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International Submarine Cables

Source: TeleGeography
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Fiber Optic Submarine Cables in Asia Pacific Region
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Average Internet Connection Speed *

Country/Region A‘\?;'zn:l);r?;s Chq:r::ée CI:'::ge
(1356cI:l?.ilries) = Sl s
| 1 South Korea 21.9 -1.1% 57%
2 Japan 12.8 -4.4% 14%
3 Netherlands 12.4 -0.7% 38%
4 Hong Kong 12.2 -2.6% 22%
5 Switzerland 12.0 3.8% 27%
6 Czech Republic 11.4 0.7% 30%
7 Sweden 10.5 13% 30%
8 Latvia 10.4 -6.7% 11%
9 Ireland 10.4 8.4% 59%
| 10 United States 10.0 2.0% 25%

Source: PCCW
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Average Internet Peak Connection Speed*

Country/megion Q92013 oq xex
(135(lec?:.ilries) 28z S02c RS
1 Hong Kong 68.0 3.9% 16%
2 South Korea 64.4 1.3% 31%
3 Singapore 59.1 18% 56%
4 Israel 54.6 14% 68%
5 Japan 53.7 3.4% 22%
6 Taiwan 50.9 19% 74%
7 Romania 50.6 11% 15%
8 Latvia 48.8 13% 22%
9 Switzerland 44.2 15% 23%
10 United States 43.7 18% 32%

* From Akamai’s Report  ** From TeIeGeography/
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Taiwan Submarine Cable Network & 4 ([EE sk

Taiwan has 4 cable stations
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Detailed Map of Taiwan Submarine Cable Network Connections to the World
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Hong Kong Submarine Cable Network
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Submcmne Cable System - A Simple Schematic
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|— Cable buried in water depth < 500M }LzTI:‘_‘I:’éA?LBeaCh Man

Eﬁﬁﬁ Buried under seabed ( e -
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P . Fronthaul Cable Backhaul Cable
ﬁﬁ’ﬁﬁ't } \Z% Submarine Cable

Lay on seabed

]
EF‘Z%%/ %X%ﬁ Repeater/Branching Unit (BU)

KA E B 5 RARRR R Horizontal directional drilling (HDD) or Professor Peter KC Yu's
Articulated pipe for Protection Public Technical Presentation
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Submarine Cables interconnection with territorial networks (Conceptual Diagram)

i.e. with no direct.orindirect'business implications

c5§|§§a%§n Backhaul Cable
(with back up)
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Submarine Public Technical Presentation
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New Fiber Optic Submarine Cables
in the Region
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Owners and Major Suppliers of International Submarine Cable Systems
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Usually jointly owned by Telecom. Operators and Multi-national Enterprises
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ﬁlf_‘. éﬁ é% % E @ '):E History of Submarine Cable Development
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Bl FE FH 2 # & Technology Deployment Trend

» YHE B R IEE e K EHF Submarine cable repair is very expensive and time consuming

» R SRR A B B B commercial operators prefer to deploy proven technology

s KRE T BIREHAGEER 40 TJKEE Most new commercial systems are 40 Gbit/sec systems
» DE/DE” THREEZ4 | & 100 FJKEL A few ‘Pioneer’ systems are 100 Gbit/sec systems

B R J}

1o ‘Pioneer System’
100G R&D 2
] I
ALU, NEC, +100G standards complete } % ¥ % \% J
Nortel, etc. *Nortel ships 100G i ‘Commercial System’
40G R&D
1
Lucent dgves AT&T builds 40G backbone I
40G investment :
i
10G
1
Nortel TOG DWDM launch ! BLLE Present
—_—
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Source: OIF and Heavy Reading

*It takes 5+ years to move from hero experiments to commercial deployments

Professor Peter KC Yu’s
Public Technical Presentation
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The First and Longest Commercial 100G Submarine Cable System Trial

I HE/N#R Press Release | Infl ner”a

PAC.I FIC CRGSSIHG

nMNTT Co WA Coimpar

11 October 2011

(WEB HOST INDUSTRY REVIEW) -- Digital optical networking systems provider Infinera
(www.infinera.com) and transpacific submarine cable system operator Pacific Crossing (www.pci.com)
announced on Tuesday they have completed a 100 Ghs subsea trial,

The subsea trial spanned more than 5,903 miles on Pacific Crossing's PC-1 fiber from California to Japan.

RS R RHV100 TIREEH & Z BRI HIER

This is the first and longest successful 100 Gbs trial performed across the Pacific delivering digital coherent
transmission, according to the press release.

* Pacific Crossing is a subsidiary of NTT Japan Professor Peter KC Yu's
Public Technical Presentation
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57 2 PKEX Technology Challenges 100+ JK EE& &

n 2 BN (CD) 2% 2 I 100 Gbit/sec* System

Chromatic Dispersion (CD) tolerance decreases

R IR B (PMD) 2 Z FE B

Polarization Mode Dispersion tolerance decreases

=615 M EL (OSNR**) 75 72 i PRI

OSNR tolerance decreases

" EER ERUE A B IR

Non-linear effects tolerance decreases

BT Z R B (R e )

Technology Improvements Required
(in Impairments Compensation)

10Gbps 40Gbps 100Gbps

5 co 1 x16 x100
P PR AR 5 v 1 x4 x10
645 M b onsre 1 +6db +10db

FELRMERE 1 x4 x10

Non-linear Effects

p
Professor Peter KC Yu'’s

" Ghit/sec: Giga 109 ) bit per second ? JE H: Public Technical Presentation]

** OSNR: Optical Signal to Noise Ratio

TFEEH AP
ﬁ’r City University
of Hong Kong
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£ ik 2 #} ¥ Enabling Technologies
(B 40 FIKEE 3]FH & 100 TIKEEZR S from 40 Gb/s to 100 Gb/s system )

Cable Landing Station (CLS)

hias

repeater

100 F J& EE % &t

100Gbit/sec System

repeater repeater

U A

cal Receiver

YEERIURES

Optical| Amplifier =227z Dual Polarization

= QPSK*EfH | 5 ZQPSK Modulation Scheme
= (E{LYEEE ) A 2% Enhanced Optical Amplifier
= AU 4HEE (FEC) fJIERAIREENS

Forward Error Correction with Soft-Decision Decoding

LSV SRy

Transmission Impairments Equalization in Digital Domain
870 F-f#34 Digital Coherent Demodulation

*QPSK: Quadrature Phase Shift Keying
IER RS [

Professor Peter KC Yu’s
Public Technical Presentation
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Transmission Rate of International Submarine Cable

" RERG: BIRRZH 8 & Sté

For Long Haul System practically only has a maximum of 8 fiber pairs

- JRIN: ZRrRREBORE ke TS S BRI EATRE]  o-wseow

Reasons: limited by the mechanical strength required & high voltage power feed for repeaters

= \[/, TR
E: 7= (s ] 282, Transmission Rate per fiber:

stomaser || FEOLE | | SRR

No. of wavelengths per fiber

AN

Tx. Rate per wavelength Tx. Rate per fiber Single Mode Fiber

(IR S 96 T ) ¢ 20 i Js*= 3.84 Th/s**

about 96 wavelengths per fiber maximum

HIEF :Depends on:
+EJE length X 100 Gb/s= 9.60 Tb/s

\ + 7J(-F%§7F7f wet plant ( such as OADIVb
—FAESBEGE

15 million telephone circuits

H£HE~102
DVD iEZRE

pntents of ~102 DVO.di

wHE~255
DVD X2 AR

pntents of ~255 DVD.disk§pe

. . 9.,. .
*  Gbit/sec: Giga (10” ) bit per second T JK kb Professor Peter KC Yu’s
** Thit/sec: Tera ( 1012) bit per second T3k H Public Technical Presentation
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International Submarine Cables Construction
Key Processes
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@ AN \%E Frﬁ @ ¥j‘ Z yls Eﬁ Challenges in International Submarine Cable Construction

¥ #E Physical

'f&% Earthquake

=K [[] Volcanoes

'ﬁﬁ[ﬂ{é Fishing boat

B IRARIE Seabed conditions ....

Bt & Political $: fif Technical

Challenges
=&F + FB 5 Territorial Disputes =2 K555 S} System Design

1 S Crossin.g? 7K P e 2 B SE 4 Reliability of Wet Plant

[=]
+E$]n:n military zone 'ﬁ@%ﬂ'ﬂ?@% Experience of Contractors

+138 ship lanes CEESLY
+H /S oil field/pipes MR KR,

s Weather during cable Laying
+££ﬁﬂ)§§% other cables ....

