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Abstract—The random error characteristics of optical 
voltage sensors (OVS) directly affect the measurement accuracy. 
Sequence variance is a commonly used method to evaluate the 
characteristics of the OVS random error. However, sequence 
variance does not model the OVS noise itself and does not 
identify the noise coefficient in terms of OVS noise signature 
analysis. Based on sequence variance method, the improved 
sequential analysis of variance method is proposed to analyze the 
random error characteristics of OVS. After the OVS test data is 
processed by the improved sequential analysis of variance 
method, the least square fitting is performed, and the coefficients 
of each random error term are accurately solved. With the 
coefficients, the influencing factors are identified, and the 
corresponding error suppression measures are proposed. The 
experiments results demonstrate that the improved sequential 
analysis of variance method is different from the sequence 
variance method, the sequence variance method fluctuates and 
gradually increases when the correlation time is more than half 
of the total measurement duration, while the improved sequential 
analysis of variance method always remains relatively stable.  
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I. INTRODUCTION 

Optical voltage transformers overcome the limitations of 
electromagnetic current transformers in terms of accuracy, 
dynamic range and DC measurement. Optical voltage 
transformers have a series of advantages with high 
measurement accuracy, large dynamic range, wide frequency 
response range and anti-electromagnetic interference and 
digital output[1]. The issue of random error characteristics 
faced by OVS has been one of the major constraints that limit 
the application of OVS in power system control, protection, 
measurement and metering. OVS random error mainly comes 
from light source, detection circuit, fiber ring, optical devices 
such as a series of time-varying noise[2-4]. After the signal 
processing part of the interference signal containing non-
reciprocal phase filtering, conversion, signal processing, the 
characteristics of OVS output data mainly include random walk 
current noise, bias instability, random walk noise, rate ramp 
noise, quantization noise and sinusoidal noise. 

Sequence variance is a universal method to characterize 
frequency stability and is widely used in the analysis of error 
characteristics of precision instruments. Relevant literatures 

have verified the feasibility of sequence variance noise 
modeling theory in OVS noise feature, however, the OVS noise 
has not been modeled and the noise coefficient has not been 
identified. In this paper, the improved sequential analysis of 
variance method is used to analyze the random error 
characteristics of OVS. Five types of random errors of OVS are 
analyzed, and the error coefficients of the OVS random error 
model are calculated and identified by the least squares fitting 
method, and measures to suppress the random error of OVS are 
proposed. 

II. RANDOM ERROR CHARACTERISTICS OF OVS 

In practical engineering applications, OVS is not only 
affected by external environmental factors, including 
temperature, electromagnetic interference, as well as its own 
optoelectronic devices aging, mechanical deformation and 
other factors. OVS output signal contains a series of time-
varying noise, there are the shot noise of the photodetector, the 
fiber thermal phase noise, circuit noise and environmental 
noise.  

These random errors seriously affect the accuracy and 
reliability of OVS in power system control, protection, 
measurement and measurement[5,6]. There are some relations 
between the five basic random errors of OVS and the power 
spectral density SΩ(f) of the stochastic process Ω (t). The 
specific explanations and corresponding relations are as 
follows. 

In the OVS voltage measurement, the interference signal 
sampling value from analog to digital converter into a digital 
input to the central processing unit for signal processing. 
However, in general, a quantization error occurs because the 
current phase measured by the OVS is not an integral multiple 
of the quantization step during the measurement interval.  
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where Q is the quantization noise figure. 
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Random walk noise voltage is a measure of OVS noise 
level is an important indicator of accuracy to accurately reflect 
the limit. This noise is mainly due to shot noise of the 
photodetector, amplifier noise, electronic device thermal noise 
and some high-frequency noise with a shorter correlation time 
than the sampling time. To effectively curb the current random 
walk, general selection of pure light source, superior 
performance of photodetectors and other devices, and to 
maintain the stability of the ambient temperature[7,8]. The 
noise has a white noise power spectral density of 

   2S f N   

  2 2N    

where N is the current random walk coefficient 

Bias instability mainly comes from the related discharge 
components in OVS, circuit noise and environmental 
noise[9,10]. In general, this can be suppressed by improving 
design stability and a series of filtering methods. Mainly caused 
by the voltage signal of low-frequency fluctuations. Its rate 
power spectral density is 
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where, B is the partial bias instability coefficient, f0 is the cut-
off frequency. 

Random walk at a rate is the result of a power spectral 
density integral caused by a change in the voltage phase value, 
which is generally produced by white noise after passing 
through an integrator and has a long-term effect. The noise rate 
power spectral density is 
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where K is the rate random walk coefficient. 

The rate ramps appear in the OVS input-to-output 
characteristic data and are generally caused by the extremely 

slow, monotonic change in intensity of the OVS light source 
that lasts for a long time, and possibly also from outside 
temperature changes. Usually, a mathematical model can be set 
up according to the error compensation method to compensate, 
so as to reduce the impact of rate ramping noise. The 
corresponding rate power spectral density is 
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where R is the rate ramp coefficient. 

