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Performance of bi-directional optical network has evaluated for 400 optical network units (ONUs) using RAMAN-EDFA
hybrid optical amplifier (HOA). Further, performances have also recorded in terms of quality factor and eye height for the
data rate of 5 Gbps, 10 Gbps, 15 Gbps, 20 Gbps and 25 Gbps respectively for the distance of 60 km to 75 km. Limits of the
users have also set to 400 for the analysis of various aspects for multiplay services (data, voice, video and mobile service).
Data rate of 5 Gbps has delivered the acceptable outcome for multiplay services (MPS). Furthermore, proposed super dense
passive optical network (SD-PON) has also shown the stability among the present current research of art in terms of

acceptable rating outcome.
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1 Introducation

Due to revolutionary changes in optical
communication industry, requirement of best services
with  high-speed network, develops the new
innovative models for enhancing the existing network
capacity. Multiplay services (MPS) are the right
business model for the network provider. Data, voice,
video services and mobile services are the main parts
of MPS'. Requirement of high-capacity network
has been justified by super dense multiplexing
technology. But it deals with lot of complex
modifications in the existing technology.

Major issues are reflected for the best communication
technology in terms of huge bandwidth, high speed
network, cost and environments of subscribers.

Demand of huge bandwidth services such as
definition television (HDTV) has been observed for
high broadband access network so super dense
wavelength division multiplexing passive optical
network (SD-WDMPON) is the most acceptable
architecture for proving best rating services in
required manner™”.

Tremendous growth in optical communication
network in terms of high bandwidth, high speed
internet and controlling data traffic can only be
possible with direct modulation for super wavelength
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dense multiplexing (SD-WDM) system with cost-
effective manner*”.

A super dense passive optical network (SD-PON)
is the rapid growing technology for providing the
MPS service such as data, voice, video services and
mobile services in terms of best rating quality factor
and eye height from service provider to end users in
FTTC, FTTB and FTTH access networks®°.

In fact, high-capacity services such as video
conferencing, high-capacity internet, video on
demands and online gaming service accelerate the
service provider to deliver the services in cost
effective manner with best rating outcome. Whereas,
SD-PON with hybrid optical amplifier (HOA) is the
most promising technology for integrated access
network such as fiber to the home (FTTH), fiber to
the curb (FTTC) and fiber to the building (FTTB) for
required outcome with cost effective manner''™'?.

So far, many advance technologies have been
investigated in the existing literature to enhance the
transmission process for multiplay service.

Goyal et al.” investigated the performance of
hybrid wavelength passive optical network with 128
ONUs in terms of multiplay service for the range of
1480 nm to 1500 nm with data rate of 1.25 Gbps with
successful transmission of 28 km.

Son et al.'* observed the performance of bi-
directional passive optical network for wavelength
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division multiplex (WDM) system. Capacity of
channel was set to 15 for downstream and upstream
with data rate of 155 Mbps to 2.5 Gbps.

Kocher et al."” explored the performance of FTTH
architecture for downstream and upstream channels
and performances have been investigated in the
context of different data rate. Furthermore, data rate at
10 Gbps deliver the error free performance for 64
ONUs.

Akanbi et al.'® investigated a bidirectional super
dense system with 32 channels. Data rate of 10 Gbps
has been mentioned the best rating outcome in terms
of error free transmission of 20 km. Malhotra et al.'’
explored the performance of 32 channels FTTH
network. Further, performances have been evaluated
in terms of bit error rate, quality factor and eye-
opening etc. Data speed has set to 2.5 Gbps. Kocher
et al."® investigated the multiplay service for passive
optical network for 56 users at 20 km distance.
Further, performances have been evaluated in terms
of BER with data rate of 2 Gbps.

Up to now, from the different literatures, it has
been observed that distance of proposed passive

optical network (PON) has been set to less than 80 km
with less data rate of 2.4 Gbps. Furthermore, effect
of hybrid optical amplifier (HOA) has not been
mentioned for huge capacity data transmission which
is an important consideration for best rating features.
Further, these proposed models were only capable for
downlink transmission with a smaller number of
ONUs"*™.

In this paper we have rectify the main affected feature
to enhance the performance of bi-directional optical
network with the support of HOA for super dense
optical network unit (ONU) for best rating data rate.

However, the arrangement of this paper is given as

description of proposed simulation setup in section
II, discussion on final result with analysis in section
III and conclusion is made with systematic manner in
section I'V.

