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Conclusions and Future Work

7.1 CONCLUSIONS

This chapter concludes findings of the presented work and also lists a few potential problems
for future research. Thesis started with introduction to control of complex network, and its behavior,
stability, techniques to the identify the minimum number of driver nodes and selection of the optimal
set of driver nodes among them. The preliminary results related to control of complex networks,
controllability and observability, sensitivity transfer function and modeling of power networks has
also been discussed.

In a complex network, the network has a strong influence on input-output properties of given
pair of nodes. A relationship between the input-output dynamic properties and graph structure
has been established. In this proposed work, relation between DC-Gain, Gain Factor and system
zeros and the network properties such as distance between control node and output node, diameter
of networks and the sum of product of weights of all shortest paths of the particular length in the
networks has been established. The proposed work provides an insight into structural properties
and its influence on system dynamics. In this regards, the work shows that the sum of product of
weights of all shortest paths between the control and output nodes is equal to the Gain Factor of the
pole-zero-gain transfer function of the complex network. More number of shortest paths between
input-output nodes increases the Gain Factor. In addition, the work also shows that DC-Gain
for the peripheral nodes of the complex network depends on the distance between the control and
output nodes in the network. Increase or decrease in distance (i.e. link weight) leads to increase
or decrease in Gain Factor and DC-Gain respectively. Existence of non-minimum phase zeros for
collocated control and output nodes is discussed. It should be noted that for collocated nodes, there
is a high possibility of having non-minimum phase zeros when the network does not have self-loops.
The proposed work contributes to better understanding the input-output behavior of the complex
network.

The correlation between the network structures and sensitivity for a given input-output pair
of the complex networks has been investigated. It has been observed that the sensitivity is related
to the sum of product of weights of all possible shortest paths between the pair of control and
output nodes in the networked system. In particular, the effect of the Gain Factor and DC-Gain
on the sensitivity transfer function of the networked system has been established. More number of
shortest paths between input-output nodes increase the Gain Factor and DC-Gain, this decreases
the sensitivity and thus improves the robustness. In addition, the theoretical results have been
validated with the help of the numerical examples. The proposed theory has also been applied
successfully for the real-world standard IEEE test systems such as IEEE-4 bus and IEEE-14 bus
power networks.

As it is noted about multiple possibilities of driver nodes (control nodes), it is necessary to
rank different driver nodes. The mathematical formulation and algorithms to identify an optimal
set of driver nodes have been discussed. The proposed theory and algorithms enables to identify
the most suitable set of driver nodes by guaranteeing largest ROA for a given control law. It has
been observed through numerical example that 60% reduction in the stability region occurs in worst
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case if driver node is not selected using the proposed algorithm in single input case, whereas for the
multiple inputs, in worst case, the reduction of stability region is upto 95%. A close congruence
between theoretical and simulation results has been obtained. The proposed theory and algorithms
have been applied successfully for the formation control of a robotics network. A large number
of applications require intermittent exchange of information in discrete-time setting. The discrete-
time models of complex networks to choose optimal driver nodes has been discussed. A practical
limitation on an actuator magnitude has been considered. The proposed theory and algorithms
obtain most suitable driver nodes so that stability with saturated driver node can be ensured in
the largest possible region. It has been shown, using numerical Example 6.3, 98% reduction in
stability region occurs, in worst case, if driver node is not selected using the proposed algorithm. A
close agreement between theoretical and simulation has been obtained. The proposed work has the
potential to be used for real world networks such as power networks, robotic networks, biological
networks and social networks etc.

7.2 RECOMMENDATIONS FOR FUTURE WORK

This work has explored input-output dynamic properties of the complex networks. The cor-
relation between the network structure and control indices of a complex network has been analyzed
and established. There is a substantial scope for further research to have better understanding of
control of complex networks. Some possible problems which can be investigated are as follows:

e To build a relationship between the position of the network zeros and network structure for
a given input-output pairs. The performance of the networked system is influenced by the
network zeros.

e To establish relationship between network structure and robustness for a given input-output
pair. It has been observed that certain input-output pair is more robust compared to some
other pairs although they have same distances. In such situation network structure plays a
significant role.

e To explore this work in various real world applications of networked control systems such as
power networks, robotic networks, social networks etc.



