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Fiber-optic frequency transfer is a promising option for stable and long-distance radio frequency
(RF) transmission. This paper consists on a proposed operation principle and simulation of a stable
frequency dissemination scheme using photonic microwave phase conjugation.

I. INTRODUCTION

Social and scientific applications require ultra-stable
frequency dissemination. Fiber-optic frequency transfer
is a promising way for stable and long-distance radio
frequency (RF) transmission, compared to satellite links,
because of lower attenuation, larger bandwidth, higher
stability and immunity to electromagnetic interference.

Ultrastable RF long-distance dissemination has
important applications such as particle accelerators,
synchronisation and comparison of remote clocks, radio
astronomy, navigation, gravitational-waves detection
and very long baseline interferometry (VLBI) .

The phase of the optical transmitted signal is subject
to random changes in temperature and mechanical
vibration that modify the propagation delay of the
fiber-optic links and, hence, add extra phase noises. In
order to cancel the phase drift, principles of round-trip
phase compensation have been proposed. Compensation
techniques are often based on returning a light signal
along the optical path and correcting the phase shift.

RF transfer schemes include two different types of
compensation methods [1]. Active compensation scheme
typically uses the phase error from a round-trip probe
signal. It allows to achieve very high phase stability,
however, the response velocity and phase recovery time
are limited. Passive compensation scheme is based
on frequency mixing. It allows to perform a rapid
and endless phase fluctuation compensation, and get
rid of phase error detection and feedback circuits.
Mixers generate some local oscillator leakage and har-
monics interference that might reduce the phase stability.

In this work, we have considered the RF transfer prin-
ciple suggested in [1] and we have simulated it.

II. THEORETICAL OVERVIEW

A. Mach-Zehnder Interferometer

RF transfer active compensation schemes make use of
Mach-Zehnder modulators (MZM). Firstly, the optical
input is divided into two arms. Electric signals are

applied so as to change its path length, resulting in a
phase modulation. After that, the signal is once again
recombined into a modulated optical output.

FIG. 1. Mach-Zehnder modulator structure. [9]

If we assume that the optical field inserted into the
device is equally divided between the upper and lower
arms (push-pull), we obtain the following equation

Eout = Ein cos(
π

2

V

Vπ
) (1)

where Vπ is the halfway voltage and V the applied
voltage.

We can define two angular parameters, which will allow
us to determine the working point in the device’s transfer
function with more ease. By making use of them and
assuming a sinusoidal voltage wave with both DC and AC
components (even though the former will commonly be
eliminated by using a bias tee, which separates them by
using an inductor and a capacitor), we have the following

V (t) = VB + VRF cos(ωRF t) (2)

θB =
πVB
Vπ

m =
πVRF
Vπ

(3)

where θB is known as the angle bias and m is the
modulation parameter.

Furthermore, in order to use the MZM for different
purposes, it is important to define our θB so as to choose
the device’s transfer working point. Primarily, there
are two relevant choices: the quadrature point, which
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corresponds to θB = π
2 and null point, for an θB = π

4 .

If we assume that the loss for each arm is not equal, a
new parameter should be considered, the extinction ratio
(ER). Therefore, the field relation can be expressed as

Eout = 1
2

[
exp

(
j θB+m cos(ωRF t)

2

)
+ γ exp

(
−j θB+m cos(ωRF t)

2

)]
(4)

where γ is a parameter ranging from 0 to 1 related to ε
as

γ =

√
ER− 1√
ER+ 1

(5)

FIG. 2. Mach-Zehnder’s transfer function. [10]

B. Characterization of Frequency Stability

Allan variance [2] was developed to quantify the
frequency stability in time domain and is expressed as
σ2
y(τ). Allan deviation is the square root of the Allan

variance, σy(τ). A low Allan variance means a good
stability over the measured period.

The Allan deviation is computed from a series of con-
secutive frequency measurements obtained by averaging
over a period of time τ . Typically, the signal from a
frequency source is expressed as

V (t) = V0 cos[2πν0t+ ϕ(t)] (6)

where V0 is the amplitude of the signal, ν0 is the nomi-
nal center frequency of the signal and ϕ(t) is considered
as the time-varying deviations from the nominal phase
2πν0t. The instantaneous fractional frequency deviation
from the nominal center frequency is given by

y(t) =
1

2πν0

d

dt
ϕ(t) (7)

The Allan variance for an averaging time τ is defined as

σ2
y(τ) =

〈
1

2
[ȳ(t+ τ)− ȳ(t)]2

〉
(8)

where ȳ(t) is the time average of y(t) over the period τ .
σy(t) can be estimated from a finite set of N consecutive
average values of the center frequency νi.

