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ABSTRACT
The optimization of the network structure amounts to structuring an optimal configuration among several by modeling it with a

graph that admits nodes and edges. The determination of the optimal graph is to determine the optimal connection of the system by
which its conventional cost is minimal. This article discusses the optimization of the transport network structure using ant colony

method.
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1. INTRODUCTION

The problem of optimizing parallel serial systems has been
extensively studied using iterative methods such as Prim
Krustal and Djikstra and recently, genetic algorithms and
ants. Few studies have used Ant Colony Optimization
(ACO) to solve NP-Hard optimization problems. However,
given the large size of the NP-Dur search space, the latter
is a suitable subject for study by ACO methods.

In this paper, we use a new meta-heuristic based on ant
colonies to solve the problem of optimizing the structure of
electrical grids known generally as the redundant NP-Dur
(combinatorial problem of redundancies).

2. SUBJECT

Consider a configuration of a virtual network of S
branches, the conventional cost is given by:

2= 1 &)
N

Z;; : Conventional cost of the branch ij.

Zij = [aexp + aamort] ' Kij + YAAij )

Where:

K : Investment of the line (i).
deyp : Exploitation rate.

Qamort - Amortization rate.

Y,, : Energy losses in the line (7).

4
To simplify the equations of the problem, one poses:
a = dexp+ Aamort

Kij = |A+ BF;|- Ly

Where;
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Az Represents an investment component that does not
depend on (section, pylon, foundation) and is expressed in
[DA/Km].

B : Coefficient expressed in [DA/Km mm?].

F; : Conductor section [mm?].
Lj; : Length of the line (i) [Km].
Y;; = 31;;* R;; 1€, 3)
T : Maximum power loss time in [/].

Cy : Cost of one KWh of the energy losses in [DA/KWHh].
1;; : Maximum current on the branch (/) in [4].

Rj; : Resistance of the line (7j) in [Q].

Li;
Rj=p

Fij

“)

p : Resistivity of the conductor [Q-mm?/ Km].

With regard to the mesh configurations of transport, the
economic section of the conductors is calculated by the
economic current according to the mathematical model:

— 1y
FU - Jeéco (5)
Zij=a(A+B—L)-Lj;+3pt Colyj Lij Jo (6)
ij Jeco ij 01ij ~ij Jéco
With:
_ (aexp+aamort)B _ aB
]éco - 3ptC, - 3ptC, (7)
B
Zy=(A+— I;) Ly +3ptCo Iy Ly ], (8)
aB
Z; = aAL; + (r +3pt Co J . )1y Lij 9)
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24 Optimization of the Transport Network Structure by the Ant Colony Method

With:
B
ﬁ = ; +3pT CO]éco (12)
eco
If:
A, B = constante
0, Sl/IU =0
Zy = AL+ BlyLysi/l; > 0 -

The conventional cost for a network configuration is as
follows:

iJ
U 1,forl; >0 (15)

From the mathematical formulation, we see that the
determination of the optimal configuration of the network
is to find a current set equal to the zero value, this justifies
the nonexistence of the branch ij in the connection diagram
of the network for which the cost conventional

Z (Iij) is minimal.
The function Z (Ii ]-) is interrupted on the point [;; = 0

and it consists of two components:

The first:

A ZZL”
i

which depends on the sum of the existing branches in the
configuration.

The second:

B ZZ’ULU
i

which depend on the sum of the product of the current I; j
by the lengths L;;.

Determining the optimal configuration of a network results
in the determination of the currents [;; so that the
conventional cost of the network is:

n m

Z2(Iy) = ZZXU {AL;; + Bl Ly}
j

4

(16)
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With:
m;
Isiyi=1
Zlij = {nsi,i #j,1; >0 17)
J
For which:

I; : Current of the charge or of the source in point i.
n : Number of network nodes.
m; : Number of nodes connected directly with the node i.

Z;"i I;; : Sum of incoming and outgoing currents of the
node i Kirchhoff’s law.
For one configuration at 77 nodes, the number S of currents

unknowns /;; will be:

S=n(n-1) (18)

This number of currents given by (18) derives from the
fact that there are two currents in each branch I; j and I; B in

reality we can neglect the residual currents coming from the
charge towards the source, and according to the first law of
Kirchhoff we will have (n-1) equation.

