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Introduction

Results

• In order to achieve real-time operations in
modern power systems, an economic and
efficient communication infrastructure is
necessary.
• Power system dynamics are often affected by
communication delays.
• Phasor Measurement Unit (PMU) based Wide
Area Measurement System (WAMS) consists
in a communication network that transmits
measurements to a power system controller.

• We use an independent point-to-point communication network to simulate the transmission
of the frequency signal from the WAMS to the Power System Stabilizers (PSSs) of a
synchronous machine and study the impact of different network parameters on the
communication delay.
• Figure 1 shows the relationship between the packet size and the transmission delay τt(t) with a
default data rate 5Mbps in a single point to point communication network, simulated by NS-3.
Figure 2 shows the relationship between the data rate and the transmission delay τt(t) with a
default packet size 1024 Bytes in the same communication network.

Objective
• Simulate a simple point-to-point and carrier
sense multiple access (CSMA) communication
network.
• Study the impact of packet size, data rate, etc.
on the delay of communication network.
• Study the impact of realistic communication
network time-varying delays on the dynamic
behavior of power systems.

Methodology
• Using an open source, discrete-event network
simulator, namely NS-3, to simulate the
behavior of communication networks.
• Using the Python-based software tool Dome to
solve power system analysis.
• The communication network delay can be
represented as:

Fig. 1 Relationship between packet size and
transmission delay.

Fig. 2 Relationship between data rate and
transmission delay.

• Now we consider the co-simulation of Dome and NS-3 for the IEEE 14-bus system. In this case,
we assume the line 2-5 outage (See Fig. 3) at t = 1.0 s. The impact of the communication delay
on the power system can be reflected as the variety of the frequency of generator 1 (See Fig.
3) by time. Generator 1 includes a Power System Stabilizer (PSS). We set the propagation delay
in NS-3 as τp2(t) = 0.1s same as the value of the constant delay. All parameters of the PSS are
the same in these three cases.
• Figure 4 shows the dynamic behavior of the rotor speed of generator 1 in the system with a
non-delayed PSS, a constant delay PSS and an NS-3 generated delay PSS.

τ(t) = τp1(t) + τp2(t) + τq(t) + τt(t).
where τ(t) is the communication network delay,
τp1(t) is the processing delay, τp2(t) is the
propagation delay, τq(t) is the queuing delay
and τt(t) is the transmission delay.
• Given a time t, we extract the communication
network delay τ(t) from the simulator NS-3.
Then return this delay τ(t) to the controller of
the power system and study the impact of this
delay on the dynamic behavior of power
systems.
• In this case, we study the influence of the
packet size and the data rate on the
transmission delay τ(t), which is a simple pointto-point communication network without any
network topology and queue protocol. Thus,
the queuing delay τq(t) and the processing
delay τp1(t) are approximately 0 and the
communication network delay can be rewritten
as:
τ(t) = τt(t) + τp2(t).
The network protocol is User Datagram
Protocol/Internet Protocol (UDP/IP).

Fig. 3 IEEE 14-bus system structure.

Fig. 4 Dynamic behavior of the No.1 synchronous
generator at different types of delays.

• According to Figure 4, the NS-3 generated delay PSS has a smaller oscillation than using a
constant delay in stationary conditions. This suggests that the co-simulation of power systems
and communication networks can provide a better understanding of the transient behavior of
power systems.

Conclusions
The co-simulation for power system and communication network is not yet completed. It can
only generate an ideal communication network delay for now. Future work will focus on
improving the fidelity of the co-simulation system. Packet loss, background traffic, queue
protocol, network topology, and different physical transmission media will be considered.
This is the work of the first year of the PhD programme and future research will focus on cosimulation of power system analysis software tools (Dome) and communication system
software tools (NS-3).
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