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ABSTRACT 
The  security  and  resiliency  of  electric  power  supply  to  serve  critical  facilities  are  of  high  importance in 

today’s world. Instead of building large electric power grids and high capacity transmission lines, an intelligent 

micro grid (or smart grid) can be considered as a promising power supply alternative. In recent years, multi-agent 

systems have been proposed to provide intelligent energy control and management systems in micro gird. The 

objective of this paper is to design, develop and implement a multi-agent system that enables real-time management 

of a micro grid.  These  include  securing  critical  loads  and  supporting  non-critical  loads  belonging  to  various  

owners  with  the  distributed  energy  resource that has limited capacity during outages.  The  system  under  study  

consists  of  physical  (micro grid)  and  cyber  elements  (multi-agent  system).  The  cyber  part  or  the  multi-agent  
system  is  of  primary  focus  of  this  work.  The micro grid simulation has been implemented in Matlab/Simulink.  

 

Key words- Intelligent Distributed Autonomous Power System (IDAPS), Distributed Energy Resources (DER), 

Distributed Generation (DG) 

 

1. INTRODUCTION 

 

Over the last decade, the vagueness related with load profile and incorporating the 

renewable energy sources has reviewed based on the importance of maintaining the balanced 

energy in the system. Enhancing the reliability, flexibility for power utilization and providing 

electricity at the cheapest price possible are the prime motto of the grids. In recent years, multi-

agent systems have been proposed to provide intelligent energy control and management systems 

in micro gird.  Multi-agent systems offer their inherent benefits of flexibility, extensibility, 

autonomy, reduced maintenance and more.  The  implementation  of  a  control  network  based  

on  multi-agent  systems  that  is  capable  of  making intelligent decisions on behalf of the user 

has become an area of intense research.  Many previous works  have proposed multi-agent 

system architectures that deal  with buying  and  selling  of  energy  within  a  micro grid  and  

algorithms  for  auction  systems. 

Intelligent  Distributed  Autonomous  Power  System  (IDAPS)  presented  by  the  

Advanced  Research Institute (ARI) represents an intelligent micro grid (a smart grid) concept. It 

aims  at  improving  resilience  and  autonomy  of  the  electric  power  grid  against  manmade  

and  natural disasters. At the heart of this concept lies a network consisting of intelligent 

entities (software  agents),  capable  of  learning  from  their  environment  and  making  

decisions  on  behalf of the user. In [1] A multi-agent system based distributed EMS (energy 

management system) is proposed to perform optimal energy allocation and management for grids 

comprising of renewable, storage and distributed generation. An improved MCDM method 
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based on fuzzy measure and integral is developed in [2] and applied to evaluate four primary 

clean energy options for Jiangsu Province, China.  

The author [3] focuses on power balancing, with load shedding and PV constrained 

production, and takes into account the grid availability and grid vulnerability by smart grid 

messages. The paper [4] presents an intelligent agent-based control for real-time operation of a 

hybrid micro grid in both islanded and interconnected modes. The architecture proposed in this 

paper includes different agent like PV, composite energy storage system agent, power block 

building converter agent etc; moreover the control system implementation was discussed in 

detail by describing each agent's and the control algorithm associated with ontology creation.  

Pinto T et.al [5] emphasize a new methodology for the creation and management of 

coalitions in Electricity Markets. This approach is tested using the multi-agent market simulator 

MASCEM, taking advantage of its ability to provide the means to model and simulate VPP 

(Virtual Power Producers). Yousef S et.al [6] discussed a weighted combination of different 

demand vs. price functions referred to as Composite Demand Function (CDF) is introduced in 

order to represent the demand model of consuming sectors which comprise different clusters of 

customers with divergent load profiles and energy use habitudes, dynamic price elasticities were 

proposed to demonstrate the customers demand sensitivity with respect to the hourly price.  

In [7], a fast strategy is proposed for optimal dispatching of power flows in a micro grid 

with storage. The investigated approach is based on the use of standard Linear Programming 

(LP) algorithm in association with a coarse but linear model of the micro grid. In [8], the 

coordination between MG and main grid for the required variable load demands is accomplished 

using EMS (Energy Management System). For this purpose, an advanced EMS in a typical MG 

working in grid connected mode is introduced. The developed EMS is able to determine the 

optimal operating strategies that minimize the energy costs, pollutant emissions, and hence 

maximizing the output of the available renewable energy resources. 