2 Description of Proposed Simulation Setup
Simulation setup for bi-directional optical network
for 400 ONUs is shown in Fig. 1(a).Voice and mobile
services are generated from data source, NRZ
electrical drive, frequency modulator (FM) and sine
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Fig.1 — Simulation setup for bi-directional multiplay services.
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wave generator.Varying data rate from 5 Gbps to
25 Gbps is connected to eletrical drive to genertare
the electrical signal which is followed by FM to
generate the modulated signal for down traffic
transmission.

Electrical to optical (E/O) converter is placed after
the modulated signal with gain of 25 dB for the
further amplification process.

For generation of data services, input power of CW
source is set to -15 dBm with 20 dB extinction ratio.
Range of CW laser source is arranged from 1530 nm
to 1565 nm as a downstrem wavelength. Data source
with PBRS generator is set with varying data rate.
NRZ electric drive converts these pulse bits in
respective electrical signals which further followed by
MZM modulator to boot the level of low power signal
to high power signal.

To generate the video signal, sine wave generator is
set to 20 GHz frequency with 0 phase for carrier
generator at 4 Gbps. Recived electrical siganl in NRZ
formate is also injected to amplitude modulator at 2.5
GHz frequency. Modulated electrical signal is connected
to (E/O) converter for further optical processing.

In this way, data,voice,video and mobile services
signals are generated and combind with super dense
multiplexer (SD-M) with gurad band to tolerate the
effect of inter-symbol-interference (ISI). A pre-
RAMAN-EDFA hybrid optical amplifier (HOA) is
used before transmitting the signals for further
processing.

A circulater is the main device to perform the
bi-directional operation. It is adjusted with 3.5 insertion
loss. A delay element is arranged to maintain the
least effect of dispersion and ISI. Recived data
from optical line termination (OLT) for upstrem is
further analyzed with PIN photo diode with 1 A/W
responsivity and dark current of 15 nA, bessel filter has
0.80 x bit rate as simulated frequency and signal
analyzer is shown in Fig.1(b). A bi-directional optical
fiber is placed to communicate the signals among 400
users which is only possible by using super dense star
splitter (SD-SS). Different users are able to recive the
original services by converting the optical signal to
electrical signal with the help of PIN photodiode and
bessel filter.

Internal architure of ONU is also shown in Fig. 2.
Further, uplink transmission (from ONU port) set up
is also given in Fig. 2(a), it consists of electrical
signal, analog to digital(A/D) converter, NRZ
electrical drive, DFB laser and modulator. In the
similar manner, downlink siganls (to ONU port) are

also recived with the support of PIN photo diode, low
pass filter (LPF) and signal analyzer in Fig. 2(b).

3 Discussion on Final Results and Analysis

Performances of received multiplay services are
evaluated for the characteristics of quality factor and
eye height from Figs. 3-10 in terms of downlink and
uplink transmission.

Quality factor with respect to number of users is
evaluated for varying the data rate in Fig. 3. Recorded
values for downlink transmission at the distance of 60
km are given as 31.5 dB for the data rate of 5 Gbps, 26.5
dB for the data rate of 10 Gbps, 17.1 dB for the data rate
of 15 Gbps, 14.3 dB for the data rate of 20 Gbps and 7.6
dB for the data rate of 25 Gbps respectively.

In the similar manner, recorded values for uplink
transmission from Fig. 4 in terms of same features are
given as 25.5 dB for the data rate of 5 Gbps, 21.5 dB
for the data rate of 10 Gbps, 15.1 dB for the data rate
of 15 Gbps, 10.2 dB for the data rate of 20 Gbps and
5.2 dB for the data rate of 25 Gbps respectively. Here,

it is also analyzed from the outcome of Fig. 3 & Fig. 4
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Fig. 2 — Internal architure of optical network unit.
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Fig. 4 — Quality factor with respect to number of users for uplink
for the distance of 60 km.
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Fig. 5 — Eye height with respect to number of users for downlink
for the distance of 60 km.

that transmission data rate from 10 Gbps to 25 Gbps
does not deliver the required output due to induced
fiber nonlinearity and internal loss of transmitted
signal subsequently, signals are degraded.

However, 5 Gbps transmission rate delivers the
best rating acceptable values in the presence of
stimulation amplification from RAMAN-EDFA hybrid
optical amplifier (HOA).

