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Abstract
Objective: To present a detailed study of Solitons transmission system,
including their types, applications, effects, and updated research work and
research gaps. Findings: The 4th, generation fiber optic communication system
utilizes visual amplification to decrease the demand for repeaters and WDM
to increase the information power. Similarly, 5th the phase of Optical Fiber
Communication is now expending the distances range which the wavelength
division multiplexing system will control. The traditional wave length frame
called the C ring covers the distance range 1.53 to 1.57 um and drymaterial has
the low losswindowpromising extension of range to 1.30 to 1.65 um. Additional
development includes the idea of visual solitons pulses that maintain their
body by counteracting the results of distribution with nonlinear effects of
this material by applying pulses of specific shape. Application: This will
motivate the researchers to undertake research work in the field of Solitons
communication to achieve improved design characteristics, reducing number
of repeaters, cost and higher data rate transmissions.
Keywords: Inter Symbol Interference (ISI); Group Velocity Dispersion (GVD);
Self-Phase Modulation (SPM); WDM; OFDM

1 Introduction
Solitons are high power and very narrow pulses; these are so stable that the size and
shapes of pulses are maintained even when these are travelling with in any medium.
They propagate at a constant velocity and don’t spread in optical fiber even after a
thousand of kilometers. The nonlinear and spreading effect in the soliton medium
is caused due to cancellations. Optical pulses propagating along the fiber optics
experiences GVD and SPM. GVD is a linear effect in which the refractive index varies
with frequency. These different frequency component travels with different velocities.
SPM results in variation in refractive index due to intensity. If the refractive index
increases with increase in intensity or lead to time dependent phase change then SPM is
called positive. Since phase derivative time related to frequency and SPMeffect produces
the change ofmovement spectrumwith the combination of both positiveGVDand SPM
broadening of the pulse and with (-ve) GVD and (+ve) SPM propagate pulse with no
distortion. A separate group of solitons model has been studies in different situations
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and in different contextual terms and is still continuing as the area of intensive research. Figure 1 (1,2) shows the formation of
soliton.

Fig 1. Basic Soliton formation

The study has been organized as, solitons possessing equations are given in section 2 followed by A detailed study of Type
of Solitons in in Section 3. Section 4 explains the various advantages of optical solitons. Section 5 briefly summarizes the
applications of optical Solitons followed by conclusion in section 6.

2 Solitons possessing equations
Soliton and Rogue waves (RWs) are both are known as extreme waves which have received much interest recently in different
area of physics. Fiber laser and fiber communication in different systems has remained a hot research topic. Fiber optics provide
an ideal platform to observe the generation of optical RW and soliton as well as investigate their behaviour (3).

Soliton assumes a significant job in fiber optics laser innovation. Bound states of solitons, also known as soliton molecules,
are referred to that two or more fundamental solitons bind tightly together in the temporal or spatial domain through the direct
soliton interaction.The solitons in the state have not only fixed separations but also fixed phase differences, and the assembly of
the solitons behaves like a new super-soliton.Theoretically, the formation of bound states of solitons in the extended nonlinear
Schrödinger equation (NLSE) systems were first predicted by B. Malomed. N. N. Akhmediev had also studied the formation
of bound states of solitons in the complex Ginzburg-Landau equation (CGLE) systems. It was demonstrated that dissipative
property delivers the solitons with one of a kind new highlights of communication that can bring about the arrangement of
stable bound conditions of dissipative solitons (4,5).

However, its nonlinear optical property and the related photonics device studied so far. Another method to generate soliton
is bismuthene nanosheets and phosphorus that are synthesized by the sonochemical exfoliation method and transferred onto
the taper region of a microfiber by the optical deposition method. Stable soliton pulses centered at 1561 nm with the shortest
pulse duration of about 193 fs, repetition rate of 8.85 MHz and average output power of 5.6 mW, respectively. These are the
shortest soliton pulses so far generated from a mode-locked laser based on the group VS 2D materials SAs (6,7).

