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Abstract: Labuan Bajo and Komodo National Park (KNP) are the government's agendas in the tourism sector by
making the area a premium tourist destination. On that basis, the tourism potential of the region requires infra-
structure development to support this plan. One of the critical infrastructures is telecommunications, where the
region does not have a direct fiber-optic line. In this paper, the authors propose two scenarios design of fiber-
optic networks that also consider the potential for an upward fault earthquake in the northern waters of Labuan
Bajo and KNP. The design is analyzed using calculation results of the power link budget, rise time, bit error rate
(BER), and Signal to Noise Ratio. The BER value obtained is 5.63 x 1073 which is still below the parameter threshold
of 10" with a design that avoids the epicenter of the disaster and a longer route. The SNR value on the longest
route (route 7) is 34.69 dB. The SNR value has met the SNR standard, which is 21.5 dB.
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Introduction

Komodo Island and Rinca Island have been designated as National Parks since 1980 to
protect the ancient endemic Komodo in East Nusa Tenggara Province. One area that has experi-
enced a significant design change is the Rinca Island part of Komodo National Park (KNP) in the
West Manggarai Regency. This island will be converted into a premium tourist destination with a
geopark concept approach [1]. This development is expected to help the management of Komodo
Island, which currently reaches Rp 129 billion and only gets Rp 33 billion allocations from the
government [2]. The development of KNP is expected to increase government revenue from the
tourism sector and increase the income of the surrounding population. Based on data in 2019,
the economic potential of tourism value in Labuan Bajo and KNP could reach Rp 2.3 trillion [3].

Developing the area's infrastructure is necessary with the planned development of the
Labuan Bajo and KNP areas into premium tourist destinations. One of the crucial infrastructures
is a telecommunications infrastructure network. It also supports the government's program to
improve telecommunication access in tourist destination areas to increase tourist arrivals [4]. One
way is to build a fiber-optic network that has direct access to the area.

The change of the area into a premium tourist destination is expected to require a larger
data connection for both the conservation and tourism sectors. Meanwhile, the current condition
of the submarine cable shows that no one goes to KNP directly. One thing that needs to be
considered in the deployment of submarine cables is the potential for damage to underwater
cables caused by underwater earthquakes. Based on BNPB data, the sea area of NTT is an earth-
quake alert area [5].

The current optical cable network connects Sumbawa Island to NTT with MKCS Cable
(Mataram Kupang Cable System) along 1851 Km with 1,041 Km of sea cable and 810 Km of land
cable connecting six-station points, namely Mataram, Sumbawa Besar, Raba, Waingapu, and
Kupang [6], [7]. However, this MKCS cable had an experience of breaking in 2018 due to the
Lombok Earthquake [8]. Repairing the cable requires a lot of money and a long time because the
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damage occurs under the sea [9]. Several studies have been carried out in designing fiber optic
networks in an area such as in [10], which proposed a backbone network for North Sumatra. In
[11], a proposed optical network design aims to support 4G technology in Sleman.

Based on the disaster map issued by BNPB in 2020, the KNP and Labuan Bajo location is
surrounded by Megathrust and faults. The Rising Back Fault, which is located in the north, is the
Alert Zone with a track record of earthquakes and tsunamis occurring in 1992 — 2018, while in
the south, there is the Bali — Nusa Tenggara Megathrust which was last recorded by an earth-
quake in 1977 and is included in the Alert Zone [5]. In 2018-2019 the Labuan Bajo and KNP areas
experienced several underwater echoes in the northern part of the waters of Labuan Bajo and
West Manggarai [12]-[15].

This paper proposes two scenarios for deploying fiber optic networks in the tourist areas
of Labuan Bajo and KNP. The deployment scenario without considering potential underwater
earthquake disaster points and deployment scenarios by considering potential aspects of under-
water disaster points. The calculation results of the two scenarios will then be compared with the
technicalities, impacts, and costs required. This research considers planning flowcharts, location
determination and network planning, technical specifications, the power link budget calculation,
rise time analysis calculation, signal to noise ratio (SNR), and Bit Error Rate (BER) calculations.
Results and Discussions contain power link budget analysis, rise time analysis, SNR and BER
analysis, technical analysis, potential risks, and impact estimates, and estimates of cost require-
ments.

