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Abstract
Adaptability of an effective access network in optical code division multiple access domain 
requires an efficient coding scheme which has the abilitiy to provide required communi-
cation capacity in terms of cardinality, reach, and data rates. In this paper, an extensive 
study and investigation has been carried out for adaptability study of a well-known cod-
ing scheme diagonal eigenvalue unity (DEU) code at various date rates in passive opti-
cal network (PON) environment. DEU code design is based on Jordan block matrix with 
ideal in-phase cross correlation (IPCC) properties. The numerical and simulation results 
show the ability of DEU code in supporting synchronized transmissions at different data 
rates that suits triple play services of video, audio and data (VAD). An algorithm is devel-
oped to determine the required chip duration that matches a particular service. It shows that 
data rate is more influential than code length on pulse duration especially for video appli-
cations. In support of the proposed algorithm, 5 Gb/s, 2.5 Gb/s, and 1.25 Gb/s data rate 
transmissions have been validated for various simultaneous users. In addition, a Poisson’s 
distribution analysis is carried out aiming to study different bit rate scenarios with ad hoc 
population network. Results have concluded that higher value of average rate of simultane-
ous users (σ) is preferable for low data rate whereas the lower value of σ is suitable to the 
higher data rates in accordance with network population. In particular, for video streaming, 
the traffic running in a continuous fashion requires the highest transmission priority and 
small value of σ.
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1  Introduction

In the age of social networking and e-government, the need for data transfer technolo-
gies has grown exponentially and the quality of service (QoS) has become affordable 
(Stok and Sargent 2000). The huge development of smart devices has led to increasing 
demand on the Internet by consumers of various applications which has resulted in a 
huge amount of bandwidth requirement (Salehi 1989; Salehi and Brackett 1989).

To fulfill the bandwidth and quality requirements of the diverse services, new tech-
nologies should be developed in order to meet the requirements and overcome chal-
lenges. In this regard, optical fiber communication is one of the main technologies to 
drive this revolution in information technology (Seyedzadeh et al. 2017a; Sharma and 
Maddila 2019).

OCDMA has been introduced as a highly efficient competitive technology in the field 
of fiber optics.

The success of the OCDMA technology in the field of optical communication has 
opened the way for reflection on the application of this technique in the field of fiber 
optic by experts in academic and industry (Ahmed and Nisar 2013a).

OCDMA technology provides simultaneous and asynchronous access to multi-
ple subscribers with higher flexibility and simplicity of execution. In this technology, 
each subscriber uses OCDMA scheme to communicate fully through a unique coding 
approach, which distinguishes the intended information from the interference at the 
receiving end. This feature provides an effective mechanism to increase subscribers to 
transmit at high speed data rates and at a low cost when compared to other technologies 
(Ahmed and Nisar 2013b).

Several coding schemes such as time spreading, frequency hopping, and spectral 
amplitude coding (SAC) have been utilized to maximize the capacity of OCDMA sys-
tem. However, SAC-OCDMA system received more attention due to their ability to mit-
igate multiple access interference (MAI) and inherited phase induced intensity noise 
(PIIN) phenomena at the receiving end by using codes with ideal in-phase cross cor-
relation and detection techniques (Aljunid et al. 2383; Ahmed and Zeghid 2017; Ahmed 
et al. 2016; Sharma et al. 2019).

In addition, SAC-OCDMA system utilizes low-cost broadband non-coherent sources, 
which are most suitable for the required binary to spectral conversion and further 
provide desired capacity in terms of data, reach and cardinality (Ahmed et  al. 2012). 
Various codes have been reported for SAC-OCDMA with property such as modified 
quadratic congruence code for prime weights (Wei et al. 2001), multi-weight unipolar 
code (Djordjevic et  al. 2004), variable weight (VW) Khazani Syed (KS) code (Anas 
et al. 2009), random diagonal (RD) code (Fadhil et al. 2009a), multi service (MS) code 
(Kakaee et al. 2014a) and many others.

Service diversity and different data bit rates in optical networks are demanding and 
usually implemented through varying the code weight to support different services 
(Fadhil et al. 2012; Kakaee et al. 2015a). Application of multimedia is increasing which 
have a demand of varying transmission rate and quality of service (QoS) for different 
services such as voice, data, and image transmission (Kakaee et al. 2014b; Anas et al. 
2016).

