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Transmission line planning using global best artificial bee colony method

Introduction. Network expansion, substation planning, generating expansion planning, and load forecasting are all aspects of modern
power system planning. The aim of this work is to solve network planning considering both future demand and all equality and
inequality constraints. The transmission network design problem for the 6-bus system is considered and addressed using the Global Best
Artificial Bee Colony (GABC) method in this research. The program is written in the Matrix Laboratory in MATLAB environment using
the proposed methodology. Novelty of the work consist in considering the behavior of bees to find food source in most optimized way in
nature with feature of user based accuracy selection and speed of execution selection on any scale of the system to solve Transmission
Lines Expansion Problem (TLEP). The proposed method is implemented on nonlinear mathematical function and TLEP function. When
demand grows, the program output optimally distributes new links between new generation buses and old buses, determines the overall
minimum cost of those links, and determines if those linkages should meet power system limits. Originality of the proposed method is
that it eliminated the need of load shedding while planning the future demand with GABC method. Results are validated using load flow
analysis in electrical transient analyzer program, demonstrating that artificial intelligence approaches are accurate and particularly
effective in non-linear transmission network planning challenges. Practical value of the program is that it can use to execute cost
oriented complex transmission planning decision. References 15, table 4, figures 3.
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Bemyn. Poswupennsa mepedici, nianysants nioCmanyil, NIaHy8arts po3uupents 6upooHUYmea ma npoeHo3y6aHHs. HA8AHMANCEHHS -
6ce ye acnekmu NIAHY8anHs cyuacHoi enepeocucmemu. Mema yici pobomu nonsieae 6 momy, woo eupiuumu mepesxicese NAaHy8anHs 3
VPAxy8aHHaM AK MauOymHb020 nonumy, maxk i 8Cix obmedcenv pigHocmi ma Hepienocmi. Y ybomy Oocuiodcenni npobnema
NpoeKmy8ants mepexci nepedai Osl cucmemu 3 WiCmbMa WUHAMU PO32TAOAEMbCS | GUpTuLyemuves 3 gukopucmanuam memooy Global
Best Artificial Bee Colony (GABC). Ilpoepama manucana y Matrix Laboratory y cepedosuwsi MATLAB 3a 3anpononosatoio
memoouxoio. Hosuszna pobomu nonsieac y po3ensoi nogedinku 602icin 01 nouwyky odicepend ivici Haubinbly ONMuManibHumM cnocooom y
npupooi 3 MONCIUBICTIO BUOOPY KOPUCMYBAUeM MOYHOCHI ma 8UOOPY WEUOKOCHI 6UKOHAHHS Y 0)0b-iKoMY Macumaobi cucmemuy 07is
supiuients npobremu pozuupenns ninii enekmponepedayi (TLEP). IIpononosarnuii Memoo peanizo8anuli Ha HeliHIHIL MameMamuyHil
¢ynryii ma @ynxyii TLEP. Konu nonum 3pocmae, 8uxioni 0ami npoepamu onmuMaibHO po3noOLIsionyb HOGI 3 €OHAHHS MIJC WUHAMU
H08020 NOKOMIHHA MA CMAPUMU WIUHAMU, BUSHAYAIOMb 3A2ANbHY MIHIMANLHY 6apmicmb Yux 3 €OHAHb MA GUHAYAIOMY, YU Yi 3 COHAHHA
NOBUHHI 8i0nogioamu obmedcenHAM eHepeocucmemu. OpuziHanbHicmy 3anPONOHO8AHO20 MemOdy NOAA2AE 8 MOMY, WO 6iH YCYHY8
HeOOXIOHICMb  CKUOAHHA HABAHMAdICEHHs Ni0 uac NAAHY8AHHA Mmaudymuvoco nonumy memooom GABC. Pesynomamu
niomeepoCyIomsvCsl 3a 00NOMO2010 AHANIZY NOMOKY HABAHMAIICEHHA ) NPOSPaMi ananizy nepexionux npoyecie, 0eMOHCMpYIOuU, o
niOXo0u WNyyHo2o iHmMeneKmy moyHi ma 0cooIUB0 epeKmueHi nio 4ac eupiuleHHs 3a80aHb NAAHYBAHHA HEMIHIIHOT Mepedci nepedayi.
Ilpakmuuna yinnicme npozpamu noiseae 8 Momy, wo 60HA Modice OGYMU SUKOPUCIIAHA Ol BUKOHAHHA eKOHOMIUHO OPIEHMOBAHO20
KOMNIEKCHO20 PiuieHHs w000 nianysants nepedadi. biomn. 15, tabin. 4, puc. 3.