Methodology

Study of Optical network Technical
literature [—® topology design [~ specifications [

Analysis

Figure 1. Planning flowchart

Planning Flowchart

The planning flowchart is shown in Figure 1. The planning design of this optical cable
deployment will begin with a literature study of the existing Palapa Ring cable system in Sumbawa
and East Nusa Tenggara. Its deployment scenario without considering potential underwater
earthquake disaster points and deployment scenarios considering potential aspects of underwater
earthquake disaster points. Then, we design an optical network topology design to determine the
deployment location to determine the necessary cable requirements and deployment scenario
without considering aspects of potential underwater earthquake disaster points and deployment
scenarios by considering potential aspects of underwater earthquake disaster points. Some re-
searchers consider the need for additional cables with a backup cable of 5% of the distance
between points [16]-[18]. After that, we search technical specifications to ensure the devices'
specifications used to deploy fiber optic networks, power link budget calculation, rise time analysis
calculation, signal to noise ratio (SNR), and Bit Error Rate (BER) calculations. And the last, we
analyze:

1. Power link budget analysis (Power link budget analysis is used to determine whether the
power sent along with the information from the transmitter can be received by the receiver
or not after passing through the optical cable media at a certain distance)

2. Rise time analysis (Rise time analysis is used to determine the total time required for the
system from the initial state to reach a stable state)

3. SNR and BER analysis (BER analysis is a parameter to determine the number of bit errors
at the receiver end for each number of data bits sent in a certain time interval. The smaller
the BER value in a system, the better the system performance will be. BER can be obtained
by using the Q-factor derived from the Signal to Noise Ratio (SNR). SNR is one of the
parameters used to determine the performance of a receiver. The higher the SNR, the
better the communication quality. SNR is used to determine the ratio of the received signal
to noise in the system)
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4, Technical analysis (Technical analysis is used to show results of power link budget analysis,
rise time analysis, SNR, and BER analysis)

5. Potential risks and impact estimates (Potential risks and impact estimates is used to show
technical and non-technical risks)

6. Cost requirements (Cost requirements is used to show parameters, quantity, and price to
build KNP fiber-optic network)

Location Determination and Network Planning

1. Scenario 1

The location determination in scenario 1 is based on the current location of the MKCS cable
[19] and palapa ring [20] as the starting and ending points of the proposed route. Location
determination in scenario 1 is a deployment scenario without considering aspects of potential
underwater earthquake disaster points. Deployment scenario without considering aspects of po-
tential underwater earthquake disaster points as shown in Figure 2.

In Land Cable
Submarine Cable

Figure 2. Scenario route 1

The calculation of the distance and total cable length for scenario 1 is shown in Table 1.
The total cable length is the sum of the distances with a cable reserve of 5% on each route. Total
cable from Soro to Kelapa to Komodo to Pasir Panjang to Labuan Bajo is 162.76 km, where
location determination deployment scenario without considering aspects of potential underwater
earthquake disaster points.

Table 1. Scenario route 1

No Route Distance (km) Cable Length Description
(km)
1 Sondo to Bima 47.5 49.88 Land cable
2 Bima to Soro 48.3 50.72 Land cable
3 Soro to Kelapa 35.6 37.38 Submarine cable
4 Kelapa to Komodo 55.5 58.28 The longest in submarine
cable
5 Komodo to Pasir Panjang 43.8 45.99 Submarine cable
6 Pasir Panjang to Labuan Bajo 20.1 21.11 The shortest in
submarine cable
7 Labuan Bajo to Lembor 63.9 67.10 The longest inland cable
8 Lembor to Ruteng 62.1 65.21 Land cable
9 Ruteng to Wangkung 61.2 64.26 Land cable
10  Ruteng to Borong 55.9 58.70 Land cable
11  Borong to Ngada 41.2 43.26 The shortest land cable
12 Ngada to Nagekeo 62.9 66.05 Land cable
13 Nagekeo to Nangaroro 56.2 59.01 Land cable
14  Nangaroro to Ende 43.0 45.15 Land cable
Total 697.2 732.06
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2. Scenario 2

In scenario 2, the location determination is almost the same as scenario 1. It is based on
the location of the MKCS cable [19] and the palapa ring [20] as the starting and ending points of
the proposed route. However, there are differences in the deployment of the route on routes 4
and 5; namely, the proposed route is a submarine cable with the deployment avoiding the waters
in the northern part of KNP and Labuan Bajo. Deployment scenarios by considering potential
aspects of underwater earthquake disaster points as shown in Figure 3.

agkeo & knde
Nangaroro ¢

Ende

©)
Sondo D B
Borong Ngada

In Land Cable
Submarine Cable

Figure 3. Scenario route 2

The calculation of the distance and the total cable length for scenario 2 is shown in
Table 2. The total cable length is the sum of the distance with a cable reserve of 5% on each
route. Total cable from Soro to Kelapa to Komodo to Pasir Panjang to Labuan Bajo is 171.79 km,
where location determination scenarios by considering potential aspects of the underwater earth-
quake disaster.