The coding techniques with the property of variable weight or variable length and 
both of them can suitable for these kinds of services. The code length refers to a trans-
mission rate of the system. Longer code length carries data with a less transmission 
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rate. The weight tells about a number of power sends by each code. Higher the code 
weight means higher the power and vice versa. VW OOC to support multimedia ser-
vices with different QoS has been reported in Djordjevic et al. (2004).

VW Khazani-Syed (KS) code was reported in Nisar (2017). KS code is designed only 
for even weights. It uses mapping technique to obtain codes for higher number of users 
for same weight and VW. Experimental and simulation results of VW KS code have 
been shown for SAC–OCDMA system in Ahmad Anas et al. (2009).

In (Seyedzadeh et  al. 2014), hybrid fixed-dynamic weight assignment technique is 
reported for VW KS code. Comparison of various detection techniques for KS code 
is reported in Seyedzadeh et  al. (2016). VW random diagonal (RD) code is reported 
in Fadhil et  al. 2009b for ‘triple-play’ service. In above techniques, the structure of 
encoder-decoder is subjected to change due to variation in code weight which is not 
practical and costly in implementation phase (Fadhil et al. 2009c).

A code construction is reported for multi-service (MS) code in Kakaee et al. 2015b 
for fixed weight, and variable QoS obtained by varying the number of codes in basic 
matrix. A VW-MS code is reported in Fadhil et al. 2009c; Seyedzadeh et al. 2017b; " 
Adaptive Transceiver Architecture With QoS Provision for OCDMA Network Based on 
Logic Gates," 2021), using the VWs to provide triple-play services.

One solution to overcome such problem is to use fixed weight for different QoS in 
a way that different chip length is achieved. In this paper, we have shown principally 
the implementation of fixed weight DEU code to support QoS diversity. Additionally, a 
new code algorithm is proposed for multimedia application using ideal cross correlation 
property without mapping. An algorithm is designed which takes any integer value of 
weight for any number of users.

Rest of this paper is organized as follows. Review of code construction and its prop-
erties are described in Sect. 2. Description of OCDMA systems along with Passive opti-
cal network (PON) network for triple play services and mechanism of triple play ser-
vices in SAC-OCDMA systems is presented in Sect. 3. Section 4 presents mechanism of 
triple play services in SAC OCDMA and implementation of DEU code based OCDMA-
PON architecture. Theoretical analysis as well as numerical and proof concept results 
are presented in Sect. 5. Finally, the conclusions are drawn in Sect. 6.

2 � Diagonal eigenvalue unity (DEU) code family

DEU code was proposed by Ahmed et al. in Ahmed and Nisar 2013a; Ahmed and Nisar 
2013b). It’s construction is based on Jordan block matrix with variety of options for 
code weight (w) and number of users (N) selection such as combinations (w even, N 
even), (N even, w odd), (N odd, w odd) and (w odd, N even). The code length L is com-
puted as L = N (w-1) + 1. For each user W = MD + SD (Number of element of MD = 1, 
Number of elements of SSD = 2 (i.e., 1, 1)). Where, MD and SD refers to main diagonal 
and super diagonal and SSD stands for successive super diagonal.

The code properties based on XOR subtraction technique can be written as (Kakaee 
et al. 2014a) where Eq. (1) and Eq. (2) represent autocorrelation and cross correlation 
respectively:



	 H. Y. Ahmed et al.

1 3

351  Page 4 of 21

Both equations describe upper and lower PIN photodiodes that alters and sends the elec-
trical signal for subtraction operation. Zero and W are obtained as a product of subtraction 
operation for cross correlation and autocorrelation, respectively. The reason for using an 
XOR detection scheme is that it belongs to family of balanced detection schemes therefore 
achieves interference cancellation even for unfixed cross correlation while keeping strong 
signal to noise ratio (SNR) (Imtiaz et al. 2020). Thus, it makes sense to use it in DEU code 
sequence.

Figure 1 shows graphic representation for DEU code patterns when W = 3 and N = 7. 
The green colored block represents the MD and the corresponding blocks represents the 
elements of SSD.

The advantages of DEU code family are: 1) any positive integer number of weights can 
be used; 2) large flexibility in choosing the number of users (free cardinality); 3) simplicity 
of code construction; 4) maximum cross correlation is one.

