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e-TMS and Super Wi-Fi for
Improving Telecommunication Systems Environment

on Ships and Offshore Plants

Kim, Jungwoo

Department of Computer Engineering,
Graduate School of

Korea Maritime and Ocean University

Abstract

Telecom systems for ships and offshore plants used to be a simple tool for
distance communication. In contrast to land-based telecom systems technology
today that has been rapidly evolving, telecom systems for ships and offshore plants
are far from being used as administration tools for safety, control and operation.
Unlike other systems, telecom systems for ships and offshore plants have not been
systematized by the IMO(International Maritime Organization). Telecom systems
developed decades ago are still installed on ships and in offshore plants. However,

to meet the increasing demand for marine accident prevention and operation cost
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saving, a wide range of technologies based on telecom systems have been emerging.
Thus, telecom systems will play pivotal roles in controlling and administering all
systems for ships and offshore plants.

At the end of the 1990s, the NORSOK proposed the TMS for administering the
telecom systems for offshore plants. Yet, the TMS for offshore plants fails to meet
the technical standard proposed by the NORSOK due to the diversity of telecom
systems. The high installation cost thwarts the applicability and scalability of the
TMS for offshore plants. This paper proposes a method of redefining and
systematizing the telecom systems installed on ships and in offshore plants with
intent to address the challenges relevant to the TMS for offshore plants.
Systematization of the telecom systems would add to their scalability as well as
compatibility with other systems operated on ships and in offshore plants.

This paper proposes an improved e-TMS(enhanced-TMS) based on the
systematized telecom systems for ships and offshore plants, and experimentally
demonstrates the performance of the proposed e-TMS in terms of its data
processing time and operation cost.

The scales and the structural complexity of ships and offshore plants continue
to increase. With the operation and administration of ships and offshore plants
drawing increasing attention, they need to process ever larger volumes of data.
Next-generation ships and offshore plants including unmanned ships, unmanned
offshore plants, remote-controlled ships and smart ships should be fitted with
scalable and compatible systems capable of processing large volumes of data in
real time, which calls for the installation of a wireless network environment that
ensures ubiquity and mobility. The wireless network environment for ships and
offshore plants features the real-time administration and control over not only

communication but also status information, fault diagnosis, safety control, location

Xviii
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tracking and accident prevention. Yet, ships and offshore plants characterized by
steel structures have Wi-Fi networks installed in limited onboard areas. Using shared
frequency band, a Wi-Fi network provides a short radio propagation range, which
is limited to short-range transmissions. Internationally travelling ships and offshore
plants require a long-range radio propagation and a method of using shared
frequency band as private frequency band.

This paper analyzes the factors precluding the full implementation of wireless
networks on ships and in offshore plants, experimentally verifies the attributes as
well as the strengths and weaknesses of UHF, TETRA and Wi-Fi frequencies widely
used for ships and offshore plants, and also analyzes the radio propagation range
and radio transmittance of super Wi-Fi using the TV white space. Finally, this paper
proposes implementing a super Wi-Fi environment using the UHF system of TMS,
and experimentally tests the performance of an implemented wireless network

environment using the super Wi-Fi on ships and in offshore plants.

Key Words: Wi-Fi, TMS, Super Wi-Fi, UHF, Offshore plant
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Al 2 & TMS9} B4 A== %

2.1 TMS 7/l8

1990 d ) %, A7 541 AFHATU, international telecommunication union)-2
TMN(telecommunication management network)ell thsf] Aot EE #H=,
AR A, ARl FEC g #e] ARl2E 2SR THAL volbrt & &
AR, 27 AR #g, o]y, A, &7, dZd g &7 Al sl Al sl
Aol A THol Hl=g A7l ZRlZ AF AR, AFA A AT AFA,
A ARl AF AAGA, WES A AF AGAL, AHls ER8E5ES StUE
E3tsl=  ITMS(integrated telecom management system)o] 5743} TH6].
ojFHE AZHSS SFste] #dHs= AEHlx ZIHEe] Al2EIF0