Table 2. Scenario route 2

No Route Distance (km) Cable Length Description
(km)
1  Sondo to Bima 47.5 49.88 Land cable
2 Bima to Soro 48.3 50.72 Land cable
3  Soro to Kelapa 35.6 37.38 Submarine cable
4  Kelapa to Komodo 57.2 60.06 The longest in
submarine cable
5 Komodo to Pasir Panjang 50.7 53.24 Submarine cable
6 Pasir Panjang to Labuan Bajo 20.1 21.11 The shortest in
submarine cable
7  Labuan Bajo to Lembor 63.9 67.10 The longest land
cable
8 Lembor to Ruteng 62.1 65.21 Land cable
9 Ruteng to Wangkung 61.2 64.26 Land cable
10  Ruteng to Borong 55.9 58.70 Land cable
11  Borong to Ngada 41.2 43.26 The shortest land
cable
12 Ngada to Nagekeo 62.9 66.05 Land cable
13 Nagekeo to Nangaroro 56.2 59.01 Land cable
14  Nangaroro to Ende 43.0 45.15 Land cable
Total 705.8 741.09

Technical Specification

Bandwidth requirements are calculated in advance to determine the parameters that will
be used in network planning. The bandwidth requirement is calculated from the number of
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residents of the tourist areas of Labuan Bajo and Komodo National Park by the assumption of
bandwidth requirements per person (4 Mbps) [21]. The number of people who have the potential
to use the internet is in Table 3. From [21], Age 13 to > 60 has potential to use the internet.
Region Labuan Bajo has a larger potential to use the internet than Komodo and Pasir Panjang.
Region Gorontalo has the largest potential to use the internet. Region Pasir Panjang has the
smallest potential to use the internet.

Table 3. Number of people who have the potential to use the internet

No Region Age 13 to >60
1 Komodo 1528
2 Pasir Panjang 1393
3  Gorontalo 5900
4  Wae Kelambu 5392
5 Batu Cermin 4649
6 Labuan Bajo 5742

From Table 3, the total number of people who can use the internet is 24,604 from the
age range of 13 to more than 60 years [21], so the total bandwidth requirement is 24,604 x 4
Mbps = 98,416 Mbps = 98.4 Gbps. Table 4 shows the technical parameters. BER, signal encoding,
and wavelength are 1012, NRZ, and 1550 nm, respectively. System Margin is 4 dB. From [22]
explained that attenuation (ar) is used 0.16 dB/km, and chromatic dispersion is used 3 ps/nm.km.
From [23] explained that attenuation (ar) is used 0.16 dB/km, and chromatic dispersion is used
3 ps/nm.km. From [24] explained that transmit power is used 4 dBm, Receiver Sensitivity is used
-24 dBm. Transceiver Rise Time has used 28 ps, Spectral Width (o) is used 0.3 nm, Maximum
Acceptable Loss is used 28 dB. In Additional loss, Connector Attenuation is used 2 dB/connector.
From [25] explained that Dark Current is used 40 nA, M of APD is used 20 dBm, T_eff used 25°C,
excess noise figure is used 0.7 nm, FM (Noise Figure) is used 8.14 dB, and Receiver Efficiency is
used 85 %.

Table 4. Technical parameters

No Parameter Value Unit
1 Bandwidth 98.4 Gbps
2 BER 1012
3 Signal Encoding NRZ
4  Wavelength 1550 nm
5 System Margin 4 dB

Land Optical Fiber Cable (ITU-T G.654.B) [22]

1  Attenuation (ar) 0.16 dB/km
2 Chromatic Dispersion (D) 3 ps/nm.km
Submarine Optical Fiber Cable (ITU-T G.973) [23]

1  Attenuation (ar) 0.16 dB/km
2 Chromatic Dispersion (D) 3 ps/nm.km
Huawei Optix OSN 8800 — TN55TTX [24]

1 Transmit Power 4 dBm

2 Receiver Sensitivity -24 dBm

3  Transceiver Rise Time 28 ps

4  Spectral Width (gA) 0.3 nm

5  Maximum Acceptable Loss 28 dB

Additional Loss
1 Connector Attenuation 2 dB/connector
Hamamatsu InGaAs APD G8931-04 [25]
1 Dark Current 40 nA
2 Mof APD 20 dBm
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3 T eff 25° C
4  excess noise figure 0.7 nm
5 FM (Noise Figure) 8.14 dB
6  Receiver Efficiency 85 %

