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Abstract 

Enhancing wireless connectivity, particularly in harsh weather circumstances, is possible through the 

use of polymer-based materials in Free Space Optical (FSO) communication systems. In the 

production of optical components like lenses, beam shapers, and protective enclosures for FSO 

transmitters and receivers, polymers are being used more and more because of their lightweight, 

affordable, and adjustable optical qualities. This study examines how well a polymer-integrated FSO 

link performs over 1–10 km distances when used for high-speed data transmission (up to 10 Gbps) 

and it is being observed over 5 km range polymer-based fiber is working efficiently than the normal 

optical fiber .. In Free space optical communications, atmospheric conditions play a pivotal role in 

deciding the transmission parameters of the communication model and we considered rainfall 

conditions in different regions  and the quality factor using specific attenuation models such as the 

Carbonneau Model, Japan model, and Suriza model for the rainfall rate in the region of Andhra 

Pradesh. Efficiency is analyzed in terms of Quality Factor, and it can be seen from the results that 

both DPSK AND QPSK are suitable for free space communications with a minimum Bit Error Rate , 

and comparatively, Differential Phase Shift Keying  outperforms Quadrature Phase Shift Keying in 

many ways by using the carbonate material optical fiber. 
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INTRODUCTION 

The Free Space link offers a significantly larger optical bandwidth than its RF counterparts, 

enabling significantly faster data rates. Very narrow laser beams are used in FSO systems. Strong 

resistance to electromagnetic interference, a high reuse factor, and inherent security. Unlicensed 

spectrum can be utilized by free space optical link, which can also operate above 300GHz frequency 

range [1]. Consequently, license fees are not necessary for FSO systems to connect the end user to the 

existing fiber optic infrastructure, FSO systems 

were first seen as an effective way to address the 

"last mile" issue. Significant investments have 

already been made by telecom providers to 

increase the capacity of their fiber backbone [2]. 

This growth in the networks' backbone should be 

accompanied by a corresponding increase at the 

network edge, where end users access the system 

to make the most of the current capacity [3]. 

 

Free Space Optics (FSO) is generally utilized in 

media communications for rapid information 

transmission over short and significant distances 

without the requirement for actual links. It 

assumes a critical part in last-mile networks, 

giving web access in remote or metropolitan 

regions where fiber sending is testing. In space 
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correspondence, FSO empowers rapid information joins between satellites, ground stations, and 

interplanetary missions, offering effective and solid correspondence [4]. 

 

The primary determinant of a material's use in lens design is its optical characteristics. Excellent 

transmission in the visible (VIS) and near-infrared (NIR) spectrums The thickness of the film and the 

composition of the material affect transmittance. Between 500 and 1600 nm, thin films (~100 µm) 

showed roughly 90% transmission. At 1660–1700 nm, weak absorption bands were visible, and 

transmission decreased after 2200 nm. Transmittance varied from 75 to 85% for various polymers in 

the VIS region.. Additionally, the critical angle approach was used to determine the refractive index 

precisely.[5]. 

 

However, Conversely, an FSO is susceptible to unfavorable atmospheric conditions. In other words, 

a sole beam FSO is susceptible to weather conditions that attenuate light sources, such as rain, haze, 

dust, drizzle, fog, smog, and weather instability [6]. 

 

Polystyrene will introduce less chromatic focal shift per unit thickness than polycarbonate for 

broadband optical signals (such as white light beacon or broad-spectrum detection) because of its 

higher Abbe number (~57), which results in lesser dispersion. 

 

The suggested algorithm uses a free-space wireless optical link as the communication channel and 

consists of various input parameters like the continuous wave laser and pseudo-random generator, 

avalanche photodetectors, and Bit error rate analyzer for performance evaluation are all included in 

the optical receiver's design [7]. A highly sensitive APD detector is the best option for picking weak 

signals [8]. An electrical data signal is transformed into an optical signal using an optical transmitter. 

It consists of a photon source, like a laser or LED, and, crucially, (PRBS) all of which are necessary for 

the optical signal to be transmitted. Stimulation emission in Lasers makes this coherent light possible. 

The achievable optical power for transmission purposes is directly influenced by the wavelength of 

the laser. When modulated, (CW) laser produces light at high frequencies for frequency-domain 

measurements [9]. These days, CW lasers are widely used in many industries, such as aerospace, 

material processing, and military applications.  

