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In this paper, the performance of 40 Gbps vestigial side band (VSB)/ Duo binary modulation with PMD models i.e. EMTY, 
Bruyere, and Planar sweep model has been investigated using deterministic PMD emulator module on first order PMD 
compensator. System performance is checked at different received optical power for various differential group delay (DGD). 
It is observed that planar sweep with VSB shows better performance than other i.e EMTY and Bruyere model. We have 
achieve BER of 2.22e

-23
,1.4e

-22
, and1.4e

-18
 with VSB modulated data for planar sweep, Bruyere and EMTY model at DGD 

15ps respectively. Second order Bruyere model also gives us good agreement in system. The proposed system shows that 
VSB have more tolerance to PMD effects as compared to duo binary modulated data.  
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1. Introduction 
 

Polarization mode dispersion is considered as a 

limiting factor for high speed and long link 

communication for bit rate of 40 GB/s and higher [1]. Due 

to random nature of PMD, it is difficult to eliminate, so 

can be minimized by the use of correct modulation 

scheme. PMD emulation is important because network 

designers have to test and verify new technologies in 

presence of PMD, especially for systems that cannot have 

PMD compensators The PMD emulator effects are 

important whether PMD compensators are present or not 

in system with characteristics i.e. desired statistics, 

repeatability and stability etc. [2]. Second-order PMD is an 

important issue for system performance and PMD 

emulators should not only include first order but the 

second order also [3]. Advanced modulation formats have 

attracted much attention in present years as effective way 

to increase communications transmission capacity with 

standard single-mode fiber links [4]. 

Optical modulation formats like duo binary [5-6], 

differential quadrature phase-shift keying [7], Single 

Sideband (SSB) [8] and VSB [9] are spectrum efficient 

that makes them more immune to dispersion. In vestigial 

side band, one side band is passed completely whereas 

vestige of other side band is retained making them 

bandwidth efficient whereas Duobinary modualtion uses 

less than R/2 Hz of bandwidth to transmit R bits/sec. Due 

to narrow spectrum, the signals are less prone to dispersion 

as compared to other modualtion schemes.  

Nelson et al. [10] investigated the performance of 40 

Gb/s NRZ polarizing multiplexing (PM) system in 

presence of first-order and showed that the with PM, 

sensitivity of PMD increases due to crosstalk. Liu et al. 

[11] analyzed that the PMD penalties depends on many 

factors i.e. modulation format and receiver characteristic 

and evaluated on-off keying (OOK), differential phase-

shift keying (DPSK) and differential quadrature phase-

shift keying (DQPSK) modulation formats by the 

Importance Sampling method. 

Kaur et al. [12] suppress the nonlineartity and 

dispersion in optical link with the help of optical phase 

conjugator. Kaur et al. [13] estimate and migitate the 

effect of four wave mixing in solition link. Chongjin Xie 

et al. [14] compared performance of first, second and all-

order PMD models for systems with and without first-

order PMD compensation. Harjit singh et al. [15] 

evaluated performance of 40 Gb/s duobinary optical 

transmitter for different scattering section dispersion and 

polarization-mode dispersion coefficient of single mode 

fiber and observed that the variable scattering section 

dispersion improves  performance of duobinary system as 

compared to fixed scattering section dispersion 

Previously proposed work involves only study on 

effects of PMD second order models using NRZ 

modulation only. Also, PMD penalties using DPSK, 

DQPSK and OOK modulation format has been 

investigated. Alternative to these formats, vestigial side 

band, and duobinary modulation can also be used to study 

effects of second order PMD models  

In this paper, we have investigated the performance of 

second order PMD models on first order PMD 

compensator using vestigial side band and duo binary 

modulation formats. After introduction, this paper has 
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been organized as follows: Section II describes second 

order PMD models followed by section III describing 

simulation setup while Section IV describes the results and 

discussion and the conclusion is drawn in section V. 

