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Abstract. The transmission of the high data rate and information over the optical fiber is restricted 
by various dispersion phenomenon which further results into intersymbol interference (ISI). This 
article proposes two different methodologies for optical fiber deformation aiding vibration 
monitoring one using the pin diode as a photo-detector device and another manifesting the 
avalanche photo-detector. The novelty of this article lies in optical signal conversion using 
photo-detector processing followed by low pass Gaussian filter in order to reduce the extra 
contortion. This work is approaching electronic dispersion compensation technique (EDC) for 
compensation of chromatic dispersion at two distinct bit rates of 25 and 30 Gbps over 120 km of 
single mode fiber. Both the diodes have tested for theory performance using factors like Q-factor, 
bit error rate and eye height. It is found that pin diode is exhibiting a quality factor of 67.150 and 
40.5944 at 25 and 30 Gbps, respectively. When avalanche pin diode is used at the same data rates, 
quality factor of 73.0240 and 43.3523 are obtained, respectively. Hence, use of avalanche 
photodiode at high bit rates is utilized and the simulations showed the optimum photo-diode for 
efficacious dispersion compensation at such a long transmission distance. 
Keywords: bit error rate (BER), Q-factor, single mode fiber (SMF), chirped fiber Bragg grating 
(CFBG), electronic dispersion compensation (EDC), dispersion compensating fiber (DCF). 

1. Introduction 

Fiber obstacles like chromatic dispersion affect high speed optical fiber communication very 
badly. Thus, the system for transmission of signals should be carefully designed so that minimum 
distortion of signal occurs while propagating along the optical fiber. Presence of nonlinear factors 
requires more power, hence, fiber with little or non-zero chromatic dispersion is necessary for the 
coherent transmission over long distances. Existence of chromatic dispersion is predominant issue 
in single mode fibers as it deteriorates the signal up to a large extent. The result of this deterioration 
is popularly known as intersymbol interference (ISI). The transmission of the high data rate and 
information over the optical fiber is restricted by various dispersion phenomenon resulting  
into ISI.  

Chromatic dispersion causes the pulse to be widened at the receiver. This occurs as different 
components of the pulses propagate at distinct velocities and arrives at receiver at distinct time 
intervals. This results into the loss of information over such a prolonged distance in long haul 
networks [1], [2]. This information loss is an irreversible process which limits the signal and 
degrades its quality. Distinct modules can be used for the compensation of the signal like 
dispersion compensating fibers and combination of one or more modules. This deterioration of 
the signals can have major impacts while signal is transmitted over long distances, hence reducing 
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the transmission distances to a few Kilometers [3]. There are numerous alternatives present to 
resolve this hurdle of dispersion. Unlike other dispersion compensating procedures, electronic 
dispersion compensators (EDC) make use of non-linear and linear equalization approach. This 
methodology is an effectual, cost effective and compact dispersion compensating method. 

1.1. Contribution  

The major contribution of this research article lies in finding out the usage of recognizable 
photo-detector devices at the receiver side in order to assess the Optical Fiber Deformation which 
can aid Vibration Monitoring. This article proposes two different methodologies for this purpose. 
One is utilization of pin diode as a photo-detector device and another is manifestation with 
avalanche photo-detector. The proposed framework fuses the transmitter section with continuous 
laser beam and NRZ along with Mach Zehnder modulator as signal propagated over longer 
distances needs modulation for result analysis. This article uses a novel approach of optical signal 
conversion using photo-detector processing for the signal received at the receiver section followed 
by low pass Gaussian filter in order to reduce the extra contortion. This novelty acts in providing 
the significantly better outcomes as the converted optical signal can easily travel down the optical 
fiber and it is again converted to electrical signal using photodiode at the receiver side. This article 
reveals that the avalanche photodiode can be considered better for optical fiber deformation aiding 
vibration monitoring comparative to the pin photodiode.  

The rest of this article is structures as: Section 2 provides the literature review of state-of-the-
art methods followed by Section 3 presenting the material and experimental setup for the analysis. 
Section 4 provides the results and discussion followed by concluding remarks in Section 5.  