Knrouoei cnosa: IITy4HUH IHTEJEKT, IITYy4Ha 0:K0/IMHA POANHA, NIaHyBaHHsA Mepe:xki JIEIL, ananis 1oToky HaBaHTasKeHHS.

Transmission Lines Expansion Problem (TLEP).
However, Monte-Carlo method required considerable
amount of time to solve the problem. The location of the

Introduction. Electrical power system is a very ancient
system that has transitioned from serving a small local load
with a local generator to serving a big system load with a

massive power system grid over many years. It is now one of
the most powerful real-time operating systems. The artificial
intelligence algorithm is extremely beneficial for power
system expansion and protection. Power system expansion
includes planning from 1 to 10 years from now [1].

Static planning entails making decisions from the current
year to the next 5 years. One way is to analyze the system for
each year separately, regardless of subsequent years. The study
described above is known as static planning [2].

The Attificial Bee Colony (ABC) approach is based on
actual bees obtaining nectar in the field and sharing
information about the food sources with bees in the hive [3].
Power management optimization problem has been solved in
[4], which support the use of metaheuristic approach for multi
constrained cost optimization problem. The whale
optimization is used in [5] to solve dynamic economic
emission dispatch problem for the efficient operation of
generators in a power network. The cost involved in
establishment of new transmission line links is high due to
rising real estate price and right of way issues [6]. The
problem of rising real estate price and right of way issues
necessitates the solution to deal the planning in cost optimized
way with maintaining technical standard of the grid.

Load uncertainty is major concern of existing
transformation of bidirectional power grid due to
unknown photovoltaic generation behind meter by
distribution company [7]. Generally Monte-Carlo method
is conventionally used for such load uncertainty based

bus where the capacity shortage is happened is found
using linear programming method [8]. Once the bus has
been selected than next step is to estimate how many
number of links to be required between old bus to new
bus and what should be its cost of planning. The later
problem is considered in this work using heuristic
approach. ABC method has one of the limitations that it is
poor at poor at exploitation [9, 10]. In order to improve
the exploitation the proposed method used Global Best
Artificial Bee Colony (GABC), which focus more on
global best solution. Active power and reactive power
mismatch result in to a power system stability problem
[11, 12]. So, the TLEP problem is solve in this research
by considering all equality and inequality constraint.
The goal of this paper is as follows:

e fast programming computation oriented Global Best
Artificial Bee Colony based Transmission Lines
Expansion Problem algorithm using MATLAB;

o ecfficient method for validation result of algorithm using
Electrical Transient Analyzer Program to insure inaccuracy
of software and filter it by manual intervention if needed;

e minimization of Transmission Lines Expansion
Problem cost considering equality and inequality constraint.

The paper starts with introduction, where problem
statement and need of solution is described with recent
literature survey. The next section is focused on
behavioral studies and mathematical formulation of
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problem. GABC based proposed algorithm is explained in
the middle of the paper. In the end of the paper results of
MATLAB program and Electrical Transient Analyzer
Program (ETAP) analysis is described. Finally,
conclusion section ends the paper.

Global Best Artificial Bee Colony Method.

A. Classification of bees:

1) The employed bee: It works in the field and stays
close to the food source, gathering and memorizing
information about the local food supply.

2) The bystander bee: It attempts to obtain
information about food sources from employed bees who
come or stay in the hive to gather nectar. As a result, they
are seeking for work.

3) The scout bee: As the name implies, they are in
charge of finding new sources of nectar nourishment.

