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Interferogram of the two clockwise and counterclockwise beams

Hilbert transform is used to 
reconstruct the frequency

The beat note detected by GINGERINO in 50 secs

Deep Learning for fast signal reconstruction

Earthquake yes or not?

1° NN 

2° NN 

Fast regressive 
Neural Network 
with linear 
activation

Neural network 
for 

classification 
with sigmoid 
activation



3Implementation on GP2



4Morphological closing

(Dilation → Erosion, using the same structuring element)

Dilation expands “good” regions. At each position, the window performs a local logical test:“does this 
window contain at least one good sample?” 

Erosion shrinks “good” regions. At each position, the window performs a local logical test: “does this 
window contain only good samples?”

Original mask (with holes): 

11101100111100011100001111100000111111 

After dilation (window 4): 

111111111111111111110111111110011111111 

After erosion (closing): 

1111111111111111110000111100000111111
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8Hilbert's analytical function

z(t) = x(t) + i ℋ{x(t)} .

ℋ{x(t)} =
1
π

p . v . ∫
+∞

−∞

x(τ)
t − τ

dτ .

x(t) = A(t)cos(ψ(t)), z(t) = A(t) eiψ(t) .

A(t) = |z(t) | = x(t)2 + (ℋ{x(t)})2 .

ψ(t) = arg(z(t)) = arctan( ℋ{x(t)}
x(t) ) .

ωm(t) =
dψ(t)

dt
.

I(t) = I1 + I2 + 2 I1I2 cos(ωm t + Δϕ) .

x(t) = I(t) − < I(t) >
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δns = σ2 − σ1 + τ21I2 − τ12I1

·I1 =
c
L (α1I1 − β1I2

1 − θ12I1I2 + 2r2 I1I2 cos(ψ + ε))
·I2 =

c
L (α2I2 − β2I2

2 − θ21I1I2 + 2r1 I1I2 cos(ψ − ε))

·ψ = ωs − δns −
c
L

r1
I1

I2
sin(ψ − ε) + r2

I2

I1
sin(ψ + ε)

I1(t) ≃
α1

β
+

2 α1α2 r2 ( Lωs

c
sin(tωs + ϵ) + α1 cos(tωs + ϵ))

β (α2
1+

L2ω2
s

c2 )
−

2cr1r2 sin(2ϵ)
βLωs

I2(t) ≃
α2

β
+

2 α1α2 r1 (α2 cos(ϵ − tωs)−
Lωs

c
sin(ϵ − tωs))

β (α2
1+

L2ω2
s

c2 )
+

2cr2r1 sin(2ϵ)
βLωs

ψ0(t) ≃
c

Lωs ( α1

α2
r1 cos(ϵ − tωs) +

α2

α1
r2 cos(tωs + ϵ)) + t ωs −

2r1r2 ( c
L )

2
cos(2ϵ)

ωs

(ωm − δns) δt ≃ (ωs +
K(t)

L
−

2c2r1r2 cos(2ϵ)
L2ωs ) δt ωs =

ωm

2
+

8c2r1r2 cos(2ϵ) + (K − L(ωm + δns))2

4L2
−

K
2L

−
δns

2

Analysis of ring laser gyroscopes including laser dynamics
https://doi.org/10.1140/epjc/s10052-019-7089-5

K(t) =
α1

α2
cr1 sin(ε − tωs) −

α2

α1
cr2 sin(tωs + ε)
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K(t) =
α1

α2
cr1 sin(ε − tωs) −

α2

α1
cr2 sin(tωs + ε)

r1 =
IS2 ωm L

2c PH1PH2
, r2 =

IS1 ωm L
2c PH1PH2

ωs ≃ ωs0 + ωns1 + ωK1 + 𝒪(2)
ωs0 =

1
2

8c2r1r2 cos(2ϵ)
L2

+ ω 2
m +

ωm

2

ωns1 = − δns
ωm

2
8c2r1r2 cos(2ϵ)

L2
+ω2

m

+
1
2

ωK1 = −
K
L

ωm

2
8c2r1r2 cos(2ϵ)

L2
+ω2

m

+
1
2

δns = σ2 − σ1 + τ21I2 − τ12I1
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Zi(ξ, η) = πe−ξ2 − 2η