3 � Mechanism of triple play services in SAC‑OCDMA systems

In this section, a diversity in service classes is provided through utilizing DEU code. An 
assumption is made to secure three different services required by every client. The princi-
ple idea of this assumption is to subgrouping the entire users with fixed weight resulting in 
different code lengths that match chip durations for a particular service.

(1)
L�
i=1

Cf (i)Cg(i)

⎧
⎪⎨⎪⎩

W, f = g

1, f ≠ g

0, f ≠ g

(2)
L�
i=1

Cf (i)
�
Cf (i)⊕ Cg(i) ⋅ Cf (i)

�⎧⎪⎨⎪⎩

0, f = g

W − 1, f ≠ g

0, f ≠ g

000000000000000SSD1MD1

000000000000SSD2MD2100

0 0 0 0 0 0 0 0 0 SSD3MD30 0 0 0 0 0 

000000SSD4MD4000000000

00000000000000000

SSDNMDN000000000000000

Fig. 1   Graphic representation of DEU code patterns
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Figure  2 shows a general representation for DEU matrix to support triple play ser-
vices in which three different services satisfactory QoS level is provided in single system 
employing DEU code. Codes of different DEUi is arranged in a fashion that maintains the 
cross correlation to minimum value.

Table 1 displays code sequences with w = 3 for different values of DEUi which com-
prises 9 codes with three different i values (i = 2, 3, 4) . The entire matrix is divided into 
three parts; the length of each part is Li = Ni(w − 1) + 1 . In this example, for video audio 
and data (VAD) services with w = 3, we assumed that 9 users are served where i = 2, 3, 4 
respectively.

The code length Li for DEU2,DEU3,DEU4 users are 5, 7 and 9. Based on DEU flexible 
property, three different values of DEUi are used to differentiate the services, where i rep-
resent number of users in every subgroup. As an example, for i = 2, 3 and 4, the services to 
be delivered are video, audio and data (VAD) respectively for code weight equals 3.

Encoding algorithms of SAC schemes are resulting from the combination of binary 
digits in order to make an efficient grouping of code length (L), weight (w) and correla-
tion properties respectively. The basic working principle of SAC-OCDMA system is based 
on binary to spectral conversion, which is performed through encoder arrangement at the 
transmitter module (Ahmed et al. 2020). In this system, each user uses a unique DEU code 
where the transmitted signal appears as a product of data modulated by the given code.
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Fig. 2   Matrix representation of DEU code

Table 1   DEU code patterns for (w = 3 and N = 9)
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Furthermore, an OCDMA system permits simultaneously different users to use different 
data rate via to spectrum spreading.

Using DEU code, triple play services (VAD) is achieved for multimedia applications. 
For instance, in case of video transmission, the traffic pattern is continuous, which requires 
the highest transmission priority and signalling rate. Comparatively, the transmission of 
data is commonly given the lowest priority and signalling rate. Nevertheless, it can be 
assumed that as follows: 

1.	 The video streaming rate 1∕TVideo is a multiple of audio streaming rate service 1∕TAudio 
by integer number y which gives TVideo = TAudio∕y.

2.	 The audio streaming rate 1∕TAudio is a multiple of data streaming rate service 1∕TData by 
integer number z which gives TAudio = TData∕z.

3.	 The video streaming rate TVideo is connected with DEU chip width (Tc) which gives 
TVideo = xTC.

Then, the data rate service needs a DEU code length higher than the audio rate service 
in order to support the rate 1

TData
=

1

xyzTC
. Likewise, the audio rate service requires a DEU 

code length higher than the video rate service in order to support the rate 1

Taudio
=

1

xyTC
 . 

However, video signalling requires a DEU code length less than data and audio services to 
secure the rate TVideo = xTC.

Figure 2 shows the relation between each class of service bit duration and the length 
of the DEU sequence. Figure  2a, shows the bit of the data PRBS is modulated with 
DEU code by splitting it to chip duration (Tc). This pulse spreads to a DEU sequence of 
xyzTC∀(x, y, z) ∈ Z , i.e., x, y and z belong to the positive integer numbers (Z). Figure 2b 
and c depicts the pulses durations in the form of DEU sequences of xyTc and xTc for audio 
and video services respectively.