Calculation of Power Link Budget

Power Link Budget analysis is used to determine whether the power sent along with the
information from the transmitter can be received by the receiver or not after passing through the
optical cable media at a certain distance. Equations (1) and (2) are used to obtain the network's
Total Loss value, which will be compared with the maximum allowable loss in the system. Equa-
tion (1) is used to calculate Power Link Budget (P.) which is a power source (Ps) and power
receiver (B.). Equation (2) is used to calculate Power Link Budget (P,) which the source of power
loss comes from cable attenuation (afL), connector loss (L.), loss splices (L,), and system mar-
gins (assuming 4 dB) [26]-[28].
Pr = Ps — Py €Y)

Pr =asL + L. + L; + margin sistem 2

Calculation of the Rise Time Analysis

Rise time analysis is used to determine the total time required for the system from the
initial state to reach a stable state. Equation (3) is used to calculate the time described in equation
(4). Equation (4) is used to calculate the total rise time (tsys) which is the sum of the rise time of
the transmitter (¢.,), the rise time of the receiver (t,.,), and the rise time of the velocity dispersion
group (tsyp). Where the value of t;,, is obtained through equation (5) which is the product of
the dispersion time of the cable (D), cable length (L), and wavelength width. Equation (6) is used
to calculate the maximum rise time dispersion (tmaxsys) [26]-[28].

1
lsys = Lt /2 3
— 2 2 231/, 4
tsys - (ttx + tGVD + trx ) ( )
tGVD = D. L. O-A (5)

1
t = 70% X
maxsys % Data Rate

= 259.259

(6)

Calculation of Signal to Noise Ratio (SNR) and Bit Error Rate (BER)

BER analysis is a parameter to determine the number of bit errors at the receiver end for
each number of data bits sent in a certain time interval. The smaller the BER value in a system,
the better the system performance will be. BER can be obtained by using the Q-factor derived
from the Signal to Noise Ratio (SNR) which is calculated by Equation (13). Like BER, SNR is one
of the parameters used to determine the performance of a receiver. The higher the SNR, the
better the communication quality. SNR is used to determine the ratio of the received signal to
noise in the system [26]-[28].

Signal Power

SNR = 7

Noise Power

Signal Power is the amount of signal power received at the receiver. Equation (7) is the
equation for calculating the amount of SNR. Equation (8) is the SNR variables are Pz (power at
receiver (W)), n (receiver efficiency (%)), g (electron charge (1.6 x 10*° C)), A (Plank's constant
(6.626 x 103* Js) )), v (frequency (Hz)), and M (gain of Avalanche Photodiode (APD)).
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Signal Power = (PRM (%))2 (M)? €©)

Noise power is the amount of noise in the system, namely thermal noise (Ntherma), dark
current noise (Ndc), and shot noise (Nshot). Equation (9) is an equation to calculate the amount
of noise power in the system.

Noise Power = Nipermar + Ngc + Nspot 9

The following equations (10), (11), and (12) are used to calculate the amount of thermal
noise, dark current noise, and shot noise in the system. 7 is the effective noise temperature
(K), kis the Boltzman constant (1.38 x 1023 Joule/k), B is the bandwidth, R is the equivalent
resistance (ohms), Ip is the dark current (A), and F(M) is noise figure.

4KkToffB
Nthermal = Tff (10)
Ng. = 2qlpB 1y
Nonot = 2q(Pr Z2)BM2F (M) (12)

The Q-factor can be used to indicate the minimum SNR ratio required to obtain BER. The
Q-factor is a function of OSNR (Optical SNR). Equations (13) and (14) represent the relationship
between SNR, Q-factor, and BER. Q is the magnitude of the Q-factor, Pe is the probability of
error.

SNR = 201log 2Q (13)

02
1 e 2

BER = PE(Q) = E )

(14)

Results and Discussions

Results and discussions contain the Power link budget analysis, rise time analysis, SNR
and BER analysis, technical analysis, potential risks and impact estimates, and cost estimates.

Power Link Budget Analysis

Power link budget analysis is the first consideration parameter carried out by calculating
the total optical power loss using equations (1) and (2). Table 5. shows the results of calculating
the total optical power loss in scenario 1 and scenario 2.