σy(τ) ≈
[

1

2(N − 1)ν20

N−1∑
i=1

(ν̄i − ν̄i+1)2
]1/2

(9)

III. OPERATION PRINCIPLE

The schematic diagram of the proposed remote RF
phase stabilization with passive compensation involving
phase conjugation is illustrated in Fig.3.

Mathematically, the RF signal generated by a mi-
crowave source (MS) can be expressed as

V1 = cos(ω0t+ ϕ0) (10)

where ω0 and ϕ0 stand for the angular frequency and ini-
tial phase, respectively. V1 modulates an optical carrier
obtained from a laser diode (LD) at the Mach-Zehnder
modulator (MZM1) biased at the null point. Through
an optical filter (TOF1), the two first-order optical side-
bands (OSBs) are selected out, and they can be expressed
as

E1 ∝ eiωct ·
[
e−i(ω0t+ϕ0) + ei(ω0t+ϕ0)

]
(11)

where ωc is the angular frequency of the optical carrier
and the initial phase is assumed to be zero. The two
first-order optical sidebands form the desired two-tone
optical carrier.

Afterwards, E1 is divided into two branches through
an optical coupler (OC1). One branch is detected by a
photodetector (PD1) and a frequency-doubled RF signal
is obtained, which is written as

V2 ∝ cos[2(ω0t+ ϕ0)] (12)

Taking into consideration the other branch, the two-
tone optical carrier is transmitted along the single-mode
fiber (SMF1) to the first remote site where the 2 x 2 0C2
couples out a forward transferred optical signal which is
written as

E2 ∝ eiωc(t−τ1) ·
[
e−i(ω0t+ϕ0−ϕ1) + ei(ω0t+ϕ0−ϕ1)

]
(13)

where ϕ1 = ω0τ1 is the accumulation phase fluctuation
that corresponds to the propagation delay, τ1, of SMF1.

The other optical signal that has been coupled out is
injected into SMF2 and returns to the local site as a
round-trip probe signal (E3) that can be expressed as

E3 ∝ eiωc(t−τs) ·
[
e−i(ω0t+ϕ0−ϕs) + ei(ω0t+ϕ0−ϕs)

]
(14)

where τs = τ1+τ2 is the propagation delay corresponding
to the entire fiber link and ϕs = ω0τs = ϕ1 + ϕ2 is
the phase change. The phase fluctuation of SMF2 with
propagation delay τ2 is expressed as ϕ2 = ω0τ2.

E3 is modulated by the signal V2 at the Mach-Zehnder
modulator biased at the null point (MZM2) where the
two optical carriers are removed. Fig.4 shows the spec-
trum evolution of the modulation procedure described.
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FIG. 3. The schematic diagram of the proposed dissemination of stabilized frequency-quadruple RF signal over a fiber loop link with passive
compensation. MS: microwave source, LD: laser diode, MZM: Mach-Zehnder modulator, TOF: tunable optical fiber, PD: photodetector,
OC: optical coupler, ISO: isolator, EBPF: electrical bandpass filter, SMF: single-mode fiber. (Image reproduced from [1])

FIG. 4. Spectrum evolution of phase conjugation from the imple-
mentation of the second MZM (MZM2). (Image reproduced from
[1])

Four first-order optical sidebands are generated after
modulation at MZM2, neglecting high-order optical side-
bands. Since the frequency spacing of the two optical
carriers of E3 is 2ω0, that is, the frequency of the mod-
ulated signal V2, the two first-order optical sidebands in
the middle experiment phase exchange. After that, the
two first-order sidebands are filtered out by TOF2. The
final optical signal E4 can be written as

E4 ∝ eiωc(t−τs) ·
[
e−i(ω0t+ϕ0+ϕs) + ei(ω0t+ϕ0+ϕs)

]
(15)

The RF signal carried on E4 is a conjugate signal
relative to that on E3 in terms of ϕs. Therefore, phase
conjugation is achieved, and no electrical mixers or other
microwave sources have been used.