FAsAT AFEIEES TMSE T4l A2Hoz2RE d8S ZUHY 7

2.1.1 TMS A<

1990t &, =29 o] slEF EFQI NORSOK(T-001, T-100)°A Al
Al F(petroleum)et #&E A& AZHEE 8] TMS7} A= Q31 NORSOK 9]
AE&HE fGFSHES TMSE oFdoz AHAst=E st UATHIT]
NORSOK T-1009) 4] A ¢+3t= TMSE Fig. 2.13% 2] LAN(local area network)s}

WAN(wide area network)S 7|¥Fo & = AH/ZEgo|dE Fxo|t}.
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NORSOK T-100 F4l st 2"lol] o3ty TMS+= Table 2.13 #Zo] & 31719
A sHRAzFlegRE HAAE FAEESE AGosta AnH8L T4

NrEde sRSAE de A2~HS0] BTy NORSOKS TMSE Alute

Table 2.1 Telecom subsystems as NORSOK T-100

Subsystems Title
86-11 Public address and general alarm (PAGA)
86-12 Driller’ s intercom
86-21 Telephone system (PABX)
86-22 Multiplexer
86-23 Office data network equipment
86-24 Office data and telephone cabling network
86-31 Radio links

86-35 Satellite links

86-36 Wireless broadband access network
86-37 Vessel network
(coastal VHF and mobile telephone base stations)
86-39 Fibre optic cable links
86-41 General radio

86-42 UHF radio and paging

86-43 Audio and video entertainment
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86-45 Personnel tracking

86-51 Closed circuit television (CCTV)

86-52 Meteorological observation

86-53 Marine radar and automatic identification system (AIS)
86-54 Aviation radar

86-55 Communication recorder

86-61 Shuttle tanker loading telemetry

86-62 Work over telemetry

86-63 Pipeline telemetry

86-70 Navigational aids

86-71 Distance measuring instrument

86-72 ATIS/AFTN for aviation

86-73 Positioning

86-81 Main distribution frame (MDF)

86-82 Telecom power supply

86-83 Real time clock (RTC)

86-84 Telecommunication management system

NORSOKoll &= B4l ahA2sl M2 falsjop st wAX7}t gejmo] 91
okt TMSSF FAl SlRAs® 7he] MAA % - alel tid BEs Ae:

TMS A=A} sl Adsfor dth. 7 A3 NORSOKO A AH<)d TMSE do]E 9
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TMSE oF-Ho =z HAs o st FEWRES TMSE Q8] Al="l 74 3
Az vlgo] Fet. wEtA NORSOKo] 2 &HZA| g+ sFE=HNEE TMSE
7 e AAsHA Fet.

Fig. 2.2 @A TMS7} sGZAEC F=5HEe HAFolgh. TMSE @5
AN2ElE AX e Zlo] okel B4l sHEAI2~E A QlE|FH o], HolHE
A Aelsfor stnE AA FAo] HFsitt. TMSS| AHA A 7
BAE AR A i@ AHES AAAol sMsdtrhs Zlolth. TMSe|
e T2l A =S AAHsE AAE ofFAR R AAIL T4
A 2Ele] A ZALREE TMS7E dsts tlolEE AFwE & o
4o AASS oAl ASFE wEEsfoF oIl

Fig. 22014 AwAY 7|zt AAe dHeolH #4L& Adsts AAHLS
TMSE AAst=d o] 7HE ol 7Hd & A4aRE de= 0. 54
Al ~duit M2 o2 dolE 249 dHolElE TMSe| APtk o]¥
olffZ TMSt 9 o® deolH 7hgsta sfAste] ARgdth TMSe ¥4
Aol g3 TMS TR A% wel AAEI gl AedA M Fa%
dolefulo] =] tiAcle WA 53] TMSE dlole] e At g
A7t glth. TMSE el #Hxel o] Axd"Hozmeol Ex9l Aojo]
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Yes : | Installation
(OR) \L
CF A S
Meeting
(S-TMS, S-Telecom(N) Check data format
§=5+] (during commissioning)
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End

= S-TMS : Supplier of the TMS

= S-Telecom : Supplier of the Telecom Sub-systems
= N - Application numbers of Telecom Subsystems
= TN : Total number of Telecom systems