Calculating power link budget use formula from equations (2). Example of calculating power link
budget route 1 (Sondo to Bima) in scenario 1 and scenario 2 as below:

Equation (2) is used to calculate Power Link Budget (P,) which the source of power loss comes
from cable attenuation (afL), connector loss (L,), loss splices (L), and system margins (assum-
ing 4 dB).

Pr =asL + L. + L; + margin sistem
Py =0.16 dB/km *49.88km + 2 *2 dB+ 0dB + 4 dB
P; =15.98dB

Table 5 shows the power link budget calculation for each route for both scenario 1 and
scenario 2. Because the difference between scenario 1 and scenario 2 only lies in the deployment
of route 4 and route 5, the difference in the calculation value is only on that route. All the power
link budget calculation for each route are still below the maximum allowable loss based on the
parameters in the proposed design, which is 28 dB.
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Table 5. Calculation of power link budget

Scenario 1 Scenario 2
No Route Cable Total Maximum Cable Total Maximum
Loss Power Allowable Loss Power Allowable
(dB) Loss Loss (dB) Loss Loss
(dB) (28 dB) (dB) (28 dB)

1 Sondo to 7.98 15.98 Yes 7.98 15.98 Yes
Bima

2 Bima to Soro 8.1144 16.1144 Yes 8.1144 16.1144 Yes

3 Soro to 5.9808 13.9808 Yes 5.9808 13.9808 Yes
Kelapa

4 Kelapa to 9.324 17.324 Yes 9.6096 17.6096 Yes
Komodo

5 Komodo to 7.3584 15.3584 Yes 8.5176 16.5176 Yes
Pasir Panjang

6 Pasir Panjang 3.3768 11.3768 Yes 3.3768 11.3768 Yes
to Labuan
Bajo

7 Labuan Bajo 10.7352 | 18.7352 Yes 10.7352 | 18.7352 Yes
to Lembor

8 Lembor to 10.4328 | 18.4328 Yes 10.4328 | 18.4328 Yes
Ruteng

9 Ruteng to 10.2816 | 18.2816 Yes 10.2816 | 18.2816 Yes
Wangkung

10 | Ruteng to 9.3912 17.3912 Yes 9.3912 17.3912 Yes
Borong

11 | Borong to 6.9216 14.9216 Yes 6.9216 14.9216 Yes
Ngada

12 | Ngada to 10.5672 | 18.5672 Yes 10.5672 | 18.5672 Yes
Nagekeo

13 | Nagekeo to 9.4416 17.4416 Yes 9.4416 17.4416 Yes
Nangaroro

14 | Nangaroro to 7.224 15.224 Yes 7.224 15.224 Yes
Ende

Rise Time Analysis

Rise time analysis determines the total time required for the system from the initial
conditions to reach a stable condition.
Calculating rise time use formula from equations (4) & (5). Example of calculating rise time route
1 (Sondo to Bima) in scenario 1 and scenario 2 as below:
Equation (4) is used to calculate the total rise time () which is the sum of the rise time of the
transmitter (¢t.,), the rise time of the receiver (t,..), and the rise time of the velocity dispersion

group (tgyp)-

1
tsys = (ttxz + tGVDZ + trxz) /2
2
tsys = (28% ps + 44.89% ps + (%) ps) /2
tsys = 54.36 ps

Value of tgyp, is obtained through equation (5) which is the product of the dispersion time of the
cable (D), cable length (L), and wavelength width.

tGVD = D. L. O_A
teyp = 3 ps/nm.km * 49.88 km * 0.3 nm
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teyp = 44.89 ps

Table 6 shows the calculation of the rise time analysis for routes 1 to 14 with a direct
comparison between scenario 1 and scenario 2. Similar to power budget analysis, the difference
in values is on routes 4 and 5. The total rise time value in the system is greater in scenario 2 for
both paths because it has a longer route.