The primary objective of [9] is to develop intelligent MAS that emulate the real-time 

operation of a distributed energy system. It also aims at implementing an artificially intelligent 

learning algorithm, which can aid the autonomous behavior of the multi agents without any 

human intervention. In [10], a new method is proposed to offers an energy management system 

(EMS) strategy which employs the fuzzy set theory to account for the uncertainties associated 

with electrical and thermal energy demands as well as those associated with natural gas and 

electrical power prices in order to determine the optimum ranges for boiler and CHP capacities 

which maximize an objective function based on the net present value (NPV). 

In paper [12] discussed an approach for driver-aware vehicle control based on stochastic model 

predictive control with learning (SMPCL). The framework combines the on-board learning of a 

Markov chain that represents the driver behavior, a scenario-based approach for stochastic 

optimization, and quadratic programming. The main aim of this work is to design, develop and 

implement a multi-agent system that enables real-time management of a micro grid.  These  

include  securing  critical  loads  and  supporting  non-critical  loads  belonging  to  various  

owners  with  the  distributed  energy  resource that has limited capacity during outages 

The goal is to develop a model generator of motor unit action potential train for the 

electromyography (EMG) Writer`s Cramp signals  
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2. PROPOSED METHODOLOGY 

 

An advanced control algorithms called Model Predictive Control (MPC), has emerged. The 

MPC strategy is based on the use of an explicit model to predict the process future behavior over 

a finite horizon and then to compute a sequence of future control actions by minimizing a given 

cost function. The MPC is known to be a very powerful control strategy for many industrial 

processes. Its attraction is due to its ability to handle complex control problems which involve 

multivariable process interactions, constraints in the system variables, non minimum phase 

behavior, and variable or unknown time delays. 

 In this work, a constrained model of fuzzy predictive controller based on PSO is 

proposed. The aim is to develop a simple and efficient controller capable of handling the 

relatively complex optimization problem with minimal computational time. This can be achieved 

using a reduced population size and a small number of iterations. The proposed control algorithm 

uses the normal distribution law to distribute the initial particles positions within the area around 

the best position. Based on the tracking error value, the radius limiting this area is updated 

accordingly. Moreover, the choice of the initial best position is based on prior knowledge about 

the search space landscape and the fact that in most practical applications the dynamic 

optimization problem changes are gradual. A 4 × 4 Multi-Input Multi Output (MIMO) industrial 

boiler model is considered for evaluating the efficiency of the algorithm. This model is 

characterized by being nonlinear with high interactions between its inputs and outputs, having a 

non minimum phase behavior, containing instabilities and time delays, and including constraints 

on its variables, disturbances, and uncertainties. 

2.1.Fuzzy Predictive Control Principle 

The explicit model used to predict the future process behavior and the optimization problem 

from which a control sequence is derived. The main steps of the MPC strategy are given below: 

 

(1) The constructed model is used to predict the future behavior of the process over a given 

prediction horizon. 

(2) The reference trajectory must be defined over the prediction horizon 

(3) The control sequence is obtained by minimizing a given cost function. 

(4) ) Only the first element of the control sequence is applied on the system. 

The previous steps are repeated, at every sampling time, according to the receding horizon idea. 

These steps are illustrated by the block diagram of Figure 1.The optimization problem to be 

solved at every sampling time usually has the following form: 



 CMR Journal of Engineering and Technology 
Vol.2 Issue.1   June, 2017 

 

 

 

www.cmrjet.org 
14 

(1) 

Where is the control increment N1 and N2 are, respectively, the 

minimum and maximum prediction horizons, Nu Given that the predicted outputs are non 

linear with respect to the control inputs, the optimization problem given by (1) is then a 

constrained nonlinear and non-convex optimization problem, the solution of which is 

difficult and generally expensive in computing time. Different approaches were investigated  

 
Figure 1 Basic structure of MPC technique. 

to solve this problem, such as the numerical optimization techniques, the met heuristic based 

optimization algorithms, the linearization of the process fuzzy model, and the use of particular 

model structures to obtain a convex form for the cost function. 

