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a b s t r a c t

This work proposes a new optimization method called root tree optimization algorithm (RTO). The
robustness and efficiency of the proposed RTO algorithm is validated on a 23 standard benchmark non-
linear functions and compared with well-known methods by addressing the same problem. Simulation
results show effectiveness of the proposed RTO algorithm in term of solution quality and convergence
characteristics. In order to evaluate the effectiveness of the proposed method, 3-unit, 30 Bus IEEE, 13-
unit and 15-units are used as case studies with incremental fuel cost functions. The constraints include
ramp rate limits, prohibited operating zones and the valve point effect. These constraints make the eco-
nomic dispatch (ED) problem a non-convex minimization problem with constraints. Simulation results
obtained by the proposed algorithm are compared with the results obtained using other methods avail-
able in the literature. Based on the numerical results, the proposed RTO algorithm is able to provide bet-
ter solutions than other reported techniques in terms of fuel cost and robustness.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Economic dispatch (ED) is one of the essential operational plan-
ning problems in power engineering [1]. ED aims to schedule the
committed generating units’ outputs in order to meet the load
demand at minimum operating cost while satisfying system con-
straints [2–4]. In the past twenty years, many researchers have
been used heuristic optimization and conventional mathematical
techniques to solve ED problem in power systems [5–15]. Artificial
intelligence started to be oriented to the simulation of nature (e.g.,
to the way how the human brain functions and the human opera-
tions thinking). Consequently, a new branch of artificial intelli-
gence has emerged which studies and designs intelligent
implements in order to adapt intelligently with their environment
and to show a cognitive behavior. Thus, a decision can be taken
through the recuperation of the acquired information. This intelli-
gence considers the human beings as an example of these imple-
ments. The arithmetic intelligence includes the evaluating
computing, fuzzy computing and the neural computing [16,17].

By the beginning of ninetieth, researches started to simulate
other creatures with limited capacities such as pants, birds, and

fishes that show a clever social behavior. In 1990, Dorigo suggested
an algorithm of ant colony optimization (ACO) which simulates the
ants settlements [18]. In 1995, Kennedy and Eberhart suggested an
algorithm of practical swarm optimization (PSO) that depends
totally on the simulation of birds swarms [19]. PSO and ACO were
a starting point for a new branch of the swarm intelligence (SI). The
most important characteristics of these new branches are their
dependence on digital treatment as they are not based on mathe-
matical knowledge. They are considered as complex algorithms
composed of specific steps with known start and end points which
lead to problem solving. Even with the great enhancement of com-
puting capacities, still there are challenging problems. Fortunately,
many sensitive research algorithms are developed to find suitable
solutions for those problems at a reasonable time. They are devel-
oped according to the evolution of physiology and biology. Exam-
ples are genetic algorithm (GA) and simulated annealing (SA),
these techniques are used to solve many problems widely [20–22].

This work proposes a new algorithm that is called rooted tree
optimization (RTO) as its concept is extracted from the movement
of plant roots while looking for the nearest place of water. RTO
algorithm mimics the behavior of desert plants where the water
resources are lacked. If vegetal/biologists scientists allow, we can
say that a desert plant roots smell the places of water (intuitive
behavior) around it, where these places present the optimal solu-
tion. To determine water places, a group of roots which oriented
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by a special conducting are used. Therefore, this work attempts to
introduce an algorithm (RTO) based on that intuitive behavior
which leads to water locations and has an oriented movement
while looking for the best solution.

RTO starts its search with a random set of solutions (group of
roots). Each population member is evaluated based on a given
objective function and assigned with its fitness value. Best candi-
date solutions are forwarded for the next generation/iteration
while others are discarded and compensated by new set of random
solutions in each generation. Far solutions from water places are
omitted and replaced by new roots oriented randomly (they can
be replaced by roots closer to the best root of the previous gener-
ation). The stopping criterion is the completion of a maximum
number of cycles or generations. At the end of the cycles, the solu-
tion with the best fitness will be the desired solution.

The main aim of this study is to present the use of the RTO algo-
rithm to the subject of ED in power systems. Thus, the RTO algo-
rithm has been proposed and applied to solve the ED problem for
3, 6, 13 and 15-units test systems. Furthermore, the valve-point
effect, the prohibited operating zones, ramp rate limits constraints,
and transmission network losses have been considered. The results
obtained with the proposed RTO algorithm were analyzed and
compared other with optimization results reported in literature.
The reminder of this paper is organized as follows: Section 2 pre-
sents the mathematical formulation of ED problem considering
various constraints. RTO concept and its application is explained
in Section 3. The parameter settings for the test system to evaluate
the performance of RTO and the results are discussed in Sections 4
and 5. The conclusion is drawn in Section 6.