 

Avalanche Photo Diode (APD) is used as the detector in FSO Systems, where the FSO Link is 

implemented with the help of Phase shift keying (PSK) and different types, such as differential phase 

shift (DPSK) and quadrature phase shift (QPSK) PSK transmits information via the optical signal's 

phase, but it necessitates coherent detection, which raises the complexity and expense of the system 

[10]. 

 

Reduce Fresnel losses and surface scattering by applying hard coats and anti-reflection (AR) 

coatings. Additionally, this preserves wavefront quality by shielding polymers, which are more prone 

to scratches.  

 

In contrast, DPSK uses the phase difference between successive bits to encode information, which 

makes it ideal for underwater settings. By either maintaining the same data rate as binary PSK (BPSK) 

while requiring less bandwidth or by doubling the data rate of BPSK without increasing bandwidth, 

QPSK provides flexibility [11]. By varying the range and attenuation values, FSO channels can be 

simulated. Bit error rate (BER) and Q-factor measurements, represented by eye diagrams, are used to 

assess the performance of these FSO systems. This evaluation offers information on the system's 

effectiveness, likelihood of noise, and general dependability. Careful modification of communication 

parameters guarantees a precise and safe configuration [12]. 

 

DPSK is a widely used phase modulation technique in which the carrier signal's phase is altered to 

represent data. This scheme enables the effective encoding of binary data since each phase shift of the 
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modulated signal is dependent on the phase of the preceding element. High-speed optical networks 

frequently use DPSK for packet routing [13].. As a result, under ideal circumstances, QPSK can 

double the data rate when compared to standard PSK for the same bandwidth, increasing bandwidth 

efficiency by a factor of two [14]. The channel used is free space, and it is prone to severe adverse 

atmospheric conditions. When the optical signal interacts with the rain droplets, the signal will get 

attenuated [15]. Different rain-specific attenuation models are available, which will estimate the 

attenuation depending on the rainfall rate and the size of the rain droplet the attenuation will change 

[16]. 

 

Manufacturing wavefront error and thermooptic effects: 

Polycarbonate has a higher mechanical toughness and a temperature-dependent refractive index 

(datasheets show that nD varies with temperature); aberration is caused by both thermal gradients and 

molding stress, which also result in index/non-uniformity and form error. Choose low-CTE optical 

grades, anneal, or manage molding stress. Divergence and beam spread can be obtained by using the 

following equations 

𝑤(𝑧) = 𝑤0√1+ (
𝜆 𝑧

𝜋 𝑤0
2 𝑛(𝜆)

)
2

 (1) 

𝜃(𝜆) ≈
𝜆

𝜋𝑤0𝑛(𝜆)
 (2) 

𝑤0= waist, 𝑧= propagation distance, 𝑛(𝜆)= refractive index. 

 

Scattering loss 

𝛼scat(𝜆) ∝
1

𝜆4
 (2) 

For low aberration/scatter, polymer optics must meet surface-figure and surface-roughness 

specifications similar to those of glass; polymer surfaces are more prone to scratches; take into 

account hard coats and AR coatings. 

 

Link margin and Q-factor 

Optical SNR 

SNRopt ≈
𝑅 𝑃𝑟

ℎ𝜈𝐵
 (3) 

Q-factor 

𝑄 ≈ √2 SNRopt = √
2𝑅 𝑃𝑟

ℎ𝜈𝐵
 (4) 

 

SIMULATION SETUP 

The Simulation setup is illustrated in Figures 1 and 2, where DPSK and QPSK Modulations are 

used to estimate the quality factor and BER. The parameters used to simulate FSO modulation are 

listed in Table 1. Atmospheric conditions play a crucial role in estimating the attenuation [17]. 

Rainfall attenuation has a major effect on signal quality in free-space optical (FSO) communication 

because it can significantly scatter and absorb optical signals. Models such as Japan, Suriza, and 

Carbonneau models are frequently used to forecast and control these effects [18]. The design and 

optimization of FSO systems under varied weather conditions are supported by these models, which 

offer a means of connecting rainfall rate to signal attenuation [19]. Heavy seasonal rains and 

monsoon seasons are two examples of local climate factors that affect rainfall patterns and the 

attenuation that goes along with them [20]. The rainfall intensity, which is commonly expressed in 

millimeters per hour (mm/h), is used in this model to define the attenuation brought on by rain [21]. 
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Figure 1. System layout for DPSK modulation. 

 

 
Figure 2. System layout for QPSK modulation. 

