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I. INTRODUCTION

In the recent advancement of technology, many practical engineering systems are associated with consensus based control of multi-agent systems. Such system consists of several autonomous agents over mutual interaction between them and when these agents agreed upon a common point, it is called consensus in multi-agent system [START_REF] Chen | Multi-agent systems with dynamical topologies: Consensus and applications[END_REF]. Consensus based control of Multi-agent systems (CBCMAS) have potential applications in sensor networks, cooperative surveillance, Market simulation, Monitoring, systems diagnosis, Clustering in data mining and Economics dispatch problem in power systems etc. [START_REF] Qin | Recent advances in consensus of multi-agent systems: A brief survey[END_REF]. Due to vast applications of CBCMAS, it has received incredible flow in research interest and grown quickly in the preceding years. Thus, it motivate us to practically apply it for power mismatch in Smart grid.

In previous research studies, various theoretical methods for power mismatch have been proposed, such as centralized and distributed control schemes. But still a lack of practical systems simulation is seen. Centralized system is not resilient to structure changes when new generation or load unit is installed and will redesigned the whole systems. Due to renewable energy resources more, structural changes are expected frequently in a grid. Therefore, a distributed approach based on CBCMAS overcome these shortcomings at low-cost and unfailing operations of power systems [START_REF] Xu | Stable multi-agent-based load shedding algorithm for power systems[END_REF].

Our proposed Smart grid system is equipped with intelligent autonomous devices such as Arduino board as an agent/node in every generation and consumer unit for initial testing of the system and later on it will be replaced with a suitable microcontroller. An advanced radio communication network is established between the nodes to make control of the distributed energy management. Each node is in communication with its neighbor nodes for scheduling and optimization of both generators and demand side in smart grid. A display is attached to every node to show the information about the generation and demand.

The proposed systems can adapt various network topology and acts like "plug and play" when a node is added or removed.

In smart grid the power generation and demand mismatch is an important problem. As power demand rises during peak hours and it is needed to be balanced the power generation and demand in a distributive way for each node. So every consumer and generation unit have its own intelligent controller to solve the problem of mismatch [START_REF] Faisal | Distributed power mismatch estimation in smart grid[END_REF].

To address the problem of Economic dispatch problem, each agent communicate with its nearby agent through information exchanges wirelessly. Every agent take necessary decision and action according to the information getting from neighbor agent based on consensus.

With CBCMAS for energy management, the smart grid required less operation information and the gird will more robust and scalable. Figure 1 [START_REF] Santacana | Getting smart[END_REF] shows a clear view of the system with comparison to traditional grid.

The rest of the sections are arranged in the following manner. section II summarize the latrature review, section III talk over preliminaries, section IV explain the practical approach, section V discusses simulation results, where conclusion and future work is given in section VI.

II. RELATED WORK

With the advancement of many distributed energy resources such as renew-able energy methods were increasing the complication of power distributions and capacity of the systems.

978-1-5386-8204-3/18/$31.00 ©2018 IEEE Similarly, users demand changes in real time based on various features. Due to these causes, it is not feasible to centrally control these networks today. In fact, distributed algorithms are needed to control energy distribution of the power systems [START_REF] Mcmillin | Architecture of a smart microgrid distributed operating system[END_REF]. An Energy distribution systems are closely associated to smart grids as compared to central control systems. A CBCMAS is the best distributed synchronization mechanism for controller purposes.

In [START_REF] Zhang | A realtime power allocation algorithm for dispersed energy storages and its communication network design[END_REF] uses a distributed approach but unable to adapt failures in network. A theoretic framework is first introduced in [START_REF] Olfati-Saber | Consensus and cooperation in networked multi-agent systems[END_REF] for solving CBCMAS in dynamic agent network. When all agents in a network agreed upon on a common point or a state or certain amount of interest, it is called consensus reached systems. This consensus reached systems is characterized with variables of interest in agreed terms problem, such as physical quantity, control parameter or any other parameters of interest. The communicating topology for agents is expressed by the use of directed graphs but in directed graph node i can communicate with node j but not vice versa. The un-directed graph is distinctive form of directed graph where node i and j is in communication with each other's in bi-direction. In [START_REF] Xing | Consensus based bisection approach for economic power dispatch[END_REF] CBCMAS is applied for smart grid to resolve the issues for economic dispatch problem. These approaches were considered only for synchronous communication networks on distributed generation management side. For asynchronous communication, a distributed approach is developed in [START_REF] Mohammadi | Asynchronous distributed approach for DC optimal power flow[END_REF] to reduce communication overhead for optimal power flow and DC. In smart grid, the problem of distributed energy management become further practical and real, if both sides of producers and consumer were considered. An intelligent multiplayer algorithm for energy management is proposed in [START_REF] Vale | Intelligent multiplayer smart grid management considering distributed energy resources and demand response[END_REF]. This approach is based on distributed energy resources and demands where each player knows all neighbors player states, thus it is not realized in distributed manner. A similar problem is discussed in [START_REF] Rahbari-Asr | Incremental welfare consensus algorithm for cooperative distributed generation/demand response in smart grid[END_REF] for un-directed and connected communication network. This approach is effective if transmission losses is ignored and communication network is undirected.