Fig. 2.2 Workflow for existing TMS
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St TMS7E dete dHlolHE HE 2" A shFAlzHlo] Al Esho

] 2-®ll2- TMS2}Fe] A ol A
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T3t Bgo] Qo Fig. 2.29F o] 4 sy
wAA TMSE EWEg B2 SHHEAI~FHOZRE dHolHE

Wolol 37] wiol| AnAY GAA g B2 wHE FA o] MAgt

Table 225 YT ANE Axd TMS AL EA3t] ARFg=H FAS

v &2 YEIT9,10]

Table 2.2 Sample of price in TMS(Average)

Unit | Percentage
Product Description Note
(Lot) per price
Cabinet Server, Database Server, 1 399 Option
Software
TIU Test of each equipment 1 7%
Commissioning Installation, Integration 1 41%
Engineering Documents, Drawing 1 9%
Etc. Spare or etc. 1 3%
Server, Database Server,
Redundant Software, 1 n/a Option
Agent for interface

TMS7h Ql7M] wlge] T2 Azglel M e e EA A2
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Fig. 2.4 Accident of Sewol ferry’ s rollover in 16 April 2014
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sleloll A FAS thEAQ Al AMEEE Fig. 2.59 HajolAe siYESAHE
0 Abael Figo 2.69] #HA S Axwl fFEFWE 3k Abaio|th 1988 74
699 EafolAe] o]y Lukpiper alpha)E Z Ala:s 16794 Abgaie}
34989 A4 FErE BAYSEHETH13L 20109 49 209 HAEZ Axnhe
H9E  Zeto]&(deepwater horizon)d E AlzE 119e] Abgare}l oF
8P eIl Yf7F FEHAT o] AnE ST MAE A T8, LFA B}
el g o= oF 6009 E o] Bl&e A=stATHI4L

. 2.5 Accident of plant explosion at the North Sea in uly
Fig. 2.5 Accident of plant explosi t the North Sea in 6" July 1988
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AL

[Application]

[Maritime Safety]

- Coastal Liner Safety

- Emergency Salvage

- Qil Spill Response

- Crew Management

- Health Care

- Traffic Monitoring

- Marine Accident Analysis
- Etc.

Exchange of
information

[Marine Technology]

- Automation

- Smart Navigation

- e-Navigation

- Economic Ship Routing
- Track Global Shipping
- Unmanned Technologies
- Etc.

x No exchange of information x

E | Navigation | | Radar || Satellite viF || v |

§< | ompss || wor || Paca Telephone | | Wireless |

é | as || sas || wF ccrv || Ee |
L [Telecom systems]

Fig. 2.7 Relationship to the development of technology between maritime safety

and marine technology and telecom subsystems

Table 2.3 New technologies for the next generation of ships and offshore plants

Division Name
Maritime Coastal Liner Safety, Emergency Salvage, QOil Spill Response,
Safety Crew Management, Health Care, Traffic Monitoring, Marine
Accident Analysis and etc.
Marine Automation, Smart Navigation, Economic Ship Routing,
Technology Track Global Shipping, Unmanned Technologies and etc.
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Fig. 2.8 Roles of the TMS between maritime safety and marine technology and
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telecom systems
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Table 2.4 Telecom systems in ships and offshore plants

Seq. System Mandatory | Type Approval
1 VSAT system X X
2 DGPS navigation system @) @)
3 Integrated navigation system (INS) O O
4  |Satellite communication (C & F) O X
5 Auto pilot & Gyro compass system @) @)
6 Magnetic compass system 0 O
7 Speed log system @) O
8 Rudder angle indicating system O @)
9 Echo sounder system @) O
10 | Voyage Data Recorder system O @)
11 |Sound reception system @) @)
12 | Automatic identification system (AIS) 0] @)
13 |Real time clock system X X
14 |Sound powered telephone system @) X
15 |Communal aerial system X X
16 | Weather FAX system @) X
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17

NAVTEX system

18

Marine radar system

19

Ship security alert system (SSAS)