Table 6. Calculation of the rise time

No Route Scenario 1 Scenario 2
Tovd (PS) Tsys (ps) Tgvd (pS) Tsys (ps)
1 Sondo to Bima 44.89 54.36 44.89 54.36
2 Bima to Soro 45.64 54.99 45.64 54.99
3 Soro to Kelapa 33.64 45.52 33.64 45.52
4 Kelapa to Komodo 52.45 60.75 54.05 62.15
5 Komodo to Pasir Panjang 41.39 51.51 47.91 56.88
6 Pasir Panjang to Labuan 18.99 36.07 18.99 36.07
Bajo
7 Labuan Bajo to Lembor 60.39 67.72 60.39 67.72
8 Lembor to Ruteng 58.68 66.21 58.68 66.21
9 Ruteng to Wangkung 57.83 65.46 57.83 65.46
10 | Ruteng to Borong 52.83 61.08 52.83 61.08
11 | Borong to Ngada 38.93 49.56 38.93 49.56
12 | Ngada to Nagekeo 59.44 66.88 59.44 66.88
13 | Nagekeo to Nangaroro 28.32 28.16 28.32 28.16
14 | Nangaroro to Ende 21.67 24.63 21.67 24.63
SNR and BER Analysis

SNR and BER are parameters to analyze the number of broken bits during signal
transmission on optical fiber.
Calculating SNR & BER use formula from equations (1), (7), (8), (9), (10), (11), (12), (13), &
(14). Example of calculating SNR & BER route 1 (Sondo to Bima) in scenario 1 and scenario 2 as
below:
Equation (1) is used to calculate Power Link Budget (P,) which is a power source (Pg) and power
receiver (B.). In this calculation, using equation (1) to get power receiver (B.).

P, =Ps—P;
P.=P;— Py

P, =4dB—15.98dB
P, = —11.98 dBm

Signal Power is the amount of signal power received at the receiver. Equation (7) is the
equation for calculating the amount of SNR. Equation (8) is the SNR variables are Pz (power at
receiver (W)), 1 (receiver efficiency (%)), g (electron charge (1.6 x 10%° C)), A (Plank's constant
(6.626 x 103 Js) )), v (frequency (Hz)), and M (gain of Avalanche Photodiode (APD)).

Signal Power = (PRM (nql)) (M)?

2
* * =19 C * -6
Signal Power = (634 * (10)—5 W * 20 * (0.85 1.6 * (10) C *1.55 * (10) m)) N (20)2

6.26%(10)73% Js x 3 x(10)8 m/s

Signal Power = 8.1  (10)~*

The following equations (10), (11), and (12) are used to calculate the amount of thermal
noise, dark current noise, and shot noise in the system. 7eris the effective noise temperature
(K), kis the Boltzman constant (1.38 x 1023 Joule/k), B is the bandwidth, R is the equivalent
resistance (ohms), Ip is the dark current (A), and FA(M) is noise figure.
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4’kTeffB

R
4+1.39 % (10)723]/K * 298.15 K+ 9.84 * (10)10 Hz

50 Ohm

N thermal

Nthermal
Ninermar = 3.2547 % (10)~11

Ng. = 2qlpB
Nyje =216 (10)719Cx* 4+ (10)78A * (20)2 * 9.84 * (10)°Hz * 20°7

Ny = 4.1026 * (10)~12

A
Nonot = 2q(Pg ) BM*F (M)

0.85 % 1.6 * (10) 712 C * 1.55  (10)"® m
6.26 * (10)73% Jsx 3% (10)8 m/s

Ngpoe = 2 * 1.6 % (10)~19C * <6.34 +(10)75W + ( )) +9.84 x 101° Hz *

202 % 20%7
Nepor = 1.46 * (10)~7

Noise power is the amount of noise in the system, namely thermal noise (Nthermal), dark
current noise (Ndc), and shot noise (Nshot). Equation (9) is an equation to calculate the amount
of noise power in the system.

Noise Power = N¢permar + Nac + Nsnot
Noise Power = 3.2547 * (10)™!! + 4.1026 = (10)712 + 1.46 = (10)~7
Noise Power = 1.46 * (10)~7

Signal Power is the amount of signal power received at the receiver. Equation (7) is the
equation for calculating the amount of SNR. Equation (8) is the SNR variables are Pz (power at
receiver (W)), n (receiver efficiency (%)), g (electron charge (1.6 x 10*° C)), A (Plank's constant
(6.626 x 1034 Js) )), v (frequency (Hz)), and M (gain of Avalanche Photodiode (APD)). Noise
power is the amount of noise in the system, namely thermal noise (Nthermal), dark current noise
(Ndc), and shot noise (Nshot). Equation (9) is an equation to calculate the amount of noise power
in the system.