Performances of multiplay service for 400 ONUs
are also evaluated in terms of eye height with respect
to number of users for the distance of 60 km in Fig. 5
and Fig. 6 for downlink and uplink transmission
respectively. Recorded values are given as 6.68 x10™°
for 5 Gbps, 6.2 x10” for 10 Gbps, 1.4 x10” for 15
Gbps, 6.2 x10” for 20 Gbps and 1.4 x107for 25 Gbps
respectively for downlink transmission.

In the similar way, recorded values from Fig. 6 for
uplink transmission at the distance of 60 km are given
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Fig. 6 — Eye height with respect to number of users for uplink for
the distance of 60 km.
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Fig. 7 — Quality factor with respect to number of users for
downlink for the distance of 75 km.

as 6.68 x10™"" for 5 Gbps, 6.2 x10"° for 10 Gbps,
1.4 x10® for 15 Gbps, 6.2 x10° for 20 Gbps and
1.4 x10™*for 25 Gbps respectively. Here, it is observed
that lower value of eye height indicates the massive
influence of fiber nonlinearity, dispersion and internal
crosstalk. Eye height shows the inversely proportional
relation with bit error rate (BER) so good rating of
eye height neglected the effect of BER for delivering
the best rating services to users.

Now, the performance of proposed bi-directional
optical network is evaluated by considering the
transmission distance up to 75 km for the same rating
feature in terms of downlink and uplink transmission
from Fig. 7 to Fig. 10 respectively. Observed values
from Fig. 7 for downlink transmission are given as
22.5 dB for 5 Gbps, 18.5 dB for 10 Gbps, 14.1 dB for
15 Gbps, 8.1 dB for 20 Gbps and 7.1 dB for 25 Gbps
respectively.
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Similarly, recorded values from Fig. 8 for uplink
transmission are given as 18.5 dB for 5 Gbps, 14.4 dB
for 10 Gbps, 10.9 dB for 15 Gbps, 9.1 dB for 20 Gbps
and 5.2 dB for 25 Gbps respectively. Recorded
readings are reflected that effect of quality factors are
degraded with increasing the data rate with same
rating input power level. But it can be rectified by
good rating HOA.

Variations in eye height for downlink transmission
at the distance of 75 km is shown in Fig. 9. Observed
values are given as 6.68 x10™ for 5 Gbps, 6.2 x10™"°
for 10 Gbps, 1.2 x10° for 15 Gbps, 5.1 x10” for
20 Gbps and 1.2 x107 for 25 Gbps respectively.

Similarly, from Fig. 10, recorded values for uplink
transmission are given as 6.68 x10” for 5 Gbps, 6.2
x10° for 10 Gbps, 1.2 x10” for 15 Gbps, 5.1 x10™ for
20 Gbps and 1.2 x10™ for 25 Gbps respectively.

Received results are indicated that measuring
parameters such as quality factor and eye height are
degraded due to height bit rate. It means at 10 Gbps,
15 Gbps, 20 Gbps and 25 Gbps. But data rate at 5
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Fig. 8 — Quality factor with respect to number of users for uplink
for the distance of 75 km.
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Gbps is capable to maintain the required rating for
recommended users using HOA.

Furthermore, eye diagrams for downlink and
uplink transmission for the distance of 75 km are
shown in Fig. 11 for the data rate of 5 Gbps.
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Fig. 10 — Eye height with respect to number of users for uplink
for the distance of 75 km.
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Fig. 11 — Eye diagram for uplink and downlink transmission at the distance of 75 km.
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Table 1 — Comparison of proposed model with current research of art schemes

Parameters Malhotra Singh Kocher Goyal Kumar Kumar Proposed
etal.” etal.’ etal.'® etal.’? etal® et al”! model
Multiplay services No No No No No No Yes
System cost High Low High High Low Low No
Transmission with HOA No No No No No No Yes
No. of users 32 128 64 128 200 160 400
Data rate 2.5 Gbps 10 Gbps 10 Gbps 1.25 Gbps 2 Gbps 4 Gbps 5 Gbps
Transmission distance 100 km 40 km 50 km 28 km 30 km 35 km 60 km
Transmission mode Single Bi- Bi- Single Single Single Bi-
directional directional directional directional  directional  directional  directional
4 Conclusion 4 Morgado J, Fonseca D & Cartaxo A, Opt Express, 19 (2019) 23.
Performances of bi-directional optical network for 5 ~ Gamage P, Nirmalathas A, Lim C, Wong E, Novak D &
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