The phase-conjugated signal E4 is transmitted back to
the remote site along a single-mode fiber (SMF2). The
forward and backward signals propagated along SMF2
would undergo the same propagation delay. Afterwards,
the backward signal is coupled out by OC2 and E5 is
extracted. E5 can be expressed as

E5 ∝ eiωc(t−τ2−τs) ·
[
e−i(ω0t−ϕ2+ϕ0+ϕs) + ei(ω0t−ϕ2+ϕ0+ϕs)

]
= eiωc(t−τ2−τs) ·

[
e−i(ω0t+ϕ1+ϕ0) + ei(ω0t+ϕ1+ϕ0)

] (16)

E5 is photodetected by PD2, then, the phase-
conjugated RF signal is

V3 ∝ cos[2(ω0t+ ϕ0 + ϕ1)] (17)

At the MZM3 biased at a quadrature point, V3 modu-
lates the forward signal E2 that carries a RF signal with
frequency of 2ω0 and phase change −2ϕ1.

E6 ∝ ei(ω0t−ϕ1+ϕ0) + ei(−ω0t+ϕ1−ϕ0)

+ei(3ω0t+ϕ1+3ϕ0) + ei(−3ω0t−ϕ1−3ϕ0)
(18)

The two optical carriers at its input are not sup-
pressed, and even though modulation sidebands of one
carrier will fall on the frequency corresponding to the
other carrier, under the small-signal approximation we
will consider the carriers don’t significantly change their
value. Additional sidebands at 2ωr from each carrier
will beat with the other carrier generating an electrical
frequency at 4ωr.

FIG. 5. Spectrum evolution of phase conjugation from the im-
plementation of the MZM at quadrature-point (MZM3). (Image
reproduced from [1])

After photomixing at PD3, the phase fluctuation
−2ϕ1 of the electrical signal carried by E2 and 2ϕ1 of
the RF signal V3 are compensated.

Hence, the term of sum frequency corresponding to the
mixing product is filtered out by an electrical bandpass
filter (EBPF) and expressed as

V4 ∝ cos[4(ω0t+ ϕ0)] (19)

One can observe that the frequency and phase have
been multiplied by 4 with respect to those of the standard
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RF signal V1. Therefore, the stable quadruple frequency
dissemination with photonic microwave phase conjuga-
tion has been successfully modelled.

IV. SIMULATION AND DISCUSSION

Computer simulation with MATLAB is performed
to prove the viability of the scheme explained in the pre-
vious section. In our simulation system, the frequency
of the standard reference signal is set at 1 GHz and the
initial phase of the signal is set at π/3.

The radio-frequency-transfer stability through an
optical fiber network in terms of the Allan deviation
is 3.4527 × 10−4 with an averaging time of 1s and
1.0921× 10−5 with an averaging time of 1000s.

In order to filter out the optical sidebands resulting
from the modulation process, we have used Butterworth
filters as tunable optical filters. They are a type of signal
processing filters designed to have a frequency response
as flat as possible in the passband. The amplitude re-
sponse of the nth Butterworth filter is given by

H(ω) =
1√

1 + (ω/ωc)
2n

(20)

where n is the order of the filter and ωc is the cut-off
frequency.

When the modulation parameter of Mach-Zehnder
modulators (m) and the extinction ratio (ER) of Mach-
Zehnder modulators are modified, the frequency stability
and, as a consequence, the Allan variance, changes.

FIG. 6. Allan deviation as a function of extinction ratio in dB
(ER) for different values of the modulation parameter of the third
Mach-Zehnder modulator (m3).

Fig. 6 shows the Allan deviation (σ) as a function of

extinction ration in dB for different values of the mod-
ulation parameter of the third Mach-Zehnder modulator
(m3). The graph shows that the m3 parameter is of ut-
most importance when very exact results are needed for
any extinction ratio; and that the higher its value, the
lower the deviation.

FIG. 7. Allan deviation as a function of the modulation parameter
of the third Mach-Zehnder modulator (m3) for typical values of the
extinction ratio in dB (ER).

Fig. 7 shows the Allan deviation (σ) as a function
of the modulation parameter of the third Mach-Zehnder
modulator (m3) for typical values of the extinction ra-
tio in dB. From this data we can extract that, regardless
of the extinction ratio the modulator is working with,
the deviation will strongly depend on the aforementioned
modulation parameter despite various evident fluctua-
tions. Furthermore, we can also observe that, for small
values of m3, the Allan deviation is much more stable
than for higher ones, also independently of the used ER.

V. CONCLUSIONS

We have proved that stable frequency dissemination
with phase conjugation can be successfully implemented
without using multipliers and mixers in the scheme, thus
avoiding the local oscillator leakage and mixing spurs
from mixers.

The results show that the proposed scheme is not only
effective but also practical.