Professor Peter KC Yu’s
Public Technical Presentation
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Key Processes in International Submarine Cable Construction

= A (B 5%) I 9% Desk Top (Theoretical) Study

overcomes 72 iR
¥ I Bk Bk Physical Challenges

7,7‘@ “T_ Project Implementation
) EI\E': == 1% + YGEE I & Marine Survey

Licenses & Permits
Application

+ Ziaat Fe8liE System Design & Plants Manufacture
+ flﬁj:&ﬁj:zkﬁ‘ﬁ Land & Marine Installation

overcomes 7l
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Political Challenges Technical Challenges

overcomes 7Rk
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Detalled Processes in Internatlonal Submarine Cable Construction
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Bﬁr: _I_ Project Implementation

IR B IS

+ Yl & Marine Survey
Licenses & Permits N .
S + BN B 23 system Design & Plants Manufacture

+ #ir_b By B 2735 Land & Marine Installation

5 1 (B 8 ) b 52

Desk Top (Theoretical) Study

- 4 @ i g I Eli; . 3 key Processes

+ ﬁ 1‘}? /@: i% @ Z % fi F‘ Bﬁ Analyze Physical Risks in submarine cable construction

+ @ ﬁ é 7{‘4 ]% ng|§ EH Eﬂi ge ﬁ‘ EE Z é ;{SFAccess data bases & study in details related information
+ :1‘9] 7‘5 % EE] Z 2l n'[" Preliminary Cable Route Design

+ ﬁ II 7‘@ \Z\\% {%\‘ ﬁé Z % [H% Set Up Cable Protection Strategy
- EEFEEBEAEAEFEHE

need to employ professional Marine Surveyor to conduct the study
’ FERDASR
ﬁ’r City Universi:;(

of Hong Kong

Professor Peter KC Yu’s
Public Technical Presentation
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Analyze 10 Typical Physical Risks - in submarine cable construction

= K IJ_[ Volcanoes: 100+ volcanoes in South China Sea
= i % Earthquakes: 200+ earthquakes happen per year in the region

" /@ EE Z ?—l‘ ZITEZ )5_2 _\I_,l_. IJ_I Steep slope and seamount on seabed
. Eh_l JE fi Z @ EE )5_2 7J( _F T /ff_ Abrasive seabed and undersea

currents
" 1[37% )5_2 ﬁﬁ ﬁEl f? /EI )ﬁ Fishing grounds and anchorage areas
" /@ ?% )5_2 Y %" Z A A2 @ Cable crossings and pipeline crossing
" }EE fz Z Eﬁ §§-‘ 'E Oil or Gas Exploration Block
= Y5 F fi %8 Sea Lane Crossings
= H E & K #i & & Military zone and minefields
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Study Topography and Physiographic Features of Seabed (Along the Proposed Cable Route)

AT T )

{
; Deep Water
Region

u)\;{‘ﬁmetermine: \

+ERAT B 58
(MIEE A B FH /g 4E)
Type of cable used

(Light Weight or armored
cable ...)

gl + A0 BRI R R
f’fv f Where & depth of cable burlal /

b \'ﬁ ,.Y‘{}J fs ;\,\V fe

‘*,‘ ]

-~ ’“}

Prof P KC Yu’
Source: EGS *Topography: is the study of Earth’s surface shape and features [,,u':fice:esc‘.’,:,ic:.tf,:,sema:;]
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Study Tectonic Plates (along proposed Cable Route)

"AEHENRE R EE

Avoid laying cable along the edge of tectonic plates

e T T . R N ‘ ] Py
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v WISt
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Bangalore U Dec 26 earthquake PLATE o
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EQUATOR

NI TN

BAFEEARY
AUSTRALIAN

Professor Peter KC Yu’s
Public Technical Presentation

Source: EGS Tectonic plates : are pieces of the Earth's crust
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Study Volcanoes (in the region)

O}
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O
o' o et ' ' Earthquakes

Volcanoes
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Indosat Cable Station
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. g X
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3 ™ ).
Image NASA-= AR S - A= Tasa s ®2007

Image © 2008 TerraMetrics

O

Source: Google Earth
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Analyze Earthquakes Statistics

= Earthquake times VS year in a radius of 800km of Indonesia landing site during

1997 - 2008 * Figures up to February only

700

600

Times

200
O_

19971998199920002001200220032004200520062007 2008*

Year

Source: http://neic.usgs.gov/neis/epic/epic_circ.html
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Tectonic Plates and Cable Submarine Cable near Taiwan
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Eurasian“Plate
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Philippine Sea Piate Plate

BT BRI

Tectonic Plates near Taiwan

160 4m

it 7E &

Earth Quake Zone

B R g

Tectonic Plates near Taiwan

i PN
— =
Submarine Cables near Taiwan [ Professor Peter KC Yu’s]

Public Technical Presentation
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Impact of Earthquake to Submarlne Cables near Taiwan

. § &
Cable Failures A A 2006/12/26 [HEHIE
N
after Hengchun Earthquake 8. & \
e o / 8 R/EBEF18 U \
= APCN, 2 cuts
T = APCN-2,  2cuts
= C2C 3 cut
* 2006/12/26 20:26 6.7 Richter Scale - cuts
= China-US CN, 3 cuts
Y 95/12/27 01:35 5.0 Richter Scale
Fangshan = EAC, 3 cuts

= FIAGFEA, 1cut
= FNAL/RNAL, 2 cuts
= SMW3, 2 cuts

g o J

¥ Points f Failure(1) - l‘
G‘\.\W““ o
< Points of Failure(2)

To PHLMAL SN “
To HKG cn*“‘
To SHT

To HKG
[ Professor Peter KC Yu’s]

Public Technical Presentation

Source: PCCW
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Impact of Earthquake to Submarine Cables near Taiwan

SOUTH
Submarine cables KOREA

= 2006 & 12 H '[‘Eﬁiﬂz% ’ e e i ) )\%‘4‘ JAPAN
Submarine cables o i\ %

— e: / 3 ; b\
ﬁ !5 E:ln_ 2% ?-.J:[‘ * ISQX%// I3 lhet :Zrici'nt:gaii ‘\\’ ; ;"‘ li"-.-;“_ ‘._}

2006 December, Taiwan Hengchun Earth Quake

CHINA FNN _eena—N

greatly affected communications in Asia Pacific area
— S oS
TAIWAN S AT

. %’%Ei@ 50 %Tﬁ%%é@ﬂ% AND APCN = — Gua"’*Philipines

LR ) | \

Took more than 50 days for full restoration VIETNAM IR I *Earthquake epicenter
. 2/ ER——— December 26, 2006
- c?’ '; / } -
&/ /o) PHILIPPINES
L‘ 0 2 c’
18|85 7
&, J)5786/ e
1| 198 2R EEE
=y S J ¢ BRUNEI ————

MALAYSIA IR ERE

/
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: /\ ® 2007 TeleGeography Research
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Study Piracy Threats
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Legend
]
& Piracy Attacks
bl & " \ Sﬁrabaya‘8 & 2006
= & 2007
& 2008

Locations of Piracy Attacks in South China Sea, 2006-2008 [

Professor Peter KC Yu'’s
Source: EGS

Public Technical Presentation
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Study Cable Faults Data in the Region
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Iy A Third party, 28%
e i
3 ‘ HAth A5
W SRIEE) Cable industry, 16%
v F— o,
Geomorphology, 2% Fishing activity, 20% Selsmui, 1%
| RRfEE UEED
Causes of cable Faults in the South China Sea and Java Sea
B Anchor fYH
B Cable industry £ 5548
Legend H Seismic =

e Anchoring O Fishing activity /& FC/ESE
*  Cable Industry ~
e W Geomorphology H1 5T
*  Geomorphalogy £ D Th"d Partf!l’ %E %
* Seismic S
* Thicd Party " B Unknown “HH
*  Unknown

T T T
N4V0E MN4300TE NE00E

Source: EGS * Seismic: related to earthquake [meessorpeter KC YU's

* Geomorphology: study of land or sea formation process
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Study Fishing & Anchoring Threats

70%

60% -

O Tyco Data 04-06
B ASN Data 05-06

50% -

40% 1

\ T
e ,\\I -,

30%

20% 1

il B
0% . . [] . ’_. . : :
&

All External Aggression Faults (%)

R > S
B &5 LR S & @ S &
< %0 & \?16\ Q S o

M. Kordahi, S. Shapiro, G. Lucas, “Trends in submarine Cable System E’aults," SubOptic 2007

* ARFERMESBELXE I RNEE
Fishing and anchoring pose the greatest risk to cable security

" HEBEREAREAREEZRE T X
Cable burial remains the most effective and economical method of protection
against these threats.