So, for an open network of n nodes, we will have (n-1)
branches, whose conventional cost of the variable [;; is

non-linear, and its modeling is of the following form:

for

Z=(Lj)=(Z,+ Z,) 19)

n m
i

Z,: Component relating to the investment and proportional
to the length of the lines.

Z, : Component relating to power losses in the network. So,
we can say that the objective function:

(20)

Minimize
n m

MinZ (Iij) = ZZXU {ALU + Bl;; Lij} 1)
i

Subject to

n m

MinZ (I;;) = Min ZZXU |AL;;| + |BL; Ly | (22)
P

3. METHODS

3.1. Theory of graphs

In the network structure, a configuration is a set of graphs.
A graph is defined as a topological construction of a set of
points or vertices of an industrial system [2], the conduct
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connecting these points, for example, an electrical network
(generator node, load node) constitutes a structure of
branches between them. In modeling, we designate a graph

of nodes and branches by: G (N, E)

We say that a topological construction is complete if the
graph in which the set of pairs of nodes is connected by a
pipe that is to say (branches).

2.1.1. Example

Consider the following complete configuration consisting

of four (4) nodes with six (6) branches.

4 3

Fig.1 Four-node network
N=4 01, 02, 03, et 04.
E=6  (12),(23), (34), (41), (24), (13).

This leads us to model the complete topology by:

n(n-1)
2

S= (23)

If we remove an arc from the tree, we get illogical

schemes.
2
.2
y o
I
3 1 2
Fig. 4 Incomplete schema

According to Cayley's theorem, with n vertices, the
number of trees that can be formed is determined by:
S=m)mn?

(25)

As an example, a topology formed by 04 vertices n = 04,
we have a complete graph:

Fig. 5 Complete graph

A tree is the graph of a topology without loop (cycle). By But with ¢ = 4% = ]6 different trees

the same nodes we can determine different trees.

b/

Fig.2 Possible trees

A tree of nodes to:
S=mn-1) (24)

N=4s0S =4-1 = 3 branches.

If we add an arc to a tree, we create an additional branch,

we will have a graph with a loop.

Fig. 3 Tree with buckle
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Fig.6 Different trees of a four-way network

3.1. Presentation of the electrical network

Transport subsystem (Line HV): Makes the basis of a
tree configuration whose voltage level is the same. Then
these lines are placed in parallel and try to pass the energy
from the upstream point to the downstream point.

Transformation subsystem (Transformer HV/MYV):
This subsystem consists of a set of parallel transformers
whose capacity or total performance is the sum of the
performances of the different versions and types of
transformers, the characteristic that changes is the level of
HV / MV voltage.
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26 Optimization of the Transport Network Structure by the Ant Colony Method

Transport subsystem (Line MYV): The transport
subsystem is usually based on medium voltage lines that
supply medium voltage customers. The configurations are
always arborescent. These lines are placed in parallel.

The transport subsystem is coordinated with HV line, HV
/ MV transformer and MV line (Fig. 1)

Transfo
HV/MWY
0 i ~ . -
LineHV| © Line MV ]_mal{ﬁ,q . Line MV |
B
- - - l‘l }u “{ l._-
- - -
& - = M M
an Load HV Load MV

Load HV Load MV

Fig. 7 Subsystem transport

3.2. Application of the ACO algorithm

Ant colony algorithms are based on the collective
behavior of pheromone deposition and tracking observed in
ant colonies. A colony of simple agents (ants)
communicates indirectly via dynamic modifications of
their environment (the pheromone tracks) and thus builds a
solution to a problem, relying on their collective
experience.

Our optimization problem to solve is to optimize an
objective function:

» Minimize the cost of the structure of the transport
networks.

» Under stress that the connection must be tied
without breaking and that the power transits of the
structure must be balanced (regarding the power
flow).

In other words, it is a matter of selecting the best
combination of the lines (whose global path is the shortest
from the point of view of cost) without the connection of
the tree being closed.

Lines can be selected in any combination among those
that are theoretical and real.