The scenario of triple play services process is shown as Algorithm  1. Algorithm  1 
has five specified inputs: N, w, L, D and chip duration Tci . While the output of the algo-
rithm is the bit duration PRBSi that generated for i classes and DEU code sequences for 
xyzTC∀(x, y, z) ∈ Z . The proposed scenario of triple play services includes 4 steps to deter-
mine the type of service being delivered.

Determining the type of service (line 1) such that TCi =
{
TCD, TCA, TCV

}
wherei ∈ {1, 2, 3}

.
Generating TCD chip duration for class “i = 1’’ with data service (line 2).
Generating TCA chip duration for class “i = 2’’ with audio service (line 3).
Generating TCV chip duration for class “i = 3’’ with video service (line 4).
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4 � DEU based OCDMA‑PON network for triple play services

In this section, we will examine the multi data rates implementation via adopting DEU 
code for multi services. DEU code has the potential to be implemented in last mile sce-
nario to support different class of services with respect to their data rates due to its ability 
of supporting synchronized transmissions at different data rates.

Figure 3 shows PON topology based on OCDMA for uplink and downlink communi-
cations for multi services (Fadhil et al. 2009a). The proposed architecture is divided into 
three parts namely optical line terminal (OLT), optical distribution network (ODN), and 
ONT to mimic the conventional OCDMA-PON architecture. In this figure, PON is able to 
support diversity of multimedia transmissions where higher bitrate is dedicated to video 
applications as in ONU#1. Bit rate is the number of bits per second and it affects video 
quality in several ways. Firstly, it determines the video file size since high video bitrate 
gives high video quality and low bitrates result in poor video quality. ONU#2 supports 
voice with medium data rate whereas image was supported with low bitrate at ONU#N. At 
the OLT section, the received pseudo random bit sequence (PRBS) is converted to optical 
pulses and then encoded with optical code at the OCDMA transmitter (Fig. 4).

The combiner collects the OCDMA signal and broadcast them to several optical net-
work units (ONUs) by splitting its power between all users. An inverse process takes place 
at ONU via OCDMA receiver to extract the original signal (Kakaee et al. 2014a). How-
ever, the utilization of PONs needs an effectual access scheme, which is able to provide a 
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Fig. 3   Encoding mapping of triple play services using DEU coding: a data, b Audio, and c Video services
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strong migration track towards next generation network capacity in terms of data rate and 
the number of users. The following section describes the utilization of PON to support 
VAD services.

5 � Numerical analysis and results

5.1 � Numerical results

Applying the derivation as (Ahmed and Nisar 2013b), the signal to noise ratio (SNR) for 
DEU code is calculated as in Eq.  (3). All noises such phase induced intensity noise, the 
photodiode shot noise and the thermal noise are considered.

Psr is the effective power of a broad-band source at the receiver, e is an electronic charge, 
B is the electrical equivalent noise band-width of the receiver, KB is the Boltizmann’s con-
stant, Tr the absolute temperature of receiver noise, RL the load resistance, ΔV the optical 
source bandwidth. The bit error rate (BER) is computed from the SNR by the formula:

erfc is a complementary error function.
Figure  5a shows the relation between BER and Q-factor for DEU code that have 

code weight w = 4 and at bit rate 1 Gbps. As cleared, when Q-factor increases, the BER 
decreases and at Q-factor = 5.7, the acceptable value of BER can be reached which is 10−9 
which satisfies communication system. The relation between the number of users and 
Q-factor are studied and given in Fig. 5b at different bit rates. According to Fig. 5a, the 
best value of Q-factor is 5.77 which gives the acceptable BER that is 10−9 , so at bit rates 1 
Gbps, 1.25 Gbps and 2.5 Gbps, respectively, the maximum allowable number of users that 
the system use DEU code with code weight = 4 can support at Q-factor is 5.77 is 36, 31 and 
19, respectively.

Figure 6 shows pulse duration (Tc) versus code length at different data rate based on 
algorithm 1 where Tc = 1/(data rate × code length). In this figure, we examined the behav-
iour of the network in full load and partial load scenarios at different data rates.

The pulse duration decreases with increase in code length especially for partial network 
where a few numbers of users are involved. However, for highly populated network the Tc 
increases regardless of data rate values.

It is observed that data rate is more influential than code length on pulse duration. For 
VAD triple play services, a lower bit rate is associated to data bits with longer code length 
due to huge number of DEU chips to map a certain PRBS.