A solitary dissipative soliton can keep up to 152 mw, an exceptionally similarly sep rated uniform pulse train which show
the solidness of the fiber laser. A high vitality and tunable dissipative solitons and wide range is extremely alluring to frequency
division multiplexing applications. Manufactured polymethyl methacrylate PMMA-TIPMMA as saturable safeguard, which
could bear long haul mechanical loadings, into the fiber laser hole created the stable dissipative soliton mode-locking with a
3-dB ghastly data transfer capacity up to 51.62 nm and tunable wavelength range of 22 nm (8).

Here we will discuss some of the important solitons including universal nonlinear equations
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2.1. Korteweg and de Vries equation

In 1985 Korteweg and De-Vries analyzed theoretically for the first time about wave train noticed by scott Russell later as KVD
by the principle of dynamics. KVD equation is considered as the simple form of nonlinear (9)

∂q
∂ t

+
∂ 3q
∂x3 +6q

∂q
∂x

= 0 (1)

Where q (x, t) is gradually shifting envelop, x and t are space coordinate and time respectively.

2.2. Sine-Gordon equation

In 1939 Frenkel and Kontorova presented an analysis type of problem in term of solid-state physic to maintain the relation
between crystal disorder and plastic deformation. The motion of dislocation in the substances can be represented as

∂ 2q
∂ t2 − ∂ 2q

∂x2 + sinq = 0 (2)

Where q (x, t) is gradually shifting envelope, x and t are space coordinate and time respectively.

2.3. Toda lattice equation

Toda lattice is named after Morikazu Toda who discovered in 1967. It leads with one dimensional array of homogenous mass
fused using exponential type of nonlinear forces described as:

d2qn

dt2 = exp [−(qn −qn−1)]− exp[−(qn+1 −qn)] (3)

Where, qn(t) is the longitudinal displacement of the n atom from its equilibrium position.

2.4. Non-linear Schrodinger equation

The NLS equations describe the intensive light transmission in optical fiber (10).

i
∂q
∂ t

± ∂ 2q
∂x2 +2|q|2q = 0 (4)

Where q(x, t) is gradually shifting envelope, x and t are space and time coordinates, + and − signs represent anomalous and
normal dispersion respectively, the second and third term signifies the GVD and SPM of the system

∇ . ∇ψ = i
∂ψ
∂ z

+
∂ 2ψ
∂y2 +

∂ 2ψ
∂ z2 =

1
r2sinθ

[
sinθ

∂
∂ r

(
r2 ∂ψ

∂ r

)
+

∂
∂θ

(
sinθ

∂
∂θ

)
+

1
sinθ

∂ 2ψ
∂φ2

]
(5)

i
∂ψ
∂ z

= α
∂ 2ψ
∂τ2 + iσ

∂ 3ψ
∂τ3 − ∈ ∂ 4ψ

∂τ4 − γ |ψ|2 ψ − i
µ
2

ψ (6)

Where, τ = t − β1z is the retarded time, α=α = β2
2 , σ = β3

6 ,∈= β4
24 , and γ is the nonlinear parameter. The partameter

βk =
(
dk β/dωk

)
ω = ω0

Where, β and k are propagation constant and dispersion of optical fiber, On the basis of sign of last parameter µ in NLSE
describe the absorption and amplification. Exact solitary wave solution for µ = 0

ψ (z,τ) = usech2[w(τ −η − v−1z)exp[i(KZ −δτ +∅)], Where η and ∅ position and phase of pulse at z = 0.
Amplitude and inverse temporal solitary wave are given by (11)

√
−3

10γ ∈

(
3σ2

8ε
−α

)
, w =

1
4

√
4α
5 ∈

− 3σ2

10ε2
(7)
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Where, α < 0, ∈< 0 and 8α ∈> 3σ2 with γ > 0. In retarded frame velocity ν and parametersδ and κof solitary wave given
as:

ν =
8ε2

σ(σ2 −4αε)
, δ =− σ

4ε
, (8)

K =− 4
25ε3

(
3σ2

8
−αε

)2

− σ2

16ε3

(
3σ2

16
−αε

)
(9)

