exist, the most common ones for indoor parking lots are
wire mesh and channel cable trays, which both present
identifiable geometrical characteristics. It could be advan-
tageous to identify both types of cable trays. Moreover,
cable heating could occur if several cables are set together
in a same cable tray, especially if the cables are close to one
another. To counter this issue, a large enough section of the
cable tray should correspond to the quantity of cables.
Hence, it would be advantageous to additionally identify the
sections of the cable trays.

[0057] The use of adequate algorithms allows, advanta-
geously, to identify the simple geometric elements and their
characteristics. In a similar manner as the first step of
identification of the planar surfaces, throughout the itera-
tions, the current poll of points decreases at each identifi-
cation. Then, same stop conditions as for the first step may
be used, meaning either a given number of iterations is
achieved or a given ratio between the current poll of points
and the poll of points at the beginning of the algorithm have
been removed.

[0058] Identifying the pipes may comprise extracting cyl-
inders with a high enough radius using for instance
RANSAC, or Hough transform methods.

[0059] Identifying the cable trays preferably comprises, at
each iteration, selecting randomly a point from the current
poll of points, selecting surrounding points within a given
volume centered on the selected point, detecting if the
surrounding points belong to a section of the cable tray, if so,
selecting a following point along an identified direction of
the cable tray.

[0060] Advantageously, the algorithms for identifying the
simple geometric elements, may be run for a sub-group of
the remaining poll of points, for instance at the vicinity of
roofs and walls previously identified. Hence, processing
points belonging for instance to a car or people, is avoided,
thus saving computational time. Otherwise, other techniques
are possible to avoid having to process points not belonging
to the infrastructure. For instance, machine learning tech-
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niques could be used to filter points belonging to cars and
people, preferably prior to identifying the set of architectural
elements.

[0061] Hereafter is developed in more details the step of
voxelization E2, where the 3D voxel database 13 can be seen
as a new and simpler representation of the portion of the
building.

[0062] As stated previously, each voxel of the 3D voxel
database has 3D coordinates and additional data. Each voxel
may advantageously be a cube centered on the correspond-
ing 3D coordinates and presenting a side length designated
as 8. The side length 9 is coherent with sizes of the set of
architectural elements and has preferably the same value for
all voxels, even though it is not mandatory. For instance,
FIG. 3 represents, for the example of the underground
parking, on the left the point cloud data 111 and on the right
the 3D voxel database 13, where the colors of the voxels
depend on whether the voxels belong to a horizontal surface,
avertical surface or both. In this example of the underground
parking, the side length is equal to 15 cm, and 500000 voxels
have been constructed.

[0063] For each one of the set of architectural elements, all
the voxels it passes though are identified, and if one of the
voxels is not in the 3D voxel database, it is added in it. Then,
data related to the architectural element is attached to either
the added or the existing voxel. Hence, the additional data of
each voxel should comprise an identification and character-
istics of all the architectural elements passing through said
voxel. Hereafter is detailed a non-exhaustive list of possible
characteristics depending on the concerned architectural
element: nature (ground, wall, roof) and normal vector for
the planar surfaces, cylinder radius for the pipes, nature
(type of cable tray) and section for the cable trays. Those
additional data are useful to further arbitrate on the prefer-
able cable paths during the step of solving shortest path
problems. As an example, passing vertically a cable through
a voxel corresponding to a part of a ground would imply
piercing the ground, which is costly and undesirable.
[0064] In a general manner, the 3D voxel database may
comprise gaps which are hereafter designated as the missing
voxels. As an example, in a context of an in-service parking
lot, parked cars may hide the walls behind them. Conse-
quently, the hidden parts of the wall could not be identified
during the identification of the set of architectural elements,
hence there are missing voxels at the hidden parts’ location.
As another example, the quantity of points from the 3D scan
acquisition could be too low to identify the simple geometric
elements such as the pipes or the cable trays. The missing
voxels could lead to situation where the computation of the
cable paths would provide longer cable paths than what
could be attained, or even could not be able to produce a
solution if the missing voxels are too many.