In particular, a video’s PRBS requires higher bit rates with shortest code length to map 
a few DEU chips associated to video streaming; audio signals fall in between which is nei-
ther data bits nor video streaming.

Figure  7 plotted Tc versus data rate at full load scenario of network where 9 users 
were involved resulting in a code length of 19 based on algorithm 1 where, Tc = 1/(data 

(3)SNR =

ℜ2P2
sr
(W−1)2

L2

PsreBℜ

L
[2(N−1)+W+1]+

P2
sr
Bℜ2N

2ΔVL2

[
W+1+

2(N−1)

N−2

]
+
4KbTnB

RL

(4)BER = Pe =
1

2
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(√
SNR

8
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rate × code length). The pulse duration has inversely proportional relation with data rate for 
high-populated network scenario.

The impact of code length is minor at higher data rates especially for video streaming 
where shorten code length is required to maintain high rate demands by video applications.

For VAD triple play services, a lower bit rate is associated to data bits with long code 
length due to huge number of DEU chips to map a certain PRBS. In particular, a vid-
eo’s PRBS requires higher bit rates with shortest code length to map a few DEU chips 
associated to video streaming; audio signals fall in between which is neither data bits nor 

Fig. 5   a Q factor versus BER b Q-factor versus number of users
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video streaming. It is observed that data rate is more influential than code length on pulse 
duration.

In Fig. 8, the BER is drawn against the number of active users when Psr = -10 dBm at 
different data rate. It is noticed that the BER of DEU code is lower in comparison with 
MQC and MFH codes even for less value of weight is (w = 4 in this case). An acceptable 

Fig. 6   Pulse duration (Tc) versus code length

Fig. 7   Pulse duration (Tc) versus data rate to support triple services
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BER of 10−9 was attained by the DEU code with ≈82 active users versus 22 and 33 for 
MQC and MFH codes at 622 Mb/s.

In addition, 62 users were supported by DEU for data rate of 2.5 Gb/s which is higher 
than MQC and MFH codes despite their low data rate. This is evident from the fact that 
DEU code has an in-phase cross correlation property that strikes the MAI effects success-
fully. However, MQC and MFH used codes with a fixed in-phase cross correlation exactly 
equal to 1 for suppressing the effects of PIIN. Hence, this increases the probability of inter-
ference which leads to performance degradation.

5.2 � Poisson’s distribution

The probability of observing k events in a particular interval is given by:

e is representing exponential number, i.e., e = 2.71828, k ∈ Z is representing a positive 
integer value, and k! is the factorial of k. In this paper, we perform a Poisson’s distribution 
analysis to characterize full load and partial load analysis along with VAD scenarios. This 
analysis is carried out under the following assumptions (" Adaptive Transceiver Architec-
ture With QoS Provision for OCDMA Network Based on Logic Gates," 2021):

•	 T is the number of times that a certain bit rate occurs in an interval and T ∈ Z

•	 The occurrence of a certain bit rate does not affect the probability that another bit rate 
will occur. Different data rates occur independently.

•	 Two different data rates cannot occur at exactly the same instant.

(5)P(k) =
�ke−�

k!

Fig. 8   BER versus number of active users when Psr =  − 10 dBm at 622 Mb/s and 2.5 Gb/s
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•	 The probability of data rate occurring is proportional to the length of the time 
period.

Table 2 tabulate the number of simultaneous users (NSU) accessing the network ran-
domly between 2–12 min. This period has been divided into 5 time slots and each time 
slot period is 0.38 min as shown in Fig. 9. The average number of NSU (σ) accessing the 
network is varying in accordance with tfg where f is the number of interval and g is the 
number of subinterval. In addition, the minimum value of σ is dedicated for the highest 
data rate.

Figure 10 shows number of occurrences plotted against the probability of occurrences 
for different number of users accessing the network randomly at different time slots rang-
ing from 1 to 5 min. The average number of users, σ (average event rate) is randomly set-
ting where the highest value is almost 9 and lower value is almost 5.

The Fig. 10 proves that the highest probability of occurrence at 0.17 at interval#1 time 
whereas the lower probability of occurrence at 0.01 at interval#5. The highest value of σ is 
dedicated to low data rate of 622 Mbits/s and the lower value of σ is assigned to the high-
est data rate which is 20 Gbits/s. The remaining values of σ were distributed between these 
values as shown in Fig. 9. This assumption is made by the fact that less number of users 
increase the throughput, eventually allows the users to increase their data rate.