20

MF/HF main radio with DSC system

21

Office data network equipment (LAN)

22

VHF radio system

23

UHF radio system

24

Telephone system (PABX)

25

Bridge Navigational watch alarm system

(BNWAS)

26

Whistle system

27

Closed circuit television (CCTV)

28

Entertainment system

29

Cinema system

30

Collaboration system

31

Meteorological observation system

32

Main distribution frame (MDF)

33

Uninterrupted power supply (UPS)

34

Helicopter monitoring system

35

Wireless broadband access network

23
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36 | Public address and general alarm system @) @)
(PAGA)
37 | Talkback system X X
38 |Elevator alarm system X X
39 |Ref. chamber alarm system X X
40 |Hospital calling alarm system X X
41 |Satellite TV system X X
42 | Window wiper system X X
43 |Heated glass system X X
44 | Acoustic Doppler current profiler system X X
(ADCP)
45 | Telecommunication management system X X
(TMS)

Table 249 2z JAl A" djs] <FEAAvel 2 F<Ultype
approvals  EAISIATE o F§AHl=  SOLASS| A|3% % Ax] 9

] (life-saving  appliances and arrangements), A4% FXA  H2l(radio

communications), A5% &3l <t (safety of navigation)o| Al 7 2] = o

FESHE FEgHor AAsof she AlzEHo|tl6]l ¥4

£
it
-3
it

MED(european marine equipment directive)ollA] XAuty} & o=
T Aul, g AHl, FA FA AHlOA A" AFo s
AF71Hol A G i JASAE Sg  Wojop  JTH1T7L

HFEHEANN T4 A2vle HEsr] M= RA o FEA A ol
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Fig. 2.10 Diagram for existing interfaces in telecom systems of s/s rig
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Al 3 % e-TMSE T B4 A== AAS

3.1 A A2 AA 9

Table 2.1°] NORSOK®| FAl &}FA|2=ElE o

AA e FTH10]
Table 3.1 Telecom systems as revised

Seq. System Division Remarks
1 |Public address and general alarm (PAGA) NORSOK Mandatory
2 | Driller’s intercom NORSOK Mandatory
3 | General radio NORSOK Mandatory
4 |UHF radio and paging NORSOK
5 |Audio and video entertainment NORSOK
6 |Closed circuit television (CCTV) NORSOK
7 | Meteorological observation NORSOK
8 |Marine radar and automatic identification NORSOK Mandatory

system (AIS)

9 |Main distribution frame (MDF) NORSOK
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10 | Telecom power supply NORSOK
11 |Real time clock (RTC) NORSOK
12 | Telecommunication management system NORSOK
13 | Telephone system (PABX) NORSOK
14 |Office data network equipment NORSOK
15 | Wireless broadband access network NORSOK
16 |Integrated Navigation System NORSOK
17 |Echo Sounder System Additional | Mandatory
18 |[Speed Log System Additional | Mandatory
19 |Voyage Data Recorder Additional | Mandatory
20 |Elevator Alarm System Additional
21 |ESD (Emergency Shutdown System) Additional
22 |F&G (Fire & Gas) System Additional | Mandatory
23 |Integrated Control & Monitoring System Additional | Mandatory

ox
flo

Z33tE SOLASo] A ojd o F=AZHE oF 40% 7V7ke] F-43t] KB
ATk 2=mE AR BARE, 7 Ao "ed CCTV, & Ao

ZYH®E Al 2EHl(ntegrated control & monitoring system), 714 #=

2~®l(meteorological observation system)g g3t}

Fig. 3.12 Table 3.1¢ 2zt B4l Alx®He tigt tix AvlE Ay

AFEdE F2 HAHE AR FA AT A fFEAES FA
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Aede A Feol AA Fig 31% 2o MX €k RE B4 A2EE Fig

2.103} Fig. 21291429 E343 o2z 435 dddn.

