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Abstract— In an interferometer system, the interferometer’s phase stores essential information of an object of
interest. Hence, one of the fundamental optical interferometry problems is to estimate such a phase (aka signal of
interest). Another critical issue in the interferometry is the
interferometer’s stabilization. In this work, we propose a
nonlinear observer that estimates the interferometer phase
signal. Besides, we design a nonlinear control algorithm
that globally stabilizes the interferometer to any of the
stable equilibrium points. For that aim, we only use the output voltage, a piece of the usually available information in
any interferometer. This fact results in an output feedback
control scheme. A rigorous stability analysis is presented
together with simulations that corroborate the theoretical
results.
Index Terms— Interferometer, Lyapunov stability, nonlinear observer, optics, output feedback control.

Photodetector
Feedback
Mirror

Object

Movable object
of interest (PZT under
evaluation)
Observer and
Control
System

Laser

Feedback movable mirror
(PZT actuator)

Fig. 1. Block diagram of the Michelson interferometer with a control
system in the loop. There are two mobile devices: the PZT piezoelectric
actuator and a movable object of interest.

I. I NTRODUCTION
Optical interferometry is now accessible to a wide range
of engineers, optical researchers, manufacturers, and even astronomers. Especially for astronomers, interferometry provides
a powerful new tool to unlock the secrets of the universe [1].
For example, a black hole was photographed for the 1st time
in 2019 [2]. As one can imagine, optical interferometry is
science relevant for nowadays applications. One of the most
crucial interferometry problems aims to answer the following
question. How do we estimate the phase of a signal given
by an interferometer? Several methods have been proposed to
answer this question; most of them are the so-called phaseshifting algorithms [3]. On the other hand, another problem
is stabilizing interferometers. Usually, in the interferometry
literature control system approach is rarely used for such
stabilization and only relies on simple linear control methods
[4], [5], [6], [7]. This paper proposes a method based on
control theory to robustly stabilize an interferometer while
accurately estimate the phase of the signal with a nonlinear
state estimator algorithm. For that aim, we first develop a
dynamic model that represents the interferometer. Then, we
propose a control strategy to stabilize the interferometer.
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A. Related work
Several works implemented different techniques to obtain
the phase from a given interferometer. For instance, in [8], the
authors experimentally performed adaptive phase estimation
using time-symmetric quantum smoothing for a varying phase
on a continuous wave coherent beam. In [9], the authors
presented an interferometric phase control capable of locking
any chosen phase value. However, this approach is heuristic,
and the results are not mathematically demonstrated. The
latter is the case of the vast majority of works that deal
with interferometric phase estimation and control. One of
the most relevant results is [10], where authors improved a
telescope’s interferometric imaging performance. The authors
used classical control theory to estimate a telescope’s mirror
motions. In particular, they used a Luenberger observer.
Further, the authors of [11] described a phase-shifting
interferometric algorithm using an arbitrary phase step. The
algorithm characterized a piezo-actuator1 nonlinearity and
precisely estimated the vibration-induced during piezoelectric
transducer translation. Assuming no error in the PZT, six data
frames were sufficient to estimate the correct phase steps.
Contrary to [11], we will estimate the phase without using
data frames; indeed, we only need a feedback signal from the
movable object of interest usually available in experimental
benchmarks. Finally, in [12], the authors presented a control
system to stabilize an interferometer; however, such a work
lacks several mathematical formalisms and does not recover
1 Lead

zirconate titanate piezoelectric transducer, shortened PZT.
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the interest signal. In our work, we solve those problems.
B. Contribution
In the vast majority of the interferometry works, estimation
and observer theory is not implemented nor considered. Moreover, nonlinear control algorithms are rarely applied; besides,
these rare works usually do not provide mathematical proof
that formally supports their results [12], [10]. In term of interferometry modeling, two main approaches are popular from
the optics community: the phase-shifting algorithms operating
in the time domain [13], and that of the frequency domain
[14]. Also, it is prevalent that in such papers, the authors
use an algebraic interferometer mathematical model. Using
that model and classic optic techniques, the signal of interest,
i.e., the interferometer phase, is obtained. This interferometer
phase contains the required information to characterize the
object of interest [15].
We start studying the well-known interferometer algebraic
model. From that model, we build the interferometer dynamics. In particular, the studied model can represent the Michelson Interferometer [15], [16]. In the Michelson interferometer,
we consider two mobile devices: the PZT actuator permitting
a feedback laser beam; and a movable object of interest which
can be represented by another PZT actuator, see Fig. 1. Once
we have modeled the Michelson Interferometer dynamics, we
propose a robust nonlinear control algorithm based on variable
structure systems [17], [18] to stabilize the interferometer
system. Besides, we propose an estimation algorithm to obtain
the unavailable state and the signal of interest: the interferometer phase. These two approaches are put together to form
the so-called output feedback control, in which we use the
estimated signal for control. Our work’s contribution relies
on applying the nonlinear control and estimation theory for
optical interferometry.
C. Outline
The remainder of this paper is as follows. Section II
develops the Michelson interferometer dynamic model. The
problem statement is given in Section III. This paper’s main
result is presented in three theorems given in Section IV. These
theoretical results are afterward corroborated with numerical
simulations in Section V. Finally, conclusions and final remarks are discussed in Section VI.
II. S YSTEM