5.3 � Proof of concept

An optical software simulator known as Optisystem, version 7.1 is utilized to perform 
multi services scenario in this section. Figure  2 is used as a core model to prepare the 
simulation setup. The implementation is performed for eight users U1,U2,…U8 as OLT#1 
and OLT#2 racks based on Fig. 11 while up- and down-link traffic is observed by referring 
to eye diagrams at different data rate ranging from 0.622 Gbps to 5 Gbps. Each OLT sec-
tion comprises four transmitters.

At each transmitter, the combination of light emitting diodes (LED), PRBS generator, 
non-return to zero (NRZ) pulse generator, Mach zehnder modulator (MZM) and 4:1 Mul-
tiplexer (MUX), form each single user (Fig. 12a). Construction of the transmitter module 
begins with an LED, which has wavelength ranging from 1490 to 1550 nm. Furthermore, a 
30 nm bandwidth is set to the LED to achieve a relatively flat spectrum for binary to spec-
tral alteration.

The LED end side is linked to a power splitter (PS) which splits the spectrum into four 
equal portions. These portions are injected into a 4:1 MUX arrangement, which comprises 
four band pass filters adjusted at particular wavelengths to reflect the spectrum in cor-
respondence with the chip placement. Figure 12a and b shows the encoder structure and 
output of the DEU code [11110000] using 0.4 nm bandwidth filters centered at 1490 nm, 
1490.4 nm, 1490.8 nm and 1491.2 nm respectively at 622 Mbits/s.

An optical modulator (MZM) is used to modulate the user information. It is further con-
nected to an optical combiner which is utilized to inject the spectrum into single mode fiber 
(SMF). To achieve multi bit rate scenario the PRBS generator is adjusted in accordance 
with the targeted bit rate as follows:

1.	 Set (x × Bitrate) at PRBS of intended user where x is a positive real number
2.	 Set bit rate at public parameters in accordance with required data rate set by x
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2 mints 2.38 mints 2.76 mints 3.14 mints 3.52 mints 3.9 mints

Time slot (t1) Time slot (t2) Time slot (t3) Time slot (t4) Time slot (t5)

Fig. 9   Time slot distribution

Fig. 10   Number of involving users vs. the probability of occurrences

Fig. 11   Simulation setup for up- and down-link traffic analysis
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For instance, if a 2.5 Gbits/s is needed for video streaming, x is set to 0.5 and bit rate is 
set to 5 Gbits/s in public parameter resulting in (0.5 × 5 Gbits/s) giving 2.5 Gbits/s.

At end side of SMF an optical splitter is connected to split the spectrum into N equiva-
lent portions. These portions are connected to ONTs side, which is followed by special 
combination of optical adders, optical subtractors, PIN photodiode, uniform fiber-bragg 
grating (UFBG), low-pass filter, and decision-making circuit to extract the desired informa-
tion via XOR detection scheme (Fig. 13).

Figure 14 shows the simulation output for the proposed multi bit rate scenario. Analysis 
is implemented for three users accessing the transmission medium at different data rates 
targeting diversity of applications. Since, cross correlation in DEU code exists between 
each three users, which makes sense to carry out the simulation for three users. All noise 

Fig. 12   a) Spectral encoder structure b) Output of the spectral encoder for 111,100 code sequence

Fig. 13   Receiver structure using DEU code
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sources such as shot, thermal, and dark noises are enabled to mimic the scenario to be 
close as much as possible to the reality. The receiver sensitivity is set to 0.75 A/W. The eye 
diagram patterns of three channels: channel#1 (1.25 Gbits/s), channel#2 (2.5 Gbits/s) and 
channel#3 (5 Gbits/s) running simultaneously for 10 km fiber span are shown in Fig. 14a–c 
respectively for DEU code. These three channels are designed to support data, voice and 
video respectively for different span links. The width of the eye opening defines the time 
interval over which the received signal can be sampled without error from intersymbol 
interference (ISI). When the height of the eye opening is large, this represents the best 
time to sample the received signal. The eye diagram patterns shown in Fig. 15a–c clearly 
showed that the DEU code system provides a noticeable performance in terms of BER. 
In addition, the figures reveal that DEU code can support multiple bit rate system fairly 
despite long distance. The eye pattern at 5 Gbits/s shows that even the effect of nonlin-
earities at high date rates is unavoidable, still desired signal can be detected with minor 
distortion. It can be observed that performance of DEU system deteriorates with increase 
in length of the fiber. In fact, when the fiber span reduces, the data rate must rise to regain 
a similar regression of the signal form. Therefore, to design and improve OCDMA network 
link parameters, the fiber span should be set as short as possible.