Signal Power

SNR = —
Noise Power
SNR = 10 * lOg Szg‘flal Power
Noise Pov‘\;er
_ 8.1x(10)~
SNR =10 *log Ta6e(10)7
SNR = 37.44

The Q-factor can be used to indicate the minimum SNR ratio required to obtain BER. The
Q-factor is a function of OSNR (Optical SNR). Equations (13) and (14) represent the relationship
between SNR, Q-factor, and BER. Q is the magnitude of the Q-factor, Pe is the probability of
error.

SNR = 201log 2Q

SNR,
20
Q= (10):
(37.44)
20
Q= (10) 2
Q = 8.63
_Q
_ _ L
BER = Pe(Q) = 7=
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1 _ﬁ
e
BER = Pe(Q) = 7= 563
BER = 1.94 * (10)~7

Tables 7 and 8 show the calculation of SNR and BER for routes 1 to 14 in scenario 1 and
scenario 2. Similar to power budget analysis and rise time analysis, the difference in values is on
routes 4 and 5. BER values in the longest route (route 7) are 5.69 x 10713, The BER value has met
the proposed BER standard, which is 10712, The SNR value on the longest route (route 7) is 34.69
dB. The SNR value has met the SNR standard, which is 21.5 dB [28].

Table 7. SNR and BER for scenario 1

No Route Scenario 1

Pr (dBm) Q SNR BER BER
standard
(101
1 Sondo to Bima -11.98 8.63 37.44 | 1.94 x 107 Yes
2 Bima to Soro -12.11 8.56 37.31 | 3.47 x 107 Yes
3 Soro to Kelapa -9.98 9.68 39.44 | 1.13x 102 Yes
4 Kelapa to Komodo -13.32 7.99 36.10 | 4.38 x 1015 Yes
5 Komodo to Pasir Panjang -11.36 8.95 38.06 | 1.18 x 1018 Yes
6 Pasir Panjang to Labuan Bajo -7.38 11.25 | 42.05 | 7.36 x 10-%° Yes
7 Labuan Bajo to Lembor -14.74 7.36 34.69 | 5.69 x 1013 Yes
8 Lembor to Ruteng -14.43 7.49 34.99 | 2.14x 1013 Yes
9 Ruteng to Wangkung -14.28 756 | 35.14 | 1.29x 1013 Yes
10 [ Ruteng to Borong -13.39 7.96 | 36.03 | 5.62x 1015 Yes
11 | Borong to Ngada -10.92 9.17 38.50 | 1.46 x 1019 Yes
12 | Ngada to Nagekeo -14.57 744 | 34.85 | 3.32x 1013 Yes
13 | Nagekeo to Nangaroro -13.44 7.93 35.98 | 6.77 x 1015 Yes
14 [ Nangaroro to Ende -11.22 9.01 38.20 | 6.28 x 1019 Yes
Table 8. SNR and BER for scenario 2

No Route Scenario 2

Pr Q SNR BER BER
(dBm) standard
(10*%)
1 Sondo to Bima -11.98 8.63 37.44 | 1.94x 107 Yes
2 Bima to Soro -12.11 8.56 37.31 | 3.47 x 107 Yes
3 Soro to Kelapa -9.98 9.68 39.44 | 1.13x 102 Yes
4 Kelapa to Komodo -13.61 7.86 35.81 | 1.25x 10* Yes
5 Komodo to Pasir Panjang -12.52 8.37 36.90 | 1.87 x 1016 Yes
6 Pasir Panjang to Labuan -7.38 11.25 | 42.05 | 7.36x 10® Yes
Bajo

7 Labuan Bajo to Lembor -14.74 7.36 34.69 | 5.69 x 1013 Yes
8 Lembor to Ruteng -14.43 7.49 34.99 | 2.14x 1013 Yes
9 Ruteng to Wangkung -14.28 7.56 35.14 | 1.29 x 1013 Yes
10 Ruteng to Borong -13.39 7.96 36.03 | 5.62 x 1075 Yes
11 | Borong to Ngada -10.92 9.17 38.50 | 1.46 x 10°1° Yes
12 | Ngada to Nagekeo -14.57 7.44 34.85 | 3.32x 1013 Yes
13 | Nagekeo to Nangaroro -13.44 7.93 35.98 | 6.77 x 1015 Yes
14 | Nangaroro to Ende -11.22 9.01 38.20 | 6.28 x 10°1° Yes
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Technical Analysis

The total power loss in both scenarios ranges from 11.38 to 18.74 dB, and the power
received in both scenarios has a range of -7.38 to -14.74 dBm. The power loss value is still below
the maximum value of the total power loss allowed by the parameters specified in the system.
Based on the power link budget calculation, both scenarios are in line with expectations.