[0065] In reference to FIG. 1, a reconstruction E3 of the
missing voxels 14 may be worthwhile. During the recon-
struction, voxels are created, such voxels also comprise
additional data relative to the set of elements they are
supposed to be attached to. The reconstruction may be either
manual or automatic. In the case of automatic reconstruc-
tion, different reconstruction rules are applicable based on
usual building characteristics and on reconstruction algo-
rithms, such as for instance pipe reconstruction algorithms.
[0066] Nevertheless, the reconstruction of the missing
voxels can lead to aberrant voxels, and thus to possible
unfeasible cable paths. For instance, reconstructed voxels
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may connect a wall to part of a car which has been
mistakenly recorded as a planar surface. Hence, the level of
reconstruction of the missing voxels results from a balance
between having enough voxels to be able to compute
optimal cable paths and avoiding creating aberrant voxels
that lead to unfeasible cable paths.

[0067] On one hand, the reconstruction of the missing
voxels depends on the quantity of points acquired per m3
during the 3D scan acquisition. In fact, a larger quantity of
points acquired per m3 lead to a more realistic identification
of the set of architectural elements, and thus to a 3D voxel
database with less missing voxels to reconstruct. But, a
larger quantity of points acquired per m3 takes more time of
a human operator for performing the 3D scan acquisition,
which can be costly. Consequently, the chosen quantity of
points acquired per m3 may be a trade-off between the 3D
scan acquisition duration, and the possible reconstruction of
the missing voxels. It can be noted that the chosen quantity
of points acquired per m3 does not have to be constant for
the whole portion of the building. If a scanned area has a
simple geometry with few pipes and cable trays, the chosen
quantity of points acquired per m3 may be set lower than if
the scanned area would have been more intricate.

[0068] On the other hand, performing potential additional
treatments on the point cloud data, such as filtering points
belonging to cars or people by machine learning techniques,
can further reduce the reconstruction of the missing voxels
which can be a tedious operation.

[0069] Generating the weighted graph is detailed hereun-
der.
[0070] The set of edges can be seen as all the possible

cable parts of the electrical system. An edge of the set of
edges may be defined as an element connecting two adjacent
voxels and/or as an element connecting more than two
voxels pertaining to a contour of a same horizontal planar
surface. The principle of the construction of the weighted
graph 15 is to assign a weight to each edge. The weight can
be further used to favor or on the contrary disadvantage a
cable path during the step of solving the shortest path
problems.

[0071] Inan advantageous manner, the computation of the
weight, designated as W, 5, of an edge connecting two
adjacent voxels, respectively designated A and B, is per-
formed using the following formula:

Wip=LipKip

where L, ; is a distance between the centers of the two
voxels A and B, and K, 5 is a pre-determined parameter
depending on the additional data of the two voxels. The use
of the parameter K, » advantageously enforces rules that
allow to introduce a hierarchy between the possible cable
paths. It could be pre-set by a project manager in order to
ensure that the 3D designs of electrical systems are close to
what would have been drawn by a human operator. For
instance, the following guidelines for K, could be
enforced, the smaller is K, z, the more suitable is the
corresponding edge for a cable path:

[0072] K, ;is equal to 1 if the voxels both belong to a
same planar surface;

[0073] K, is slightly inferior to 1 if the voxels both
belong to two orthogonal planar surfaces in order to
favor cable paths at wall corners;
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[0074] K, is setequal to a value substantially superior
to 1 if it the edge passes through a ground unequipped
with a go-through hole;

[0075] K, pis set equal to a value substantially inferior
to 1 if the voxels are part of a same cable tray.

[0076] Hence, cable paths minimizing the edges’ weight
are favored.