 

 

2. PMD models 

 

PMD is linear electromagnetic wave propagation 

phenomena that occur in single mode fiber. These fibers 

support two modes of propagation distinguished by their 

polarization. Using the Principal State Model, PMD can be 

characterized by the PMD vector [13]: 

 

𝜏=∆𝜏. 𝑝̂                                    (1) 

 

Where ∆𝜏 indicates differential group delay and 𝑝̂ is the 

unit vector along the direction of slow principal state of 

polarization (PSP) and are constants and independent of 

frequency.  

The Second order PMD vector is defined as [16-18]: 

 

𝜏𝜔=
𝜕𝜏

𝜕𝜔
=  ∆𝜏. 𝑝̂𝜔  + ∆𝜏𝜔 . 𝑝̂                   (2) 

 

The term ∆𝜏. 𝑝̂𝑤  defines depolarization of PSP and 

∆𝜏𝜔. 𝑝̂  indicates polarization chromatic dispersion (PCD) 

(i.e. change in chromatic dispersion due to 

polarization).PMD can also be described by 2×2 jones 

matrix (U) [14]. Second order models are constructed by 

combining various realizable elements   with unitary U 

matrix to match with first- and second-order PMD vectors 

of Model and fiber.  

Various second order PMD models are 

 

a) EMTY model: 

 

The EMTY model with Jones matrix U, consists of 

two sections of different rotational power is [11]: 

 

U=𝑈2𝑈1 = 𝑒𝑥𝑝 (−𝑗
∅2

2
𝑟̂2. 𝜎̅) . 𝑒𝑥𝑝 (−𝑗

∅1

2
𝑟̂1. 𝜎̅)       (3)  

                                                          

Where ∅1 = ∆𝜏∆𝜔   , 𝑟̂1= 𝑝 ̂and ∅2 = |𝜏𝜔
| and∆𝜔2/2,𝑟̂2 =

 𝜏𝜔/|𝜏𝜔|. Here 𝑈1 𝑎𝑛𝑑  𝑈2  denotes jones matrix, and this 

model only includes PCD. 

 

b) Bruyere model: 

 

In Bruyere, second order model consist three elements 

in diagonal form of U in distinction to the diagonal model 

of first-order PMD and also uses frequency dependent 

matrices [11]. 

 

 

𝑈 = {cos 𝑘∆𝜔 − sin 𝑘∆𝜔
sin 𝑘∆𝜔 cos 𝑘∆𝜔

} {
exp  (−∅/2) 0

0 exp  (−∅/2)
} { cos 𝑘∆𝜔 sin 𝑘∆𝜔

− sin 𝑘∆𝜔 𝑐𝑜𝑠𝑘∆𝜔
}                              (4) 

 

 

Where ∅ = ∆𝜏∆𝜔 + ∆𝜏𝜔∆𝜔2/2 and k=|𝑝̂𝜔
|/4. This model includes both PSP depolarization and PCD. 

  

 

c) Planar sweep model: 

 

The planar sweep model emulates PSP depolarization producing vector that traces out a circle on the Poincare sphere 

with Δω. and minimizes higher orders of PMD [16]. 
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Where, ∆𝜏1= √∆𝜏2 + 𝑝̂𝜔
2
includes only PSP 

depolarization. 

 

 

3. Simulation setup 
 
Fig. 1 shows the proposed simulation setup for PMD 

emulator. The transmitter consists of duobinary and 

vestigial side band modulator. The modulated signal is 

then passed through the PMD emulator which includes 

effect of Bruyere, planar sweep and EMTY models of 

second order PMD followed by attenuator. Here, 

deterministic emulator is used which produces particular 

DGD value at particular frequency.  Then signal is passed 

through first order compensator to remove first order PMD 

completely for further study of second order PMD effects. 

After that received optical power, BER and eye diagrams 

are measured to study effects of PMD by using optical 

power meter, BER analyzer, and signal analyzer. The 

internal structure for Duo-binary and VSB is shown in Fig. 