2.2 PSO Algorithm 

The particle swarm optimization is a modern and versatile population based optimization 

technique, in many respects, similar to evolutionary algorithms. It was first introduced by 

Kennedy and Eberhart as a solution for the optimization problem of a single objective 

continuous problem. It is based on the observations made upon the collective behavior of 

social living entities, such as ants, bees, and flocks of birds. Basically, each particle will be 

moving around the search space looking for an adequate solution to the optimization 

problem. By evaluating the fitness of each one of them, their suitability as a possible solution 

will be assessed. In the next iteration, each particle will change its position to provide more 

accurate solution, by considering the history of the particle or its best position, its 
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neighborhood history, and mainly the best position found by the whole swarm. The particles 

movements are bound by the following equations 

                                                       (2) 

Where v, a, x are, respectively, the particle, velocity, acceleration, and position and m is the 

iteration index, 

 

3.  Fuzzy Predictive Controller Design Based on the PSO Algorithm 

3.1. Notation and Principle 

Without excluding the use of other nonlinear models, the TS fuzzy model described in is 

used, as the explicit model to predict the future values of the system. In the case of other 

nonlinear models, the same steps can be used in solving the optimization problem. Definition of 

the notation adopted in the formulation of the proposed control algorithm is discussed by 

considering a MIMO system with 

        (3) 

 

Where Npopis the number of particles in the population (swarm), and 

(4) 

 The position of each particle is adaptively changed according to (1)  

 The cost function J is used as the fitness function  

 The control sequence U (t) which is the optimal solution of the optimization problem is 

then given by the global best position X gbest that is, 

(5) 

The block diagram of the developed control algorithm is illustrated in Figure 2. 
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Figure 2: Block diagram of the proposed NMPC algorithm. 

The different steps of the algorithm are drawn based on the following points: 

 

(1)The solution obtained at the sampling time t is taken as an initial solution for the next 

sampling time t+1 

                                                                          (6) 

This is a good choice when the system is operating in the steady state. 

(2)Another candidate initial solution for the sampling time t+1 is given by 

                                      (7) 

(3) Both initial solutions chosen in points 1 and 2 are evaluated using the fitness function. The 

fittest one is chosen as the initial global best position of the entire PSO population. 

(4) Using the Gaussian distribution, the particles are distributed around X
o

gbest within the radius

according to the following expression: 

        (8)  

4. RESULTS AND DISCUSSION 

 The hybrid renewable energy system with PSO controller is designed by MAT lab 

simulink model,the simulink modeling is shown in figure 3. 
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Figure 3. Hybrid Renewable Energy System with PSO controller 

 

The best fitness value for the PSO algorithm is trained by the fuzzy controller which is shown in 

the figure 4.  

 

 
Figure 4. Fitness curve trained by Fuzzy 

The figure 5 shows the change in time with respect to the grid power. For the entire day 

the grid power is observed which varies between (60kW to - 600kW). from the figure, it is clear 

that the PSO based cost estimation has better performance than the fuzzy and ANFIS based cost 

estimation approach. It  depicts both the power drawn from and supplied back to the grid. The 

negative values refer to the excess power supplied back to the utility. It is observed that during 

the early hours of the day, when there isn't enough renewable generation, the system draws 

power from the grid and as the day progresses, the Solar dominates and power is sold back 

to the grid after satisfying all the local loads. 
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Figure.5. Comparison of grid output 

The figure 6 shows the change in number of iterations with respect to the increase in operating 

Cost. Number of iterations is varied in steps of 20, and the variation in operating cost is observed 

between (0 to 80). from the figure, it is clear that the PSO based cost estimation has better 

performance than the fuzzy and ANFIS based cost estimation approach. The no. of iterations 

taken to achieve the optimal cost is also significantly lesser than other algorithms, which proves 

the speed and accuracy of the algorithm. 

 

 
 

Figure.6. Comparison of grid output 

 

 

5. CONCLUSION 

A particle swarm optimization algorithm is proposed to smartly monitor and control the 

individual components in modern distribution systems and perform efficient and accurate energy 

management with cost benefits. The algorithm also helps to achieve reductions in carbon 

footprint by maximizing the use of clean energy like solar and wind. The benefit of the suggested 

method includes the improved prediction ability and the lesser complexity in attaining the 

optimal values. The performance of the particle swarm optimization algorithm is verified by 



 CMR Journal of Engineering and Technology 
Vol.2 Issue.1   June, 2017 

 

 

 

www.cmrjet.org 
19 

comparing with existing optimization algorithms and the results prove that the proposed 

algorithm is faster and provides better results. 
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