[0077] The weighted graph is further used as an input for
solving E5 shortest path problems to compute the set of
potential cable paths 16 which is detailed hereunder and
illustrated in FIG. 5 for the example of parking.

[0078] As stated beforehand, several shortest path prob-
lems are solved to determine the potential cable paths 16
between respectively each of the set of charging positions
172 and each of the set of source positions 171 using the
weighted graph. Hence, the set of charging positions 172 and
the set of source positions 171 are interconnected by the
potential cable paths 16. In particular, in reference to FIG. 5,
the set of potential cable paths 16 can be divided into a first
16A (in black) and a second 16B (in gray) sets of potential
cable paths linking the charging positions to respectively a
first 171A and a second 171B source positions. Then,
selecting the cable paths 173 is performed among the set of
potential cable paths 16. It can be noted that, in such a
configuration, the cable paths 173 may comprise parts from
both the first 16A and the second 16B sets of potential cable
paths.

[0079] Additionally, other sets of positions may be taken
into account. For instance, defining a set of positions of
potential features such as holes allow to better monitor the
passage of cables through walls and grounds.

[0080] The set of source positions, the set of charging
positions, and the other sets of positions may be defined
either manually or automatically. As an example, algorithms
of automatic detection of parking spots exist and can advan-
tageously allow determining the set of potential charging
positions.

[0081] Solving a shortest path problem between the points
of the set of source positions, the set of charging positions,
and the other sets of positions, could be performed using for
instance Dijkstra’s algorithm, ant colony optimization, par-
ticle swarm optimization, genetic algorithm, fruit fly opti-
mization, A* algorithm, or simulated annealing. For the
examples shown on FIGS. 4 to 7, Dijkstra’s algorithm is
used.

[0082] Moreover, a plurality of sets of source positions
could be tested. Then, several steps of solving E5 shortest
path problems could be performed in order to generate a
plurality of 3D designs of electrical systems, each corre-
sponding to a different set of source positions.

[0083] Advantageously, selecting E6 the cables paths 173
comprises determining cable characteristics of each of the
set of potential cable paths and selecting the potential cable
paths minimizing costs. In particular, the cable characteris-
tics comprises cable lengths and cable sections, the cable
sections being computed based on physical constraints.
Hence, when a charging point could be connected to several
source points, this step allows selecting a preferred source
point accordingly to physical constraints and cost minimi-
zation objectives. The cable sections are of substantial
influence on the total cost of the electrical system. The cable
sections must comply with several constraints, two con-
straints are detailed hereafter.
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[0084] Firstly, the cable sections must be large enough to
ensure that cable temperature during charge does not rise up
to a threshold temperature where the cable is deteriorated. To
ensure this first condition, several parameters are accounted
for, among others the current passing through the cable, the
number of harmonics in the current, the environment of the
cable, and the number of cables set side by side and above
one another.

[0085] Secondly, voltage drop AV, , between a source
point k and a charging station i should remain within a given
interval [AV,,, ;. AV, .. ;] depending especially on electric
standards. Several methods may in practice permit to com-
pute the voltage drop AV, ..

[0086] A first approach for computing the voltage drop
AV, ; would be to consider only active loads and radial grid
infrastructure. Then, Ohm’s law allows computing the volt-
age drop AV ; as following AV, =b-R, I, ;, where b is equal
to 2 if the charging load is single-phased and to 1 if the
charging load is three-phased, R, ; is the cable resistance
between the source point k and the charging station i, and I ;
is the current called by the charging station i. If the source
point k is a delivery point, the preceding formula is sufficient
in itself. Whilst, if the source point k is an electrical cabinet,
an additional voltage drop between the source point k and
the delivery point is added to the computation of the voltage
drop AV, ,.

[0087] Alternatively, a second approach for computing the
voltage drop AV, ;, in a context of a three-phase balanced
system, relies on the use of alternating current (AC) power
flow equations (presented hereunder) while considering both
active and reactive power.

