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In the laser self-mixing interference vibration measurement system, the self mixing interference signal is usually
weak so that it can be hardly distinguished from the environmental noise. In order to solve this problem, we
present a self-mixing interference optical path with a pre-feedback mirror, a pre-feedback mirror is added between
the object and the collimator lens, corresponding feedback light enters into the inner cavity of the laser and the

interference by the pre-feedback mirror occurs. The pre-feedback system is established after that. The self-mixing
interference theoretical model with a pre-feedback based on the F-P model is derived. The theoretical analysis
shows that the amplitude of the intensity of the interference signal can be improved by 2-4 times. The influence
factors of system are also discussed. The experiment results show that the amplitude of the signal is greatly
improved, which agrees with the theoretical analysis.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Laser self-mixing interference refers to the effect that when the out-
put light of the semiconductor laser has been reflected or scattered by
external objects, part of the reflected or scattered light will return back
to the laser cavity, and interference with the light in the cavity, then
modulate the characteristics of laser output [1-3].Because the feedback
light contains the information of external objects, it is widely used in the
measurement of displacement [4,5], vibration [6,7], velocity [8,9] and
so on. Compared with the traditional optical measurement method, the
laser self-mixing interference method has a simple and compact struc-
ture, low cost and high precision, so it gets more and more attention
[10].

In the self-mixing interference vibration measurement, when the
measured target reflectivity is low, the amount of light reflected into
the laser cavity is very small, the measurement system is in weak opti-
cal feedback, the measurement signal is weak and the amplitude of the
signal is small at this time [11], the tilt direction of the waveform is
also not obvious enough to detect the direction of the vibration, and it
will bring great difficulties in the subsequent signal processing. In order
to improve this situation, researchers have done a lot of work, e.g. (a)
Designing a filter circuit to reduce the noise to increase the SN ratio and
amplify the amplitude [12]. This method can filter out the noise, but
it needs a complex circuit design, and the stability of the system may
not be good. (b) Studying new signal reconstruction algorithm to im-
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prove the ability of resisting noise [13]. Although this method does not
require additional circuit, it is not widely applicable and the accuracy
is not very high. (c) Using phase modulation technique to improve the
measurement accuracy [14]. This method can extract the interference
signal very well and has a very high precision, but it is very complex and
the cost is high. In this paper, the laser self-mixing interference vibra-
tion measurement optical path with a pre-feedback mirror is presented,
a high reflectivity (comparing with that of the object’s surface to be
measured) optical mirror is added in the optic path as a pre-feedback
mirror, it consists another resonance cavity, and the pre-feedback mirror
and the laser’s two cavity surfaces consist a structure which is similar
to external cavity semiconductor laser. So the spectral line of the laser
becomes narrow according to the principle of energy distribution, it can
be seen that the frequency selectivity becomes better, and the probabil-
ity of resonance with the feedback light of the surface of the object to be
measured is greatly increased. So it can be known that when the mirror
is in a right position, it can greatly enhance the signal amplitude and
the degree of the tilt, and make the subsequent processing easier.

2. Principle

The theoretical study of the self-mixing interference effect provides a
theoretical guide for the application of self-mixing interference technol-
ogy. During this process, the researchers have established the L-K model
of rate equations [15], the three mirror cavity model theory [16], the
five mirror cavity model [17], and self-injection locking theory model

Received 2 May 2017; Received in revised form 28 December 2017; Accepted 29 January 2018

0143-8166/© 2018 Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.optlaseng.2018.01.022
http://www.ScienceDirect.com
http://www.elsevier.com/locate/optlaseng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optlaseng.2018.01.022&domain=pdf
mailto:wei.zhu@bit.edu.cn
https://doi.org/10.1016/j.optlaseng.2018.01.022

W. Zhu et al.

L

Fig. 2. The self-mixing interference model with a pre-feedback mirror.

[18]. The mathematical model of laser self-mixing interference is ob-
tained, and the expressions are as followed [19]:
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In the above formulas, C is the feedback strength factor, « is
linewidth enhancement factor, ¢, and ¢y are the phase without opti-
cal feedback and with optical feedback respectively. P is laser power
without optical feedback, and P is the modulated laser power. m is the
modulation coefficient, G(¢y) is the interference function.