2. Literature review  

M.Y. Hamza et. al illustrated the compensation of dispersion by considering DCF as dispersion 
compensator in four distinct cases and then making the dispersion maps using Gaussian pulse. All 
the simulations performed at input powers form 3-10 dBm [4]. Lars Gruner-Nielsen et al. 
researched on three kinds of DCF which includes up gradation of non-shifted fibers and non-zero 
fibers, increases the probability of utilization of DCF [5]. M. Singh et al. observed the system 
performance at 10 Gbps for 150 km of SMF at pre, post and symmetric DCF and it is found that 
symmetric has superior performance in terms of quality factor. R. J. Nuyts et al. inspected the 
system performance using DCF at 10 Gbps over 360 km. Eye margin is increased to 48.5 % after 
compensation for the same BER of 10-15 which was 33.3 % before compensation [6], [7]. At the 
rate of 20 Gbps, three types of modulation techniques that are modified duobinary RZ, carrier 
suppressed RZ and duobinary RZ are simulated over 64 channels to provide a big capacity system 
of 1.28 Tbps in three schemes. Symmetric is found as the best using DCF as compensator but also 
got a tradeoff between spacing among the channels and distance enclosed. A.V. Patel et al. 
performed the simulation for a system with 40Gbps transmission rate over 4000 km. They showed 
a comparison among carrier suppressed RZ, differential PSK and modified duobinary RZ using 
DCF only for compensation and found DPSK to be the best performer in comparison to others at 
0 dBm power in symmetrical scheme. For the same 40 Gbps rate and two distinct compensators 
i.e. DCF and FBG separately, another simulations performed in three configurations at a distance 
of 100 km. In both the cases, post scheme got the reward for best scheme [8]-[10]. 

A. N. Pilipetskii et al. showed that system performance can be improved upto more extent by 
using proper dispersion compensation methods instead of signal variance. S. Yhu showed the 
optical fibers and their dispersion range which normally exists 4-20 ps/nm/km. At a max of 
60-300 km and 4-18 km distance can be covered at 10 and 40 Gbps, respectively, with no 
compensation [11], [12]. M. Sumetsky et al. provided an approach to eliminate group delay ripple 
with the help of using FBG along with its fabrication techniques. CFBG provides a facility of 
dispersion tuning not available in standard DCF’s, thereby, making it better for OTDM and WDM 
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systems. James F. Brennan III also focused on problems occurs while utilizing FBG as dispersion 
compensator [13], [14]. A. B. Dar et al. explained all the major techniques for compensation of 
dispersion along with changing the various apodization profiles for FBG. Tanhapodized profile 
got better results, thus, making FBG better technique [15]. W. Chen et. al provided a system using 
DCM instead of DCF as dispersion compensator for 48channels at 40 Gbps data rate and providing 
a better slope compensation than DCF [16]. G. Gnanagurunathan et al. showed FBG as better 
technique than DCF for a four-channel system varying its bit rates from 2.5 to 40 Gbps over 
600 km transmission distance. H.S. Fews et al. compared DCF and FBG for 40 channels at 
10 Gbps rate over 525 km distance and found FBG as superior dispersion compensator. K. Khairi 
et al. also compared DCF with MC-CFBG at 10 Gbps rate over 100 km transmission distance and 
concluded MC-CFBG as superior than DCF [17], [18], [19]. K. O. Hill et al. provided fabrication 
of CFBG using novel double exposure method for dispersion compensation in 1549 nm window 
using a grating of 3 cm. Natalia M. Litchinitser et al. showed that a maximum of 100 km and 
400 km distance can be achieved with a grating of 10cm and 20 cm, respectively using apodized 
CFBG for WDM applications [20], [21]. D. Garthe et. al. used adjustable equalizers for two 
distances of 80 km and 160 km at 10, 20 Gbps data rates, respectively and got a compensation of 
up to 80 km for 20G bps transmission rate and 160 km for 10 Gbps bit rate. B. J. Eggleton et al. 
showed the importance of grating in dispersion compensation by utilizing a 11 cm grating at 
10 Gbps rate and achieved a distance of 72 km with no power penalty but for the distance of 
160 km, 2 dB power penalty existed at the same rate even with the use of compensator [22], [23]. 
W. H. Loh et al. showed that almost 100 km distance can be achieved without compensation at 
10 Gbps rate but from 100-400 km, 10 cm CFBG used in pre configuration. Grating was shifted 
to the centre section of transmission link, for the further lossless transmission of up to 700 km 
[24]. A. H. Gnauck et al. evaluated the dispersion compensation for 8 channels at two rates of 10 
and 20 Gbps over 480 and 315 km distances, respectively. They have shown that for a WDM 
system of 8×10 Gbps, six gratings and for 8×20 Gbps, four gratings are sufficient to get the perfect 
outcomes [25]. Isabelle Riant et. al used DCG for compensation and showed that dispersion can 
be compensated up to 80 km for four channels and upto 400 km for two channels at 10Gbps 
transmission rate [26]. L. D. Garrett et. al performed dispersion compensation on a WDM system 
consisted of 16 channels at 10 Gbps over 840 km by using eleven CFBG. Ten gratings were 
provided with dispersion of –1330 ps whereas the last one is provided with an extra slope of  
–35ps. Even the worst case of compensation exhibited a quality factor of 16.9 dB with bit error 
rate of 1.3 ×10-12 [27]. L.D. Garrett et. al utilized two distinct modules at 10 Gbps rate for 
32 channels over 375 km distance. One is having two gratings in cascade and other is having a 
single grating. 32 channels were divided into three categories of upper red band, lower red band 
and blue band. Hence, a mean quality factor of 19.8 dB is obtained for upper red band and blue 
band whereas it is 20.2 dB for lower red band [28]. L. Pei et al. analyzed a 13 channel system at 
10 Gbps over 3100 km for three distinct pulse generators that are RZ, NRZ and carrier suppressed 
RZ and found that CSRZ is the finest option for communication with lower power penalty than 
others [29]. L. Zhu et al. used specially sampled fiber Bragg grating in place of CFBG and found 
that pre configuration is superior at 10 Gbps rate over 1000 km. Also, CFBG got better results in 
post configuration when compared with SSFBG [30]. B. J. Eggleton et al. produced a tunable 
dispersion compensator using CFBG for a TDM system at a transmission rate of 160 Gbps which 
reduced dispersion to a level at a lower power penalty equals to 1.3 dB [31]. 