N
0= =P+ Y IVl 1Vil- Gy -cos(0x) + B -sin0))
k=1

N
0==0i+ Vil I¥el - G -sin(s) — By -cos(0))
k=1
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where P; and Q, are respectively active and reactive powers
injected at the charging station i, V; and V, are the voltage
amplitude at respectively the charging station i and the
source point k, G;, and B, are respectively the real and the
imaginary parts of the admittance matrix associated to the
connection between the charging station i and the source
point k, 0;, is the difference in voltage angles between the
charging station i and the source pointk, I, U,,, and Y, are
respectively the current, the voltage, and the admittance
between the charging station i and the source point k.
[0088] A third approach for computing the voltage drop
AV, ;,in a configuration of a three-phase unbalanced system,
is to use Fortescues’s transformation that can provide three
symmetric systems compatible with the use of the previ-
ously presented AC power flow equations. This configura-
tion occurs for example when several EVs are charging in
single phase.

[0089] In a nutshell, for a given value of the voltage drop
AV, ,, the cable sections of the potential cable paths can be
computed. Then, the cable sections are further used for
selecting one of the potential cable paths for each of the set
of charging points, among the different potential cable paths
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linked to the different source points, so that each charging
point is connected to one source point. This approach is
traditional even if grid meshing could be considered, with
charging points being connected to more than one source
point. The cable path selection could be made according to
a cost minimization criterion, a large section implying a
higher cost and a longer time for the installation, although
other criteria could be used.

[0090] As an illustrative example, FIGS. 6 and 7 show a
first and a second 3D designs of electrical systems with the
same sets of charging points and of source points. The only
difference is the initial voltage drop of the infrastructure,
equal to 2.5% of the nominal voltage for the first 3D design
and 1.5% of the nominal voltage for the second 3D design.
This change of voltage drop could be made through different
modifications, such as connecting the electrical cabinet to
the grid with a high section cable or adding power electronic
devices increasing the voltage. In the illustrated example,
without these additional investments, several charging
points close to a second electrical cabinet must be connected
to the first one, which is 30 m farer, because of the
impossibility to connect charging points with cables having
a section superior to a maximal section of 16 mm?* while
respecting the maximal authorized total voltage drop. Evalu-
ating the benefits associated to the different grid modifica-
tions is a complex problem, but the proposed invention
allows computing the different cable costs, which are here
decreased from 775€ per charging point for the first 3D
design to 457€ with the proposed modifications for the
second 3D design. These results allow arbitrating on if the
grid modifications should be cost-effective or not.

[0091] It is thus possible to estimate the cost of several
configurations of electrical systems based on the associated
3D designs.

[0092] Moreover, in a mutualized EV charging infrastruc-
ture, there is an uncertainty on which parking spots will be
equipped with charging stations, and which power level is
required. Therefore, the method according to the invention
could advantageously comprise forecasting an evolution of
the electrical system, in particular numbers and power
requirements of the charging stations in the portion of the
building. Forecasting the evolution of the electrical system
preferably consists in generating a set of scenarios, having
each an associated probability, with for instance Monte
Carlo simulations and by using a probability a parking spot
will be equipped with a charging station with a given power
at a given time. Each of the set of scenarios, based on a same
initially deployed electrical system at time 0, presents
advantageously a configuration of the charging stations at a
time t. Furthermore, the associated probability of each of the
set of scenarios may be computed using machine learning
methods.

[0093] The probability a parking spot will be equipped
with a charging station with a given power at a given time
may be computed with machine learning methods using for
example local socio-economic characteristics and/or data of
existing parking lots equipped with charging stations.
[0094] The set of scenarios can be further used for cost
estimations over time, and thus as a decision-making tool by
analyzing costs at different time horizons, for instance at
short, middle, and long terms.

[0095] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
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embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure.