DESCRIPTION

A. Interferometer
One of the most outstanding interferometer configuration is
the Michelson interferometer [19]. Michelson interferometer
is used for detecting the length difference between two paths
l1 and l2 by means of optical interference, see Fig. 1.
B. Michelson Interferometer model
The two-beam interferometric signal is modeled as [20]
p
I(t) = I1 (t) + I2 (t) + 2 I1 (t)I2 (t) cos (α1 (t) − α2 (t)) (1)

where t is the time, I1 is the reference light intensity from
the laser, I2 is the intensity of the Doppler-shifted light
returned from the sample surface, and α1 (t) − α2 (t) is the
interferometer phase. Equation (1) can be rewritten as [3]
I(t) = a1 (t) + a2 (t) cos (ϕ(t))

(2)

where the terms a1 and a2 represent the background and local
contrast functions, respectively; and ϕ(t) = α1 (t) − α2 (t)
is the searched phase function. There is a trans-impedance
circuit for changing the light signal into a voltage signal2 .
Then, a photodetector captures the interferometer’s intensity.
Thus, after this process, the signal (2) is represented as
v(t) = A + AV cos (ϕ(t)).

(3)

In this voltage representation, A accounts for the laser power,
photodiode responsivity, and amplifier gain, while V is the
fringe visibility [12].
Now, let us consider the following assumptions [12].
Assumption 1: The terms A and V in (3) are constants.
Assumption 2: Terms (A, V ) are considered known as they
can be determined experimentally by a self-calibration procedure [21].
Assumption 1 permits to remove A from (3). Also, by Assumption 2 the equation (3) is rewritten as follows
v(t) = AV cos (ϕ(t)) = −AV sin (ϕ(t)).

(4)

Voltage (4) is filtered to compensate for fluctuations of the
signal of interest ϕ(t) under possible external disturbances,
which usually occur at frequencies below 20 Hz. To this aim,
a low pass filter can be used:
H(s) =

1
Z2 (s)
=
,
V (s)
1 + s/ωc

(5)

where ωc is the cutoff frequency; s stands for Laplace transform complex variable; V (s) is the input voltage (v(t) in (4))
represented in the frequency domain; and Z2 (s) is the output
voltage in the frequency domain. Then, (5) can be represented
in the time domain as follows
1
ż2 (t) + z2 (t) = v(t).
(6)
ωc
with v(t) = −AV sin (ϕ(t)) from (4).
On the other hand, the phase displacement ϕ(t) in (4) can
be modeled as follows [19] pp. 115, [22] pp. 21:

2πχ 
ϕ(t) =
L∆ns (t) + ns (t)∆L(t)
(7)
|{z}
λ
z1

where χ is the sensibility factor; λ is the wavelength of
the laser light; ns (t) is the refractive index; L is the device
length; ∆L(t) = l2 − l1 is the variation of the interferometer
length; and ∆ns (t) represents the variation in the refractive
index along the optical path traveled by the rays through
the interferometer arms. Next, consider that the medium of
propagation is the air, and then ns = 1; also consider that
there is no refractive index variation; moreover observe that
2 The trans-impedance circuit allows the circuit-designer to turn light hitting
a photodiode into an output voltage.
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χ = 2 for the Michelson interferometer since the laser beam
passes two times along its arms, doubling the sensibility. Then
(7) can be rewritten as ϕ(t) = 4π
λ ∆L(t), where ϕ(t) = z1
represents the total phase displacement at the interferometer
input, being a function of the optical path difference between
its two arms.
C. Interferometer model for control
To obtain the interferometer’s dynamics, we consider the
states (z1 , z2 ) in (6) and (7). These states represent the phase
displacement and the filtered output voltage measured by the
photodetector, respectively. Thus (7) can be represented by
z1 = ∆φ + υ.