 

Table 1. Parameter required to design the FSO Link 

Parameters Value 

Modulation Schemes DPSK &QPSK 

Distance (Km) 10-Jan 

Wavelength 1550nm 

Transmitted Power 10mW 

Attenuation 0-5 dB/Km 

Transmitter Aperture 2.5cm 

Amplifier Gain 20 dB 

 

The Rainfall rate is 3.44 mm/hr.in the region of Vaddeswaram, AP, which is collected from KL 

Weather Station, and data is verified from the AP Meteorological Department website. The attenuation 

is calculated using the specific attenuation equation as follows [22]: 

𝐴 = 𝑘 ⋅ 𝑅𝛼 (5) 

Where A is the rain attenuation, R is the Rainfall Rate 

𝑘, 𝛼 are the coefficient values 

 

A powerful electric field that promotes carrier multiplication allows an avalanche photodiode 

(APD), a highly sensitive photo detector [23]. Even though the conversion is intrinsically nonlinear, 

this feature makes APDs efficient at transforming optical signals into electrical ones [24]. APDs have a 

nonlinear response that is influenced by temperature and supply voltage because the multiplication 

factor changes with these variables [25]. 
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We integrate well-known statistical turbulence models into the link simulation to generate more 

accurate Q-factor and BER estimations for outdoor or long-range links (and to reflect the main effects 

in tropical regions). In particular, we use (i) the log-normal distribution for light turbulence, (ii) the 

Gamma–Gamma distribution for moderate-to-strong turbulence, and (iii) Rytov-variance expressions 

to identify the turbulence regime in order to represent irradiance variations I. The irradiance 

distribution is used to average the instantaneous BER under fading: 

 

where 𝛾(𝐼)is the instantaneous electrical SNR as a function of irradiance and 𝑓𝐼(𝐼)is the chosen 

irradiance PDF. 

 

In our simulations we use the following model forms. For log-normal fading (weak turbulence), if 

𝑋 = ln⁡ 𝐼 ∼ 𝒩(𝜇𝑋 , 𝜎𝑋
2), 

𝑓𝐼(𝐼) =
1

𝐼√2𝜋 𝜎𝑋
exp⁡  (−

(ln⁡ 𝐼−𝜇𝑋)
2

2𝜎𝑋
2 ), (6) 

with scintillation index 𝜎𝐼
2 = exp⁡(𝜎𝑋

2) − 1. 

For moderate-to-strong turbulence the Gamma–Gamma PDF is used: 

𝑓𝐼(𝐼) =
2(𝛼𝛽)

𝛼+𝛽
2

Γ(𝛼)Γ(𝛽)
 𝐼
𝛼+𝛽

2
−1
 𝐾𝛼−𝛽  (2√𝛼𝛽𝐼 ), (7) 

where 𝛼, 𝛽are turbulence parameters 

 

In Table 2, different specific rain attenuation models are listed, and using the same attenuation for 

the specified optical link is estimated, and the resulting attenuation is listed in Table 3. 

 

Transmitted till 6 Km and using the suriza model at the attenuation of 1.157 dB/Km without any 

errors, the data is sent successfully till 10km. From the statistics for DPSK modulation, the suriza 

model works best up to 10kms with a good quality factor [28].  

 

Figures 3 (a) (b) and (c) display the eye diagram for the three models, and based on eye height 

suriza model can be used for transmission [29]. 

 

Table 2. Specific rain attenuation values. 

Model type Coefficient value 

Carbonneau Model 1.076,0.67 

Japan Model 1.58,0.63 

uriza Model 0.4195,0.8486 

 

Table 3. Performance parameters of DPSK modulation. 
Distance (Km) Japan Model Attenuation 

3.44 dB/Km 

Carbonnean Model Attenuation 

2.46 dB/Km 

Suriza Model Attenuation 

1.157 dB/Km 

Quality 

Factor(Q) 

Bit Error 

Rate 

Quality Factor (Q) Bit Error 

Rate 

Quality Factor 

(Q) 

Bit Error 

Rate 

1 694 0 707 0 871 0 

2 279 0 349 0 488 0 

3 132 0 183 0 272 0 

4 66 0 102 0 196 0 

5 34.62 
3.32081× 10-

146 
63 0 138 0 

7 0 1 24.81 2.11227 ×10-136 103 0 

10 0 1 0 1 33 3.320 ×10-242 
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Figure 3. (a) DPSK Eye pattern using using Japan model at 5Km. 

