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Abstract 

In this paper, we suppose a method for 
reducing the dispersion in the plastic optical fiber 
(POF) Bragg gratings based on optimizing the 
grating coupling-strength (ξ) using genetic 
algorithms. The effects of average refractive 
index (δn) and temperature (T) change on the 
dispersion properties are investigated numerically. 
It is found that the amplitude of the δn for low 
dispersion performance needs to be reduced at the 
cost of the design complexity of the POF Bragg 
gratings. Owing to the unusually large and 
negative thermo-optic coefficient of the POF, the 
dispersion due to the wavelength shift induced by 
the temperature variation will be reduced by 
operating at high ξ value. Results showed that by 
optimizing the ξ value a very large dispersion 
reduction range has been obtained, from 1178 to 
11.5 ps/nm at 30 mm grating length. 

 
Keywords: Dispersion in optical fiber, plastic 
optical fiber (POF), genetic algorithms. 

 
1 Introduction 

With the large increase in demand for high-
speed data transmission over Internet access, fiber 
Bragg gratings (FBGs) have been developed to 
support many applications in optical 
communication systems [1]. However, due to 
large Young's modulus and a small thermal 
expansion coefficient, Bragg gratings based silica 
optical fiber (SOF) cannot be tuned easily by their 
mechanical or thermal methods. Typically, SOF 
gratings can only be tuned within 4-6 nm by 
temperature and mechanical stress [2]. The case 
in Bragg gratings based plastic (polymer) optical 
fiber (POF) is totally different; the Young’s 
modulus for the polymer is more than 70 times 
smaller [3, 4] than that for the silica, that makes 
the tunability much better than that of SOF Bragg 
gratings. In addition, POF has the merits of a 
negative and large thermo-optic effect, thereby, 
large refractive index tuning by heating can be 
obtained as compared to SOF [5-6]. Therefore, 
wide tuning range can be obtained easily by direct 
heating for POF Bragg gratings. 

However, the most important critical 
limitation that determines the transmission bit-rate 
over optical fiber is the dispersion of the fiber. 

Where, it degrades the performance 
characteristics of optical communication in high 
speed and long haul systems [7-10]. Dispersion is 
the result of the non-linear fiber material’s and the 
distance of the traveling signals inside the fiber. 
In dispersion, different signals travel with 
different velocities. Due to which all the signals 
reach at different times which results in “pulse 
broadening” [11]. 

Several experimental and theoretical studies 
have been reported on reducing the dispersion 
properties in POF Bragg gratings [7-14]. 
However, they require complicated structures or 
special fiber designs. In this paper, we propose a 
simple method for optimizing POF Bragg gratings 
design by using genetic algorithms. We 
demonstrated that in this technique the dispersion 
properties can be eliminated by optimizing the 
coupling- strength value for the fiber grating. 
Then based on the optimal values that are 
obtained by the genetic algorithms, the effect of 
average refractive index and temperature variation 
on the dispersion properties are investigated 
numerically. The paper is structured as follows: 
The theory for the fiber Bragg grating in plastic 
optical fibers is given in Section II. Section III 
discusses the model for the genetic algorithms.  
The simulation results are discussed in Section IV 
followed by the conclusions. 

 
2 Plastic Grating Fiber Model 

By doping photosensitive materials into POF, 
the refractive index will change upon exposure to 
bright light. There are many mechanisms that 
result in a refractive index change in plastic fibers 
[14]. Since the operation of Bragg gratings is 
based on the reflection of light from grating 
fringes and coupling of the modes, thus the 
maximum reflectivity is obtained at the 
wavelength that satisfies the Bragg condition [2, 
11]: 

By assuming )(zAf  and )(zBb  (as shown in 
Fig. 1) are the amplitudes of the forward and 
backward waves, the propagation through the 
fiber grating is described by a matrix H, which is 
defined such that [11] 
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Where the matrix H for Bragg gratings is 

given by [11] 
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Where, δn and ξ is the coupling length for the 

fiber's grating. Ω is the grating parameter which is 
defined by [11]  

 
22 nδξ −=Ω    (3) 

 
For a uniform fiber gratings of length Lg the 

reflectivity (ρ) can be obtained by assuming a 
forward- propagating incident from z = - ∞  and 
no backward propagation for 2/gLz ≥ .  
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Based on (4), the maximum reflectivity for 

gratings fiber occurs when the Bragg condition is 
satisfied (i.e. the average refractive index )( nδ
approaches zero).   
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Figure 1: Uniform Bragg gratings in plastic fibers 
with forward (Af(z)) and backward (Bb(z)) waves. 