! eles.s 2 Dnller 5 1P

8. Radar intercom .

B 12. TVS

power Suppl \ t

10. Telecom
13 PABX '

17. Echo Sounder

s dBntertainieit 14, Network

Fig. 3.1 Configuration of telecoms systems in vessel

X

Table 3.19] F4l Al2=Hl& AAgstE WH-S Auds)] 7] 54 % (voyage data

recorden)¥} o] IMOolM @'st= WHol Sty ARt

(

171542 A%

o

Aol AT AR AL BAe Wardowm 20149 79 o FRE Holy
Aelol @ AR ARe TPl HAHEE IMOo| o3 BEHACHISL
Heha, Aurga)24A AZASE Table 323 o] HolE #Fol we
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Table 3.2 Record format of data in VDR

Data Data Record Period Data Size Mandatory Save
Name | Type
NMEA File a second 1KB - 48 hours/fixed and float

140KB~3.5MB | ~ 720 hours(30days) in Data
Collecting Unit

Radar | Image |Within 15 seconds

Audio File | Within 60 seconds | 300KB~340KB

2
117
=
off
o
ol

=

N

124X AAE MO A LEI AEFe WA aga ol MFE
. AEAE HFEA] wkgEoR gk A Al2="S AAS S fEiAE
Aukgle] 7] 249} o] W2 gHo] WYY £ JYEE MO SolA AAdA

Baao Bk FA AxE B2 G AEselx, HolH ¥, &7 Aw

A s AEHAdA Folsk Ael glth Mutz YUY 2
JFL FE AQ, AATRSE el B AzHe T 9FE FA ged
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PAGA A|2=®lS Fig. 3.29} #Zo] el dinls] A9} B 279 AlxHlo=
TR FAAY. Z+ Az~"Ee FAu|(main rack), A o]7](access panel),
237,  AFS(flash  light) Fez  FAAGD 249 Ax"He
% 7] 3Ksynchronization) ¥ t}.

Fig. 3.2 Overview of PAGA system

331 oy &7 &4

PAGA Al2®lo] 9 73l= Ho|ElE Fig. 3.39 19AS}t Fig. 449 29A =2
o] B4t 194l IMO, ¢ke] 8+ Abgo]a[19-21] 2& A= Alge
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2 Aol tH22,23].

Step 1 - [Regulationl

MO
MSC 66/24/Add.1 28 June 1996 7.2
General alarm and public address system

1. Main power failure
2. Em’ cy power failure

SOLAS

Chapter IIl, Life-saving appliances,
1 November 2003,

6. Communications

1. Main power failure
2. Em’ cy power failure

LSA

International Life-Saving Appliance(LSA) Code,
Resolution MSC.48(66), London, 4 June 1996
7.2 General alarm and public address system

1. Main power failure
2. Em’ cy power failure

Fig. 3.3 Analysis data of regulation for PAGA system

Step 2 - [Classification]

DNV

Part3 Ch.3: Hull Equipments and Safety,
January 2010,

B 200 Public address system/General alarm,
applicable to all vessels

Main power Tailure

Em’ ey power failire
Entertainment mute

Interface to Whistlesiren,typhoon
General alarm

Fire alarm

220N s L0 1

ABS

Portable Accommodation Modules,
January 2013

15. Electrical Requirements

1. Mute
2. Power [ailure

Fig. 3.4 Analysis data of classification for PAGA system

37

Collection @ kmou



24 A, 1949 MO, 2% Ad Felol td TFWL

ofo sl 2dAS] Hdu2 dEHolx, d¢# S& I 27T PAGA

Al 2=gle] ik HolE e 8 2dAVE 19AE £

g A= dolE el A WHe FAD & AT

o

332 tloly FF &4

Fig. 359 3@Al= A AACIA PAGA AzHe tiEzdo=

Az LSl FF38hs HOHE 4% Zolt24,25]

Step 3 - [Manufacturer]

Federal Signal
PAGASYS

Minor fault: alarm
Major fault alarm
Entertainment mute
UPS input failure
UPS low battery
Gas alarm(H2S, HC, Co2 and etc.)
Fire alarm
Abandon alarm