Retarded time shows that K + β1δ and δ are the wave number and frequency shifts. We insist that solitonsdoes not
have nontrivial parameters. Velocities of these solitons are set as universal NLSE remain unchanged w. r. t. Galilean
transformation (12), γ > 0 yields with the next relations ε < 0α < 3σ2/8ε In this case when β3 > 0 optical solitons reduces
for µ =0 can also written as:

i
∂ψ
∂ z

=− δH
δψ∗ (10)

Where, Hrepresents Hamiltonian of the system
Developmentmethod proves the strength of the solitons.Thismethod produce strength area similar to region of existence of

sech2solitons:β2 < 0,β4 < 0,2 β2β4 > β 2
3 , where, β3 may be negative positive or zero. Clearly, solitons solution and its energy

is given by the Hamiltonian of roundedness. Energy of solitons is defined as:

E =
∫ +∞
−∞ |Ψ(Z,τ)|2 dτ =

4
γ
√

5|ε|

(
3σ2

8ε
−α

)3/2

4 (11)

Energy E and the solitons parameters fill simple scaling relations and the dispersion is denoted by β 4 = β (0)
k q where, k is 2−4

and q gives +ve dimensionless parameters. The scaling relations are:

E = E0q, u = u0q1/2, v = v0q−1,K = k0q, (12)

Andwe haveω =ω0 and δ = δ0. HereE0 is givenwith the changes inα 7−→α0, σ 7−→σ0, and ε 7−→ ε0 where α0 =
β (0)

2
2 ,σ0 =

β (0)
3
6 , and ε0 =

β (0)
4
24

Same changes are assumed for all other relations, If the q α E, the value |v|−1increases proportional to parameter q. In such
situation the amplitude of the solitons pulse increases as q1/2. Although w−1and the δ remain same as the parameter q grows.

Velocity of the solitons is given by vs = ν /(1+β1v)Hence, solution’s velocity tends to zero
when q → ∞ because it results the scaling relation

vs =
v0

(q+β1v0)
(13)

Parameter q have some limits in optical fiber, we have determined that building a new kind of solitons pulse with low speed and
high energy an appropriate dispersion profile is possible. Hence the scaling feature sech2 of solitons can find various practical
applications. All optical delay system dynamically manipulating the velocity of light has paid a great consideration to optical
signal processing application that is data buffering and synchronization, a variety of slow lighting devices searched as practical
delay system for practical precision. Basic solitons system is shown in Figure 2 .

An optical modulator used for conversion an NRZ to RZ. A difference frequency generator laser is employed to generate RZ
pulse. Mach-Zehnder modulator is employed for the modulation of the NRZ data transmission then several NRZ signals are
multiplexed before the conversion in RZ pulse. At the receiving end it requires to convert from RZ to NRZ. NRZ signal then
de-multiplexed for specific NRZ data for each channel.
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Fig 2. Block diagram for solitons transmission system in optical fiber.

Solitons pulse is better than NRZ pulse in the following way

1. It is important to obtain the generation of optical solitons pulse where transmitter can produce ultrafast RZ pulse. Mode
lock fiber ring laser can be used to accomplish RZ pulse (13)

2. Solitons can be generated at a loss minimum area around 1550nm.
3. Time and polarized multiplexed method can be used for a long-distance transmission.
4. It is useful for long distance communication as there is no wave distortion over large length.
5. Solitons are free with elastic nature from dispersion and collision. The amplitude and frequency of solitons does not

change after the collision but position and phase may change.
6. Solitons with two counter propagating passes without affecting each other, main difference between them is encoded

digital with solitons and with NRZ (14). NRZ and solitons pulse is shown in Figure 3 .

Fig 3.NRZ and solitons pulse

Solitons pulse propagate at a long range. Amplitude and timing are preserved time to time as pulse propagates without any
change within bit parameters. A pulse propagates without producing any energy due to proper balance of Kerr linearity and
2nd order non linearity dispersion. Some physical process may eliminate these balances resulting in detect of bit pattern when
many solitons pulses are propagated closely with each other. It is necessary to keep reliable distance between two successive
solitons pulse to avoid interference. The dispersion on the fiber is handled by optical solitons. It needs to take amplifier in
dispersionmanagement scheme if distance between two amplifiers is high.The transmission (bit) rate of a solitons pulse depends
on width of pulse τ and time period of bit T0. Hence the maximum permissible transmission rate for soliton can be given as:

BT =
1
T0

=
1

2q0τ
(14)

q0 =
1
2

(
T0

τ

)
(15)
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Solitonswidth is characterized by second order dispersion coefficientβ2 and dispersion lengthLD. Solitons pulsewidth is spread
significantly due to dispersion effect.