IS Amiri et al. used a module of fiber grating and emulator together for compensation of 
dispersion by using an optical fiber of 10-250 km at 10-600 Gbps rate. The maximum SNR 
obtained is 69 dB, with an output OSNR = 65 dB and 126 dB gain. Peng Xia et. al. provided a 
study of dispersion compensation using IDCFBG at a fixed transmission rate of 10 Gbps over a 
distance of 50 km. The study was carried out by using IDCFBG in three models of pre 
compensation, post compensation and symmetrical compensation. The authors concluded that 
symmetrical configuration is performing best under the given conditions [32], [33]. 

T. Adali et al. showed the utilization of electronic equalizers based on MMSE criterion. A 
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direct mean pulse is applied which is non-zero and then determination of pulse properties on eigen 
value of that pulse is done so that its outcomes can be applied to MMSE equalization. PMD is 
mitigated using two kinds of MMSE equalizers i.e. FFE with 7 taps and DFE with 5 forward and 
3 feedback taps [34]. M. Seiben et. al investigated a system which used optical single band 
transmission instead of double sideband transmission at 10 Gbps rate and 320 km transmission 
distance over non dispersion shifted fibers by utilizing electronic dispersion compensator for 
compensation of dispersion. Minimum error of 10-10 was achieved for the specified distance. They 
showed that single band transmission with equalization can go beyond 600 km if modulator’s 
drive level is properly chosen [35]. A. C. Singer et al. tested for receiver utilizing MLSE for 
compensation of dispersion at 10 Gbps rate up to 200 km and got a BER of 10-4 [35]. M. 
Moghaddasi et al. showed a balancing of OOK RZ and NRZ modulation scheme, firstly using 
FFE-DFE equalizer and then DCF at 10 Gbps rate over a varying distance of 70-160 km and found 
that NRZ performed best in electrical equalizers but for shorter distances, RZ can be applied in 
optical compensation [36]. Y. Ma et al. demonstrated the use of EDC for compensation of 
dispersion at definite bit rates of 50-80 Gbps by utilizing two types of diodes at the receiver- pin 
photodiode and avalanche photodiode. The author concluded that avalanche photodiode is giving 
better results as compared to pin diode under given conditions [37]. 

Hence, it has become necessary to utilize any compensation technique for the smooth and 
non-interrupted transmission. So, for this compensation, digital filters, EDC technique, FBG and 
dispersion compensating fibers techniques and are most commonly used techniques. The literature 
review of various methodologies in this domain is done in Table 1.  