2. Fig. 2(a) shows the setup for duobinary modulation. 
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Fig. 1. Block diagram of proposed PMD emulator setup 

 

The data source produces a PRBS at a bit rate of 40 

Gbit/s which is then encoded by duo binary encoder 

consisting of 1 bit delay line. And the delay output is then 

added to original signal to produce zero mean three level 

signal. Then duobinary encoded data is converted into 

NRZ signal. After that signal passes through differential 

MZM modulator having extinction ratio 35 dB and biased 

at minimum transmission followed by Mach zender 

interferometer. 

 

 
(a) 

 
(b) 

Fig. 2. Internal block diagram for: (a) Duobinay (b)VSB 

 

Fig. 2(b) shows the VSB modulation.In this, 40Gb/s 

data produced by data source is first modulated by using 

differential Mach zender modulator with 35 dB extinction 

ratio and is then passed through vestigial side band filter 

which is Gaussian band pass filter with 200Ghz bandwidth 

to remove unwanted frequencies. 

 

 

4. Results and discussion 

 
The proposed setup of PMD emulator is simulated 

using VPI transmission maker. Fig. 3 and  4 graphically 

shows the variation of BER against received optical 

power. The BER is measured for DGD values 0ps, 10ps, 

15ps and 20 ps  against  received optical power having 

value from  

 -23 dBm to -13dBm with step of 1 dbm for both 

modulations schemes using three models of second order 

PMD. 

 

 

 
(a) 

 
(b) 

 
 

(c) 

 
Fig. 3. Graphical representation for BER against 

Received  optical  power  for VSB: (a)  EMTY  model (b)  

            Bruyere model; and (c) Planar sweep model 
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(a) 

 
(b) 

 
(c) 

Fig. 4. Graphical representation for BER against Received 

optical power for Duo binary: (a) EMTY model (b) Bruyere 
model; and (c) Planar sweep model 

 

From results, it is observed that three models of 

second order PMD shows less BER with VSB modulated 

data as compared to duobinary modulated data for all 

values of received optical power. It is also achieved that  

VSB with planar sweep model shows less second order 

effects in comparison with bruyere and EMTY model. For 

instance, BER value is 2.22e
-23

, 1.4e
-22

, and 1.4e
-18

 for 

planar sweep, bruyere, EMTY model with VSB modualted 

data at 15ps DGD for -17dBm received optical power 

respectiely and  the BER value is 1.4e
-18

, 1.44e
-07

 and 

1.66e
-07

 for planar sweep, bruyere, EMTY model with 

duo-binary at 15 ps DGD for -17 dBm, respectiely. From 

all these, it can be concluded that VSB modualtion shows 

more tolerance to PMD effects due to bandwidth 

efficiency of VSB. 

Fig. 5 and 6 shows the eye diagrams for VSB and 

duobinary modulated data using second order PMD 

models. An eye diagram shows the signal quality and fast 

advanced signal transmission.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. Eye diagram with VSB for (a) EMTY model  

(b) Bruyere Model and (c) planar sweep Model 
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The closure of eye diagram represents distortion in the 

signal waveform due to noise and inters - symbol- in-

terference. In this way, an open eye diagram corresponds 

to minimum signal distortion. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. Eye diagram with duobinary modulated data for (a) 
EMTY model (b) Bruyere Model and (c) planar sweep model 

 

 

5. Conclusion 
 

The investigation of PMD induced impairments with 

second order models for VSB and Duo binary modulated 

data using deterministic PMD emulator has been carried 

out. PMD emulation is important because network 

designers have to test and verify new technologies  in 

presence of PMD, especially for systems that cannot have 

PMD compensators. From the results, we have concluded 

that planer sweep model for both cases (VSB and 

duobinary) shows better performance than other models. 

Further, we have also show that using VSB we have 

achieved better performance than duo binary. We have 

achieved BER (2.22e
-23

, 1.4e
-22

, and 1.4e
-18

) with VSB 

modulated data for planar sweep, Bruyere and EMTY 

model at DGD 15ps, respectively. Second order Bruyere 

model also gives us good agreement in proposed system. 

The proposed system also shows that VSB have more 

tolerance to PMD effects as compared to duo binary. 
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