—.. = (For- Academic Reference Only)
AT EEREO--EHEMBEBE L H Bk

Study Cable Route to Hong Kong -- distance in relation to existing cables

g S + \.; . L o ' 3
+ Eﬁﬂf # EP@%@F?W&'\E@P%

aKB'JEE%E
Keep suitable distance (2 x WD min) from active cables

+ PSS - WEMES - RS AIRETEA TSI
RE RS

Avoid crossing cable crossings as far as possible ( if required, keep crossing
angles > 45 deg and away from other cable repeaters
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Study Cable Route to Singapore -- distance in relation to existing cables

-----

EOSNER A
=) s
B/ VW 7K SRRV EE B
Keep suitable distance (2 x WD min) from active cables

+ BRI HAEE - MRS © MEAREERTME
&Su ek T

Avoid crossing cable crossings as far as possible ( if required, keep crossing
angles > 45 deg and away from other cable repeaters £
ot = = S ORI G - P e I B P e oy T | _.-f-: an
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Study Cable Route to Indonesia

R >4 >
WRE m B ZE I K b e
OILBLOCK | * Avoid forbidden zones and threats |-
s T * M/
- P .o HISAH OILBLOCK

» A OHEE W N

14 P
el s 2
e W IOILBLOCK p .
2y ~1- 31
R [ | 7 5
S S Q—=AFE: s %
\ (R AR Agga T ‘34
4 =i, v red_Aresy ‘:g o - -/. n ot
Pl ) = '.’-"."A_'. = ¢
Banyis thin i \ ~ %7 A7 Professor Peter KC Yu’s
(Indonesia) T MAY -[ [/ 7 . . .
NI A R ASEAY S Public Technical Presentation




R — - — — - - .. — - - ———

-~ . == (ForAcademic Reference Only)

HEBEREMEMRTE

Crossing Minefield at Indonesia Landing

i.e. with no direct.orindirect'business implications

BRHEBEREZEER

employ Indonesian navy to open safg

corridor

~ fd
- *\ ~
M’ ':‘Q ~ "'f#'
8 ' j‘.‘ > ; i T
N - A -
-~ - ’
5 B < ~ & Y
- N7 4
o

Professor Peter KC Yu’s
Public Technical Presentation
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Study Cable Routing in Crossing Archipelagic Sea Lane (ASL)
| - - Y. |

S PA N 10

e o 4 ° | v S me ae mw o

— — N _

e i '\ ‘e
110 %€
Ao RS E T
. ﬁ I HES T ZZNL
Professor Peter KC Yu'’s

CI'OSS bUSY Shipping ane qt Sfeep Clng|e [PublicTechnicaI Presentation]
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B 58 B PN R A S e =
Study Oil & Gas Block in the e b
Region e e iyt i

B

e [
BEIOBRETRES |~ =2 0 ke

Avoid laying cable adjacent fo | & wmeniamon
Oil & Gas Blocks

HRUHEHFEAWEREREY
Seek agreement from owners for

cable protection when crossing
oil or gas blocks

4‘
!
|
1

e

a2
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A“f‘ ?]J Z E% EI Design Preliminary Cable Route

HEY | SXBERZ2MEIEENIRGE  IEE MR 28R
A

Objective: Find the shortest and safest route to lay cable on smooth seabed away from all dangers

Seafloor Continental Shelf f R%@Hui E EI'\J \

Submarine cable Submarine Canyon To aChieve the above:
Continental Slope
A

Continental Rise (l )%’f/ﬁ@gﬁ%ﬁ: .j'l_‘

Transform Fault (é]]ﬁxl_‘lz 1‘4@)
Desk Top Study

(i.e. study various data bases)

() ZEEHNE

Conduct Marine Survey

\_ /

[ Professor Peter KC Yu’s]

Public Technical Presentation
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Set Up Cable Protection Strategy

14

o

ICPCE—{E
BUFRAHSR R RaE B 2155

1) KA HEE1000K iz FH B2 FHAEAY (single
Armored Lightweight SAL ) }?ﬁ

2) JKZRAEH1005K i FHHERY (Light weight Lw)
i

3) JKEHEAHEES0KER » EECHEIER 21
Kk DMRERBE R AR R

4) BEERE L IRE:
* 7K$ﬁ[&l§§?§ ( Horizontal directional

drilling (HDD )
o BHERMREE ZSME ( Articulated pipe)

i.e. with no direct.orindirect'business implications

L
\‘ \- {- > .
0 ¢ , 4
O ','\"\,\ s - .
L N AN e

3 S et i,
; 4 -

(l / ~{ P
BEAEBEHZ BEUFERE

iede P . R %

s . SAL Cable

m— - | \W Cable
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== < QEl, Different Types of Fiber Optic Submarine Cables
. @ﬂjﬁgz\%ﬁ% Structure of Light Weight Cable

éﬁ g\% @ Insulation Layer
HERFTHESSBEHEE)

Copper Tube (supply high voltage electricity
to repeaters)

T }TL g@jj ﬁﬂ éﬁ Anti- Tension Wire
Y& 4B optic Fiber

})_\ﬁ 7J( J@ @ Anti -Water Pressure Layer

= REAEFERENEKRE LA EEE 58
Use different tvoes of cables according to water depth and seabed conditions

Double Single Armored Single Armored Light Weight Light Weight
Armored (DA) Medium (SAM) Light (SAL) Shielded (LWS) (LW)

: '

\ 2
' . >

7KZE < 500m 7KZ& < 1,000m 7KZE < 1,500m 7K3

(q

\

< 3,000m 7K3Z&> 3.000m

L

Source: OCC

¥
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\\\ ﬁ%ﬂ%Z{%gﬁZFﬁ*ﬁﬁiﬁ Two Methods for Cable Protection at Landing
- (1) 7J<X2ﬁ ﬁ%% Horizontal Directional Drilling (HDD )

/g @ Uk Cable Station  §# L #/L Drill Rig M‘L Man Hole ¢854 Fiber Optic Cable

oo~
— aER#E
R B |
Backhaul Cable

- Stone Protection
il BB 4
Fronthaul Cable

Fl 78 Borehole

" (2) Egﬁﬁﬁﬁﬁ%Zﬁlﬁ%" Articulated pipe

S4B 548 Fiber Optic Cable

Public Technical Presentation

[ Professor Peter KC Yu’s]
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Desk Top Study - Detailed Steps

* SRR

" ECPEIEIR > BRI o HET > RN

= EREHEEMERVEIR ISR 2 KR W W B, (R E R S

" EER BRI E E - BiRE N E SR

" BB R R D ORI KR

s HABEEES (MR o S A4S R
{URSEReRE )

« mERS R UE (R EHRE > AAERE RS )

© e VNEEREREE (FREERTHIST)

" BEEOHEEECGENER > DRGS0 A RS M AL #h B

" EKTESMZLE » BEEHERER

« WS N E AL AR R SR

R HEY - ISR PR R IRT 2R — Uk

[ Professor Peter KC Yu’s]
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HARBEUTER

A Typical Route Position List

Desk Top Study -- Output

o W0 BTy (b atiude  Longiuce '!3;:
. i M ¥ ' 0 i ¥
u ? LF‘E%EE{ Ei% ey A AP0 G0T0746' N 149°253)' W
]J// ﬂ" v PL 60°0651N 149°2471W |2
A preliminary cable route represented by Route Position M v BT |12 600638 N 14902670 W I
List (RPL) T > *".‘3."4 o (73 60°0499' N _149° 2398° W | 7%\
A L g pe 6000406 N 14902200 W [
L £$ ' 5 6000236 N 169°21 00 W 4
N R g

3 %]J// ﬁ‘%ﬁ \E’%Z%}T{ Ph_ 555995 N 4P WL,
HUAE . . P17 S9°SBRAN 1492091 W N ®
Preliminary protection requirements: P8 s STEE N 1920V W|
s, Qi PO SO7SSETN 1492449 W hezy
+ ZEH 48 Armored cable segments A iy ":{
e S2C i WOUN 149 LL9F W[4

+1 < ......Burial depth A PIL_5 2 ¢
EﬂE‘ZﬁKE P P12 59°0002' N 148°4697 W p ¥,
pore PIb S 932IN_ 1483935 W

> “HI[ & : P P10 S8 SIAE N 14873046 W | %

- RS
JE AR EE Marine survey specifications e ] AT s wnisy ;-.‘
S NN W M T @bﬁh PI6 S8°ILIEN 1474836 WA

, - % - — i ———— "
\ﬁ‘j,u V-"‘“‘h\ \$< w 8| P17 S8°1867 N 147°1233°W | s

~u, . P\ N (| PIB 5801036 N 14674819 W | ome

l ﬁ \‘ m;ﬂ- l-_‘ o n '\!\\;?_1\_ ' '\._““' 5§ \“ "._ )
ﬁﬂ*ﬂ%/& E ﬂX)ﬁ = -'“-.:.\.;\‘U-..‘_Hr '\ I:};‘{-j "'-m .}} PIO SR°1025' N 146°48.95' W P -L
Typical Gas Pipe Crossing e M " N NN TR LW 4.
e N - Ll - h - TN

B4 cable - ﬁﬁ steel structure 5\ N \ w SN )\\ S > “$'§

iE ﬁéa“gas pipe

O ‘Q'a“‘““a’ C‘%

<
5 £ MR
AR sea bed kel ¢

Public Technical Presentation

,50'5@ [ Professor Peter KC Yu’s]
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2 (B &) Bt 52

Desk Top (Theoretical) Study

{, _________ =~ Bﬁr: _I_ Project Implementation
g ‘

I Hg‘ Eﬁr EF' = : + B ZE M E Marine Survey

I Licenses & Permits N . .