In order to apply the ACO to the problem of optimizing
the structure is virtually identical to that of the VSP, the
problem is modeled by a graph G = (V; E) whose vertices
correspond to the different nodes or consumers to affect by
a sign (+) or producers assign by a sign (-) and whose edges
represent the paths (power lines) connecting the different
nodes and their corresponding characteristics. At each edge
is also associated a weight according to the quality of the
line (capacity, section, current and length) to which they
lead.
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The choice is made based on:

Noeud 1

IHc

Noeud 2

I

Noeud 4

Noeud 3

Fig. 8 Graph model

The ants are guided during the construction of a solution
by the heuristic information specific to the problem n
which is inversely proportional to the length of the path (the
ants prefer the choice of the short lines) and the pheromone
rate (experiment of the other ants):

_ Sy
Ny = Li]-

Lj; : represents the associated length between nodes i and j
of the network.

(26)

Sij : represents the section of the associated length between
nodes i and j of the network.

The algorithm is designed as follows:

m ants are initially positioned on the nodes representing the
network or the graph. Each ant represents a configuration
or a possible structure (tree) of the electrical network. This
configuration consists of n-1 nodes forming the tree or the
vertebra of the electrical network system, each node i
communicated with the n-1 node of the network looped
theoretically in turn the node i can encompass the departure
and arrival lines are in parallel. The ki line of each pair of
lines are chosen in any combination from the possible
number of lines of the graph which is:

_nn-1)
T2

S

So, each ant builds a solution a tree, an ant placed on a
node i chooses a destination to another node j by applying
a state transition rule given by:

S, »
18y if g<q,

;5 Jare max ((z, 1%(m;, = L. (27)
J Autre
B
S
[Tif ]a l:ﬂii = Lj:| (28)
== if jedC,
plj z [Tim ]a [ﬂim ]ﬁ
meAC,
0 Autre
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a : Represents the relative importance of the pheromone
trail.

f . Represents the relative importance of heuristic
information

L: Represents the length of the line (7, f)
S: Represents the section of the line (7, ;)

ACi: Represents all the rows (theoretical and real) existing
for the graph.

0O: Random number generated between 0 and 1.

The parameter qo determines the relative importance of
the exploitation: each time an ant on a node i must choose
a destination towards a node j which defines a line ij, first
generates a random number 0< q <1.

The search process ends when the ant reaches the last
node without returning to the starting node by forming a
connection with all nodes (stop at node n-1) while forming
the tree or vertebra it is a solution, this instruction is given
by the Test List Tabu (virtual memory).

If the value of q < qp then the best edge (line) is selected
according to the relation (27) (exploitation), otherwise an
edge is chosen according to the relation (28) (skewed
exploration).

The update of the pheromone consists of two phases:

» Local update
» Global update.

During the construction of a solution, the ant modifies
the amount of pheromone on the edges (lines) visited by the
application of the update rules.

The local update is introduced to avoid premature
convergence and reduces the amount of pheromone on the
edge connecting one node i with another node j (the line ij)
so as to discourage the next ant from choosing the same
destination during the same cycle. The local update is given

by:

T{\]{ews — (1 _ p)T{}ancient + ,DATij

(29)

Where p is a coefficient so that (1-p) represents the
evaporation of the pheromone trace and to is an initial
value of the intensity of the pheromone trace.

Once all the ants have chosen their structure during a
cycle, the amount of pheromone on the edges belonging to
the best solution of the cycle (better ant) is reinforced again
by applying the rule of global update.

(30)

i = (L= )i + pry
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The final solution is the best solution found during all the
cycles and it is obviously the one that satisfies the
constraint of the tree connected to all the nodes, then with
the most optimal structure from the point of view cost.

3.3. Description of the algorithm
STEP 1. Initialize:
Set t: =0 {t is the time counter},

For each bow (i,j) make an initial value tij (t) and do Artjj

(t,t+n):= 0,

Place bi(t) ants on each node i {b i (t) is the number of the

ants on each node i at time t},

Sets: =1 {s is the indexed tabu list}

Fori:=1tondo

For k: =1 to bi(t) do

tabuy (s):=1 {Node of start is the 1% element of the tabu list
for the k™ ant}.

STEP 2. Repeat until tabu list is full {this step is repeat (n-
1) time}

2.0. Set s: =s+1

2.1. Fori: =1 to n do {For each node}

For k: = 1 to b; (t) do {For each k™ ant on the node i not

moved yet}
Choose the node j to move with probability p; (t)

[, F {'7,; S, T

Ly

> [z ]“{n,-m = i"’" T

meAC, im

0 Autre

G

i e AC.
Py () = if J i

Move the k™ Ant to j {This Instruction Creates a new value

of by (t+1)}

Insert the node j in tabuy (s).