. ESD alarm

10. Spare alarm

11. Fault log

CUHET 0 F iy Feliatl

Gai-tronics

Elemec Plus

Svstem failure alarm
Mute

Power input failure alarm
Gas alarm(H2S. HC, Co2 and etc.)
Fire alarm

Abandon alarm

ESD alarm

Spare alarm

. Fault log

10. Alarm message

11. Alarm location

e =l N R

Fig. 3.5 Analysis data of manufacturer for PAGA system
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3TAIe] PAGA Alz="lo] thdk AlxAbe] dHolEle Fw2 194, 2849
875 EFsta vk PAGA Al=® o] AlxAls 19419 dd Zolj ek 284 9
2

A FH o209t de EF Edetn Al="

at

. 2, AR} Ze
HelHE F7t2 FFdth 2395 a7 wet A=A 222 3g
Hnoz BAMHAT

PAGA Alz=HlelA dlolEle] 23 W= Fig. 3.6 o] IMO, Z°F A4,
AzAe] Aot 2vAle} 3dAle] EAMRtozm FAl AlxEe] o)
2733l FF3E dolEE ot Qddnh

e N\
Manufacturer
( Classjficatmn\
- — [Step 31
IMO, Regulation [Step 2]
[Step 11

N ) ; J

N /

Fig. 3.6 Range of data steps in telecom systems

19A7F drhg FAIF o2 QFEH ke w2t oaaA Y dHoly Fg
W7t AA=HET Table 3.19 B4 A2HES wm BAAS Ayl A Z2AQ)
tolE o] ZFE IMO, %o, AFo Holg 272 n% x3aYgch
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ANz' dE e, B AlxERe] Bz g ToE FEET. R
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BAES Z & AYd HelEd #AERE Yeth
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Fig. 3.7 o] AAsE HelHE At Fig. 382 F 5782 AAS #A
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[Systematization]

Fault alarm - Major

Fault alarm - Minor

Safety alarm - General emcy

Safety alarm - Fire

Safety alarm - Gas - H2S

Safety alarm - Gas - HC

Safety alarm - Gas - CO2

Safety alarm - Gas - Etc

Safety alarm - Abandon

Safety alarm - Mute

Safety alarm - ESD - Condition

Safety alarm - ESD - Zone

System alarm - Ground fault

System alarm - Power failure - Normal power failure
System alarm - Power failure - UPS - Input power failure
System alarm - Power failure - UPS - Low battery
System alarm - Amplifier failure - Amplifier no.
System alarm - Speaker failure - loop no.

System alarm - Beacon failure - loop no.

System alarm - Door opened

System alarm - Cooling fan failure

System alarm - High temperature

Status alarm - Occur time - glarm

Status alarm - Occur time - speech

Signal light alarm - failure

Signal light alarm - alarm - General em’cCy

Signal light alarm - alarm - Fire

Signal light alarm - alarm - Gas - H2S

Signal light alarm - alarm - Gas - HC

Signal light alarm - alarm - Gas - CO2

Signal light alarm - alarm - Gas - Efc

Signal light alarm - alarm - Novec

Signal light alarm - alarm - Watermist

Signal light alarm - alarm - Machinery

Signal light alarm - alarm - Deadman

Signal light alarm - alarm - E/R crew calling
Signal light alarm - alarm - Telephone

Interface alarm - Alarm monitoring system
Interface alarm - Each systems into TMS sub-systems

Fig. 3.7 Systematization data of alarms in the PAGA system
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Analysis
A