: Application : + 2 5T B BIE system Design & Plants Manufacture

N e o e e e e 4 + fiir_E K35 B2 2735 Land & Marine Installation

Hﬁ ﬁé‘: EFI '\Lﬁ Licenses & Permits Application

" %’ H%‘: );_Z ﬁ ﬂﬁ }{f[‘ %‘E %Z Political challenging and Time

Consuming

» EEEH P SE i)\ H] BE Fneed to employ Special Agent to
handle the job

Professor Peter KC Yu’s
Public Technical Presentation

TFEEH AP
ﬁ’r City University
of Hong Kong
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Political Challenges in the South China Sea

u %E‘:\%Ll\ééﬁ Territorial Disputes n %%ﬁ%é fa%ﬁ%

- I:FI China need to negotiate many Agreements:
= kg Vietnam FERT Y TAZEHE » BENS 64 %
[ gg ﬁ g Ph|||pp|nes In a recent project, there is a need to negotiate 64 Agreements:
[ f:’[\)\g'raiwan = BUHEEEFEE
. 38 Crossings on In-service Cables
* HlJ& Indonesia - eI ES R #I T 5

n I%;EE EE Ma Iaysia 6 Crossings orl Plzj:ned Cables
: = 10T EEE R H
" j% Brunei 10 Crossings in Oil Concession Blocks

© BT
m %gagﬁ%ﬁ E%?E%%BF? 8 Crossings on Pipelines
FERR 2 i

need to apply many permits from

different departments in related
. f c ’
countries [Pro essor Peter KC Yu s]
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HEtdpZzEH

Management of Territorial Disputes

N _’""‘?‘ﬂﬂﬁ%@%ﬁ g"% Investigate in each involved states:

+ 5t & B & JF 7E 7 JE £ Interpretation of Law of Sea (UNCLOS -the Law of the Sea)
+ 4N B R & AL 2 [ FH £ # Regulation for use of foreign flag survey vessels

+ 78 N 228 2 B FHi Tax Regulation on wet plants
+ ) B HE &2 7 B2 {E Expected compensation for fishermen

" FRERFRBIBERAZERL T

Consider multiple permit applications in disputed waters

20 A

Baseline 12NM 200 NM 200 nautical miles (NM)
p GG 2m f  Mm R 200 nen
\ Territorial | Contiguous Exclusive Economic Zone E

Waters ! Zone

A [B& Z2 Continental Shelf
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RGBSR
4l &y

Territorial Claims

in the South
China Sea

Important Note

y t‘\ i ”, =
3 This diagram is produced Prof p KC Yu'’
"t ' for academic reference ':7 ess:r_ elter u S
A, U.S Navy, NGATGEBCOGS ; with no political implication Public Technical Presentation
© 2009 TerraMetrics

© 2009 DigitalGlobe
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Regulator or

o Ejj = Item MNo. Permit Name Agenc Activity
=1 2 SMSl
PARY)
= - Al Letter of no objection frorm OF TA OF TA Policy Support
Permits and Licenses
Req u I I'eme I'ItS 1a. Ervironmental Permit by Direct Application EFD Right of Way
(Hong Kong)

1b. Ervironmental Permit by Full El& Process EFD Right of Wwary

Ervironmental Permit Requirements & )
15+ 1c. conditions EFD Right of Way

%g @%HE 15+ Licenses arere uired Fore-Shore Seabed Reclamation Ordinance .
A q 2 |Approval (FSROY DLO Right of Way
| Town FPlanning Ordinance Approval DLO Fight of VWay

Future Developrment/Cable Burial Protection -
Letter of Mo Objection

Civil Engineering
Dept.

Right of Way

-%mg%%@% Communications Authority :

Marine Impact Assessment (If required)

Marine Dept.

Right of Way

'5’§$ﬁ Marine Department

Agreement with Fishermen

AFCD & Fishery
Union

Right of Way

'%%%Environmental Protection Department

Cable Route Approwval

Marine Dept.

Right of Way

'iﬂﬁﬁ'{% District Land Office ’

8 Cable Crossing Agreement Cable Owners Right of Wany
':I‘_‘7k [ F%E%Civil Engineering & peine/Oi
i g g g Fipeline Crossing Agreements/Oil c P'pEI"..'E"f%'II K Riaht of W,
Deve|opment Depa rtment Concession Block Crossing Agreement Dncgi;sr:c;rss oe ight of Vvay
, = MARINE SURVEY
SR E AR E sheri -
/RS AL @ Agrlculture & Flsherles, 10 Motice to Mariners Marine Dept. Man\?\?orskl.lsrvey
& Conservation Department Marine Survey
N Cable Ship - Temporary Local License Marine Dept, Warks
lﬁmﬁgﬁik Cable owners 12 Work Permit for crews / shore end Marine Dept. Marine Survey
N m . . installation Works
-)$ E EAMpehne owhners MARINE INSTALLATION - S/E, PLGR, Main Lay, PLIB —
A ; . . .
.}E Eﬁ:ﬁﬁgik EXploratlon BIOCk owners 13 Motice to Mariners Marine Dept. In'i;?;I?:;Dn
rMarine
.%§Others 14 Cable Ship - Temporary Local License Marine Dept. Installation
Works
. rMarine
15 Work Permit for crews f shore end Marine Dept. In=tallation

installation

Works




Permits and Licenses

22+ Licenses are required :

. = =——_(For Academic Reference Only)

EHl J& b2 B 2 3K

Requirements
(Indonesia)

Telecom Authority
Military

Marine/Port Control
Environmental Bodies
Fishermen

Cable owners

Pipeline owners
Exploration Block owners
Local /Provincial Authority
Others

i.e. with no direct.orindirect'business implications

e No. Permit Name Regulstor or Agency Aucti ity
DGSC
1 ljin Prireip Drirector Gener al of Permit in Principle
SEACOM
Enwvironmental Approwal (Environme ntal .. . .

2 impact An alysis Study) Ministry of Enviro nment Right of WIf 3y

3 Froject Adenomwledg ement FOSTEL Fermit in Principle

4 Ho Objection Letter (Dil Concession Blodk) BF Migas Right of Wir 3y

5 Cable Crossing Agreement Cable Owners Right of Wif 3w

& Pipeline Crossing Agreement Pipe Line Owners Right of WIf =y

7 F eherman Agreement Local Fsherman Union Right of Wil 3y

= Land Cable Route Approwval from BhH to Station Local Government Right of W ay

= NO DObjection Letter for Landing Site Local Government Right of Wil oy

MARINE SURVEY

= Survey Permit {No Obje dion Letten) DGSC Route Surwvey ¥ ok

0 Security Clearance Departmen Pertahanan Route Survey vwwoks

" Approval of Foreign Flag Vessel (PP IKA) DGSC Route Surveywolks

© Under W ater Permit DGSC Route Survey WK ok

1= Local Government Permit (Mo Objection Latter) Local Gowernment Route Survey W ok

* Local Government Permit (Mo Objection Letter) Looal Gowammart £ Route Survey Wi ork

SEACOM
L Vess el Temporary Importation OBZ3 Custome Route Surwey Wl ok
MARINE INSTALLATION - S/E, PLGR, Main Lay, PUB

i C able Route Approwval DGSC Right of WIf a2y
- Local Government S Marine Cable

7 Local Government Permit (Mo Objection Letter) SEACOM Installation

= Install ation Permit (No Objection Letter) DGSC Ma”"i:;ﬁ::“" fion

= Security Clearance Departmen Fertahanan Ma”"ﬂ::::““on

2D Approval of Foreign Flag Vessel (PP &) DGSC Ma”“t\:::::“'hn

21 Underwater Permit DGSC Marine Installation

ks
= Vesz el Temporary Imp ortation OB23 Customs Ma”ne“:;ﬁ::"a tion
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Permits and Licenses

Requirements
(PRC China)

8+ Licenses are required from:
State Oceanic Administration
Chinese Navy

Marine/Port Control (via SOA)
Environmental Bodies (via SOA)
Fishermen (via SOA)

Cable owner

Pipeline owner

Exploration Block owner

Local /Provincial Authority (via SOA)
Others

i.e. with no direct.orindirect'business implications

Regulator or

Item No. |Description PermitfActiviy Agency
State Oceanic
1 Cable Route Approval Pre-Survey Cable Route Approval Administration
(SOA)
Agreement on newy route and
1.1 Military f Mavy Compensation compensation agreement with Chinese Mawy
Military £ Many
3 Security audit on Electronic Submission of Raw survey data SoA
Survey/BAS Data for securiby audit
; Co-ordination meeting for Final
4 Final Cable Route Approval Route Approval S04
Requires -
1. Approval of Raw Survey Data
2. Provision of Vessel and Crew
Details to SOA
Right of Way - "Permit to Install |3, Fisherman Compensation for
5 Submarine Cable in China TZ & |Loss of Livelihood S04
EEZ" 4, FPipeline Crossing Agreement
5. MilitaryMNawy Compensation
B. Marine resources and
ervironmental impact
assessment report approval
Compensation payment for loss
a1 Fishermen compensatian of livehy hood related to right of S04
way
Pipeline Crossing Agreements/Oil
52 Concession Block Crossing S04
Agresment
Marine resources and
53 ervironmental impact S0OA
assessment report approval
54 Maritimrne Utilisation Assessment S04
MARINE SURVEY
1. Motice to Mariners
2. Notice to Local swthority and
. South Sea Mawy
5] E‘;mmnal Permit for Survey 3. Arrangement of MNavy S04
Representative on board
4. Vessel Position Report Daily to
SO0
Marine Installation Permits -S/E, PLGR, Main Lay. PLIB
1. Notice ta Mariners
2. Motice to Local Authonty and
7 Operational Permit for Marine gﬂ;’:gﬁgi;ﬁ:ﬁm Navy SOA