STEP 3. For k: = 1 to m do {For each ant }
Calculate L* {Is the result of the tabu list}
Fors: =1 ton-1 do {scan the tabu list of the k-th Ant}

Set (h,1): = (tabuy (s),tabuy (s+1))
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28 Optimization of the Transport Network Structure by the Ant Colony Method

{[h, 1] it is the bow of connection of the node s and s+1in Table 2 shows the Characteristics of High Voltage

the tabu list of the Ant k } Production (220V).

Table 2 Characteristics of High Voltage load

Aty (t+n) = Aty (t+n) + L% (32)
N° of the Rate of Rate =
LX: represents the length traveled by the Kth ant load Coordinates | Duration o 2
. f=) =)
o
Q: represents the amount of pheromone deposited by Kth Cartesian xy ; ;
ant. 5 130 170 | 4380 |30 400 | <&
6 100 250 1095 | 40 400 a2
STEP 4. For each bow (i) calculate tj (t+n) give to the Table 3 Characteristics of Medium Voltage production
equation (2)
o N° of the
Sett: =tn load Coordinates Rate of -
Cartesian xy Production | 3 3
For each bow (i,j) set Aty (t,t+n): = 0. 1 50 50 33 200 R g S
2 150 320 16 100 ES g
3 300100 3 20 E° =
STEP 5. Remember the route found so far 2 350 200 16 100 ®

If (NC < NCwmax ) or (Not all ants choose the same course)

. . . The following table (Table 4) shows the load characteristics
NC is th ber of cycles of the algorithm; in NC cycl

{NCis the number of cycles of the algorithm; in cycles of the MV transport network (60KV).

are test NC - m course}

Table 4 Characteristics of the Medium Voltage load

then

Empty all lists Tabu Rate
o N°f | coordinates | Duration —
Sets: =1 the load | Cartesian xy rate S
Fori:=1tondo g\
) 5 50 150 1560 20 120 A
Fork:=1tobi(t)do 6 100 250 1560 10 60 T[&
L. S 7 400 300 2340 30 180 §
tabuy (s): =i { After the course of the k-th Fourmi is still 3 250 25 20 120 &
on the starting position } 9 150 125 20 120 =

Goto STEP 2.

4 Topologie du réseau
else

Print the best course and do Stop.

4. RESULTS

The transport subsystem is usually based on medium
voltage lines that supply medium voltage customers.
Configurations are always tree-based. These lines are 6
placed in parallel.

The following table shows the production
characteristics of the HV transport network (table 1).

®
ST W T T BT ()

Table 1 Characteristics of High Voltage Production

Fig. 9 Topology of the high voltage transport network

N° of the coordinates Rate of production

load Cartesian X y xZ 3 This interface shows the topology of the high voltage
1 50 50 25% 200 S & = | transport network, which can have a set of geometric and
2 150 320 25% 200 E % ,% electrical parameters.
3 300 100 25% 200 53 . .
2 350 200 25% 200 The paths (HT lines) that make up the optimal tree are

(1=5),12=4),(12=6),3=24),(5=>6)
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This structure is obtained by the method of ant colonies, it
represents a structure of a network of seven nodes including
four producers and three consumers. This optimal structure
concerns the HV distribution network that consumes 20%
of the total load.

4 Topologie du réseau

®
G T T T T T

Fig. 10 Topology of the medium voltage network

This interface shows the topology of the medium
voltage network of which we can have a set of geometrical
and electrical parameters.

The paths (MV lines) that make up the optimal tree are:
(1=5),2=24),2=>6),(3=>4),
(3=8),(5>9),(6=9),(7=18)

his structure is obtained by the method of ant colonies, it
represents a structure of a network of seven nodes including
four producers and three consumers. This optimal structure
concerns the MV distribution network that consumes 80%
of the total load.

5. CONCLUSION

The ant colony method has been used in several areas
including optimizing the power network. In our paper, a
program (ANT-OPTI) has been designed for the
optimization of the structures of the electricity transmission
networks either High or Medium Voltage.

The result of the partial optimization on the high and
medium voltage networks led us to optimal arborescent
configurations.

The two optimal networks are in a more complex
system of combinatorial problem with optimal allocation
redundancy. This problem will be considered as a problem
of RAP types (redundancy allocation problem). Their exact
solutions involve combinatorial methods or meta-
heuristics.
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