Since different types of random errors in OVS occur in 
different relevant time domains, the power spectral density of 
different types of noise and related time functions are not the 
same, so the noise statistics can be independently calculated, 
and can be obtained synthetically: 
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Then, abbreviated as 
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where Q is the quantization noise coefficient; N is the current 
random walk coefficient; B is the bias bias instability 
coefficient; K is the rate random walk coefficient; R is the rate 
ramp coefficient.  

The least square fitting of the above equation gives the 
estimated values of the respective random error coefficients. 

III. SEQUENCE ANALYSIS OF VARIANCE 

Let the sample length of the optical voltage transformer 
drift data be N and the sampling period be T. The samples are 
divided into K groups, each group contains M sample points, 
the correlation time of each group is τ = M • T, and the raw 
data is average filtered to obtain a new sample sequence. 

K N M   1 2M N  

The average for each group is 
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The estimation of the sequence variance is based on finite 
length data and the confidence of the estimate depends on the 
number of independent groups. For a given random sequence, 
the smaller the number of groups, the greater the estimation 
error of the sequence variance [11,12]. When the correlation 
time is long, the estimation of sequence variance fluctuates 
greatly. At this moment, the variance of sequence has poor 
estimation confidence, and the error of fitting the sequence 
variance curve by least square method will cause a big error. In 
the case of a large averaging factor, data symmetry makes it 
possible to "collapse" the sequence variance, ie, violent 
oscillations. 

Improved sequential analysis of variance method is a newer 
tool for frequency domain stability analysis. It extends the OVS 
signal by the mapping method to improve the degree of 
freedom of the original data and overcomes the possibility of 
"collapse" of the variance when the average factor is large The 
main advantage is that the confidence of the estimate is 
increased with a large average factor. 

Take a set of OVS partial measurement data xn (n=1,2,,Nx), 
the basic sampling interval is τ0, the total measurement 
duration T=(Nx-1)τ0 , the relative frequency offset is 

   1 0 1: , 1n n n y y xy x x n N N N     . The 

sequence ny  is extended by mapping into a new, longer virtual 

sequence. The extending process can be described as 
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Inverted-even mapping extends across both ends of the 
OVS data length to approximately three times as long as the 
original data, and a dummy data sequence is obtained. 
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The new variance is obtained by the method of fluctuating 
the average fractional frequency. 
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where m is the average factor, τ is the total number of samples, 
τ0 is the basic sampling interval. 

The correlation time τ of the original variance estimation 

can only be achieved by 0 2yN  , but the correlation time of the 
improved variance estimation is reached to 0yN  , and the 
estimated range is extended by 50% of the data length. 

IV. EXPERIMENT 

To evaluate the random error characteristics of optical 
voltage sensor, output voltage data of OVS prototype with 
stable working state was recorded.  

The random error characteristics of the model OVS were 
analyzed by means of sequence variance and modified 
sequence variance. The test data curve and double logarithmic 
curve are shown in Fig.1. The blue curve is the sequence 
variance curve and the red curve is the improved sequence 
variance curve. 

 
FIGURE I.  CURVE OF SEQUENCE VARIANCE AND THE IMPROVED 

SEQUENCE VARIANCE. 
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Figure 1 shows that the sequence variance and the 
improved sequence variance can be considered as exactly equal 
when the correlation time is short. However, as the average 
factor increases, the estimation of the variance of the series 
tends to fluctuate more and more. Especially at half the total 
duration of the measurement data, the estimation of the 
variance of the series changes very rapidly and the estimation 
error is larger. By improving the sequence variance method, the 
original data sequence is extended to three degrees of freedom 
by the inverse mapping method, and the confidence of the 
variance estimation is improved, so that no oscillation occurs 
and the oscillation of the sequence variance is solved. 

V. CONCLUSION 

The random error characteristics of optical voltage 
transformers (OVS) directly affect the measurement accuracy. 
The sequence variance is a common method to evaluate the 
random error characteristics of OVS. Aiming at data oscillation 
problem in the OVS random error by the sequence variance 
analysis, the improved sequence variance is proposed to 
analyze the random error characteristics of the OVS. The 
improved sequence variance method converts the tested time-
shifted data into frequency-shifted data and maps the virtual 
sequences that extend to nearly three times their length for 
processing. The improved sequence variance method increases 
the degree of freedom of the data, increases the confidence of 
the variance estimation, accurately determines the error 
coefficient of the OVS, and effectively separates the major 
random error sources. The improved method of sequence 
variance effectively overcomes the problem of data oscillation 
when the averaging factor is large, and has obvious advantages 
in analyzing the random error characteristics of optical voltage 
transformers. 
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