Installation

Representative on board
4. Vessel Position Report Daily to
SO
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I:::" Permit Name Regulater or Agency Activity
BE R B2 B2 3K -
Cable Route
@ PARY) d LUCEMNSE FOR THE INSTALLATION OF - : Lt
- - ' [TELECOMMUNICATION CABLES INVIETNAM'S EXCLUSIVE | Ministry of Telecommunication ;f;‘g?tgﬁim“';:;
Pel‘m|ts and L|Censes ECONOMIC ZONE OR CONTINENTAL SHELF ! P |
Re u i re e nts 2 Cable Crossing Agreement on Behalf of Purchaser Cable Chwners Cable Route
q . 3 Pipeline Crossing Agreement on behalf of the Purchasers Pipeline Cwners Cable Route
(V I et nam ) 4 |0l Concession Route Permission Concession Owner Cable Route
. Ministry of Mature Resources and
g Erraronmental Assessment (if required) Ervironment Cable Route |
6  |Fisherman Agreement Fishery Union Local Fisherman
Lriar
MARINE SURVEY
H H . Ministry of Post and Telermatics - Route survey
10+ Licenses are required from: 7 |approval For Foreign Flag Vessel el oreaton Lt S
. |Min. of Post and Telematics, Min.of
Te I ecom Authorlty Defense, Min. of Public Security,
Min. of Police, Min. of Transport,
] 1l Min. of Fishery, Min. of Foreign
Mlllta ry g Operation Permits Affairs, Min. of STE, Min. of Mature Route survey
1 Resources and Environrment works
. i
Marlne/Port ContrOI Immigration Dept., Custormer
- . | d . Dept., Harbour Dept., Provancial
E nvi I’O nm e nta BO | eS Governor, DG Maval Operations
. Dept
|
Fishermen MARINE INSTALLATION - SIE. PLR. Main Lay, PLE
= Cable owner
- P I g Agproval For Foreign Flag Vessel Ministry of Post and Telematics - Marine Installation
| p e [ n e OW n e r Telecommumication Dept.
= Exploration Block owner
. . . |Min. of Post and Telematics, Min.of
= Local /Provincial Authority Defense, Min. of Public Securiy,
Min. of Folice, Min. of Transport,
u Others Min. of Fishery, Min. of Fareign
10 Operation Permits Affairs, Min. of STE, M'.n' of Nature Manne Installation
Resources and Environrment,
Immigration Dept., Customer
Dept., Harbour Dept., Provincial
Governor, DG Maval Operations
Dept
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= H (B &%) Bt 5%

Desk Top (Theoretical) Study

Bﬁi “T_ Project Implementation

\i ----------------- ‘
H% ;H.%\:‘: EFI TH + #FE = Marine Survey |
LiCEnSES& Permits —————————————————
Application + B aT B B system Design & Plants Manufacture

+ 3l | B3 E 27 223%E Land & Marine Installation

Y& ZE il & Marine Survey

s FEEFHEEBEEINELN G

Need to employ professional surveyor

X _C 9
&
! >

y
e

of Hong Kong

‘ﬂ" EB1 A
City University

Professor Peter KC Yu’s
Source Photo: NIWA Public Technical Presentation
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Different Categories of Route Survey

Landing Site Survey ﬁ BEFHENE
Diver Swim Survey BE s K 2 H B
*>.._| Inshore Route Survey (WD 3-20m) 3T = O B K 3-20 3K)
Survey Corridor :500m >‘E§§)?EJEB : 500 >

L e

- ______m__; Shallow Water (up to WD1000m) = 35 SHI B ok 3% 2 1000 %)
B 200 O Survey Corridor :1000m HIEFERR ¢ 1000 3K
) ;- im— _——"
- 300 Burial assessment using Y 48 B Rk ST 44
rot sub-bottom profiling and -
- 20 NEAE CPT* JHilEk
200 CPTs every 20 km * F20 AELF ‘
— 600
— 700
L 800
— 900
— 1000

Deep Water Survey (>WD1000m)
Survey Corridor :2 x WD = 5 Al é (K ¥ #8 381000 3K)

HIEERE - KEMAE [Professor Peter KC Yu’s]
*CPT : Cone Penetrometer Tests [E[#ff & A &35

Public Technical Presentation
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A Typical Offshore Route Survey Vessel
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p

e =1 SR
HEE M
navigated by satellites /

N [ = ~ . =  £ »

Professor Peter KC Yu’s
Public Technical Presentation
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Eg EE' }HH ﬁ - % % f[% % Z :'éq ﬂ‘@ Route Survey - Data to be collected

= Bathymetric* data (&% %) - by Echo Souder H[E| =584

= Seabed imagery data (J8FRs2{8) — by Side Scan Sonar Ffs iR EE A&

= Sub-bottom** profiling data (JEL/REEE) — by Side Scan Sonar FisiEEEahEE
= Burial assessment data (JgFK 1 1#) — by Gravity Drilling / CPT *** 88 /785 #E

FafrEE4NSide Scan Sonar [2]3% 25 Echo Sounder EJJ$AER Gravity Drilling/CPT

Professor Peter KC Yu'’s

*  Bathymetry : study of underwater depth of ocean [ ]
Public Technical Presentation

**  Sub-bottom: means below sea bottom
**¥%* CPT : Cone Penetrometer Tests [E[$EE A g5 HIEk
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X EH R 2 Z 3D & & i ¥ 1) C o R

Bathymetry Image - (Example 1) _‘ : ‘ survey vessel

e

5@ ?E Sediment
Submarine cable ‘ echo sounder

ILBR e 28

A4 o,

w7 —
7% of HEAFE:

water depth 100-200 m.

Penetration
100 - 200 m

Source: EGS :En %% Z I 'ﬂE Ill;j]I Echo Sounder in Operation
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B
E %El‘ﬁ % \%\w Z E"j f% k 155 i BE 4 side Scan Sonar

Side Scan Sonar Image Y
'ﬁ *’Faﬁ % %PSI Z. T 'f’l5 E Side Scan Sonar in Operation Q
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ﬂ

I Z B

Image of Sunken Ship

i T B 4N 2 B2 {2 Side Scan Sonar Image
LR Z % B

Image of Sunken;Ship

DEEEERE 000 +SHKRSSESeEERE | T

Submarine cable should be laid well clear of such areas Otherwise, this makes future cable recovery for repair very Professor Peter KC Yu’s
challenging Public Technical Presentation
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HmEBE NI &

Side Scan Sonar Image

ERBARSRERNERZEE - BOAMSEEEERSSRIIE

Back-scatter intensity can be used as indicator of seabed hardness Use to identify suitable location for cable burial

i.e. with no direct.orindirect'business implications

— i’k)ﬁﬁ{ Soft Seabed

IIE)\'@FK Hard Seabed

ﬁ’k}‘}ﬁ@ Soft Mud Layer
EEFK Hard Seabed

Professor Peter KC Yu’s
Source: EGS Public Technical Presentation
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$ 5EH ﬁ $E % (Reference Materials)

Marine Route Survey Report (Z5HH)

MR 2 7k R BRI R T

Cable burial methodology, deep burial and precautions,

s H e B MR PR

Cable/pipeline crossing protection
" BEEE L KRB L HEE
Weather windows scheduling for marine operation
" )‘EE“Q% RN [FIRS Er RIS - e S XEs 2 L
» TR R K

A stralght line diagram (SLD) indicating type/length of cable sections, location
of repeaters/ branching units, water depth and burial requirement

" ARSI B R

A final cable route represented by Route Position List (RPL)

" fifEE A [FlES B PR A R AE 2 JA e

Confirmation of types of cable to be used in different segments

Public Technical Presentation

[ Professor Peter KC Yu’s]
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Desk Top (Theoretical) Study

Bﬁr: _I_ Project Implementation

=
Hg‘ Eﬁr EFI H + B ZE M E Marine Survey
Licenses & Permits ——————————————————————————
Application L+ AT BB Sytem Desgn & Plants Manufacure |

+ #ir_b By B 2735 Land & Marine Installation

HBEZBEAGET RERER

A Typical Submarine Cable System Design and Link
Budgeting

Professor Peter KC Yu’s
Public Technical Presentation

TFEEH AP
ﬁ’r City University
of Hong Kong
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\%% %\\ éﬁ Z -jﬂi 9__1:,._':[ ,‘eﬁzﬁ f% Typical Equipment in a Cable System

,’é %E &% vﬁfuﬁ ﬁ fﬁ REP : Repeater I:':I @ 7=

SLTE : Submarine Line Terminal Equipment
BEAKS SDH 18§ F &% 5
SIE : SDH Interconnection Equipment