In Rise Time analysis, the Maximum Rise Time allowed is 259.29 ps. In both scenarios, no
route exceeds the maximum allowed value. The total rise time value in the system is greater in
scenario 2 for both paths because it has a longer route.

SNR is calculated on each route. It is to show the smallest SNR value against other routes.
The smallest SNR value is on route 7 from Labuan Bajo to Lembor, with a value of 34.69 dB for
both scenario 1 and scenario 2. This value is still above the SNR value that meets the SNR
standard of 21.5 dB [28] so based on the SNR calculation in both scenarios according to the
author's expectations.

BER System is calculated on each route. This parameter aims to show the smallest BER
value for other routes. The largest BER value is on route 7 from Labuan Bajo to Lembor with a
value of 5.69 x 103 for both scenario 1 and scenario 2. This value is still below the BER value
specified in the system parameters, 1012, based on the BER calculation for both scenarios
according to expectations.

Potential Risks and Estimated Impacts

In planning this network, it is estimated that the potential risks, such as a fiber cut due to
construction work on land or anchors in submarine cables, can be overcome by splicing but
increasing processing time costs. In addition, it should be noted that the presence of splices will
increase the loss that needs to be recalculated. In addition, there are non-technical risks related
to administration such as material costs, taxes, user fees, and human resources that need to be
considered in the deployment plan.

Estimated Cost

Table 9. and Table 10. show the results of calculating the estimated cost in scenario 1 and
scenario 2. The list of items needed in both scenarios includes rack server, sfp module, patch
cord, 48 core fiber optic cable, 48 joint port closure, installation cable pulling, and OSN of each
node (Huawei). In scenario 1, the required cost is around Rp 675,559,025,000 while in scenario
2, the cost is around Rp 683,884,685,000.

Table 9. Estimated cost in scenario 1

No | Parameter | Quantity | UnitPrice (Rp) |  Total (Rp)

Data Center Device

1 [ Rack Servers (units) | 15 | 8,650,000 | 129,750,000

Fiber Optic Network Device

1 | SFP Modules (units) 45 5,335,000 240,075,000

2 | Patch cord (unit) 100 35,000 3,500,000
Fiber Optic Material

1 | Fiber optic cable 48 Cores (meters) 732,060 18,000 | 13,177,080,000

2 | Joint Closure 48 port 6 230,000 1,380,000

3 | Cable pulling installation (meters) 732,060 904,000 | 661,782,240,000

4 | OSN each node - Huawei Price (unit) 15 $ 1,000 225,000,000

Total (Rp) 675,559,025,000
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Table 10. Estimated cost in scenario 2

No | Parameter | Quantity | Unit Price (Rp) |  Total (Rp)
Data Center Device
1 | Rack Servers (units) | 15 | 8,650,000 | 129,750,000
Fiber Optic Network Device
1 | SFP Modules (units) 45 5,335,000 240,075,000
2 | Patch cord (unit) 100 35,000 3,500,000
Fiber Optic Material
1 | Fiber optic cable 48 Cores (meters) 741,090 18,000 | 13,339,620,000
2 | Joint Closure 48 port 6 230,000 1,380,000
3 | Cable pulling installation (meters) 741,090 904,000 | 669,945,360,000
4 | OSN each node - Huawei Price (unit) 15 $ 1,000 225,000,000
Total (Rp) 683,884,685,000
Conclusion

Both scenarios have total power loss and power received with the same value range. The
difference in values is only on routes 4 and 5. The total cable deployment in scenario 2 is longer
than scenario 1 because the planned deployment route avoids earthquake-prone areas. Scenario
2 is expected to be more disaster-resistant based on the selected deployment location. So it is
expected to minimize the cost of restoration. The value of the Rise Time analysis in both scenarios
is that no route exceeds the allowed value So that both scenarios can be applied. By considering
technical aspects and risks, it is expected that the construction of fiber optic networks in the
Labuan Bajo and KNP areas can provide increased bandwidth needs for residents and travelers.
The BER value on the longest path is 5.69 x 10713, The BER value has met the proposed BER
standard, which is 10712, Based on the calculation of the system's feasibility, the proposed route
in scenario 1 and scenario 2 has the feasibility for deployment. But what needs to be considered
is the deployment location where scenario 2 has a deployment route that avoids disaster-prone
areas even though it impacts higher initial deployment costs. This condition will reduce the risk
of catastrophic cable breakage resulting in higher repair costs.
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