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Abstract — A new method of interferometric strain 

measurements was proposed. The method 

possesses high interferometric precision, does not 

require moving external mirror through measuring base and 

is characterized by use of improved signal post-processing 

with utilizing linearization and digital processing techniques. 

The proposed method is investigated for achieving accuracy 

of decades of nanometers in a wide dynamic range up to 200 

dB with a sensitivity of strain detection of the order of 10-12.   

Keywords — interferometer, strainmeter, vibrometer. 

I.  INTRODUCTION 

High-precision instruments are necessary in different 
areas, especially for applications in fabrication of micro- 
and nano- devices such as integrated circuits. Moreover, 
there are other applications [1, 2]. 

Seismic situation predicting is extremely important in 
such regions as Caucasus, Japan, Kamchatka, Malaysia, 
Philippines because it is necessary to save lives as much as 
possible.  

In addition, there is a need in monitoring of gravitational 
waves for deepening of humanity knowledge in such 
disciplines as physics, astronomy, and astrophysics [3, 4, 5]. 

Nowadays, the different techniques can be applied for 
solving those problems. For instance, on one hand, radio-
optical method of measuring distances utilizes counting 
number of periods of envelope of amplitude-modulated 
signal [6] and achieves accuracy of 0.1 mm. On other hand, 
interference method consists in counting number of 
interference fringes while external mirror is being moved 
along entire measured distance [7]. For example, highly 
sensitive interferometers as deformometers are applicable 
for studying acoustic and seismic processes occurring in the 
environment [8]. 

The implementation of the methods includes the 
determination of feedback parameters and the installation of 
stabilization modes, as well as the development of methods 
for digital processing of interferometric data [9]. 

 However, those instruments can require movements of 
external mirror possess accuracy of the order of 0.1 mm on 
distance of measurements of the order within 10-2—104 m 
[10]. 

There is still no apparatus that does not possess any of 
those disadvantages. Therefore, we propose the principle for 
measurements of distances and displacements by combining 
advantages of the methods. 

In addition, one of distinctive feature of the proposed 
method consists in post-processing by using Fourier-
analysis and linearization methods for reducing registration 
system noise level and for broadening dynamic range of 
signal registration. 

Classical interference methods were modernized with 
optical feedback. In this case, frequency modulation of 
radiation based on electro-optical, acousto-optical and piezo 
effects is used [11]. The frequency modulation of the 
interference signal is also provided by superposition of two 
waves of different optical frequencies. One of the methods 
of frequency modulation, based on the well-known property 
of semiconductor lasers to change the radiation frequency 
under the influence of changes in the injection current [12], 
made it possible to determine the distance to the object when 
using sinusoidal frequency modulation [13] and conduct 
simultaneous measurements of the range and velocity of 
diffusely scattering objects with linear frequency 
modulation [14]. 

We propose to use an interferometer based on a three-
mirror laser resonator with a new phase-frequency 
modulation method based on the superposition of two 
independent modulation processes. One of them is carried 
out using an electro-optical modulator (EOM), the 
modulation frequency is set by a sawtooth reference voltage 
(30 kHz) from an external source, this allows recording an 
interference signal even in the absence of deformation 
vibrations. The second modulation process is caused by 
changes in the length of the measuring arm of the 
interferometer in accordance with the deformation 
vibrations. In this case, the radiation parameters are 
controlled with a slow continuous adjustment of the cavity 
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length of the laser during operation in accordance with 
changes in the measuring arm of the interferometer. 

The feedback parameters are proposed to be determined 
by experimental modeling and by the characteristics of the 
electromagnetic field in a three-mirror laser resonator 
obtained from solving integral equations and numerical 
calculations. When developing digital processing 
techniques, Fourier transform methods are used and 
linearization methods are being developed, which makes it 
possible to compensate for interference introduced by the 
registration system and increase its dynamic range. 

The aim of this work is to investigate a method of high-
precision frequency-modulated laser interferometry based 
on frequency modulation of radiation from external mirrors 
which is applicable in studying spectral-time characteristics 
of acoustic and seismic vibrations in a wide dynamic and 
time ranges; implementation of the method and 
confirmation by experiments. 

II. RESULTS 

A. Visibility of interference pattern 

Derived formulas 

𝑉1 =
2√δ1

1+δ1
;    𝑉(ℓ, 𝐿) = 𝑉1𝑉2(ℓ, 𝐿) ; 

 

𝑉2(ℓ, 𝐿) =
2√1 + δ2

2 + 2δ2 cos(4𝜋𝛥𝜈(𝐿)
𝑐

ℓ)

1 + δ2
;    

 

Fig. 1. Visibility versus time (milliseconds) 

describe the visibility of interference pattern of two-mode 
radiation. 