LD =
τ2

|β2|
(16)

Therefore,

τ =
√
|β2|LD (17)

Assuming solitons spread situation where optical amplifier are separated forty to fifty kilometers such as amplifier spacing LA
is short from overall dispersion length

τ ≫
√
|β2|LA (18)

When (LA ≪ LD), the transmission rate for solitons is

BT ≫ 1
2q0

1√
|β2|LA

(19)

For a specific optical amplifier, spacing between 40 to 50Km with transmission rate for optical solitons given as 20 Gbit/s

3 Type of solitons

3.1. Spatial optical solitons

Spatial self-trapping was provided by 1974 Bjorkholm and Ashkin in bulk vapor of sodium atoms. First observation of true
solitons in CS2 gas took 11 years further studies Kerr solitons see in glass semiconductor polymers. Finally,bulk spatial solitons
was seen in polymer cubic quantic nonlinearity. Spatial solitons studymade rapid progress in mid 1990s when two new solitons
supporting non-linear optical media (15).

In quadratic media it was recognized as solitons generation 1970 which was working G-Stegeman group effective Kerr
coefficient in quadratic medium. An effective Kerr media Jeman was first built and measured by Valter Di Salvo, Harald Tschan
and Norbert Bachl.

Second Segev E, Halachmi N, Salzberg A, and Ben-Arie N. estimated that photorefractive material may support suitable
soliton propagation. Later different types of photorefractive solitons were detected. Vortex solitons dynamics examined
theoretically in many term and angular momentum spatial dynamics studied. A spatial dynamic has been studied in defining
experimentally non photo refractive and quadratic no linear media.

3.2 Temporal optical solitons

In single mode, temporal optical solitons were dedicated in 1973 by Hasegawa an Tappert and first viewed as a change by
Mollenauer in 1980. However, it was observed that when the pulse sufficiently high order dispersion and high order non-linear
effect such as SRS and SS, they destroy solitons. In the dynamic analysis, solitons play a very important role especially for
micro-structured optical fiber due to super component role. Temporal solitons are further classified as:

3.2.1 Bright temporal solitons
In order to discuss solitons in a general setting we drive the dimension NLSE (16) by introducing the standard non-dimensional
variable

z̃ =
z

2k0r2
0
, x̃ =

x
r0

, Ã =
n0

k0r0
A (20)

Where, r0 is the beam width

iAz(z, x⃗)+∇2A+∆n
(
|A|2

)
A = 0 (21)

where, tildes dropped for simplicity perception to find equation of solitons we seek nonlinear bound state of form’s equation

A(z, −→x ) = eivzu(−→x ; v) (22)

https://www.indjst.org/ 3098

https://www.indjst.org/


Bagri & Kumar / Indian Journal of Science and Technology 2020;13(30):3093–3102

Where, u is a real function so the equation for the solitons profile is

∇2u(−→x ;v)+△n(|u|2)u− vu = 0 (23)

Parameter v is sometimes called as propagation constant or the solitons Eigenvalue (term originates from the linear Schrodinger
equations. It describes the accumulated phase due to linear effect or equivalent change of linear propagation constant(

k0 =
−→
k . z̃

)
Because solitons amplitude is radically symmetric function, the boundary condition for solitons equation.

u
′
(|−→x |) = 0, u(∞) = 0 (24)

3.2.2 Dark temporal solitons
In Dark solitons, a localized pulse that appears with fast intensified on constant wave environment not like bright complement
on a zero-intensity background. Dark solitons perform significant stability beside noise and fiber loss. It is used for signal
processing, communication and switching because of its inherent stability (17)