III. PRELIMINARIES

The communication topologies of smart grid is represented by an interaction graphs. The goal is control the power mismatch between in load and demand cooperatively. In this portion, an introduction to graph terminologies and consensus algorithm is discussed. Non-negative matrices and un-directed graphs is mainly in focus. In important aspect of this discussion is to gain a mathematical base for graph theory.

A. The graph theory Suppose a system with "n" linked nodes with a network topology of directed graph is denoted with:

G = (V, E) (1) 
In equation ( 1) , V = {v 1 , v 2 , v 3 . . . .v n } represent a finite set of elements. These elements are termed as vertices or nodes.

Where, E ⊆ V × V denotes a set of distinct and un-ordered pair of vertices called edges. An unweighted, un-directed graph with no multiple edges is called simple graph [START_REF] Gibbons | Algorithmic graph theory[END_REF]. If their exist a communication path among any two or more nodes, such graph is called a connected graph. In directed tree each node have a parent excluding root node. In a digraph, root node is directly linked to each node [START_REF] Newman | Fast algorithm for detecting community structure in networks[END_REF]. All the nodes on the graph are connected by directed spanning tree of diagraph. If a guided line to the whole graph from at least one node is present, such graph holds a spanning tree.

The adjacency or connection matrix "A" of a graph G with n vertices is denoted with A(G) = [a ij ] where, off-diagonal entry aij is represented as follow.

a ij = 1 if j ∈ N i 0 Otherwise (2) 
Where N represent a neighbor node. The off-diagonal entries are the total no's of edges connecting i with j vertex. Where in a distinctive finite graph, the A (G) matrix is the [0, 1] matrix through zero's on its diagonals. An adjacency matrix is symmetric for un-directed graph. A Laplacian matrix L (G) = [l ij ] is stated below:

l ij = i =j a ij (3) 
Equation ( 3) is for elements of on-diagonal

l ij = -a ij (4) 
And equation ( 4) is for elements of off-diagonal As:

L(G) = D(G) -A(G) (5) 
In equation ( 5) D(G) represents a degree matrix. For un-directed graph a Laplacian matrix possess characteristics of symmetry. A lot of information possess with eigenvalues of Laplacian matrix about network performance. For example λ2 express algebraic connectivity of the graph and also represent measure of convergence speed in consensus algorithm [START_REF] Olfati-Saber | Consensus and cooperation in networked multi-agent systems[END_REF].

In smart grid network comparing to di-graphs, a node is called load node, power generation node, or containing both. A directed edge (ij) ∈ E shows that node i and node j are able to get messages from one another. In a physical network, node send message to his in-neighbor and out-neighbor. The node is connected to its neighbors when it is in range with the networks of its neighbor's nodes. On the contrast when a node is out of range, it is disconnected from the network. This is one of the main objectives of this paper for physical network in smart grid.

B. Consensus algorithm

A consensus protocol identifies the interchange of information in a network among a node and all its neighbors' nodes.

To model an info state, a differential equation is used if there is a constant communication or the bandwidth of communication among the nodes is enough large. A difference equation is used to model the information state of every node. In this case the information exchange is in a discrete packets [START_REF] Ren | Information consensus in multivehicle cooperative control[END_REF].

Let a groups of n nodes having single integrator kinematics defined in [START_REF] Cao | An overview of recent progress in the study of distributed multi-agent coordination[END_REF].

x i (t) = u i (t) i = 1, 2, 3, 4......., n (6) 
Here, x i (t) is a state and u i (t) is the control input for the i th node.

A typical consensus algorithm is describe as:

u i (t) = n j=1 a ij (t)[x j (t) -x i (t)] (7) 
At a given time a ij (t) is the (i, j) th element of the corresponding adjacency matrix. The important aspect for this approach is that every node shifted to its neighbors weighted average states. Because of the continuous motion of the dynamic nodes in a switching network, the graph topologies are usually time varying and consensus among the node is reached when a directed graph with spanning tree in some conjointly fashion [START_REF] Ren | Consensus seeking in multiagent systems under dynamically changing interaction topologies[END_REF].