We have observed that phase conjugation can be af-
fected by backward Rayleigh scattering [3] of the fiber
link. This problem might be solved in future works.
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Appendix A: Code to plot the dependence of Allan deviation on the extinction ratio (ER)

%% STABLE RADIO-FREQUENCY DISSEMINATION WITH PHASE CONJUGATION
%% Allan deviation as a function of ER for different values of m

% A typical extinction ratio of commercially available MZ
% (Mach-Zehnder) intensity modulators lies in the range 20-30dB

SR = 2ˆ10; % Sampling rate with units of GHz (power of two)
TW = 2ˆ10; % Time window with units of ns

N = TW*SR; % Number of samples

t = [0:(1/SR):(TW-1/SR)];
f = [0:(1/TW):(SR-1/TW)];

f plot = [-SR/2:(1/TW):(SR/2-1/TW)];

phi0 = 4*pi/9; % Initial phase of the RF signal
f RF = 1; % Initial frequency of the RF signal

m3 = [0.1 0.3 0.8];

% Extinction Ratio

ER = 20:30;
gamma = [];

for k = 1:length(ER)

gamma(k) = (10ˆ(ER(k)/20)-1)/(10ˆ(ER(k)/20)+1);

end

avar = zeros(length(m3),1);

allan = zeros(length(m3),length(gamma));

% MZM parameters in push-pull configuration

b1 = 3*pi/2; % Bias angle at null point
m1 = 0.8; % Modulation parameter

b2 = 3*pi/2; % Bias angle at null point
m2 = 0.8; % Modulation parameter

b3 = 7*pi/4; % Bias angle at quadrature point

for ii = 1:length(gamma)

for jj = 1:length(m3)

% INPUT: RF signal generated by a microwave source

V1 t = cos(2*pi*f RF*t + phi0);
V1 f = (1/N)*fftshift(fft(fftshift(V1 t)));

% E1 is modulated by the RF signal V1 at MZM1

E1 t = cos(b1 + m1*V1 t);
E1 f = (1/N)*fftshift(fft(fftshift(E1 t)));
E1 f = 0.5*E1 f/abs(E1 f(f plot==1));

% TOF1 (Buttherworth Filter)

fc1 = 1.9; n = 4;
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H f1 = 1./(1+(f plot/fc1).ˆ(2*n));

E1 fil = E1 f.*H f1;
E1 fil = 0.5*E1 fil/abs(E1 fil(f plot==1));
E1 fil t = N*ifftshift(ifft(ifftshift(E1 fil)));

% Then, E1 is divided into two branches through an optical coupler
% (OC1). One branch is transmitted along a single mode fiber (SMF1)
% to the remote site.

tau1 = rand(1); % Forward propagation through fiber with a random phase
E2 f = E1 fil.*exp(-1i*2*pi*f plot*tau1);
E2 f = 0.5*E2 f/abs(E2 f(f plot==1));
E2 t = N*ifftshift(ifft(ifftshift(E2 f)));

% The other branch is photodetected by PD1 and a frequency-doubled
% RF signal is obtained.

V2 t = abs(E1 fil t).ˆ2;
V2 f = (1/N)*fftshift(fft(fftshift(V2 t)));
V2 f(f plot==0) = 0; % Removing the continuous component in frequency domain
V2 f = 0.5*V2 f/abs(V2 f(f plot==2));
V2 t = N*ifftshift(ifft(ifftshift(V2 f))); % Applying the removing of the continuous component

% At the remote site 1, the 0C2 couples out a forward transferred
% optical signal denoted by E2. The other part is injected into SMF2
% and returns to the local site as a round-trip probe signal. The
% round-trip probe signal E3 is written as:

tau2 = rand(1); % Forward propagation through fiber with a random phase
E3 f = E2 f.*exp(-1i*2*pi*f plot*tau2);
E3 f = 0.5*E3 f/abs(E3 f(f plot==1));
E3 t = N*ifftshift(ifft(ifftshift(E3 f)));

% E3 is modulated by the frequency-doubled signal V2 at MZM2

E4 t = E3 t.*cos(b2 + m2*V2 t);
E4 f = (1/N)*fftshift(fft(fftshift(E4 t)));
E4 f = 0.5*E4 f/abs(E4 f(f plot==1));

% TOF2 (Buttherworth Filter)

fc2 = 2; n = 8;
H f2 = 1./(1+(f plot/fc2).ˆ(2*n));

E4 fil = E4 f.*H f2;
E4 fil = 0.5*E4 fil/abs(E4 fil(f plot==1));
% E4 fil t = N*ifftshift(ifft(ifftshift(E4 fil)));

% The signal E4 is propagated backward to the remote site along
% SMF2. The forward and backward signals transmitted over SMF2
% undergo the same propagation delay.