 
3 Optimization Using A Genetic 
Algorithm 

Low-coupling strength represents one of the 
design parameters with respect to well model 

performance. The dispersion characteristics of the 
plastic fiber grating has a relation to the coupling 
strength, amplitude of the induced refractive 
index perturbation, grating length and the 
reflectivity, which also have important effect on 
device's performance. Therefore, the goal is to 
find the optimal coupling strength that produces 
the dispersion performance close to the minimum 
value. The relation of the coupling strength and 
the dispersion of the grating fibers is so 
complicated that the genetic algorithm (GA) can 
be used to select the optimal coupling strength 
value. 

The GA model is used to evolve solutions 
based on the Darwinism rule. The GA,s objective 
function is the plastic fiber grating dispersion’s 
function, which can be defined by [11]: 
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Where D  represent the dispersion parameter 

of the fiber grating and ρψ  is the phase of fiber 
grating reflectivity, respectively. Figure 2 shows 
the GA,s flowchart. A chromosome is a binary of 
the coupling strength. According to Fig. 2, in the 
first step, GA will generate randomly initial father 
chromosomes population (i.e. suitable solutions 
for the dispersion problem), then step two: by 
using the dispersion formula as an objective 
function to find the fitness of individuals of the 
coupling strength, which is used to select the 
children population. In the next step, the roulette 
selection operator is used; the crossover and 
mutation one-point operators to develop the 
population by keeping the diversity of the 
population, and at the same time prevent the 
preliminary convergence to a local minimum. In 
step four, use the new generated population for a 
further run of the algorithm.  If the end condition 
is satisfied, the process will stop and return the 
best solution in current population. If not, go to 
step 2. The process will be repeated many times 
until the optimization is achieved. 
 
4 Results and Discussion 

Figure 3 shows the effect of coupling-strength 
(ξ) on the dispersion properties of uniform POF 
Bragg grating. The dotted line presents the 
dispersion response with the lowest value that can 
be calculated by the optimal coupling strength 
with genetic algorithms. The dashed line presents 
the dispersion response with the highest 
dispersion value that can be calculated by the 
coupling strength with the genetic algorithms. The 
others curves shown in Fig. 3 are the numerical 
simulation results with the coupling strength of 
2.5/m, 10/m, 20/m, 30/m, 50/m and 60/m, 
respectively. 
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From Fig. 3, it is obvious that the POF Bragg 
grating with the lowest dispersion response 
obtained by the genetic algorithms has the highest 
ξ value of 60/m. Moreover, it is shown that the 
dispersion response fluctuates within a specified 
range with the change of the gratings length (Lg). 
In addition, Fig. 3 shows high consensus between 
the results that obtained by numerical analysis and 
that obtained by the genetic algorithms. 
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Figure 2: Genetic algorithm flowchart 
 
Moreover, in Fig. 3, the dispersion responses 

range from approximately zero ps/nm (i.e. at the 
minimum value of grating length (i.e. Lg ≤ 2 mm)) 
to several thousand ps/nm at high grating length 
(i.e Lg ≥ 30 mm) based on the value of ξ. 
However, as it is well known the minimum value 
of grating length leads to reduce the effective 
reflectivity for the gratings fiber and then the 
performance of the system [2, 11]. Therefore, we 
are forced to work with high grating length to 
ensure high reflectivity operating. So, this leads to 
increase the dispersion based on the ξ value. Also, 

the results obtained by the numerical analysis 
show that by increasing the ξ value from 2.5/m to 
60/m, the dispersion responses are reduced 
significantly with Lg and these results are totally 
consistent with that calculated by the genetic 
algorithms. This is due to increase the coupling 
strength between the forward and backward 
waves which leads to increase the gratings 
reflectivity and then reduces the dispersion value 
[11, 14].  
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Figure 3: Dispersion properties of uniform POF 

function to gratings length (Lg) at different ξ value. 
 
One of important parameters that controls the 

reflectivity and the spectral shape of the fiber 
grating is the grating’s average refractive index 
change (δn) where, it may cause shift in the center 
wavelength [11]. Assuming that the δ distributes 
uniformly across the fiber core and is nonexistent 
in the outside region, which is often true due to 
the lack of photosensitivity of the cladding. 