(8)

where υ is related to the control signal, and ∆φ is the
term of modulated phase containing the information about the
displacement of the movable object of interest. The phase ϕ(t)
is modified by the PZT actuator under evaluation and by the
PZT feedback actuator at reference arm, see Fig. 1 for the
graphical description of the previous. The dynamics of (8) is
given by
˙ + υ̇ .
ż1 = ∆φ
(9)
|{z} |{z}
δ(t)

u

Then, from (4), (6), (7) and (9) the nonlinear system that
models the interferometer is as follows
ż1 = u + δ(t)
1
AV
sin z1 −
z2
ż2 = −
τ
τ
|{z}
|{z}
a

(10)
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Stabilize the interferometer system (10) to any of the
equilibrium points.
• Estimate δ(t) in (10) corresponding to the movable object.
Remark 1: The closed-loop system has infinite equilibrium
points; this fact is desirable. As it is well known, it is
extremely difficult to assemble a two beams interferometer
(like a Michelson or Mach–Zehnder interferometer) with the
reference and sensor arms of the same lengths. Therefore a
static phase difference is always present. In other words, if
the system is stable through an appropriate control technique,
it will converge to any of those equilibrium points (usually to
the nearest equilibrium for the unknown initial static length
difference between the interferometer arms). Depending on
the chosen actuator device (like PZT, fiber wound around
cylindrical PZT, Pockels cell, IO phase shifter, among others),
a considerable difficulty can occur in driving it from a starting
point to a distant point from the origin (that is, the zero-order
fringe). This is due to inherent problems related to the limited
dynamic range for the actuators’ optical phase variation.
•

IV. M AIN RESULTS
This section presents our main results divided into three
theorems: a) feedback control in which we assume that all
states are available for feedback, b) a nonlinear observer to
estimate the unknown states in the system (10), and c) using
the two first results, an output feedback control to stabilize
(10) to any of the stable equilibria.

b

where (z1 , z2 ) are the system states; 1/τ = ωc , A and V
are system parameters considered constants; and δ(t) is the
time-derivative of the signal of interest. Also, observe that the
unperturbed and open-loop system (system (10) when δ(t) = 0
and u = 0) has an infinity number of equilibrium points.

A. Feedback control
Let consider the following assumption.
Assumption 3: The unknown phase shift has the first two
time-derivatives bounded as follows
|δ| ≤ c,

III. P ROBLEM STATEMENT
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Fig. 2. Block diagram of the interferometer closed-loop system.

The interferometer’s main purpose is to provide a way to
measure the phase shift ∆φ(t) at its input while providing
stability to the system. Also, it is important to highlight that
the state z1 cannot be measured in real experiments, since the
state z1 = ∆φ(t) + υ contains the unknown and searched
phase ∆φ(t). However, a photodetector can measure z2 ; see
Fig. 1. Therefore, the problem can be summarized as follows.
Problem 1: Consider system (10) where it is only possible
to measure the state z2 , i.e. it has output y = z2 . The
challenges are:

δ̇ ≤ d

(11)

where c, d ∈ R+ .
The first main result is summarized next.
Theorem 1: Consider system (10) and Assumption 3, also
consider the controller given by3
u = −k sgn z1 − κz1

(12)

where k, κ ∈ R+ . Then the origin of the closed loop system
(10)-(12) is globally exponentially stable (GES).
Proof: The proof is based on Lyapunov theory for
variable structure systems [23]–[26]. Let a candidate Lyapunov
function V (z1 , z2 ) be given by
V =

1 2
z + ρ |z2 |
2 1

(13)

where ρ ∈ R+ is a free parameter. Thus one calculate the time
derivative of the Lyapunov function V (z1 , z2 ) using (12) and
3 Note that δ in (10) is considered unknown, and hence it does not appear
in this control.
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evaluate it in the trajectories of (10)
∂V
∂V
ż1 +
ż2
∂z1
∂z2
= z1 (u + δ) + ρ sgn z2 (−a sin z1 − bz2 )

V̇ =

(14)

= −k |z1 | − κz12 + δz1 − ρa sgn z2 sin z1 − ρb |z2 |

the
last
inequality
follows
since
sgn(ẑ1 −
z1 ) (sgn z1 − sgn ẑ1 ) ≤ 0. We continue with V̇2 as follows.