The experiment for investigating dependence visibility 
versus time was carried out by using He-Ne laser of cavity 
length of 16 cm. The laser and an external mirror constitute 
a three-mirror interferometer. The visibility curves V0, V4, 
V8, V12, V16 (offset by 0.8, 0.6, 0.4, 0.2 and 0, respectively) 
are shown (Fig. 1) at the positions of the reflecting object at 
distances from the laser ℓ of 0 cm, 4 cm, 8 cm, 12 cm, 16 
cm, respectively. These curves describe the periodic change 
in the visibility values over time due to changes in the length 
of the laser resonator L during self-heating of the laser. The 
most abrupt changes in gradient were obtained on the V8 

visibility curve near the minima (≈35 s, ≈110 s, ≈200 s, 

≈ 300 s) (two-mode laser mode). In addition, on each 

visibility curve, there is a periodicity of the section where 
the visibility gradient almost does not change. For example, 
on the visibility curve V8, insignificant (compared to the 
areas in the vicinity of the minima) changes in visibility are 
observed in such areas as 45—100 s, 125—180 s, 212—280 
s (single-mode laser mode) 

B. Linearization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Visualization of source data of seismic vibrations 
during the second day of measurements (above) and its hour 

detailing (below) 

Fig. 2 represents signal reference point offsetting made 
by voltage registration system. Registered signal is being 
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got from photodetector which writes data about light 
interference in three-mirror scheme. 

The interferometer registration device operates in the 
range of ± 8λ/2 (±2.5 microns), while each vertical offset of 
the reference point of the registration system corresponds to 
an offset of 2.5 microns. 

Those offsets can be eliminated as part of signal post-
processing. In addition, linearization was applied for 
decreasing side signals and increasing deformation signals.  

 

Fig. 3. Linearized data of seismic vibrations during the third 

day of measurements 

Fig. 3 demonstrates linearized data of seismic vibrations 
during the third day. 

The spectral-time diagram (Fig. 4) shows the amplitude-
frequency changes in the nature of the signal over time in 
the frequency range 0-5000 mHz (0-5 Hz) during the last 
two hours of the fourth day of the data obtained. In Fig. 4, a 
seismic process is highlighted in green, expressed by a linear 

spectrum in the form of wide band of frequency of ≈1800 

mHz. The frequency deviation width is changing with time 

between ≈100 mHz and ≈500 mHz. This means that this 

process is a frequency-modulated quasi-harmonic pulse. 
This may be due to an anthropogenic source of seismic 
vibration [15]. In the frequency ranges between 800 mHz 
and 1100 mHz and from 3000 mHz to 4000 mHz, the 
amplitude of the recorded processes drops to the 
background level of 40 to 60 dB, which is noted in light-
green/white. This makes it possible to register P-waves with 
a high signal-to-noise ratio, since their energy is mainly 
concentrated in this frequency range [15].  

Spectrum of difference of source signal and its 
linearization is represented in the Fig. 5. 

C. Spectrogram

 

Fig. 4. Spectrogram of the second day of measurements 

 

Fig. 5. Spectrogram of the difference 

CONCLUSION AND DISCUSSION 

The achieved minimums in visibility graphs are 
considerably sharper in comparison with maximums. 
Maximums are relatively gentle. Thus, minimum visibility 
detection may give greater sensitivity for device. However, 
usually noises deteriorate more valuably for maximums than 
for minimums. That is possible topic for future studies. 

Signal reference point offsetting and linearizing 
techniques increase SNR (signal to noise ratio) and allow 
studying the spectral-temporal characteristics of acoustic 
and seismic vibrations in a wide dynamic and time ranges. 
That has been confirmed by computational and physical 
experiments where density of frequency-independent non-
zero parts represented as spectrum of difference of source 
signal and its linearization is negligible in comparison with 
spectrum of the linearized signal. 
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Аннотация — Предложен новый метод 

интерферометрических измерений деформаций. Способ 

сочетает в себе интерферометрическую точность, не 

требует перемещения внешнего зеркала через 

измерительную базу и характеризуется использованием 

улучшенной постобработки сигнала за счет 

использования методов линеаризации и цифровой 

обработки. Предлагаемый способ исследуется для 

достижения точности в десятки нанометров в широком 

динамическом диапазоне до 200 дБ с чувствительностью 

обнаружения деформации порядка 10-12. 

Ключевые слова — интерферометр, стрейнметр, 

виброметр. 
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