CTB : Cable
Termination Box SDH: Synchronous Digital Hierarchy

mi:EleTandln Station . -| |Taﬂetalﬁilﬁ Station -1
1 |c —1
TolFrom ; WDM SIE —t
Backhaul REP SEQ | SLTE il‘
RKIE I
f | — =
% 1 % & 11 I
1 |E SSE avs | 1
| Landing I | | I
L |

NMS : Network
Management System

MWE RS

SSE : System Supervisory Equipment  PFE : Power Feeding Equipment BU : Branchina Unit ﬁ X zZs

A EERE BB E
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Eﬂ. ﬂ }ﬁ \ZE ,?_.A\ é}ﬁ Z "‘a’ﬁ "‘E‘"f‘ %‘E ﬁﬁ Typical System Design Specifications

/U j(;':ﬁ%\\‘% 7%%@4 Key Specifications:

B Z R E 41 40 Gb/s 5100 Gb/s (System Speed: e.g. 40 Gb/s or 100 Gb/s )
28 + B A [ER} Choice of Technologies
-13
[ %&éﬁﬂ)ﬂ;ﬁ (Availability Requirements: >99.9%, BER< 10 )

& |+ FEARERNE Choice of Technologies
+ 2 iy Z 5% =T Design of system redundancy ( n+1 or 1+1 ...)

m HASY WS4 2 (No of expected ship repair: <1 time during system life)
B8 K B3 2 2% Wet plant protection
+ VR > R K EE Depth & length of cable burial
[ 'Eij] ,:éﬁﬁﬁﬂ%ﬁﬁj} (Power feeding path reconfiguration capability)
88 . IR EIS IR S 2 222 Service interruption in case of cable break

lPubIlc Technical Presentat

b’'s l
. ion
BER: Bit Error Rate SRR
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Typical Power Feeding Configuration

ARG

Cable Station

A G

Cable Station

\

hgas

Repeater

i.e. with no direct.orindirect'business implications

.
! %-[EJ 'r\éé' Single End Feed

T3S

Branching Wnit

Branching Unit I
axe= T\ T

Branching Unit

s
)y

FLL
£ Z2 Double End Feed

s

Repeater

+5500V mms

lndonesia Cable Station

A

Cable Station

- 5500V

NS A
Cable Station

Hong Kong

[

Professor Peter KC Yu’s]
n

Public Technical Presentatio
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HAl 7B JHEBHIERE T

Typical Power Feeding Reconfiguration Capability

Switching Branching Unit (SW BU)
AR Z 7 X 28

\\h'u:k 5..gm|-r11'

Trunk Segment

AFEE

Cable Station

s

Cable Station

AFEE AFE S

Cable Station Cable Station

+—Branch Sogment —s

Station
c

Normal Condition Failure Condition
EEER EEER

[ Professor Peter KC Yu’s]

Public Technical Presentation
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H A G 8 # PR Q T & 3R (ITU-T G977 =)

Typical Q-Budget Table for a Submarine Link (ITU-T G977 Format)

Length(km) 3973 Do
soLa Il EoLa Beginning of Life End of Life
in dB indB A . \ 2NN

1 MEAN Q VALUE (from simple SNR calculation) l19.7 165 | |— é%@fﬁéﬁcﬂﬁ . R@Tﬁfﬁﬁ%Z%f = g HZ(OSN R) A

Pmpaga}brj -mpa?rmems due to combined effects of . @j::éj:% qﬁ%nﬁ’% Eit'-
L f’"':cza:i:ﬁ:f;amf::?m";c:«?;;w:? T o =0 Theoretical linear Q Factor due only to link OSNR excluding
1.2 |Gain flatness impairments Included in item 1.4 any receiver noises
1.3 Non-optimal optical pre-emphasis impairment Included in item 1.4
14 |Wavelength tolerance impairment 04 | 04 .
5 e 1 ety s BT R SR
1.8 Mean PDG penalty Included in item 1.1
1.7___|Mean PMD penalty Consider all time non-variant impairments
1.8 Supervisory impairment 0.2 0.2

11.9 Manufacturing and environmental impairment 1.0 1.0 =
2 Time varying system performance (5 sigma rule) 1.2 1.2 j—b%%ﬁ ﬁ ﬁ[%ﬂ%FEﬁ W%Z?E;}EE
2 YT T YEREEES] —— s Consider all time variant impairments
el >
4 Specfied TTE Q value (back-to-back) 21.0 210 | |—> %J%HX%Z;F o=
5 e e Nl e T e ) 27 oo N Consider all imperfections of equipment
5.1 BER corresponding to segment Q without FEC 9E-08
52 |BER sponding to segment Q with FEC <QE-14 . .
5.3 Effecua::?segme:u oc:,;uem::n FEC >17.34 — %Eﬁﬁ [IE—{] \%LI ﬁ%gﬁﬁ%m Consider FEC Coding effects
8 Q Limit for compliance with G.826 after FEC correction 88 8.8 . —
|, SRESEERTHEL

Z Repair margins : 28 "] Allow for cable repair & components aging

Component and fibre ageing penalty Included in item 7

Pump(s) failure penalty

: - B . -

Non optimal decision threshoid Included in item 1.9 FH L‘J\.ﬂ‘% }5}"[%’ Z EF' gg %%*Ui@&]‘ %%*UE ﬂaﬁﬂlg

8 Segment margins 3.8 1.0 ﬁiﬁﬂ]ﬂﬁ%ﬁ
— To determine No of repeaters and equalisers required and

e Commissioning limits 128

their locations and spacing
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Q Factor - % % (Reference Materials)

(Z%F5R)

Q- Factor - Definition

= Definition of Q Factor: ax#z% level

0= mean“1”-mean“0" (level) f
~ standard deviation“1"+ standard deviation“0/(noise RMS level) i | Standard
Mean’l’ level - Tl f | I deviation ‘1’
[ J

- Bit Error Rate (BER): mmEx | L R f_”

- digital approach in measuring Performance Mean’0’ level g Ml 1) 4

PSR R e [ "

u Q Factor: Qfl’\’iﬁ Pr%)ability Density Function (PDF)_
- analog approach in measuring Performance

Rt BB ML
= Relation between Q Factor & BER: Q&£ 1R L 2 7] {155 £

BER = 1 erfc a where erfc (complementary error function):
2 /2

1

1

1

1

1

fe(e) =1- 2 [~ g |

erfe(z) =1 - = -~ it

ﬁfI ) i

:

[re————————



<. = (For- Academic Reference Only)

i.e. with no direct.orindirect'business implications

Q Factor - )EH :}Lﬁs (Reference Materials)

BEY

Q- Factor - Usage (%EFR)
m Why use Q Factor: Time to measure BER at different bit rates
Bt FQ factor ;

0.004 ms 46 days 1268 y

- independent of speed & bit patterns
T R AR =

- takes < 1 minutes in measurement,

much faster than BER test
MHIEFTERIFE /D176 - 2/ DiEBERHTE,

= Usage of Q Factor Meter:
QR i FH i

- Manufacturlng for system performance test

i - R RER
- System Acceptance for a fast BER estimation (BER pre-qualification)
REERI -- PUEBERTEFT (BER JHIER > SoRTEA)
- Installation and operatlon - for system optimization
ZEMBAE - KRB

- Malntenance, troubleshooting and monitoring

i - P2 B R

0.001 ms 12 days 317y
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Q ?E: % %‘_“( e E IE %.‘lf‘ ‘%EH ﬁﬁ *% (1) g;ié_%‘%l;ce Materials)

Q-Budget Table — Key Items Detailed Explanations

Line Parameters Detailed Explanations

0 Begin of Life (BOL) Performance of the system when put into service
End of Life (EOL) Performance of the system at end of design life (usually 25 years)

1. Mean Q Value ( from simple SNR This is a theoretical linear Q factor due only to fiber link optical signal to
type calculation) noise ratio (OSNR) excluding any receiver noise. This is calculated from

the following formula:

Bo
2 (D)OSNR\l:Be

Q = re re
ﬁ+ 4(D)OSNR [1+7 7] *+] 1* 4(D)OSNR [T 1]
_1-re
(D) = 1+re
Where

Q = mean Q-factor assuming NRZ signal format, linear

OSNR = link OSNR, linear

Bo = optical channel bandwidth set by DWDM bandwidth, GHz
Be = receiver electrical bandwidth available from transceiver
specifications, GHz

(D) = extinction ratio power penalty inverse, linear

e = extinction ratio (inverse) available from transceiver specifications,
GHz
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Q ?E % %‘_‘{ = E IE %.‘I%‘ “\EH ﬁﬁ ﬁ (2) g;ié_%‘%l;ce Materials)

Q-Budget Table — Key Items Detailed Explanations

Line | Parameters Detailed Explanations
1.1 Propagation Impairment penalties Corresponds to impairment due to interplay between fiber chromatic
dispersion and non-linear effects
1.2 Gain flatness impairments Corresponds to the gain of the system ( amplifiers ..) is not flat
20 - |

b) |

Power (dB)