3.2.3 Optical spatio-temporal solitons
Solitons is likely to generate a pulse transverse in localized dimension of space as well in time. This type of solitons (3+1)
dimension NLSE is called spatiotemporal solitons. The experiment towards the production has been slow in its broad study
by spatial Temporal solitons (1+1) D, (2+1) D and (3+1) D. One of the reasons that why the power of the formation of stable
spato-temporal was not yet theoretically identifiable. Evidence for spatio-temporal were given by an intelligent group by the
cubic media and the brand group in cubic media, although in these cases beam splits in space and time after propagating a few
characteristics length (18)

3.3 Optical vector solitons

Vector solitons refers to both of those solitons which have mutually added component. Individual solitons are twisted weakly
birefringent single mode fiber where the light transmission is mathematically coded by the NLSE. Various vector solitons dark
-dark vector, dark-bright vector and bright-bright-vector solitons (19)

3.3.1 Dark-Dark vector solitons
It appears in terms of defocusing Manakov model and assorted with focusing and defocusing non-linearity.

iuz −utt +2µ
(
|u|2 +(v|2

)
u = 0 (25)

ivz −utt +2µ
(
|u|2 + |v|2

)
v = 0 (26)

u(z, t) =−τ1

2

[
(1+Zg)− (1−Zg) tan h

(
p1t −Ω1z+ξ 0

1
2

)]
× ei[I1t−(λ−I2

1)z+ψ0
1 ] (27)

v(z, t) =−τ2

2

[
(1+Zh)− (1−Zh) tanh

(
p2t −Ω2z+ξ 0

2
2

)]
× ei[I1t−(λ−I2

1)z+ψ0
1 ] (28)

Where I1,I2, ψ0
1 , ψ0

2 ,P1 ,Ω1, and ξ 0
1 are all real constant, τ1,τ2 and Zhare all complex constants, and

∣∣Zg
∣∣= ∣∣Zg

∣∣= 1

3.3.2 Dark bright-vector solitons
Dark Bright solitons was investigated the NLSEs

i
∂−→e
∂ z

+
1
2

∂ 2−→e
∂ t2 −|−→e |2−→e =

−→
0 (29)
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Where z is distance and t is time coordinate and −→e = (e+,e−)
T represents transversely polarized light. In Hirota’s bilinear

method, dark-bright vector solitons given as (20)

e+ = τ {isin∅+ cos∅tanh [a(t −bz)]}e
ict+i

c2

2
+ τ2

z , (30)

e− =
√

τ2 cos2∅−a2sech[a(t −bz)]e
ibt+i

b2 −a2

2
− τ2

z, (31)

Where a,b,c and τ are constant satisfying a2 +(c2 −b2)≤ τ2 and∅= arctan c−b
a

3.3.3 Bright-bright-vector solitons
Two polarity component bright-bright solitons mention the solitons containing solitons bright pulse.TheManakov system (21)

iut +uxx +
(
|u|2 + |v|2

)
u = 0 (32)

ivt + vxx +
(
|u|2 + |v|2

)
v = 0 (33)

And the bright-bright solitons solution as

(u,v)T (x, t) = 2ηsech [2η (x+4ξ t − x0)]e−2iξ x−4i(ξ 2−η2)t

× 1√
|∝1 |2 + |∝2|2

(∝1,∝2)
T (34)

ξ and η are the parameters decide the velocity and amplitude x0is the coordinate at t = 0, and α1,α2 are two complex variables.

4 Advantages of optical solitons

4.1 Solitons as trains of high bitrate optical fiber communication
A binial frequency input signal is transferred through the fiber with active elaboration. An advanced spectral component is
produced during non-linearmultiplication through the fiber and simultaneously, phase or amplitude of the ingredients are auto-
adjusted so that an enhanced quality solitons train is generated. Solitons tenure is dogged by the total effective amplification
and input signal (22)