B. Behavior of the bees. The GABC model’s main
components include employed bees, spectator bees (or
unemployed bees), food sources, and dance places.
Working bees are dancing and selecting food sources in a
multidimensional search area based on their previous
experience. When the search 1is completed, the
information exchange procedure will begin with the
bystander bee that are staying and waiting in a hive. The
waggle dance may be used to share information. By
performing the art of dance to observer bees, employed
bees may exchange information such as path, distance to
patches of flowers, and superiority of food sources [13].
A waggle dance performance in the hive provides
information about the angle between the sun’s location
and the track of food sources. The initial time interval of
the waggle dance represents the distance. The length of
time they do the same waggle dance up to reflects the
distance of the food sources from their current position. If
the waggle dance interval is 1 s, the bee must travel 1 km
to reach the food source from the hive. Importantly,
alkenes secreted from the stomachs of employed bees
communicate the quality of the food supply [14].

The shake dancers are dancing in response to the
sun’s shifting path. As a result, bees that perform the
waggle dance are left at food sources without mistake.
The likelihood may be calculated analytically using (1),
the information provided by the working bee:

0.9-
p= (—fpj ; (1
max(/)+0.1
where p is the probability of food; £, is the fitness value of
the answer number p, which is directly relative to the nectar
amount of the food source in the position number p.
Using (1), the unemployed bee now causes a shift in

the location. It uses this to compute the nectar amount of
the novel source [3]:

Xab:Xab+¢ab(Xab_be)’ (2)
where ae{l, 2 ... n} and b €{l, 2...D} are the arbitrarily
chosen indexes. Although «f» variable is chosen at random,
it must be distinct from «a» variable, and «D» represents
the number of parameters to be optimized. «ab» is merely
an arbitrary integer between 0 and 1. «ab» is in charge of
the production of neighborhood food supplies.

If the new source nectar food amount is more than
the previous one, observers remember this new position;
otherwise, they recall the prior one, which was previously
determined. In other words, when the choice operation
between old and new food sources is accessible, the

hungry selection approach is performed. If the rejected
source is X, where, b = 1, 2 ... D. The scout uses
equation to discover a new food source X, using (3):

Xap :Xbmin+rand(0’l)'(Xbmax_Xbmin)a (3)
where Xpmin, Xpmax are the minimum and maximum
restrictions of the constraint to be optimized.

To balance exploration and exploitation procedures,
the GABC method combines the working bee’s search
with the observer bee’s search and the observer bee’s
search with the scout bee’s search [3].

C. Program development for graver’s 6 bus system.
The test system is used to design and simulate the proposed
GABC-based transmission line planning algorithm is
depicted in Fig. 1 based on graver’s test system [15].
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Fig. 1. Graver’s 6 bus test system

The system contains 3 sources and 5 loads, each
with 10 lines. The planning need is to link lines from the
new generation bus 6 to the older buses 1 to 5 (Fig. 1).
The objective function of transmission network expansion
planning is to minimize the cost of investment through
optimum value of line connection from existing bus to
new bus. Minimize
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where C,-/§ is the total cost of investment in Indian rupees
at new bus k; CO; is the construction cost of one
transmission line per km at i-k bus; n; is the number of

circuits added at each right of way; f; is the power flow

between line i to k; fiF®™ is the maximum value of

thermal reach of the line; Pg;, Qg are real and reactive
power generation at i bus; PG, Po"

and minimum possible real power generation at i bus;

are the maximum

O&# , O&™ are the maximum and minimum possible

4 are the

reactive power generation at i bus; nj;, njp
number of existing line and maximum possible line to be

added; Sy is the susceptance value between i and k& bus.
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Proposed algorithm. Figure 2 depicts the suggested
algorithm’s flowchart, which employs (1) — (3) to
compute an optimum link from new bus 6 to the current

system’s old buses.

| Initialize all parameter of the existing system & deicide field population |
1
| Define an objective function to be minimized with its limits of the variable |
1
| Generate fitness function and check the fitness conditions |

!

| Set all the equality and equality constraints of the power system to be achieved. |

| Set cycle counter value as per user requirement. |
!

| Set accuracy desired. |

13
| Iteration count starts |

¥

| For each worker bee |

3

Calculate Xab, Calculate fitness value using Eq.(2) and selection process applied |