Figures 4 and 5 show numerically the 
dispersion responses based on the optimal values 
for the ξ that are calculated by the genetic 
algorithms at different δn values. From Figs 4 and 
5, it is obvious that the dispersion responses are 
affected by the value of δn. This can be 
understood as: by reducing δn to a small value (δn
→ 0), the wavelength is shifted to a region near 
their Bragg condition, which results in increment 
in the grating reflectivity, leads a reduction in the 
dispersion value [11, 14]. It is the very important 
that at the same ξ value, the dispersion amplitude 
in Fig. 4 is less than that of Fig. 5. 

Finally, Temperature is one of the most 
important factors that affects system performance, 
where its impact on the model parameters cannot 
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be predict. Therefore, investigating its effect on 
the dispersion response is very important. Figure 
6 is shows the effect of temperature (T) variation 
on the dispersion properties. Results in Fig. 6 (a) 
and (b) are obtained numerically based on the 
optimal values for the ξ that are calculated by the 
genetic algorithms. In this analysis, T has varied 
from To (To is assumed as a reference temperature 
(i.e. To = 25 oC)) to 3 To. As shown, the change in 
dispersion response with temperature in Fig. 6(a) 
is more linear than that in (b), while the value in 
(b) is less than that in (a). This change is basically 
due to the temperature dependence for the 
refractive index of the fiber grating [2, 11, 14] 
which by shifting temperature from its reference 
value, the refractive index is changed leads to a 
shift in the Bragg condition to another 
wavelength. However, at the high ξ value 
calculated by the GA, the dispersion properties 
with temperature variation are less than that at the 
low ξ. where, with the increase of the ξ, the 
coupling between the forward and backward 
waves increases [11], then the wavelength shift is 
decreases remarkably and therefore the increase 
of the ξ help to decrease the temperature effect. 
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Figure 4: Effect of average refractive index (δn) on 

dispersion properties of uniform POF function to 
gratings length (Lg) for (a) ξ = 2.41/m and, (b) ξ = 

61/m. 
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Figure 5: Effect of average refractive index (δn) on 
dispersion properties of uniform POF function to 
gratings length (Lg)  for (a) ξ =2.41/m and, (b) ξ = 

61/m. 
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Figure 6: Effect of temperature (T) variation on 
dispersion properties of uniform POF function to 

gratings length (Lg)  (a) ξ = 2.41/m and (b) ξ = 61/m. 
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5 Conclusion 
In this study, we propose a method of 

dispersion optimization for the POF Bragg 
gratings. Effects of the coupling strength (ξ) 
factor, average refractive index (δn) and 
temperature (T) change on the dispersion 
properties have been analyzed numerically. 
Results showed that by optimizing ξ and reducing 
δ, the dispersion properties have reduced 
significantly. Also, results showed that the effect 
of temperature can be minimized by operating at 
the high ξ value. These results are very promising 
for the dispersion reduction in WDM systems. 
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أداء ألالیاف الضوئیة البلاستیكیة المحززة بتشتت منخفض بأستخدام الخوارزمیات 

 الوراثیة
 

 ھشام كاظم ھاشم
 قسم الھندسة الكھربائیة, كلیة الھندسة, جامعة البصرة

 العراق -البصرة 
 ألخلاصة

أعتمادا على أیجاد القیمة المثلى   (POF)في ھذا البحث, نقترح طریقة لتقلیل التشتت في ألیاف براغ الضوئیة البلاستیكیة المحززة   
على  (T)و تغییر دردة الحرارة  (δn)بأستخدام الخوارزمیة الوراثیة. تأثیر متوسط معامل الانكسار  (ξ) لمعامل قوة اقتران الحزوز 

لأداء بأقل تشتت یجب تقلیلھ مع كلفة تعقید التصمیم لألیاف براغ الضوئیة المحززة.  δnتم دراستھا عددیا. تبین أن قیمة  خصائص التشتت
فأن التشتت نتیجة أنحراف الطول الموجي بتأثیر تغییر درجة الحرارة یمكن تقلیلة  POFبسبب المقدار الكبیر و السالب لمعامل الحرارة ل 

الى  1178, فأن التشتت تم تقلیلھ بمدى كبیر جدا من  ξ. النتائج أظھرت من خلال أیجاد القیمة المثلى ل ξارعالي ل عن طریق العمل بمقد
 ملیمتر. 30بیكو ثانیة/نانو متر لحزوز بطول  11.5
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