3. Material and methods  

The literature suggests that there are various types of losses which occur for Optical Fiber 
Deformation and Vibration Monitoring. This article uses the technique of equating the positive 
and negative dispersion over the fiber length is utilized, known as dispersion management, to 
overcome the losses. The overall dispersion is either zero or within the sustainable limit, when the 
signal arrives at recipient. Also, it is inversely corresponding to the square of the signal’s 
information rate. Approximately a chromatic dispersion of 17 ps/km/nm is normally exhibited by 
single mode fibers and also have minimal attenuation when operates around a wavelength of 
15550 nm. 

In order to model the overall reverberations of group velocity dispersion, loss and self-phase 
modulation, non-linear Schrodinger equation can be used shown below in Eq. (1): 𝜕𝐴𝜕𝑧 + 𝛼2 𝐴 + 𝑖2𝛽ଶ 𝜕ଶ𝐴𝜕𝑇ଶ = 𝑖𝛾ሾ|𝐴|ଶ𝐴ሿ, (1)

where, 𝐴 – amplitude of the pulse varying at slow rate, 𝛼 – attenuation, 𝛾, 𝛽ଶ – governing the effect 
of non-linearity and dispersion, 𝑇 – reference frame propagating with the signal at group velocity. 

In the Eq. (1), split step Fourier method has been used to solve it. Further, for its 
implementation, length of the fiber is portioned into many segments. The optical signal is 
propagated segment wise. 

3.1. Methods for dispersion compensation 

3.1.1. Dispersion compensating fibers 

Use of DCF for compensation was first proposed in late 1980s. It is because of its some 
features like more stability towards change in temperature and broad bandwidth. It operates on the 
theory of negative dispersion, where, positive dispersion of SMF is cancelled by its negative value. 
Hence, the overall dispersion becomes close to zero in the signal propagating along the fiber. 
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Table 1. Literature review of various methodologies in this domain 

Literature reviewed Concept Challenges 
Technologies 

popular solutions 
available 

Conclusion 

I. Amiri, A. Nabih 
Zaki Rashed, H. M. 
Abdel Kader, A. A. 
Al-Awamry, I. A. 
Abd El-Aziz, P. 

Yupapin, G. Palai 
[32] 

Dispersion 
Compensation-
both intermodal 
and polarisation 
mode dispersion 

Chromatic and 
polarisation 

mode dispersion 
compensation 
over 250 km 
long optical 

fiber 

FBG and Emulator 

The max. Value of 
output signal to 

noise ratio reached 
to 69 dB whereas 

output offset signal 
to noise ratio 

reached to 65 dB 
and gain of 126 dB 
has been observed. 

P. Xia, Z. Li-Hua, Y. 
Lin [33] 

Chromatic 
Dispersion 

Compensation 

Compensation 
of dispersion at 
a transmission 
rate of 10 Gbps 

for 50 km 
transmission 

FBG-post, 
symmetrical & pre 
and compensation 

Symmetrical 
compensation is 

performing better 
than other two. 

A. Sharma, I. Singh, 
S. Bhattacharya 

[42] 

Mitigation of 
chromatic 

dispersion using 
Hybrid model 

Compensation 
of dispersion at 
100 Giga bits 

per second over 
a single mode 

fiber of 120 km 

Using UFBG with 
EDC 

Q-Factor sharply 
increased to 37.12 
from 14.48 when 

power is increased 
from 1-10 dBm 

S. Sharma, 
A. Sharma, 

S. Thakur [48] 

Chromatic 
dispersion 

compensation 
using EDC 

Compensation 
of dispersion 
using EDC at 
20.25 and 30 
Gbps for a 

length of 120 
km 

EDC technique 

A maximum 
increase of 

Q-Factor of 40 ha 
been observed 

before and after 
equalization. 

Y. Ma, Q. Chen, 
S. Wang, 

S. Sharma, 
S. Khanna [37] 

To compensate 
the chromatic 
dispersion and 

comparison 
between pin 
photo and 
avalanche 

photodiode 

Chromatic 
dispersion 

compensation at 
50–80 Gbps for 

120 km of 
transmission 

distances. 

UFBG and EDC 
module 

Avalanche 
photodiode is 

giving finer results 
than pin 

photo-diode at 
50-80 Gbps 

transmission rates. 