∂V2 de2
V̇2 =
= l2 sgn(e2 ) ẑ˙2 − ż2
∂e2 dt
(18)
= l2 sgn(e2 ) (a sin z1 − a sin ẑ1 − %e2 )
≤ l2 a|e1 | − l2 %|e2 |

≤ − (k − c − ρa) |z1 | − ρb |z2 |
since |δ| ≤ c and inequalities |sin z1 | ≤ |z1 |, |sgn z2 | ≤ 1
hold. If k > c + ρa and ρ > 0, then V̇ < 0 ∀z ∈ R2 \ {0}.
Furthermore, V̇ ≤ −ηV with η = min{q, b} on the arbitrarily
large set Q = {z ∈ R2 | |z1 | ≤ q} where q = 2(k − c − ρa).
Since the above differential inequality holds on the solution of
the closed-loop system (10)-(12) on the set Q, V exponentially
decays with decay rate η, i.e.
V (z1 (t), z2 (t)) ≤ V (z1 (t0 ), z2 (t0 )) exp (−η(t − t0 )). (15)
This proves that origin of the closed-loop system (10)-(12) is
exponentially stable. As the Lyapunov function (13) is radially
unbounded, i.e. V (z) → ∞ as kzk → ∞ then the closed-loop
system is GES [27].

where % = b + κ2 ; also the last inequality follows from the
Lipschitz property of the sin (·) function. We proceed in the
same manner for V3


∂V3 de3
˙
= l3 e3 δ̂ − δ̇
V̇3 =
∂e3 dt

(19)
= l3 e3 −κ3 sgn(e2 ) − κ4 (e3 + δ) − δ̇
≤ (κ3 l3 + κ4 l3 c + l3 d) |e3 | − κ4 l3 e23
where we have used Assumption 3. Then, from (17), (18), and
(19) it follows that
Ṽ˙ ≤ −l1 κ|e1 | + l1 κ1 |e2 | + l1 |e3 | + l2 a|e1 | − l2 %|e2 |+
(κ3 l3 + κ4 l3 c + l3 d) |e3 | − κ4 l3 e23
≤ − (l1 κ − l2 a) |e1 | − (l2 % − l1 κ1 ) |e2 |
− (κ4 l3 |e3 | − l1 − κ3 l3 − κ4 l3 c − l3 d) |e3 | ≤ 0
(20)

B. Nonlinear observer
Recall that the variables δ(t) and z1 cannot be measured,
and hence control (12) cannot be implemented in practice. We
propose a solution to this situation utilizing an observer.
Theorem 2: Consider system (10) where only the state z2
is available, then the following system
ẑ˙1 = −k sgn ẑ1 − κẑ1 + δ̂(t) − κ1 (ẑ2 − z2 )
ẑ˙2 = −a sin (ẑ1 ) − bẑ2 − κ2 (ẑ2 − z2 )
˙
δ̂ = −κ3 sgn (ẑ2 − z2 ) − κ4 δ̂

(16)

is an observer for system (10) and hence the error solutions
e1 (t) = ẑ1 −z1 , e2 (t) = ẑ2 −z2 and e3 (t) = δ̂ −δ are globally
asymptotically stable.
Proof: The proof is based on Lyapunov stability analysis.
Let us define the following errors between the original system
states (10) and the estimate states (16): e1 = ẑ1 − z1 , e2 =
ẑ2 −z2 and e3 = δ̂−δ. The proof consists in obtaining the error
dynamics from the last errors and determine that the errors
converge to zero in some sense. Then, consider the following
candidate C 1 Lyapunov function Ṽ = V1 + V2 + V3 where
V1 = l1 |e1 |, V2 = l2 |e2 | and V3 = l23 e23 with l1 , l1 , l3 ∈ R+ .
Now let us compute the time derivative of Ṽ evaluated in the
error trajectories defined above:


∂V1 de1
= l1 sgn(e1 ) ẑ˙1 − ż1
∂e1 dt
= l1 sgn(e1 ) (−k (sgn ẑ1 − sgn z1 ) − κe1 − κ1 e2 + e3 )