2. Formulation of ED problem

ED problem is an optimization problem to determine the sched-
ule of real power outputs of generating units subjected to the real
power balance with load demand as well as limits on generators’
outputs. The mathematical formulation of the problem can be
defined as follows:

min F ¼
XN
i¼1

FiðPiÞ ð1Þ

where Fi is the total fuel cost of the generator units, which is
defined by:

FiðPiÞ ¼ ai � P2
i þ ai � Pi þ ci ð2Þ

where ai; bi and ci are cost coefficients of generator i and Pi is sub-
ject to power balance constraints:

XN
i¼1

Pi � PD � PL ¼ 0 ð3Þ

where PD is the system load demand and PL is the transmission
network loss. The transmission loss may be expressed using
b-coefficients as

PL ¼
XN
i¼1

XN
j¼1

Pi � bij � Pj þ
XN
i¼1

boi � Pi þ booMW ð4Þ

where bij, boi, boo are the elements of loss coefficient, the output of
each generator must be within its limits:

Pmin
i 6 Pi 6 Pmax

i 8i ¼ 1;2;3; . . . ;N ð5Þ

2.1. ED with valve-point loading effects

The inclusion of valve-point loading effect makes the modeling
of the incremental fuel cost function of generators more practical.

It increases the non-linearity as well as the number of local optima
in the solution space. The incremental fuel cost function of the gen-
erating units with valve-point loadings are represented [2,7,8] as
follows:

~FiðPiÞ ¼ FiðPiÞ þ ei � sinðf i � ðPmin
i � PiÞÞ

���
��� ð6Þ

~FiðPiÞ ¼ ai � P2
i þ ai � Pi þ ci þ ei � sinðf i � ðPmin

i � PiÞÞ
���

��� ð7Þ

where ei and f i are constants of the valve-point effect of generators.
Therefore, the total fuel cost to be minimized is represented in Eq.
(7) [11]:

min F ¼
XN
i¼1

~FiðPiÞ ð8Þ

where ~Fi is the cost function of ith generator in ($/h).

2.2. ED with prohibited operating zones and ramp rate limits
constraints

Here the objective function is to be minimized subject to the
following constraints.

� Real Power Balance Constraint/Generator Capacity Constraints:
The real power balance constraint remains the same as in (3).
Also, the output of each generator must be within its limits as
given in (5).

� Ramp Rate Limit Constraints:
The power generated, Pi;ðt�1Þ, by the ith generator in certain
interval may not exceed that of previous interval by Pi;ðt�1Þ more
than a certain amount URi, the up-ramp limit and neither may it
be less than that of the previous interval by more than some
amount DRi the down-ramp limit of the generator. These give
rise to the following constraints.
Generating unit ramp-rate limits:

Pi;t � Pi;ðt�1Þ 6 URi; i ¼ 1;2; . . . ;N
Pi;ðt�1Þ � Pi;t 6 DRi; i ¼ 1;2; . . . ;N

ð9Þ

where URi and DRi are ramp-up and ramp-down rate limits of ith
unit, respectively and are expressed in MW/h.

� Prohibited operating zones constraint:
In practical operations, generated output Pi of unit i must avoid
operations in prohibited zones. The feasible operating zones of
unit i can be described as

Pmin;i 6 Pi 6 PL
i;l or

PU
i;k�1 6 Pi 6 PL

i;k k ¼ 2; . . . ;ni or

PU
i;ni

6 Pi 6 Pmax;i

ð10Þ

where ni is the number of prohibited zones for unit i; k index of

prohibited zones of a unit and PU=L
i;k�1 are the lower/upper bounds

of the kth prohibited zones of unit i.

3. Rooted tree optimization algorithm (RTO)

3.1. Roots look for water

One root has limited capacity, but a group of roots can find
together the best place to get water, and the majority of them
are located around this place or around the way that links the plant
with the resource of water. To create the algorithm, a hypothetical
behavior has been added which is the way how roots decide
together to choose their orientation according to the wetness
degree where the root head is located. These roots move randomly
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