 

 
Figure 3. (b) DPSK Eye pattern using Carbonnean Model at 5Km. 

 

 
Figure 3. (c) DPSK Eye pattern Suriza Model at 5Km. 
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Figure 4. (a) OPSK Eye pattern using using Japan model at 5Km. 

 

 
Figure 4. (b) OPSK Eye pattern using Carbonnean Model at 5Km. 

 

 
Figure 4. (c) OPSK Eye pattern Suriza Model at 5Km. 
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Using QPSK, the Modulation Quality factor and BER are analyzed [30]. When the distance 

increases, the quality factor, and the bit error rate are reduced for the Japan model at the attenuation of 

3.44 dB/Km at a distance of 1 Km, the Q Factor is 476, and when the distance is increased to 4 Km, the 

quality factors are 243,123,65 listed in Table 4 [31–32]. 

 

The message can be successfully transmitted only till 6 Km, and using the suriza model at the 

attenuation of 1.157 dB/Km without any errors, the data is sent successfully till 10km. Figure 4. (a) 

(b) (c) displays the eye diagram for the three models based on eye height [33]. 

 

The quality factors for each design, however, converge as the distance increases to 8–10 km, 

suggesting comparable performance over longer distances [34]. Although Suriza exhibits a slight 

advantage at closer ranges, the research indicates that signal quality in DPSK systems is more 

noticeable, and as the distance gets closer to 10 km, it gradually levels off. [35] Suriza retains 

somewhat higher quality factors than  

 

Carbonnean and Japan among the configurations in the early range, but the differences become less 

noticeable as the distance passes 8 km, at which point all configurations perform similarly [36]. 

Drastically deteriorates with increasing transmission distance. In Figure 5, Figure 6, and Figure 7, as 

the distance grows, the quality factor decreases in all three setups [37]. Suriza performs slightly better 

at shorter ranges, which is consistent with the usual signal loss in OQPSK systems over longer 

distances [38]. 

 

Table 4. Performance parameters of OQPSK modulation. 

Distance (Km) Japan Model Attenuation 

3.44 dB/Km 

Carbonnean Model Attenuation 

2.46 dB/Km 

Suriza Model Attenuation 

1.157 dB/Km 

 Quality 

Factor (Q) 

Bit Error Rate Quality 

Factor (Q) 

Bit Error Rate Quality Factor 

(Q) 

Bit Error 

Rate 

1 476 0 481 0 521 0 

2 243 0 294 0 356 0 

3 123 0 166 0 239 0 

4 65 0 102 0 178 0 

5 35 1.496 ×10-271 60 0 127 0 

7 0 1 37 8.35227 ×10-314 74 0 

10 0 1 15 0 33 1.52 ×10-24 

 

 
Figure 5. Distance vs. quality factor for DPSK modulation. 
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Figure 6. Distance vs. quality factor for OQPSK modulation. 

 

 
Figure 7. Comparison of DPSK &amp; OQPSK modulation. 

 

CONCLUSION 

Very high transmission speeds, wide bandwidth, low latency, and enhanced data rates in free-space 

optical communication networks are becoming more and more necessary because of the integration of 

5G technology and the increase in human activity. Over a range of distances (1–10 km), the quality 

factor of OQPSK and DPSK is compared in comparison to OQPSK, DPSK has a greater quality 

factor, especially over shorter distances (1–3 km). But as the distance grows, the quality factor for 

both systems falls. The performance of the two approaches starts to converge at 4 km, and a similar 

pattern is seen up to 10 km, where the quality factors are almost identical. In this study, DPSK and 

QPSK modulation methods are used for free-space optical communication, while APDs are used for 

photodetection.  

 

The results show that distortion rises with distance and that Suriza in DPSK achieves a satisfactory 

Q factor and eye diagram at 10 km. With the use of simulation analysis utilizing Opti System 

software, this comparison study is carried out for several rain attenuation model types by varying the 

attenuation parameters in an optical wireless channel With the use of simulation analysis utilizing 
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Opti System software; this comparison study is carried out for several rain attenuation model types by 

varying the attenuation parameters in an optical wireless channel. According to the results of the 

study, the DPSK modulation type has a significantly higher Q-factor than QPSK. When compared to 

the recently employed modulation techniques, both modulation schemes are successful in free-space 

optical communication systems since they have nearly identical performance parameters in the same 

environment. 
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