% Backward propagation through fiber with a random phase

E5 f = E4 fil.*exp(-1i*2*pi*f plot*tau2);
E5 f = 0.5*E5 f/abs(E5 f(f plot==1));
E5 t = N*ifftshift(ifft(ifftshift(E5 f)));

% After photodetection by PD2, the phase-conjugation RF signal is:

V3 t = abs(E5 t).ˆ2;
V3 f = (1/N)*fftshift(fft(fftshift(V3 t)));
V3 f(f plot==0) = 0;
V3 f = 0.5*V3 f/abs(V3 f(f plot==2));
V3 t = N*ifftshift(ifft(ifftshift(V3 f)));

% E2 is modulated by the frequency-doubled signal V3 at MZM3 biased
% at quadrature point
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E6 t = E2 t.*(exp(1i*(b3+m3(jj)*V3 t)./2)+gamma(ii)*exp(-1i*(b3+m3(jj)*V3 t)./2));
% E6 f = (1/N)*fftshift(fft(fftshift(E6 t)));
% E6 f = 0.5*E6 f/abs(E6 f(f plot==1));

V4 t = abs(E6 t).ˆ2;
V4 f = (1/N)*fftshift(fft(fftshift(V4 t)));
V4 f = 0.5*V4 f/abs(V4 f(f plot==4));

%{

k = [find(f plot==-3) find(f plot==3)];
j = [find(f plot==-5) find(f plot==5)];

V4 f(k(1):k(2)) = 0;
V4 f(1:j(1)) = 0;
V4 f(j(2):end) = 0;

%}

% V4 t = N*ifftshift(ifft(ifftshift(V4 f)));

avar(jj) = allanvar(abs(V4 f),10ˆ3);

end

allan(:,ii) = avar;

end

figure(1)
semilogy(ER,sqrt(allan(1,:)),'b')
hold on
semilogy(ER,sqrt(allan(2,:)),'r')
semilogy(ER,sqrt(allan(3,:)),'g')
xlabel('Extinction Ratio (dB)')
ylabel('Allan Deviation (\sigma)')
legend('m = 0.1','m = 0.3','m = 0.8')
grid on
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Appendix B: Code to plot the dependence of Allan deviation on the modulation parameter (m3)

%% STABLE RADIO-FREQUENCY DISSEMINATION WITH PHASE CONJUGATION
%% Allan deviation as a function of m for different values of ER

SR = 2ˆ10; % Sampling rate with units of GHz (power of two)
TW = 2ˆ10; % Time window with units of ns

N = TW*SR; % Number of samples

t = [0:(1/SR):(TW-1/SR)];
f = [0:(1/TW):(SR-1/TW)];

f plot = [-SR/2:(1/TW):(SR/2-1/TW)];

phi0 = 4*pi/9; % Initial phase of the RF signal
f RF = 1; % Initial frequency of the RF signal

% Extinction Ratio

gamma = @(ER) (10ˆ(ER/20)-1)/(10ˆ(ER/20)+1);

gamma = [1 gamma(15) gamma(25)];

avar = zeros(length(gamma),1);

allan = zeros(length(gamma),10);

% MZM parameters in push-pull configuration

b1 = 3*pi/2; % Bias angle at null point
m1 = 0.8; % Modulation parameter

b2 = 3*pi/2; % Bias angle at null point
m2 = 0.8; % Modulation parameter

b3 = 7*pi/4; % Bias angle at quadrature point

m3 = 0.1:0.1:1;

for jj = 1:length(m3)

for ii = 1:length(gamma)

% INPUT: RF signal generated by a microwave source

V1 t = cos(2*pi*f RF*t + phi0);
V1 f = (1/N)*fftshift(fft(fftshift(V1 t)));

% E1 is modulated by the RF signal V1 at MZM1

E1 t = cos(b1 + m1*V1 t);
E1 f = (1/N)*fftshift(fft(fftshift(E1 t)));
E1 f = 0.5*E1 f/abs(E1 f(f plot==1));

% TOF1 (Buttherworth Filter)

fc1 = 1.9; n = 4;
H f1 = 1./(1+(f plot/fc1).ˆ(2*n));

E1 fil = E1 f.*H f1;
E1 fil = 0.5*E1 fil/abs(E1 fil(f plot==1));
E1 fil t = N*ifftshift(ifft(ifftshift(E1 fil)));

% Then, E1 is divided into two branches through an optical coupler
% (OC1). One branch is transmitted along a single mode fiber (SMF1)
% to the remote site.
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tau1 = rand(1); % Forward propagation through fiber with a random phase
E2 f = E1 fil.*exp(-1i*2*pi*f plot*tau1);
E2 f = 0.5*E2 f/abs(E2 f(f plot==1));
E2 t = N*ifftshift(ifft(ifftshift(E2 f)));

% The other branch is photodetected by PD1 and a frequency-doubled
% RF signal is obtained.