2 WA,

.45 With 3 dB loss every 500 km %

'1530 1535 1540 154 1350 1555 1560 1565 1570
Wavelength (nm)

1.3 Non-optimal optical pre-emphasis Launched power of each wavelength into the link has to be adjusted in
impairment order to ensure same transmission quality for all wavelength at the link
output. This process is called power pre-emphasis

1.4 Wavelength toleration impairment WDM (Wavelength Division Multiplex ) channel passband ripple
misalignment between WDMs can result in additional signal loss during
laser wavelength drift, which can lead to Q factor degradation
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Q ?E: % %‘_“( - E IE -‘E“Iﬁ‘ ‘%EH ﬁﬁ *% (3) g;ié_%‘%l;ce Materials)

Q-Budget Table — Key Items Detailed Explanations

Line | Parameters Detailed Explanations

1.5 Mean Polarization Loss (PDL) Corresponds to dependence of insertion loss of passive components to
penalty signal state of polarization (SOP)

1.6 Mean Polarization Gain (PDG) Corresponds to dependence of amplifier gain to the pump SOP.
penalty

1.7 Mean Polarization Dispersion (PMD) | Corresponds to dependence of fiber refractive index on signal SOP
penalty

1.8 Supervisory impairment For submarine system, the supervisory commands are sent to sub sea

amplifiers and other equipment by low frequency amplitude
modulation of optical signal, This modulation amplitude is small
compared to data signal but does result in a small Q-factor penalty

1.9 Manufacturing & environment Corresponds to performances difference between specified and
impairments manufactured equipment, including performance degradation induced
by environment effects, temperature, shock....
2 Time varying system performance This corresponds to the Q factor fluctuation mainly due polarization
effects

13,5
13
e W\/WM

12
1.5
n -

0 200 400 600 800 1C00 1200 1400

Q factor (dB)
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Q ?E: % %‘_“( = E IE %.‘lf‘ ‘%EH ﬁﬁ *% (4) g;ié_%‘%l;ce Materials)

Q-Budget Table — Key Items Detailed Explanations

Line | Parameters Detailed Explanations
3 Line Q value (Line 1-1.1to Line 1- Corresponds to sum up Line 1-1.1to Line 1-1.9
1.9)
4 Specified TTE Q value (back to back) | This is due to non- infinitive SNR and non-perfect electronic of TTE

(Terminal Transmission Equipment). TTE Q is the Q factor obtained
when the transmitting terminal is directly looped back to the receiving

terminal
5 Segment Q value ( computed from Segment Q factor is deduced from the following formula:
line 3 and 4)
1 1 1
S tQ i 2 ' 2
egmen
QTTE Q Line
5.3 Effective Segment Q value with FEC This corresponds to the minimum Q factor required before error

correction to achieve the required transmission quality after correction.
This value depends on the types of Forward Error Correction (FEC)
used
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HMABEB AT L HGE raseranturs )

Typlcal Stralght Line Diagram for the whole System (Derived after link Q Budget Calculation)

EJJD:U}-'Z Singapore @ﬁ Vietnam

W To be finalized after marine survey

BENERT FElFREHEE

B
A NHNNNHVNNN XA AAINIAAIN ] Hone kong

i@@ﬁ% Equallser\ ﬁﬂaﬁ

Branching Unit ( BU)

—
——
——
————
——_
——_——
s —
————
f—
————
——
———

X< GXRX

NN}\{

K\ EP%%% Repeater

XA

Philippines
JERE

Indonesia EI]E Professor Peter KC Yu's
Public Technical P tati

NN
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Desk Top (Theoretical) Study

Bﬁr: _I_ Project Implementation

e
Hg‘ Eﬁr EFI H + B ZE M E Marine Survey
Licenses & Permits N .
S + BN B 23 system Design & Plants Manufacture

" HEISEE R EBEM

Need to employ professional Cable ship

Professor Peter KC Yu’s
Public Technical Presentation

‘ﬂ' B AP
City University
of Hong Kong
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BEZEZTR
Marine Installation Process

ZEE{:%J:\%E%7K_F%§ M Onboard splicing or assembly of wet plants

-~ L—

7% _i%EEI Route Clearance & Pre-lay Grapnel Run
- L

ﬁﬁ%’ﬁ&ﬁiﬁ}ﬁéﬁ Cable Lay and Burial

~___—
5@@%}% Shore End Landing

i%j‘?.‘é?%ﬁ](%%?ﬁ% Post Lay Inspection by ROV (Remote Controlled Vehicle)
~ L

ﬁnﬁ”:ﬁ%'%, ﬁi)‘ﬁ@ Post Lay Burial, if required

Professor Peter KC Yu’s
Public Technical Presentation
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E% EEI Z 5% fﬁ Route Clearance & Pre-Lay Grapnel Run

H Y_‘ F"F]‘ ﬁ g i% ﬁﬁ Z E ija L f_f Conduct in all burial sections
[ E El/j % /% EE ﬁﬁ‘ E ﬂi i& /R /\ . Purpose is to clear all debris, fishing gears.....

[ 73 /ZE AE )EH ,'.Fﬂ‘ /DJ[J El/j {[I):[f é}E ?_‘ E% EE[ J: j/\é :'1_ Use special grapnels to run along the cable route
[ K IEJ }\ }_7E /% }E, }EH K I_J \,%EE] Different grapnels are used for different seabeds

1|

Grapnel § crapnelAnchor  chain T8 B’

Planned Cable Route

F 1 B& B 7% B R [E 7 38 B9 § Grapnel

SG Gitford

s §hor', Prgng

Suitable for holding Surface laid cable in : 2.
soft/sandy seabed (4pcs/set)

[ Professor Peter KC Yu’s]

Public Technical Presentation
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%’ﬁ “ \%E IEé fg %& Z T‘,—’T-!:- »ﬂ; Cable Lay - Sophisticated Operation

& %
S 2

speed, heading, power & outlay angle HE B, 5 R RRERE

-

3 LV £
Eéﬁﬁ{j Cable ship

—

R A—

_—

—)

FEKRZAR
=/ | nmEs
S PR SR

Source: Makai Ocean Engineering

/ FR3%E  according to \
"R [EZKZEZ KGR

Under sea current at different depth

BEEE

Cable weight

BERRE
Cable slag

* 7B PR BE BRI

Sea bed profile & condition

=7KZ% /

Water depth

+EEE .
Navigated by satellites

+ ER i B Ry T2

Computer real time control

BEML
'ﬁfg speed
',%j] power
'jiﬁ heading

\ -f&gﬁﬁf;‘f outlay angle }

Professor Peter KC Yu'’s

Public Technical Presentation
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Cable ship
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RX A 4

" R A B B TR A

Laying cable at specific location in deep water is a very challenging task
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IEIE{ fﬁ %& Z T’,—’T—é- »ﬂ; Cable Lay - Sophisticated Operation
S ERVHL T A PRE Y

|

Menuivl

[vew & | & O:’Q' ) & Hf’ath e | ||Pen e “ml@w
L o7 Ship Now {17 &,

127 ¢
</ J ‘ .I"-I I“-YI

Planned Path
Cable in Wate

Cable Speed Change

ﬂﬂ-ﬁﬁi‘é Ship Course
é‘iﬁiﬁﬁﬁ Touchdown

Source: Makai Ocean Engineering

[ﬁ%*ﬁﬁ%%ﬁ%$ﬁmﬁﬁg

Use different outlay angles for different seabed profile

——

PN

TIIIII
| i
gIJIJI I K A LY Y B
'/l)/!l/ll/l)/l

h

.....

.....

Professor Peter KC Yu’s
Public Technical Presentation
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j( @ ;IE\I‘ J: @ ﬁ }@ Q Cable Burial over Continental Shelf

BT EAEFIELE  umbitical

Bunal | EE

Depth  Sea Plough

‘XEE' | Eiﬂ%ﬁ?ﬁﬂﬁ—%ﬂ;ls a computerized controlled operation ~ J&ZY Sea Plough
AEHFEFZE] precisely controlled: @
+ Ml 2 B, S T K T[]
Speed, power and direction of ship
+ BB 7 SRS
Slack of the cable

- WHLE 8 2K T KRURABZ K

against changing undersea current and seabed conditions ["mfessmpete’ KC Y“'S]

Public Technical Presentation
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@ iﬁ iﬁ ?,—% »ﬂf Three Types of Burial Operation

L - .
JA ) ﬂﬁ Burial by Sea Plough

e s 8 1 ?Jl 5 > burial depth around 1 to 1.5 meter
B/Q\ j( IHE —|~ apply on Continental Shelf

. ’::;i 7J< E /£ i H ,'jﬁ Burial by Strong Water Jet

o 1H 5l 755 FE 1.5 %] 3 2K burial depth around 1.5 to 3 meters
ﬁ% 73/:\ ﬁ }:—LE apply near shore

fl%c pi=24 T ,‘}ﬁ Burial by Trenching
. fﬁ w55 JEE 23 12 2f deep burial up to 12 meters