V̇1 =

≤ kl1 sgn(e1 ) (sgn z1 − sgn ẑ1 ) − l1 κ|e1 |+
l1 κ1 |e2 | + l1 |e3 |
≤ −l1 κ|e1 | + l1 κ1 |e2 | + l1 |e3 |,
(17)

the last inequality holds as long as
l1 + κ3 l3 + κ4 l3 c + l3 d
, l1 κ > l2 a, l2 % > l1 κ1 .
κ4 l3
(21)
Notice that in the above part of the proof all the positive
constants l1 , l2 , l3 , κ1 , κ2 , κ3 , κ4 , and κ are free parameters.
Also, bounds (c, d) in (11) are given by the assumption 3.
Then, the error states (e1 (t), e2 (t), e3 (t)) ultimately converge
arbitrarily near to the origin, since it depends on the particular
values of such constants; see (21).
To prove the asymptotic stability, we use the LyapunovLike Lemma, which results as a corollary from the Barbalat’s
Lemma [27]. The Lyapunov-Like Lemma basically claims that
if: a) Ṽ is lower bounded; b) Ṽ˙ is at least negative semidefinite; and c) Ṽ˙ is uniformly continuous in time, then Ṽ˙ → 0
as t → ∞. Let us verify such conditions for our Lyapunov
function Ṽ and its time derivative (20). First, let us consider
the statement a). Observe that Ṽ is lower bounded by the
origin (this comes from the Lyapunov function definition). On
the other hand, notice from (20) that Ṽ˙ can be considered as
negative semi-definite, thus condition b) is fulfilled. Finally,
to prove c), let us consider the following lemma.
Lemma 1: If f˙(t) is bounded, then f (t) is uniformly continuous.
Simple calculations yields that Ṽ¨ is bounded, since sgn (·) is
bounded and the states (e1 , e2 , e3 ) were shown to be bounded.
As a consequence, Ṽ˙ is uniformly continuous and statement
c) is proven. Hence, by the Lyapunov-Like Lemma Ṽ˙ → 0 as
t → ∞, which in turn results that (e1 , e2 , e3 ) → 0 as t → ∞.
An asymptotic stability is proven. Finally, the global stability
result comes from the fact that the Lyapunov function Ṽ is
radially unbounded.
|e3 | >
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Remark 2: For recovering ∆φ(t) in (8), we need to calculate the time-integral of the obtained estimate δ̂(t). This is due
from the nature of (9).

Then, the time-derivative of Ṽ in (24) is based on Ṽ˙ (e1 , e2 , e3 )
already computed in (20). Consequently, the time-derivative of
W of (24) uses (20) and (25) and results in
Ẇ = K V̇ (ẑ1 , ẑ2 ) + Ṽ˙ (e1 , e2 , e3 )

C. Output feedback control analysis
As the reader can see, we have separately designed the
control (12) and the observer (16) for system (10). This is
possible thanks to the separation principle, which states that
an observer and a control can be designed in a separate way,
and then, be implemented together using the estimated states
for feedback [28], [29]. We implement this approach called
output feedback control.
Theorem 3: Suppose that assumptions 1, 2 and 3 hold and
furthermore the control (12) makes the origin of system (10)
globally exponentially stable. Then, the same system in closedloop form with the feedback control
u = −k sgn ẑ1 − κẑ1

(22)

together with (16) achieves a practical stability.
Proof: Consider the following error dynamics together
with the observer dynamics as follows:
ė1 = −k (sgn ẑ1 − sgn z1 ) − κe1 − κ1 e2 + e3
ė2 = a sin z1 − a sin ẑ1 − %e2

≤ −K(k − c) |ẑ1 | − Kκẑ12 − Kρb |ẑ2 |
− Kκe1 ẑ1 − Kκ1 e2 ẑ1 + Ke3 ẑ1
+ Kρa |ẑ1 − e1 | + Kρa |e1 | + Kρ(b + %) |e2 |

(26)

− (l1 κ − l2 a) |e1 | − (l2 % − l1 κ1 ) |e2 |


− κ4 l3 |e3 | − l1 − κ3 l3 − κ4 l3 c − l3 d |e3 |.
Once we arranged all the terms in (26) it follows that
Ẇ ≤ −K (k − c − ρa − κ |e1 | − κ1 |e2 | − κ1 |e3 |) |ẑ1 |


− Kκẑ12 − Kρb |ẑ2 | − l1 κ − l2 a − 2Kρa |e1 |


(27)
− l2 % − l1 κ1 − Kρ(b + %) |e2 |


− κ4 l3 |e3 | − l1 − κ3 l3 − κ4 l3 c − l3 d |e3 |.
Therefore the closed-loop system achieves practical stability
as long as we choose sufficiently large gains such that k >
c+ρa+κ sup |e1 |+κ1 sup |e2 |+κ1 sup |e3 |, l1 κ > l2 a+2Kρa,
l2 > l1%κ1 + Kρb
% + Kρ, and (21) hold.