Zr(ξ, η) = − 2ξe−ξ2

Lor(ξ, η) =
1

1 + (ξ/η)2

βs(ξ, η, G) = G
Zi(ξ, η)
Zi(0,η)

αs(ξ, η, G, μ) = βs(ξ, η, G) − μ

σs(ξ, η, G) = G
FSR

2
Zr(ξ, η)
Zi(0,η)

τs(ξX, ξY, η, G) = G
FSR

2
ξX

η
Zi(ξY, η)
Zi(0,η)

Lor(ξX, η)

βd = k20βs(ξ20) + k22βs(ξ22)

αd = k20αs(ξ20) + k22αs(ξ22)

σd = k20σs(ξ20) + k22σs(ξ22)

τd = k20τs(ξX20, ξY20) + k22τs(ξX22, ξY22)

B1 = k20
Zi(ξ120, η20)

Zi(0,η20)
+ k22

Zi(ξ122, η22)
Zi(0,η22)

B2 = k20
Zi(ξ220, η20)

Zi(0,η20)
+ k22

Zi(ξ222, η22)
Zi(0,η22)

G1 =
μ

(1 − I1)B1
, G2 =

μ
(1 − I2)B2

αd = k20αs(ξ20) + k22αs(ξ22)

ξ120 =
+Sh/2

D20
, ξ122 =

−Sh/2
D22

ξ220 =
fs + Sh/2

D20
, ξ222 =

fs − Sh/2
D22

D20 =
1
λ

2kBTp

m20
, D22 =

1
λ

2kBTp

m22

η20 =
γab

D20
, η22 =

γab

D22

μab = πε0Aik ( λ
2π )

3 h
2π

Identification and correction of Sagnac frequency variations: an implementation for the GINGERINO data analysis
https://doi.org/10.1140/epjc/s10052-020-7659-6
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τ12 = τd(ξX20, ξY20)I1 + τd(ξX22, ξY22)I1

τ21 = τd(ξY20, ξX20)I2 + τd(ξY22, ξX22)I2

τ12a ≃
α1a

I2
+ 2r2

1
I1I2

cos(tωs + ε)

τ21a ≃
α2a

I1
+ 2r1

1
I1I2

cos(tωs + ε)

δns = σ2 − σ1 + τ21I2 − τ12I1

σd = k20σs(ξ20) + k22σs(ξ22)

δnsa

ωm
≤ 0.01

cI2P =
π2μ2

ab

2h2γaγb

1
2cε0Tmira

cI2V =
cI2P

GAmp aeff
I1 = cI2VPH1, I2 = cI2VPH2
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Keff =
α1

α2

IS2Lωm

4 PH1PH2
(−cos ε + sin ε) −

α2

α1

IS1Lωm

4 PH1PH2
(cos ε + sin ε)

Keff1a =
α1a

α2a
cr1 sin(ε − tω(n)) −

α2a

α1a
cr2 sin(tω(n) + ε)

ω(n+1) = ω(n) + ω(n)
K1a

Keff1a

ωS0
≤ 0.01

α1 = β1 (I1 +
IS2

1

4PH1 ) +
IS1IS2 ωm sin 2ε

4PH2

L
c

α2 = β2 (I2 +
IS2

2

4PH2 ) −
IS1IS2 ωm sin 2ε

4PH1

L
c

α1a ≃ − 2r2
I2

I1
cos(tωS + ε) α2a ≃ − 2r1

I1

I2
cos(tωS − ε)
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Keff =
α1

α2

IS2Lωm

4 PH1PH2
(−cos ε + sin ε) −

α2

α1

IS1Lωm

4 PH1PH2
(cos ε + sin ε)

Keff1a =
α1a

α2a
cr1 sin(ε − tω(n)) −

α2a

α1a
cr2 sin(tω(n) + ε)
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ωS = S ⃗Ω ⋅ ̂n
ωS = SΩcosθ

ωS ≃ S(t)Ω(t)(cosθ + δθ(t)senθ)

Ω(t) ≃ ΩIERS + ΩTIDALS + ΩLOC + ΩGR

S(t) ≈ S0 [ 1 + k1 ΔT(t) + k2 ΔT2(t) ]
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THANK YOU  
FOR YOUR ATTENTION