* FH TS A AE i g T R ES T 9T 2E

apply in heavy anchoring areas and busy ship lanes

Professor Peter KC Yu’s
Public Technical Presentation
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-Zi. |§_| FEH ;’@ Z )\ﬁ 2’:1. Fﬁ 75/\\\ Different Types of Ploughs for: B K S

+ /[\ = ;‘%EE Different burial depth oe Operate vehicle

- N § L Ps
ot AN i S 4 ~ P,
= e & | ) .
= - - 7 - =

+ /I\ = }‘EF/\E Different types of seabed

[hn

i
Light Plough
pAIE
E=ginp Medium Plough
Heavy Plough L -

[ Professor Peter KC Yu’s]

Public Technical Presentation
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o 7K IE =, $# 38 /£ Burial by Strong Water Jet

BEEARNTLRERTBELE

Usually for shore end or near sea installation

Professor Peter KC Yu’s
Public Technical Presentation
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£ 8 %% 8 48 Burial by Trenching
ZRMEE 12 K, BE AN RZES

Usually for shore installation (up to 12 meters)

Phase One £—% Phase Two £_%

Form Trench along planned Lay Cable in Trench

route 516t B 1 M

Lan. e
7

w .4 f‘: reld R
A

-mv“e'mAh%
»
- v
oL R )
)
n

‘éor Type Burial-Ma ;i‘né = -
5 =X 18 58 1] 28 [iemrreec v
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Post Lay Inspection and Burial (PLIB)
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" H & EBKEB T

Carry out by Remote Operated Vehicle (ROV)

" B ERK IR RE L EE S A /KR

Capable of inspection and Cable Burial by water jet

& N RS

B KER
Remote Operated Vehicle (ROV)

o
—

Professor Peter KC Yu’s
Public Technical Presentation
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HEBERZIHE Kk H:

Post Lay Inspection and Burial (PLIB)

B EFERHE
P72 K 25 e,

This section needed to be
re-buried by ROV

Source: EGS
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2 7K 78 48 # 5% ¥ & A ("Networker” 5 )

Shallow Water Cable Lay|ng Barge “Networker”
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\/r_. L N .
BB rrarneess
Cable ShipS for cable laying and repair

S

R

KDD PACIFIC LINK
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Cable Ships Repair Process — Complicate, expensive and time consuming
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B2 TRF--ERE8NKNE

(Reference Materials)
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-

FHERLPHEIRIREEIAT - BT K
B0 R EEEREHE
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’ FERMHAS
ﬁ’r City University

of Hong Kong
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EITHIE

©,
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BT - B EFEREET
% BEMBEITE S e
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f=ERE
+ ZIEE_FEEEMS
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[ Professor Peter KC Yu'’s
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HEEBZ CEEE

2 & & ¥l Reference Information

[ Professor Peter KC Yu’s]
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@%{3}%2%@&/@?% (1) — South East Asia—Middle East—-Western Europe - 3

(Reference Materials)
(SMW -3) (B55R)

i Denmark
United
l < Kingdom % :

sland
Kazakhstan
Mongolia
4@%&?% ng%?}z\s)an Sea o

Turkmenistan
b

vov

Afghanistan

5

Algeria

Bay of
Bengal

Arabian
Sea

| SeaMeWe-3

ulf of =
} [ pia

Thailand
RFS: September 1999 < ;
Cable Length: 39,000 km Tsoma"a
Owners: Orange, BT, KDDI, SingTel, Telecom ltalia S e e, - _hn;r;c]c;r_\é;i; ——————————————
Sparkle, Telekom Malaysia, OTEGLOBE, AT&T,

Belgacom, Communications Authority of Thailand, China
Telecom, Deutsche Telekom, Etisalat, Telecom Egypt,
CTM, PT Indonesia Satellite Corp., Jabatan Telecom
Brunei, KT, Portugal Telecom, Maroc Telecom, PLDT,  fbique
Saudi Telecom, Sri Lanka Telecom, Turk Telekom, Tata

7

Communications, Chunghwa Telecom, Verizon, KPN, Madagascar Indian .
Telekom Ansatria SinaTel Ontiie Telatra Vietnam Ocea n Source' TeleGeOgraphy
Aus
= a ]
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AR LA (2) — China-US Cable Network (CHUS)

(Reference Materials)

(55

= } -

Sea of Japan

North

Dao £ o

Ocean

*

China—U.é. Cable Network (CHUS)

Philippines
RFS: January 2000

Cable Length: 30,476 km

Owners: Verizon, AT&T, KDDI, Tata Communications,
China Telecom, Chunghwa Telecom, KT, NTT, Level 3,
SingTel, Sprint, Telekom Malaysia, Telecom New
Zealand, Telstra, PCCW, LG Uplus, Softbank Telecom,
Rostelecom, SingTel Optus, Orange

Source: TeleGeography
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ﬁ%é@Z%@;@@ (3) - Flag NOrth AS|a LOOp g%z;%g)ce Materials)

Japan

South Korea

East
China Sea

FLAG North Asia Loop/REACH North Asia
Loop
\

RFS: June 2001

Cable Length: 9,504 km

Owners: Global Cloud Xchange, PCCW, Telstra
Taiwan Notes: Global Cloud Xchange, formerly Reliance
Globalcom, owns 3 fiber pairs which it refers to as FLAG
North Asia Loop. Of the three remaining fiber pairs
comprising the REACH North Asia Loop, Telstra owns

one fiber pair, PCCW owns one fiber pair, with the final
fiher nair ie inintlv ownead hy Teletra and PCC\W

Macau

Source: TeleGeography
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R LA (4) — Asia Pacific Cable Network 2 (APCN-2)

(Reference Materials)

(SH550R)

Korea Sea of Japan

China

East
China Sea

Laos

'hailand

Catanduanes

- Island
Vle)tnam Catanduanes
G\ambodla Philippines
ina Sea Visayas Leyte
Kabisayaan Island
Leyte

Sulu Sea Mindanao

Basilan
Island

\;“ Basilan

Celebes
Sea

thléysia

APCN-2

RFS: December 2001

Cable Length: 19,000 km

Owners: SingTel, Verizon, KDDI, Chunghwa Telecom,
AT&T, BT, Orange, Softbank Telecom, NTT, Tata
Communications, Telekom Malaysia, Starhub, PLDT,
China Unicom, KT, SingTel Optus, Telstra, PCCW, China
Telecom, LG Uplus, New World Telecom, Vodafone

Source: TeleGeography
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3@%‘5‘}%2%?@@ (5) — Asia Pacific Crossing (EAC) - City to City (C2C)

(Reference Materials)

(Z*530R)

EAC-C2C
HLaos
RFS: November 2002
land y A Cable Length: 36,500 km
Vietham . Owners: Pacnet
s ) nauan
G\ambodla South Philippines

isayas Leyte
abisayaan Island
Leyte

China Sea

Sulu Sea Mindanao

Basilan
Island
Basilan

Source: TeleGeography

Celebes
Sea
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ﬁ%é)\%Z%@: \g\‘% (6) = Talwan Stralt Express (TSE_l) (Reference Materials)

(Z%30R)

i Taiwan Strait Express-1 (TSE)-1

RFS: January 2013

Cable Length: 260 km

Owners: China Unicom, Far Eastone
Telecommunications, Taiwan Mobile, China Telecom,
Chunghwa Telecom, China Mobile

Taiwan

Source: TeleGeography
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E%Q@Z%@@ (7) = ASIa PaCIfIC Gateway (APG) (Reference Materials)

(Z%30R)

South
Korea

Japan

China

>

Asia Pacific Gateway (APG)

RFS: 2015

Cable Length: 10,400 km

Owners: NTT, China Telecom, China Unicom, Chunghwa
Catanduanes Telecom, KT, Starhub, LG Uplus, China Mobile, Viettel

Island . ) -
Catanduanes Corporation, Vietnam Telecom International, Global

South Philippines Transit, Facebook

hina Sea Visayas Leyte
Kabisayaan Island
Leyte

Vie;tnam
Qambodia

SUlu Sea pgiasnss

Basilan
Island
Basilan Source: TeleGeography

Celebes
Sea ’
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F—REESBIEER R Y LEIEE (HONTAI - 2) BREAR

(Reference Materials)

First Fiber Optic Submarine Cable connecting Taiwan and Hong Kong (HONTAI - 2) (BE%E)
23U

HONTAI-2 CAL
TECHNICAL AND OPERATIONAL SuB-Ct
MANAGEMENT COMMITTEE

TS8R cable ship

(B BTSSR | mormpm

First Fiber Optic Submarine Cable connecting Taiwan and Hong Kong D|SCUSS|0n with colleague in Chunghwa Telecom.

JEE SRR R NIIE - E R Y f

Connect: Fang Shan and Cape Daguilar Cable stations

2 135 km.

Total Length: 735 km.

B | s omops HREAR: 1990 |8
\ Speed : 420 Mb/s Ready for Service date: 1990/

/@zﬁﬁﬁzﬁﬂﬁ Cable Landing in Hong Kong
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Contact: (for further information and discussion)

peterkcyu@yahoo.com
peterkc.yu@cityu.edu.hk
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