Range of negative dispersion for dispersion compensating fiber is from –70 to –90 ps/nm/km 
[38]. Hence, overall dispersion and attenuation of any optical link can be described by using  
Eq. (2), (3): 𝐷் =  𝐷ௌெி𝐿ௌெி + 𝐷஽஼ி𝐿஽஼ி, (2)𝛼் =  𝛼ௌெி𝐿ௌெி + 𝛼஽஼ி𝐿஽஼ி , (3)

where, 𝐿ௌெி and 𝐷ௌெி – single mode fibers length and dispersion, respectively, 𝐿஽஼ி   and 𝐷஽஼ி – 
dispersion compensating fibers length and dispersion, respectively. 

Another concept of figure of merit is given by Eq. (4) given below: 𝐹𝑂𝑀 =  −𝐷஽஼ி𝛼஽஼ி . (4)

If length of the DCF is chosen in a way that total dispersion is equals to zero, then the overall 
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loss can be determined form Eqs. (2), (3) and (4): 𝛼் =  ൬𝛼ௌெி + 𝐷ௌெி𝐹𝑂𝑀൰𝐿ௌெி . (5)

Thus, it can be concluded that extra attenuation due to DCF can be calculated by figure if merit 
only. 

The residual dispersion of the channel after then 𝑁 – segment compensation of dispersion 
compensating fibers is given in Eq. (6): 

∆𝐷൫𝜆௝൯ = 𝑁𝐿ௌெி ቈሺ1 −  𝜇௉ሻ𝐷ௌெிሺ𝜆௉ሻ +  ሺ𝑗 − 𝑝ሻ∆𝜆 𝑑𝐷ௌெிሺ𝜆௉ሻ𝑑𝜆 −  𝜇௉𝐷ௌெிሺ𝜆௉ሻ𝐷஽஼ிሺ𝜆௉ሻ 𝑑𝐷஽஼ிሺ𝜆௉ሻ𝑑𝜆 ቉, (6)

where, 𝜇௉ – 𝑃-channel compensation rate [39]. 

3.1.2. Fiber Bragg grating 

Normally, no optical fiber suffers from change in the refractive index of core and cladding 
along its length. Fiber Bragg grating exhibits the characteristic of varying refractive indices of 
cladding and core along the length of the fiber which causes scattering of the travelling pulse [29], 
[40]. Grating can be chirped, uniform and superstructure. These are differentiated on the basis of 
grating period. As the name says, uniform grating has fixed grating period whereas chirped grating 
flaunts variation in refractive indexes. Distinct wavelengths reflect at distinct positions and 
thereby, resulting into distinct time delays [41], [42]. 

Let 𝑛௘௙௙௖௢ and 𝑛௘௙௙௖௟ be the refractive index of 𝐿𝑃଴ଵ and cladding, by assuming step index 
fiber and of single cladding. For both the modes, electrical field in the core domain is given in the 
Eq. (7) shown below: 

𝐸௥௖௢  ≈ 𝑖𝐸଴ଵ௖௢𝐽଴ ൬𝑣√1 − 𝑏𝑟𝑎ଵ൰ expሺ𝑖𝜑ሻ expሾ𝑖ሺ𝛽𝑧 − 𝜔𝑡ሻሿ, 𝐸ఝ௖௢  ≈ −𝐸଴ଵ௖௢𝐽଴ ൬𝑣√1 − 𝑏𝑟𝑎ଵ൰ expሺ𝑖𝜑ሻ expሾ𝑖ሺ𝛽𝑧 − 𝜔𝑡ሻሿ, (7)

𝐸௥௖௟  ≈ 𝑖𝐸ଵ௩௖௟ 𝑢ଵ2 ൜𝐽ଶሺ𝑢ଵ 𝑟ሻ + 𝐽଴ሺ𝑢ଵ𝑟ሻ −  𝜎ଶ𝜉଴𝑛ଵଶ ሾ𝐽ଶሺ𝑢ଵ𝑟ሻ −  𝐽଴ሺ𝑢ଵ𝑟ሻሿൠ        × expሺ𝑖𝜑ሻ expሾ𝑖ሺ𝛽𝑧 − 𝜔𝑡ሻሿ, 𝐸ఝ௖௟  ≈ 𝐸ଵ௩௖௟ 𝑢ଵ2 ൜𝐽ଶሺ𝑢ଵ 𝑟ሻ −  𝐽଴ሺ𝑢ଵ𝑟ሻ −  𝜎ଶ𝜉଴𝑛ଵଶ ሾ𝐽ଶሺ𝑢ଵ𝑟ሻ +  𝐽଴ሺ𝑢ଵ𝑟ሻሿൠ        × expሺ𝑖𝜑ሻ expሾ𝑖ሺ𝛽𝑧 − 𝜔𝑡ሻሿ, 𝐸௭ ௖௟  ≈ 𝐸ଵ௩௖௟ 𝑢ଵ2 𝑢ଵଶ𝜎ଶξ଴𝑛ଵଶ𝛽 𝐽ଵሺ𝑢ଵ𝑟ሻ expሺ𝑖𝜑ሻ expሾ𝑖(𝛽𝑧 − 𝜔𝑡ሿ, 
(8)