]

| Calculate probability using Eq.(1) |

| For each observer bee |

I

| Construct new set of ¢ab and selection process applied |

[

| Discarded solution of scout bee has been replaced with new with Eq.(3) |

1

| commit to memory the best solution till so far |
L]

| Calculate the cost of expansion ‘

Fig. 2. Flowchart of proposed algorithm

Initially proposed program asked system data from
users. It also gives option of desired speed by selecting
number of iteration and desired accuracy. GABC is program
such way that it improves the global minimum after each
iteration. Once the global minimum achieve considering all
the constrained from (5)—(10). The algorithm calculates the
minimized cost using (4) once 7y is calculated.

Prior to developing the TNP software for the 6-bus
system. It is necessary to use a fundamental mathematical

Gen3d
165 MW Bus5

Bus3 126

function with a known value to evaluate the accuracy of
the developed programmed [12].

Consider an example equation with a known
minimum solution and constrained of it. Initially, program
was ran for 2000 colonies and 1000 iterations for the
function below, minimize,

an

) =x".
(12)

-1<x<1.

For function of (11) and constrained of (12), the

minimum is known as x = 0 and program achieves the
same results, which is shown in Table 1.

Subject to,

Table 1
Accuracy of developed program

Function f{x): x> = 0, where -1 <x < |

Function is to be Actual Program give the
minimize minima minima
0 2.3762:10™

Results of program of TNP of 6-bus system. The 6-
bus data is input to program (Fig. 1). The line power
constraints are taken into account. Table 2 displays the
results, which suggests that from bus 6 to 1, one line and from
bus 6 to bus 2, two lines are recommended as per program. It
also suggests 2 lines from bus 6 to bus 5 in order to get
optimized cost. It is obvious that as the number of iterations
increases, the accuracy falls, meaning that the more you
iterate, the better the accuracy. It is also critical to recognize

that the outcome includes more of the no colony [10].
Table 2
Final program results

From new Toold Optimal line is to be
generation bus bus connected
6 1 1.2085~ 1
6 2 2
6 3 0
6 4 0
6 5 2
6 6 0
Total new cost of planning will 7
b addo e R,=6.2501-10 (approx.)

Load flow results. Figure 3 shows that the newly
built system based on program results is valid with power

flow analysis.
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Fig. 3. Power flow results of 6-bus systems after planning
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Bus voltages are within the limit. Following plans
according to program, no buses are in a critical condition.
Load flow also ensures that power flow from the lines is
limited and that all inequality and equality restrictions are
met after planning using the load flow summary presented
in Table 3. The overall mismatch is 0, indicating that
limitations have been met and load flow has been
successful.

Table 3

Summary of total generation, loading and demand of load flow
analysis
Bus MW | MVAr | MVA | Power factor, %

Swing bus 760 | 0.08 760 100 lagging
Generators 0 0.109 | 0.109 0 lagging
Total demand 760 760 760 100 lagging
Total mismatch =0 MW

Comparison with other PSO methods In this
section, the comparison of the proposed GABC based
method is compared with ABC method for same problem.
Table 4 shows the comparison in terms of computation
time consumed, accuracy, exploration of new line,
exploitation of achieve results and minimized cost
achieve through ABC and GABC.

Table 4
GABC compare with ABC for TLEP problem solution
Parameters Conventional ABC GABC
Computational time, s 1 0.8
Accuracy Less accurate More accurate
Exploration of results Good Good
Exploitation Poor Improved
Minimized cost 10.5 % cost more | 10.5 % less cost
than GABC than ABC
Conclusions. When the system’s issues are

nonlinear and depend on more than one parameter,
artificial intelligence approaches come in handy. The
planning problem taken in this work can be handled using
the Global Best Artificial Bee Colony approach, and load
flow results in decision-making can be done with less
effort under load uncertainty. The adoption of program
and load flow analysis can improve power engineering
capability, save planning time, and increase planning
accuracy. The nonlinear issue of transmission line
planning is not only addressed, but can also be tested and
implemented in a real power system using a combined
method of artificial intelligence and load flow analysis.
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