The eye diagram patterns of three channels: channel#1 (80 Mbits/s), channel#2 (622 
Mbits/s) and channel#3 (750 Mbits/s) running simultaneously for 30 km fiber span are 

Fig. 14   The eye diagrams of the DEU after 10 km fiber span for three channels running simultaneously: a 
channel 1 at 1.25 Gbit/s with BER of 10–13; b channel 2 at 2.5 Gbit/s with BER of 10–11; c channel 3 at 5 
Gbit/s with BER of 10–9
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shown in Fig. 9a–c respectively for DEU code. The width of the eye opening defines the 
time interval over which the received signal can be sampled without error from inters-
ymbol interference (ISI). When the height of the eye opening is large, this represents the 
best time to sample the received signal. The eye diagram patterns shown in Fig. 15a–c 
clearly showed that the DEU code system gave a noticeable performance in terms of 
BER. In addition, the figures reveal that DEU code can support multiple bit rate system 
fairly despite long distance. It is observed that BER increases as more data is transmit-
ted across the medium. The eye pattern at 10 Gb/s shows that even the effect of nonlin-
earities at high date rates is unavoidable, still desired signal can be detected with minor 
distortion. Higher bit rate systems are limited by dispersion. As shown in the figure, 
for a 622 Mbits/s at 50  km, the system still works well with slightly high precision 
than 750 Mbits/s for the same distance. The eye diagram patterns of three channels: 
channel#1 (1.25 Gbits/s), channel#2 (2.5 Gbits/s) and channel#3 (5 Gbits/s) running 
simultaneously for 30 km fiber span are shown in Fig. 15a–c respectively for DEU code. 
These three channels are designed to support data, voice and video respectively for dif-
ferent span links. The width of the eye opening defines the time interval over which 
the received signal can be sampled without error from ISI. When the height of the eye 
opening is large, this represents the best time to sample the received signal.

It is clear from the results that to achieve efficient design and improve OCDMA net-
work link parameters, the fiber span should be set as short as possible.

Fig. 15   The eye diagrams of the DEU after 30 km fiber span for three channels running simultaneously: a 
channel 1 at 80 Mbit/s with BER of 10–21; b channel 2 at 622 Mbit/s with BER of 10–19; channel 3 at 750 
Mbit/s with BER of 10–16
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6 � Conclusion

In this paper, we study and investigate the ability of DEU code in supporting synchronized 
transmissions at different data rates to support VAD services. Different type of data rate 
transmissions have been validated for various simultaneous users. The simulated results of 
five DEU coded channels running at data rates of 5 Gbits/s, 2.5 Gbits/s, and 1.25 Gbits/s 
over a communication-standard fiber showed a good quality of transmission even for 
long span. It is observed that for a 1.25 Gbits/s at 10 km, the system adopting DEU still 
work well with slightly high precision than 2.5 Gbits/s for the same distance. An algo-
rithm for VAD application is developed which mapped VAD-PRBSs to chips durations. It 
is observed that data rate is more influential than code length on pulse duration especially 
for video applications. Moreover, a Poisson’s distribution analysis is performed to charac-
terize the bit rate scenarios. It is concluded that, highest value of σ is preferable for low 
data rate whereas the lower value of σ is assigned to the highest data rate in accordance 
with network population. For video streaming, the traffic running in a continuous fashion 
which requires the highest transmission priority and small value of σ. The numerical and 
simulation results proven the ability of DEU code in supporting synchronized transmis-
sions at different data rates that suits triple play services (video, voice and data) at 20 Gb/s, 
10 Gb/s, 5 Gb/s, 2.5 Gb/s, 750 Mb/s and 622 Mb/s data rate transmissions have been vali-
dated for various simultaneous users. It has been shown that the DEU code family can 
suppress intensity noise effectively and improve the system performance significantly for 
multiple bit rates scenario.
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