4.2 Memory generations
Optical system of micro ring resonator is presented to create femto-second (fs) memory time of optical solitons. Solitons pulse
are in the form of a bright solitons (23)and inserted intomicro ring resonator, thenMicro ring resonator generate a highly chaotic
signal and sliced it into ultra-short single and multi-solitons capacity of optical solitons pulse in pico and femto-seconds can be
execute using the projected method. Systematic ultra-fast optical solitons can be used to create optical quantum memory (24)

4.3 Improvement of microwave fiber optic link efficiency
Stimulated Brillouin Scattering can be used in a self- regulating, self-tuning carrier filter to enhance the modulation depth and
efficiency of fiber optic links. Improvements of 8dB have been achieved when light is injected into a single core fiber which is
eight times higher than the SBS threshold (25)

4.4 Increase the capacity of WDM optical system
TheWDM system dependent on solitons is superior to CWpulse system as the powermodulation in earlier systemwas 9.79015
dB and the posterior system had 8.4250 dB. WDM (26) performance of solitons dependent optical system provides enhanced
result comparable to CW system. Reduced jitter bit error rate and reduced signal power improves the communication system.
Solitary approach to the entire concept made transmission system stable (27)
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5 Application of optical solitons

5.1 Solitons Amplification

When pulse propagate through the fiber, due to absorption of energy there is some loss of energy. Such losses disrupt some
communication.These fiber losses are solitons extend optical communication especially apart from various other applications.
These losses are compensating by optical pulses. There are two ways for solitons promotion called lumped and distributed
amplification (28). Lumped scheme (29) optical amplifier provides a short range of amplification. Distribution amplifier is one
which the transmission fiber is utilized as gainmediumbymultiplexing a pumpwavelengthwith signalwavelength.Distribution
amplification is done by stimulated Raman scattering (30) and EDFA (31,32) .

5.2 Pulse compression

Solitons compression is a technique for compression of ultra-short pulse in a fiber. Fundamentally solitons pulse energy and the
pulse duration is proportional to the group velocity dispersion divided by the nonlinearity of the fiber. Thus, solitons duration
can be reduced if dispersion is reduced while keeping constant the pulse duration. Significantly pulse compression can be
obtained by propagating the pulse through a dispersion decreasing fiber.

5.3 Enhancement the bit rate

Techniques for ultrafast optical signal processing expected to play major role in future 10-100 Gbit/s. A device which shows
big efficiency in this field is wavelength nonlinear optical loop mirror which can perform wavelength conversion TDM and
switching. For this aNRZ pulse required because it has great timing tolerance andminimumbandwidth required.WDMsystem
change NRZ to RZ modulation (33). Binary NRZ transmission easy to understand 0 is a low level and the 1 is high level. RZ is
self-clocking but it requires more bandwidth. Both the system use kerr-linearity which affects the performance and distorting
the signal at high speed and long distance (34). WDM system increases the power without introducing the non-linearity. Non
return to zero coding scheme positive voltage bit 1 and zero voltage defines bit 0. Signal does not return to zero at the middle
of the bit. NRZ codes are easy to engineer and it makes efficient use of bandwidth. However, dispersion managed solitons in
advance optics technology play a important role in long distance network.

5.4 Reshaping of optical signal in glass fiber

Optical solitons is a self-reinforcing solitary wave packet that maintains its shape while it propagates at constant speed without
distortion in optical fiber. However, the pulse width increases due to fiber loss. So, a periodic amplification is needed to retain
the original shape at a long distance and it is determined by the group velocity dispersion (GVD). The shape of a solitons does
not change practically even after thousands of kilo meter of repeated amplification (35).

6 Conclusion

The study analysises the 4th generation fiber optic communication system where visual amplification is applied in order to
decrease the demand for repeaters along with WDM to increase the information carrying capacity. Similarly, the futuristic
work going on in the 5th phase of Optical Fiber Communication for expending the distances has also been discussed. The
future lies in the low loss window promising extension of range to 1.30 to 1.65 um. It seems to be a promising development that
includes the idea of visual solitons pulses that maintain their body by counteracting.That results in distribution with nonlinear
effects of this material by applying pulses of specific shape. All the major aspects of Solitons including, types, working principle,
applications and futuristic uses have been analyzed in details. It will help to undertake further research work in this innovative
area.
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