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ABSTRACT 

This paper describes the author's concept of conducting simulation-based research on applications 
of intelligent agents in smart grid management systems. Section 1 introduces an intuition on 
applying AI in this emerging field. Section 2 describes a motivation for and some aspects of 
implementing an intelligent agent system in combination with a power distribution system 
simulator. Section 3 splits the project into phases, which accomplish specific tasks. 
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1. INTRODUCTION 

The objective of this paper is to discuss a research scenario on the possibility  
of applying artificial intelligence to smart electrical distribution grid control. With the 
introduction of modern power sources (such as wind farms, solar panels, etc.),  
and more sophisticated measurement instruments, new challenges in the field  
of electricity distribution emerge. 
With enormous amounts of data, reflecting the state of the grid, obtainable at any 
moment, many aspects of the working of an electrical grid may be improved,  
if a control system was to be implemented. 
Artificial intelligence (AI) is a field of science and engineering that contains many 
algorithms, modeling methods and paradigms that, among other things, deal with 
extracting specific information from huge data sets, reasoning, decision making, 
learning from experience (machine learning), forecasting and interactions between 
agents . 
The author’s view is that applying AI to power grid control, which is an enormously 
complex system, may bring desirable results. Before experimenting on an actual 
working network, it would be wise to run some simulations first, to find out if such an 
endeavor is worthwhile. 
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2. MOTIVATION BY EXAMPLE 

2.1. An Example Problem 

In [7] the authors describe a shipboard power system, consisting of four separate 
generators, many loads with different priorities, and several breakers. Restoration of 
service after an interruption was abstracted to a mathematical problem. The power 
system was represented as a graph (in that representation branches became edges). 
Each edge had one of two states – open or closed. The power system was divided 
logically into four zones  (just like a physical system). Some edges contain breakers, 
and thus can be controlled. It is desirable for all loads (or as many as possible, in 
respect to their priorities) to be powered at all times, even during a breakdown. 
Finding a sequence of actions that restores power to as many loads as possible is 
called a restoration problem, and in general it can be formulated as a multi-objective, 
multi-stage, combinatorial, nonlinear and constrained optimization problem [2],  
and thus various artificial intelligence (AI) methods can be applicable to planning and 
executing comparable solutions. 

2.2. The Example as a State Space 

 The author of this article considers [1] to be the ultimate source of knowledge  
on AI. Any subsequent usage of such terms such as agent, actuator, percept, A*, 
heuristic function, state, transition model, goal, rationality and utility will refer  
to definitions given in [1]. 
 In aforementioned terms, one can define a state space S for the restoration 
problem from section 2.1. Let S simply be a set of all possible on-off combinations 
for all subsets of the graph's edges. For each state Ss∈ the states of the loads can be 
inferred. That inference itself – seeking paths from loads to generators – is a  problem 
in itself. The A* algorithm can be used for determining the shortest paths (over closed 
branches) from loads to generators, but finding a proper heuristic function is  
a nontrivial task. 
 The state space S, as defined above, is obviously very large, so instead of 
arbitrarily considering all possible states, a transition model can be easily inferred. 
For each state, there exists an arbitrary set of possible actions (an action can for 
example consist of switching a particular breaker on or off), depending on the 
abstraction model we were working on. 
 Another nontrivial problem is defining goals. The goal of fully powering all 
loads may not always be achievable through sequences of actions, the latter being 
always limited and costly. A utility based approach seems reasonable in this situation. 
If action costs (like the time to perform an action), and rewards (powering previously 
unpowered loads) are well defined, then based on predefined or random distribution 
system failure simulations, machine learning can be used for utility function 
generation. 
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2.3. Intelligent Agents 

An agent is an entity that can move through a state space. It receives percepts 
(information indicating the current state) from its environment, and acts upon them to 
achieve a more desirable state, according to goals and utilities.  
The core of each agent – it is agent program – consists often of many sophisticated 
algorithms that work together to make rational decisions. 

 
Fig. 1. A schematic diagram of a utility based agent (from [1]) 

 

Fig. 2. A diagram of a learning agent (from [1]) 
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There are various kinds of artificial intelligence agents, each with its pros and cons. 
Among those types (described in [1]), some of the more interesting are: 
• Reflex agents – these agents act only on current percept (ignoring its percept 

history) through simple condition-action rules. The advantage of such an agent is 
its speed – it takes actions almost instantly. The disadvantage is that it is often 
impossible to arbitrarily define the perfect response to every state of the world. 

• Utility-based agents (fig. 1) – the core component of this agent is its utility 
function. These agents choose actions that lead to the best expected utility, 
computed by averaging all possible outcome states, weighted by the probability  
of the outcome. 

• Learning agents (fig. 2) – those agents change their behavior with time, according 
to an external performance standard. Utility-based agents are often also learning 
agents – adjusting the action outcome probabilities, and thus the expected utility, 
with each feedback from the environment. 

• Hybrid agents – these agents combine the aforementioned agent types into one. 
For example: it is often required of agents to make decisions instantly after 
receiving a percept. A hybrid agent can consist of a learning agent that 
“memorises” problems by saving problem-solution pairs in a table. If a problem is 
in the table, the agent comes up with an answer instantly, just like a reflex agent 
would. This process is called compilation [1]. 

• Intelligent agents have been, and still are, successfully used for decision making, 
especially in complex, nondeterministic environments. Applying these technologies 
to problems like the one described in 2.1 and 2.2 may yield useful and interesting 
results. 