It is laser cavity in the Fig. 1, d is the cavity length, the complex
refractive index of the laser is n, = n —ig, n is about the propagation
velocity of light in the medium, g contains the gain coefficient and the
attenuation of the light in the medium, ry, r5, is the reflection coefficient
of amplitude of the laser’s front face and back-end respectively [20].

The laser oscillation condition can be expressed as Eq. (4).
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Where k, is the number of the vacuum wave of the light in the center
frequency. 4, is the wavelength of the oscillation laser.
From the Eq. (4), the Eq. (6) is achived:
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ny and g, are the real and imaginary parts of the complex refractive
index of the laser respectively, which is formed by the stable oscillation.

The self-mixing interference model with a pre-feedback mirror is
shown in Fig. 2.

In the Fig. 2, ry r3 and r,4 are the reflection coefficient of the laser’s
back-end, the pre-feedback mirror and the surface of the external object
respectively. The distance from the laser facet to the pre-feedback mirror
is1;, and the distance between the pre-feedback mirror and the external
object is I,.the external cavity of the target and the pre-feedback mirror
will be been equivalent in turn, and finally, the optical feedback effect
of the external cavity is equivalent to the output end of the laser [21].
The expressions of equivalent reflectivity are the Egs. (7) and (8).
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As found in Eqgs. (7) and (8), ¢, = 01y, @) = 01y, 75 =2l /c, 1) =
21, /c. ¢ is the vacuum speed of the light, w is the angular frequency of
laser. From the Egs. (6) and (7), it can be obtained:

C)]

Where & = (1 = r2)ry/ry, & = (1 = r2)(1 = r2ry/ry.&1 is the feedback
coupling coefficient of the pre-feedback mirror, and &, is the feedback
coupling coefficient of the target.

According to the Egs. (4)-(6), (9), after the simplified processing,
the expressions of the laser self-mixing interference measurement with
a pre-feedback mirror can be expressed as:
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Egs. (10) and (11) can be further expanded.
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Where c is the velocity of the light, [; is the position of the pre-
feedback mirror, [; is the length of the external cavity, the value is equal
to I; +1,, Al stands for external vibration, w,,, and w,;, are the max-
imum and minimum values of the laser angular frequency respectively
.From the Eq. (13), it can be seen that when there is no external optical
feedback, Ap is a constant value(i.e. Fig. 1), but Ap will change with
the position of the pre-feedback mirror when the feedback light enters
into the cavity(i.e. Fig. 2), if the pre-feedback mirror is in an appropri-
ate position, the value of Ap can be great, so it can be known that the
amplitude of the measured signal can be effectively improved by using
a pre-feedback mirror. It can improve the accuracy of the AD sampling
and bring great convenience for the subsequent signal processing.

According to the Eq. (13), using MATLAB to simulate the model, The
simulation conditions are as follows: the laser wavelength is 635nm,
the initial external cavity length is 0.3 m, and the target feedback cou-
pling coefficient is 0.00061, the feedback coupling coefficient of the pre-
feedback mirror is 0.002, and the positions of the pre-feedback mirror
are 0.068 m, 0.078 m, 0.098 m and 0.106 m respectively. The simulation
results are shown in Fig. 3.

It can be seen from the Fig. 3 that the existence of the pre-feedback
mirror makes the amplitude of the interference signal and the inclina-
tion of the interference fringe increase slightly. When the mirror is in a
proper position, the amplitude can be increased.

According to the Eq. (13), the theoretical analysis of the pre-feedback
waveform is as follows. Other parameters remain the same, the position
of the pre-feedback mirror and its feedback coupling coefficient are the
variables, and the results are shown in Fig. 4.

In order to determine the influence of the factors on the change law
of the pre-feedback interference waveform, the specific analyses are as
follows.

Firstly, other parameters remain the same, the initial external cavity
lengths are 0.3 m, 0.4 m and 0.5 m respectively, and the simulations are
shown in Fig. 5.

The amplitudes of the Fig. 5(a)-(c) were taken, as shown in Table 1.

From the Egs. (12) and (13), it can be seen that w will reduce when
Iy increase, the two factors work together to make the Ap almost un-
changed. So it can be known that the length of the external cavity has
almost no influence on the amplitude of the signal. The simulation re-
sults in Fig. 5 and Table 1 can also be used to prove this conclusion.
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