where, 𝐽௠(𝑥ሻ = 𝑚th order Bessel function, 𝐸ଵ௩௖௟ and 𝐸଴ଵ௖௢ – constants (normalized), 𝑣 – mode 
number of cladding, 𝜉଴ – dispersion relation formula. 

Remaining variables can be defined as in Eq. (9) given below: 

𝑏 =  ൫𝑛௘௙௙௖௢൯ଶ −  𝑛ଶଶ)𝑛ଵଶ −  𝑛ଶଶ ,      𝑉 =  2𝜋𝜆 𝑎ଵඥ𝑛ଵଶ− 𝑛ଶଶ, 
𝜎ଶ = 𝑖𝑛௘௙௙௖௟ඨ𝜇଴𝜀଴ ,      𝑢ଵ =  2𝜋𝜆 ට𝑛ଵଶ −  ൫𝑛௘௙௙௖௟൯ଶ. (9)
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From this distribution of fields, coupling constant can be determined. These equations can be 
then solved by utilizing mathematical analysis. After evaluating, the equations for FBG can be 
explained as Eq. (10) given below: 𝑅ᇱ(𝑧) +  𝑖𝛼௝(𝑧)𝑅(𝑧) = 𝑖෍𝑘ଵ௝௧௝ (𝑧)𝑆௝  (𝑧), 𝑆௝ᇱ(𝑧) −  𝑖𝛼௝(𝑧)𝑆௝(𝑧) =  −𝑖𝑘ଵ௝ᇱ(𝑧)𝑅(𝑧), (10)

where, 𝑘௞௝ᇱ – coupling coefficient between two modes 𝑘 and 𝑗, 𝛼௝(𝑧) – phase mismatch between 
forward-backward modes. 

Let us assume FBG length = l, then: 𝑅 ൬−𝐿2 ൰ = 1,      𝑆௝ ൬𝐿2൰ = 0. (11)

Hence, the coefficient of refraction will be: 

𝑓(𝑧) =  𝑆(𝑧)𝑅(𝑧). (12)

So, the final response of FBG would be as described in Eq. (13) given below [43]: 𝑅ᇱ = 𝑓 ൬−𝐿2 ൰ 𝑓∗ ൬−𝐿2 ൰. (13)

3.1.3. Electronic dispersion compensation 

This method uses electronics in coexistence with optics for the compensation of dispersion in 
fiber optics either chromatic dispersion or polarization mode dispersion. Two ways are present in 
which EDC can be utilized for compensation. In first way, first order PMD inside the fiber can be 
compensated by abandoning out it with the complementary PMD made at recipient. Another way 
of compensation is to make use of equalization circuits which is the most frequent method of 
compensation [44]-[46]. Fig. 1 is representing the simple block diagram of any electronic 
equalizer. Various techniques are present for using the electronic equalizer that are feedforward 
equalizers, feedback equalizers and maximum likelihood sequence estimator. Alleviation of 
dispersion is normally done in optical field before its detection at recipient but the electronic 
dispersion compensator makes use of electronics for this motive. 

 
Fig. 1. Basic Representation of electronic equalizer 

Two distinct strategies are available for its implementation are direct detection technique and 
optical heterodyne detection method. Optical detection technique makes use of feed forward 
equalizer [47]-[49]. 

Any feed forward equalizers exhibits output specified in Eq. (14) as shown below: 
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𝑦(𝑡) =  ෍𝑐௞ேିଵ
௞ୀ଴ 𝑥(𝑡 − ሾ𝑘∆𝑡ሿ), (14)

where, 𝑥(𝑡) – value of the pulse at t time interval, 𝑁 – gross no. of taps in FFE. 