ė3 = −κ3 sgn e2 − κ4 (e3 + δ) − δ̇
ẑ˙1 = ż1 + ė1 = −k sgn ẑ1 − κẑ1 + δ(t) − k sgn ẑ1

V. S IMULATIONS

+ k sgn z1 − κe1 − κ1 e2 + e3
ẑ˙2 = ż2 + ė2 = −a sin (ẑ1 − e1 ) − b (ẑ2 − e2 ) + a sin z1
− a sin ẑ1 − %e2 .
(23)
Let us consider the following candidate Lyapunov function


l3
1 2
ẑ + ρ |ẑ2 | + l1 |e1 | + l2 |e2 | + e23
W =K
2 1
2 }
(24)
{z
|
{z
} |
V (ẑ1 ,ẑ2 )

5

Ṽ (e1 ,e2 ,e3 )

where K > 0; and Ṽ is invoked from the observer’s stability
analysis.
Let us compute the time derivative of W in two parts. First,
we start with the time derivative of V (ẑ1 , ẑ2 ) computed as
follows:
V̇ = ẑ1 ẑ˙1 + ρ sgn (ẑ2 )ẑ˙2

= −2k |ẑ1 | − κẑ12 + ẑ1 δ(t) + kẑ1 sgn z1 − κẑ1 e1


− κ1 ẑ1 e2 + e3 ẑ1 + ρ −a sgn (ẑ2 ) sin (ẑ1 − e1 )
− b |ẑ2 | + be2 sgn ẑ2 + a sin z1 sgn ẑ2

− a sin ẑ1 sgn ẑ2 − %e2 sgn ẑ2


≤ −k |ẑ1 | − κẑ12 + c |ẑ1 | − κe1 ẑ1 − κ1 e2 ẑ1 + e3 ẑ1


+ ρ a |ẑ1 − e1 | − b |ẑ2 | + b |e2 | + a |z1 − ẑ1 | + % |e2 |
≤ −(k − c) |ẑ1 | − κẑ12 − ρb |ẑ2 | − κe1 ẑ1 − κ1 e2 ẑ1
+ e3 ẑ1 + ρa |ẑ1 − e1 | + ρa |e1 | + ρ(b + %) |e2 | .
(25)

In this Section we conduct several simulation using M ATand demonstrate that the results corroborate the above
theory. For the simulation, we use the following system
parameters: a = 7, b = 3, and δ = sin (0.6 cos (t − e0.34t )) +
0.5 cos (0.8t + e0.1t ) + 0.6 arctan (t) − 1.8 exp (−2t) − 0.26.
The control parameters are k = 18, κ = 5, κ1 = 20000,
κ2 = 10000, κ3 = 7.8, and κ4 = 4.6.
Let us consider Fig. 3, where trajectories of system (10)
together with the output feedback control (16)-(22) are shown.
Note that z1 converges to any of the stable equilibrium
points, while z2 → 0. States behavior present notable robust
capabilities since the states converge despite an unknown
signal δ(t). Observe that z1 converges to different equilibria
depending on its initial conditions, as expected and desired;
see Remark 1.
The results of the observer are depicted in Fig. 4. The
observer’s goal is to estimate the original states (z1 , z2 ) and
the augmented state δ̂. The latter represents an estimate of the
unknown signal δ(t). The signal δ(t) is correctly estimated
without any large output during transients.
LAB

VI. C ONCLUSION
In this paper, a nonlinear control that stabilizes an interferometer system was presented. Moreover, a nonlinear observer
was designed to estimate the interferometer states and the
unknown signal δ(t). This paper’s work did not account for
the nonlinearity inherent to the piezoelectric actuator, such as
hysteresis [30], and creep [31]. This is due to the application
conditions, i.e., the interferometry application was in a highfrequency sinusoidal signal with which these behaviors are
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Fig. 3. Phase portrait of the proposed closed-loop system with the
output feedback control. Red diamonds are equilibrium points; empty
circles are the initial conditions.
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Fig. 4. At the left, estimated states behavior ẑ = [ẑ1 , ẑ2 ]| with initial
conditions at the origin. At the right, observer convergence to signal of
interest δ(t); observe how after a transient time, δ̂(t) converges to the
real value δ(t).

lessened. Future works will introduce these PZT actuator
nonlinearities in order to provide better precision performance.
Up to our knowledge, such a work is one of the first that
introduces state feedback nonlinear control to the interferometry, which opens an opportunity to research between two areas
of science: optics and advanced control theory.
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