V2 t = abs(E1 fil t).ˆ2;
V2 f = (1/N)*fftshift(fft(fftshift(V2 t)));
V2 f(f plot==0) = 0; % Removing the continuous component in frequency domain
V2 f = 0.5*V2 f/abs(V2 f(f plot==2));
V2 t = N*ifftshift(ifft(ifftshift(V2 f))); % Applying the removing of the continuous component

% At the remote site 1, the 0C2 couples out a forward transferred
% optical signal denoted by E2. The other part is injected into SMF2
% and returns to the local site as a round-trip probe signal. The
% round-trip probe signal E3 is written as:

tau2 = rand(1); % Forward propagation through fiber with a random phase
E3 f = E2 f.*exp(-1i*2*pi*f plot*tau2);
E3 f = 0.5*E3 f/abs(E3 f(f plot==1));
E3 t = N*ifftshift(ifft(ifftshift(E3 f)));

% E3 is modulated by the frequency-doubled signal V2 at MZM2

E4 t = E3 t.*cos(b2 + m2*V2 t);
E4 f = (1/N)*fftshift(fft(fftshift(E4 t)));
E4 f = 0.5*E4 f/abs(E4 f(f plot==1));

% TOF2 (Buttherworth Filter)

fc2 = 2; n = 8;
H f2 = 1./(1+(f plot/fc2).ˆ(2*n));

E4 fil = E4 f.*H f2;
E4 fil = 0.5*E4 fil/abs(E4 fil(f plot==1));
% E4 fil t = N*ifftshift(ifft(ifftshift(E4 fil)));

% The signal E4 is propagated backward to the remote site along
% SMF2. The forward and backward signals transmitted over SMF2
% undergo the same propagation delay.

% Backward propagation through fiber with a random phase

E5 f = E4 fil.*exp(-1i*2*pi*f plot*tau2);
E5 f = 0.5*E5 f/abs(E5 f(f plot==1));
E5 t = N*ifftshift(ifft(ifftshift(E5 f)));

% After photodetection by PD2, the phase-conjugation RF signal is:

V3 t = abs(E5 t).ˆ2;
V3 f = (1/N)*fftshift(fft(fftshift(V3 t)));
V3 f(f plot==0) = 0;
V3 f = 0.5*V3 f/abs(V3 f(f plot==2));
V3 t = N*ifftshift(ifft(ifftshift(V3 f)));

% E2 is modulated by the frequency-doubled signal V3 at MZM3 biased
% at quadrature point

E6 t = E2 t.*(exp(1i*(b3+m3(jj)*V3 t)./2)+gamma(ii)*exp(-1i*(b3+m3(jj)*V3 t)./2));
% E6 f = (1/N)*fftshift(fft(fftshift(E6 t)));
% E6 f = 0.5*E6 f/abs(E6 f(f plot==1));

V4 t = abs(E6 t).ˆ2;
V4 f = (1/N)*fftshift(fft(fftshift(V4 t)));
V4 f = 0.5*V4 f/abs(V4 f(f plot==4));

%{
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k = [find(f plot==-3) find(f plot==3)];
j = [find(f plot==-5) find(f plot==5)];

V4 f(k(1):k(2)) = 0;
V4 f(1:j(1)) = 0;
V4 f(j(2):end) = 0;

%}

% V4 t = N*ifftshift(ifft(ifftshift(V4 f)));

avar(ii) = allanvar(abs(V4 f),10ˆ3);

end

allan(:,jj) = avar;

end

figure(1)
semilogy(m3,sqrt(allan(1,:)),'b')
hold on
semilogy(m3,sqrt(allan(2,:)),'r')
semilogy(m3,sqrt(allan(3,:)),'g')
xlabel('m')
ylabel('Allan Deviation (\sigma)')
legend('ER = \infty','ER = 15dB','ER = 25dB')
grid on


