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Non-Invasive Impedance Wideband Measurement Method for
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Abstract To monitor the dynamic characteristics of the receiving AC system and assess the risk of
wideband oscillation in LCC-HVDC without additional equipment, this paper presents a non-invasive impedance
wideband measurement method for LCC-HVDC systems. Unlike existing invasive methods, such as single
voltage/current or wideband harmonic disturbance injections, the proposed method does not inject harmonic
disturbances into LCC-HVDC, thereby avoiding the potential resonance risk. Furthermore, the proposed method
introduces curve similarity and a dynamically adjusted time-step sampling scheme. First, this paper discusses the
interaction principles between the LCC system and the receiving AC system. Secondly, this paper establishes the
harmonic state space (HSS) impedance model for LCC-HVDC, based on HSS theory, focusing on the unipolar
earth loop topology. Subsequently, a non-invasive impedance wideband measurement method is proposed to
observe the operating state of the system, judge the risk of wideband oscillation, and analyze the interaction and
wideband oscillation characteristics between the LCC system and the receiver network through impedance
analysis. Finally, an example of CIGRE standard model is used to verify the correctness and practicality of the
proposed method.

Based on the HSS theory and the concept of digital modulus, this paper introduces a non-invasive impedance
wideband measurement method. Firstly, the system topology and the interaction principles of the LCC-HVDC
unipolar earth loop subsystems are detailed. Then, the impedance modeling of the LCC-HVDC system is
elaborated, and the HSS impedance mathematical model for wideband measurement is derived based on the
system's topology. Finally, the system model is constructed in MATLAB/Simulink using parameters from the
CIGRE standard model, and the impedance calculation model is applied to measure the impedance of the LCC
system. Combined with the measured wideband impedance curve, the interaction between the LCC system and
the receiving network, as well as the wideband oscillation characteristics, were analyzed using the generalized
Nyquist criterion for stability. At the same time, the Pearson correlation coefficient was introduced to capture the
similarity of impedance curves with high granularity, thereby exploring the adaptability of impedance models of
different orders and the factors influencing the oscillation risk. It offers theoretical support for the measurement
methods used in the engineering application of impedance measurement, and appropriately expanding the
permissible error range in the amplitude-frequency intersection can enhance the universality of impedance
analysis methods.

The main contributions and conclusions of this paper are summarized as follows: (1) A non-invasive LCC-
HVDC impedance model and impedance wideband measurement method are designed, which does not require
injecting harmonic disturbances into the system. The Pearson correlation coefficient between the measured
impedance curve of the 13th-order model and the fitted curve from active measurements is 0.998 3, which is very
close to 1. This high value indicates that the accuracy of the measurement model is high, suggesting a close match
with the actual impedance characteristics. (2) By analyzing the similarity matrix of measurement curves from
models of varying orders, it is observed that the Pearson correlation coefficients for the phase measurement curves

are closely matched for orders #=3, A=7, and h=11, with the highest deviation being within 0.2%. Consequently,
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the acceptable error margin for amplitude-frequency intersection points may be suitably broadened. Considering
computational efficiency, a lower-order measurement model within the range of 3 to 13 can be selected. (3) The
characteristics of the measured wideband impedance curve of the system can be observed under two conditions:
adaptive adjustment of the sampling time step and variation in transmission power. Adaptive adjustment of the
time step is not only conducive to accurately identifying the crossover points of the amplitude-frequency response
but also reduces the computational load and minimizes storage requirements. Conversely, an increase in
transmission power raises the risk of system instability.

Keywords: Line-commutated converter based high-voltage direct-current(LCC-HVDC), non-invasive,
impedance wideband measurement, harmonic state space, curve similarity, dynamically adjusted time-step

sampling
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