3.2. Experimental setup for design and simulation of optical link 

The vital goal of this research is to find out and discover the end results of using recognizable 
photo-detector devices at the receiver side. In order to reach to consequences, two different models 
have been proposed for optical fiber deformation aiding vibration monitoring. Out of them, one is 
utilizing pin diode as a photo-detector device and another is manifesting with avalanche 
photo-detector. Three main parts has been included during designing of the optical link-transmitter 
part, optical communication path and recipient part. The transmitter section is fused with 
continuous laser beam and NRZ along with Mach Zehnder modulator as signal propagated over 
longer distances needs modulation. Getting signal at the receiver section is fulfilled by 
photo-detector first and then purify by low pass Gaussian filter in order to reduce the extra 
contortion. Whole simulation is done at 120 km distance for 25 and 30 Gbps bit rates, respectively 
presuming the input power varying from 1-10 dBm. Variables required for the even simulation 
are described in tabular form. EDC used for dispersion compensation has its parameters tabulated 
in Table 2. Table 3 is depicting the normalized parameters for the simulation including standard 
frequency and transmission rate for communication whereas simulation parameters of single mode 
fibers are shown in Table 4. 

Table 2. EDC simulation parameters  
Parameters Value 

Forward tap coefficients 3 
Forward tap space 5 

Leakage factor 1 
Step size 0.3 

Feedback tap coefficients 2 

Table 3. Normalized simulation parameters 
Parameters Value 
Bandwidth 1 THz 
Frequency 193.1 THz 

Bit rate 25 and 30 Gbps 

Table 4. SMF simulation parameters 
Parameters Value 
Attenuation 0.2 db/km 

Differential group delay 3 ps/km 
Dispersion 0.01 ps/nm/km 

Length 120 km 

Along with the tables, simulation setups for two distinct cases are also shown in the form of 
figures. Fig. 2 is depicting use of pin diode at receiver along with EDC for dispersion 
compensation whereas use of avalanche photo diode is displayed in Fig. 3.  

A comparison has been done between both the cases to determine the unbeatable 
photo-detector at receiver in order to enhance the signal quality and to get better Q-factor with 
minimal bit error rate. 



OPTICAL FIBER DEFORMATION AND VIBRATION MONITORING AT DISTINCT DATA RATES WITH DISTINCT PHOTO-DETECTORS DEVICES.  
XIAOHONG ZHANG, MIN LIN, SHALINI SHARMA, SHAWETA KHANNA, PLJONKIN ANTON PAVLOVICH 

1358 JOURNAL OF VIBROENGINEERING. SEPTEMBER 2021, VOLUME 23, ISSUE 6  

 
Fig. 2. Experimental simulation setup for dispersion compensation  

using EDC with pin diode photo-detector 

 
Fig. 3. Experimental simulation setup for dispersion compensation using EDC with avalanche pin diode 

4. Results and discussions  

Multiple parameters are available to determine the impact of dispersion on the existing optical 
link design but simulations of all the parameters at a specified time period is not possible. This 
research paper focuses on optical fiber deformation aiding vibration monitoring by changing a 
specific device used at receiver to analyze the changes that has been occurred. Whatever changes 
happens, they all are observed by their respective eye diagrams. Initially, to get the optical pulse 
at the receiver and then transforming back into electrical signal, PN diode has been used. Apart 
from the pin diode, another dispersion compensator called EDC is used. Pin diode is configured 
at transmission rates of 25 and 30 Gbps, respectively by holding on the parameters of compensator 
to a fixed value for both transmission rates. Reenactments have been done and the results are 
investigated in eye diagram form. Every one of the simulations have been finished by changing 
the input power from 1-10 dBm. 

Fig. 4 is showing the eye diagram having PN diode as photo-detector device at 25 Gbps 
whereas eye diagram at a bit rate of 30 Gbps is displayed in Fig. 5. As the input power value is 



OPTICAL FIBER DEFORMATION AND VIBRATION MONITORING AT DISTINCT DATA RATES WITH DISTINCT PHOTO-DETECTORS DEVICES.  
XIAOHONG ZHANG, MIN LIN, SHALINI SHARMA, SHAWETA KHANNA, PLJONKIN ANTON PAVLOVICH 

 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA 1359 

diversified from 1-10 dBm, but eye diagrams of only maximum power is shown, that is, 10 dBm 
as they are getting the highest level outcome at 10 dBm power at best. The same kind of procedure 
has been implemented by considering into account another popular photo-detector i.e. avalanche 
pin-diode for transformation at recipient. Its end results are analyzed at two transmission rates of 
25 and 30 Gbps and then unveiled diagrammatically using eye diagrams at highest power of 
10 dBm. Fig. 6 is displaying the eye diagram of avalanche pin-diode at 25 Gbps whereas Fig. 7 is 
showing the eye diagram same photo-detector device at 30 Gbps. The concluding step shows the 
comparison of PN and avalanche photodiodes and drawn the best between them. 