[0096] To sum up, the present invention provides a com-
puter-implemented tool to generate 3D designs of an elec-
trical system adapted to the charging of EVs in an indoor
parking lot. By searching for optimal cable paths based on
a 3D scan, the resulting 3D design of the electrical system
is close to what could be installed in reality. Thanks to the
use of 3D spatial representations, the estimation of the cable
lengths is more accurate, for instance compared to a solution
based on 2D plans (2D plans do not represent elements
which impact cable paths, such as cable trays, beams, or
floor thicknesses required to assess the possibility to drill
holes). As a result, the cable sections which depend on the
cable lengths are also better monitored.

[0097] Furthermore, the ability to forecast the evolution of
the level of use of the electrical system for several possi-
bilities of 3D designs of electrical systems is a substantial
gain of the present invention. It provides a useful computer-
implemented tool for cost estimations and to arbitrate on the
possible installation of additional electrical equipment.

1. A computer-implemented method for generating a 3D
design of an electrical system to be deployed in a portion of
a building, especially of a parking lot, the electrical system
comprising at least one source point, a plurality of charging
stations, and cables, the 3D design of the electrical system
comprising a set of source positions corresponding to the
position of each of the at least one source point, a set of
charging positions corresponding to the positions of the
plurality of charging stations, and cable paths of the cables,
the method comprising:

identifying a set of architectural elements from a spatial
representation of the portion of the building;

a step of voxelization of the set of architectural elements,
the voxelization comprising generating a 3D voxel
database, each voxel of the 3D voxel database defined
such that at least one of the set of architectural elements
passes through said voxel, said voxel having three-
dimensional coordinates and additional data, the addi-
tional data comprising information on the least one of
the set of architectural elements passing through said
voxel;

generating a weighted graph comprising a set of edges
being all possible cable paths, each of the set of edges
being configured to connect voxels of the 3D voxel
database and having a weight computed as a function of
the additional data of said voxels;

solving shortest path problems to compute a set of poten-
tial cable paths between respectively each one of the set
of charging positions and each one of the set of source
positions using the weighted graph;

selecting the cable paths among the set of potential cable

paths such that each of the set of charging positions is
connected to only one of the source positions.

2. The computer-implemented method as claimed in claim
1, wherein it comprises performing a 3D scan acquisition of
the portion of the building where the electrical system is to
be deployed, in order to generate the spatial representation
comprising a point cloud data, the point cloud data being a
set of points with 3D-coordinates.
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3. The computer-implemented method as claimed in the
previous claim, the point cloud data having outlier points,
further comprising a pre-treatment of the point cloud data to
delete the outlier points.

4. The computer-implemented method as claimed in claim
2, said set of architectural elements having planar surfaces,
wherein the identifying the set of architectural elements
comprises running a segmentation process.

5. The computer-implemented method as claimed in claim
1, wherein the step of voxelization to generate the 3D voxel
database comprises reconstructing missing voxels.

6. The computer-implemented method as claimed in claim
1, wherein several steps of solving shortest path problems
are performed respectively for each of a plurality of sets of
source positions, in order to generate a plurality of 3D
designs of electrical systems, each corresponding to a set of
source positions.

7. The computer-implemented method as claimed in claim
1, wherein selecting the cable paths comprises determining
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cable characteristics of each of the set of potential cable
paths and selecting the potential cable paths minimizing
cost, the cable characteristics comprising cable lengths and
cable sections, the cable sections being computed based on
physical constraints.

8. The computer-implemented method as claimed in claim
1, wherein computing the cable sections comprises solving
power flow equations such that the cable sections comply
with a voltage drop value between a source point and a
charging station.

9. The computer-implemented method as claimed in claim
1, further comprising forecasting an evolution of the elec-
trical system, in particular a number and power requirements
of the plurality of charging stations, the forecasting the
evolution of the electrical system comprising generating a
set of scenarios, having each an associated probability, by
using a probability a parking spot will be equipped with a
charging station with a given power at a given time.
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