A consensus algorithm is the basic principle for designing algorithms to achieve distributed and autonomous multi-agent coordination and is the main research direction for distributed controls. The consensus algorithm is more meaningful, when applied practically for control systems. This is the basic inspiration for studying consensus based control in distributed multi-agent systems.

IV. THE PRACTICAL APPROACH

This paper revised some current research and advancement in CBCMAS in distributed co-ordination. With addition to the theoretical simulations in Matlab, various practical experiments have also been directed using Arduino IDE to confirm the corresponding theoretical results in [START_REF] Faisal | Distributed power mismatch estimation in smart grid[END_REF].

A. Experimental platform

Figure 2 shows a smart gird with fourteen randomly selected nodes in which some are consumer and some are generation nodes. The system is self-organizing and intelligent system. Every node is equipped with an Arduino board. Where every board have a low cost NRF24L01 transceiver connected for information exchange with its neighbor's nodes. The NRF24L01 is an Ultra-low power and highly integrated RF transceiver working on 2.4 GHZ frequency band. Moreover, each board has a 16×2 LCD to show the sending and receiving data. All these node coordinate each other as a team to control power mismatch in smart grid autonomously.

B. Theoretical model and proposed algorithm

The theoretical model discussed in [START_REF] Faisal | Distributed power mismatch estimation in smart grid[END_REF] is subjected for practical results to show the robustness and effectiveness of the consensus algorithms in smart grid even in the existence of physical platform limitations, information delay, packet losses, etc. these practical approach validate the corresponding theoretical result. The equation of power balance in [START_REF] Faisal | Distributed power mismatch estimation in smart grid[END_REF] is given as:

∆P = L T -P G (8) 
∆P = 0 for ideal system.

Where P G and L T stands for total output power of all generation and total load of consumer nodes respectively. The state space model for each node is given by:   l i (r + 1) p i (r + 1) n i (r + 1) 

  =   l i (r) p i (r) n i (r)   +   u l i (r) u p i (r) u n i (r)   ∀i = 1, 2, .....H ( 
lim r→∞ (l i (r)) = L T ∀ i = 1, 2, ...., H (10) 
lim r→∞ (p i (r)) = L G ∀ i = 1, 2, ...., H (11) 
lim r→∞ (n i (r)) = 1 H ∀ i = 1, 2, ...., H (12) 
L T denote the average consumer and l i is the estimation of L T calculated by node i. P G represent the average power generation and p i is the estimation of L T calculated by node i. n i indicate the estimation of reciprocal for the total number of node H. To achieve the objectives we need to design u l i (r), u p i (r), u n i (r) ∀ i = 1, 2, ......, H. As in distributed control all the nodes interact with its neighbors and exchange information. Thus the control inputs are computed as follow in equation ( 13)- [START_REF] Ren | Information consensus in multivehicle cooperative control[END_REF]. 

u l i (r) = α j∈Ni [l j (r) -l i (r)], ∀ i = 1, 2, 3, ...., H (13) 
u n i (r) = γ j∈Ni [n j (r) -n i (r)], ∀ i = 1, 2, 3, ...., H (15) 
Here α, β, and γ are the weights.

The convergence analysis in [START_REF] Faisal | Distributed power mismatch estimation in smart grid[END_REF] is used to obtain the required results for above equations.

V. SIMULATION RESULT Figures 345, shows the theoretical simulation results in Matlab, indicates that the consensus algorithm is more effective for distributed control of multi-agent systems. This theoretical demonstration is practically applied through Arduino hardware simulation, which shows that the system is more scalable and autonomous even in lack of physical platform limitation, packet losses, information delays, etc.

VI. CONCLUSION AND FUTURE WORK

Consensus algorithms are theoretically and practically applied for smart grid under switching topologies to explore The physical platform limitation, information delays, packet losses etc. between nodes are the limitation of this practical approach. Which will be extended for future work. Moreover, machine learning approaches in the autonomous system will make it more scalable and powerful.

Fig. 1 .

 1 Fig. 1. Transition from the current grid to smart grid

9 )

 9 Where r = 1, 2, 3, 4. . . . . . ,n Every node objective is given in the following equations (10) -(12):

Fig. 2 .Fig. 3 .

 23 Fig. 2. Nodes connected in Smart grid

Fig. 4 .

 4 Fig. 4. Consensus in Average load