 
Fig. 4. Eye diagram using pin-diode at 25 Gbps 

 
Fig. 5. Eye diagram using pin-diode at 30 Gbps 

As it can be seen from the eye diagrams, avalanche pin-diode at 25 Gbps is exhibiting the 
maximum eye opening when compared with pin diode at 25 and 30 Gbps. Maximum eye-opening 
leads to minimal distortion and dispersion at the receiver which is the necessary part of any kind 
of optical communication link. Hence, it can be concluded that avalanche pin diode is performing 
its best at 25 Gbps rate when compared with pin photo-diode at the same rate. 
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Fig. 6. Eye diagram using avalanche pin-diode at 25 Gbps 

 
Fig. 7. Eye diagram using avalanche pin-diode 30 Gbps 

Apart from analyzing the eye diagrams, other parameters are also there which determined the 
optimal photo-detector device. This includes comparison of both the devices in terms of eye  
height, quality- factor and bit error rate. 

Comparisons of result determining parameters are shown graphically. Fig. 8 and Fig. 9 are 
showing the Q-factor comparison using avalanche and pin photodiode at 25 and 30 Gbps rates, 
respectively whereas comparison of bit error rates is also displayed in graphical form in Fig. 10 
and Fig. 11 for 25 and 30 Gbps, respectively. Another comparison of eye height is done at 25 and 
30 Gbps for both types of diodes and displayed in Fig. 12 and Fig. 13, respectively. After 
observing the comparison graphs, distinct points can be derived. Q-factor of avalanche diode 
reaches at a maximum of 73.0240 and 43.3523 whereas pin photodiode is having a q-factor of 
67.150 and 40.5944 at 25 and 30 Gbps rates. When bit error rate is compared, it is giving a mixed 
result for both the diodes. The comparative analysis of quality factors at both the bit rates is defined 
in Tabular form in Table 5. At the ending, it can be said that it provides the optimal overall 
performance using avalanche pin diode at 25 and 30 Gbps transmission rates and 120 km using 
single mode fiber. 
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Fig. 8. Q-factor comparison at 25 Gbps 

 
Fig. 9. Q-factor comparison at 30 Gbps 

 

 
Fig. 10. BER comparison at 25 Gbps 

 
Fig. 11. BER comparison at 30 Gbps 

 

 
Fig. 12. Eye height at 25 Gbps 

 
Fig. 13. Eye height at 30 Gbps 

Table 5. Comparative analysis 

Bit rates (in Gbps) Q-Factor 
Pin photodiode Avalanche photodiode 

25 67.150 73.0240 
30 40.5944 43.3523 

5. Conclusions 

This article proposes a framework for optical fiber deformation aiding vibration monitoring 
using recognizable photo-detector devices at the receiver side of photo detectors. The work in this 
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paper basically focuses on extracting the optimal photo detector to be used at receiver in order to 
get the highest q-factor and minimal bit error rate. The performance of the two photo-detectors 
has been analyzed by simulating them at two distinct bit rates of 25 and 30 Gbps. Their outcomes 
are analyzed by observing their quality factor, bit error rate and eye height and then comparing 
them at both data rates using single mode fiber at 120 km. It is found that pin diode is exhibiting 
a quality factor of 67.150 and 40.5944 at 25 and 30 Gbps, respectively. When avalanche pin diode 
is used at the same data rates, quality factor of 73.0240 and 43.3523 are obtained, respectively. 
Similarly, overall bit error rate at these two rates is minimal using avalanche pin diode when 
compared with pin photodiode. By comparing these factors, an important conclusion has been 
drawn such that at both transmission rates, avalanche pin diode performing better than pin 
photo-detector. This is the most important conclusion as normally pin diode tops the avalanche 
pin diode in most of the systems. Finally, the conclusion favors the utilization of avalanche pin 
diode at 25 and 30 Gbps rates over 120 km transmission distance using electronic dispersion 
compensator for dispersion compensation for getting dispersion free signal. 
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