2.4. Artificial Intelligence Algorithms 

Intelligent agents, described in section 2.3, can become very complicated structures, 
having many AI algorithms at their disposal. The proper functioning of a utility 
function may be dependent on the A* algorithm for finding paths in a graph.  
Both action planning by the agent, and the transition model, require solving 
constraint satisfaction problems, thus the backgracking search algorithm with 
minimum-remaining-values heuristics, or a local search using the min-conflicts 
heuristic may need to be implemented.  
Machine learning is often an important part of intelligent agent design. Be it policy 
search with the value iteration algorithm, learning with artificial neural networks or 
support vector machines, methods that let an agent infer knowledge from 
observations tend to be fairly complex and require a cooperation between many AI 
algorithms. 
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3. PLANNED IMPLEMENTATION 

The implementation of such a project can be divided into four consecutive phases.  

Phase 1 — Data Gathering 

This phase will consist of researching the literature in order to determine and describe 
problems that accompany distribution grid control, and finding potential applications 
for AI algorithms.  
The example described in section 2 is but one of many different problem sets. Service 
restoration, load prediction, or stabilizing the system after a fault [2, 3] – there are 
many goals that can be reached for by intelligent agents in control. 
Determining the goals an agent would need to achieve, and the means of achieving 
them would essentially be the core of this phase. 

Phase 2 — Preparing the Platform 

Preparing the platform would probably include either using a power distribution 
system simulator, such as GridLAB-D™ [10], or building a dedicated simulator from 
scratch. The first option is of course desirable, as it would save the researchers a lot of 
work. On the other hand, it may not fulfill all the needs of the project. In that case, the 
Akka [9] (Akka has replaced Scala's actor system [8]) toolkit will be used, as its 
available for both Java and Scala, runs on a Java Virtual Machine, and most 
importantly facilitates distributed, reactive [12], scalable computing (unlike the 
popular JADE framework [5, 13]). Also its actor based design paradigm seems to be 
perfect for implementing simulations, as one of the greatest advantages of this setup 
is that programs created with these technologies can easily be deployed on many 
machines and in computing clouds, in case simulations prove to be resource-
intensive. 
An agent will be the fundamental element of the control system. As described in [1], 
each Agent should perceive its environment via sensors. On receiving a percept  
(a piece of information from a sensor), the agent will apply its agent program to reach 
a decision, whether to do nothing, or act via its actuators. Scala seems to be the 
perfect language for implementing intelligent agents, owning to its speed, an extensive 
immutable collections standard library, its compatibility with Java, its conciseness of 
code as well as modern features such as functional programming [6]. 
On completion of Phase 1, the complexity of simulating an electric energy 
distribution system in the scope of this article, should already be known. Based upon 
that knowledge, the following action should be performed: 
• The choice of the simulation environment should be made,  
• The relationship between the simulation program and the control program should 

then be designed, 
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• The layer connecting the simulator with the controller should be implemented,  
if needed, 

• All resulting code should be made open source and published on GitHub [11]. 

Phase 3 — Simulation Phase 

Using the results of phases 1 and 2, having a simulation platform and sets of problems 
to solve, the experiments need to be conducted. Some distribution grid models will be 
created, and many different runtime scenarios will be planned and serialized.  
Phase 3 will consist mostly on simulating more and more problems, and trying to 
solve them with applying sophisticated intelligent agents or agent systems to 
monitoring and controlling the simulated distributed network. The goal of the 
simulation will be to test and benchmark the efficiency of different solutions to 
common problems, identified in Phase 1. Various indices, such as the System Average 
Interruption Duration Index (SAIDI), or the System Average Interruption Frequency 
Index (SAIFI) [4], can be calculated for particular solutions via simulation, averaged 
over all scenarios (or particular scenario types), and used to compare different 
approaches to power distribution network control. 

Phase 4 — Summary 

At some point of Phase 3, it will hopefully become apparent that either the method 
does not bring the expected results, or that all identified problems are solved and there 
is not much space for improvement. When that happens, the entire project will be 
ended and concluded with one big paper describing the most significant results. 

CONCLUSION 

The art of controlling an electric power distribution grid seems to be brimming with 
NP-hard problems. Scheduling maintenance, estimating power demand, remote 
switchboard operating for service restoration – these are only some of many areas 
which require data mining, sophisticated planning and quick response times in an 
unpredictable, partially observable environment. Optimizing these processes may 
increase system wide reliability and energy efficiency. 
A simulation environment seems to be best suited for finding such solutions. 
Implementing and benchmarking automated control systems in actual power 
distribution grids would be expensive and time consuming and thus impractical at the 
stage of determining, if various solutions make sense. Simulating both power grids, 
and control systems, using emerging programming paradigms, and frameworks, such 
as reactive programming [12] with Akka [9] may prove to be an interesting 
endeavour, leading to creation of efficient and highly scalable software. 
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Intelligent agent systems seem to be well suited for quickly (even if suboptimally) 
solving planning, scheduling, estimating and constraint satisfaction problems [1].  
One can define any element, that can be logically separated from its environment, and 
interacts with it, as an agent. If the control over the power grid is centralized,  
a single controlling agent can be separated into a number of smaller, advisor agents, 
responsible for specific tasks. One can argue that the control over a power grid could 
be decentralized, so that separate agents (or agent groups), controlling separate grid 
sections, could physically run on different machines – this could prove useful in case 
of a system failure which would split the grid into parts. Certain machine learning 
algorithms work well in unpredictably changing environments; agents could be 
designed to communicate if possible, or to estimate each other's decisions in case  
of communication channel failure (in order to achieve a common goal); etc.  
The possibilities to try and benchmark seem endless. 
It is the author’s firm belief that the notions introduced in this paper are worth 
researching, and that following the planned implementation (sec. 3) will yield many 
interesting results, both scientific and applicable in engineering. 
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