/‘

N

Integrated
A

Normalization
A

[Regulation] [ Classification] [Manufacturer] [Addition] [Systematization]
m M FederalSipnd @ | | re—mmmmmmm——- 5 Feult dlarm - Maor
Y6 AL 8 e 149 72 Pard 3 Epimes ad Sy, || DAGKSS | | [
General 4 and pulc & e ey 2000 System I Sy i - Fre
B 0 P s sl s, || L M ft i Séey .- G- 5
; " . Safety alam. - Gas - HC
L. ai pover adre applicable to al vesels 2. Major fault tlam Sty am - G - (2
2. En’ oy powerfailre 3. Entetanment mute ! e e - G - B
1 Mein power Fere 4 UPS ingut falre e i g«v m : .\\IDMI
ot - ; , ety dbamm - Mate
0L L’ yporer il i U vty Data | ety - £ - Cnii
Chapter I lifwmng SPPHﬂJ]CCS. 3 Entertainment mute 4, Gas alamiK2S, KC, Co? and elc) Sy dam - ESD - Zone
1 Noventer 2003 4 Intertae o Whiste sen yphoon 1. Fire dam St - G (.
6. Communicatons & Geterd dlam . At dim §1§$ ‘fﬁ i Pr;:: %TIS . Egsm' mﬂpﬂﬁmm
‘ i fedm §, B0 dam System St - v fare - LS - Lov by
1, M pove failre 10, Spare dam Interface Sl'ugz im - Anmglm fadre - mﬂ;:fmm
5 21{[ i i AR 1L Fat & System garm - Speaker fadure - Joop no.
% Em" cy pover falire e o ® Sy, i - Bescen feue - op 1
e Accommodaion Mo, Sysem A - Do opened
154 ey 2003 Gai-tonics : grmm ﬁ:: . Coomm falre
i LS A5 ) | 15 B Reqens S s ' et
ek B . e || i e
120sed e ol s | | i‘::fu o ; m:‘ﬂ e A Commen Sl 1 i - o
3 W Information Sepal gt dam - sbam - Fire
1 Mo poveFare 3. Power inputFahre alam S gt dm - ohm - G - HS
i : Ight dam - dem - s -
& En" oy pover fare ; ﬁil]amﬂ%. B m i m 4 G- 07
LA Sl em - lm - s - i
5, Abandon dlam o lght chm - dbem - Novee
1, ESD. dam Simal lght alamn - slarm - Watermist
1t i - dlam - Machinery
b e Priorities S&% m e
3 Faltlog Sgrl Ight dm - dhem - ER.cev g
10, Aam mesage Sipal ight alanm - dam - Telehone
: Inerface alum - Al motorng Systen
1L A bt Itertace alam - Each systems mto TS sub-systems

Fig. 3.8 Systematization process of alarms in the PAGA system

PAGA A2H3 Y3 HHHO = Table 3.19 H41 Al 2=
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2, @y el g e E F5383Th
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Az 2o 3

SEXCE k!
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Table 3.3 Systematization data for seq. 1 ~ seq. 12 in Table 3.1

Classifi- Refer to sequence of Telecom systems in Table 3.1

. Alarm
cation 1 2 3 4 5 6 7 8 9 10

Ground fault \Y \Y \ \ \ v \% \% \% \%

Power failure - Backup AC input failure \ \

Power failure - Emergency power failure \Y

<
<
<
<
<
<
<
<

Power failure - Normal AC input failure \Y

System alarm

Power failure - UPS - Input, Low battery \Y \Y

<|I<|<|<
<
<

System name - Normal / Abnormal \Y

<|I<|<|<

Access point failure

AIS - Failure (Antenna, GPS, PSU, Transceiver) \

Amplifier / Beacon / Speaker failure \

PABX - Failure (Gateway, Telephone, Card)

Antenna failure - No. \% \% \% \ \

Base station fault, Tx alarm \% \%

CCTV - Failure (Camera, Controller) \

Data - Communication failure \ \ \

DGPS Off track, ECDIS - Normal / Abnormal

Fault alarm

Equipment failure \Y \Y \Y% \Y% \Y% \% \Y \% \Y%

Gyro compass failure, Anchor watch - Distance

Limits — Deep, Shallow

Major / Minor / Abandon / General Em’cy \% \%

Sensor (Motion, Pressure, Sea current / temp.) \%

Server - Failure \% \% \Y \

Water mist system - Failure

Activation (Condition, Zone)

Alarm (Fire, Gas, Watermist, Novec)

ESD - Condition, Zone

Foam / Sprinkler - Released — No

Safety alarm

L<|<| <[
<
<
<
<
<
<
<
<

Mute

Air - Dew point, Humidity, Temperature \

Alarm sound On / Off \ \ Vv Y

Atmospheric pressure, Visibility sensor \Y

Autopilot control alarm, BNWAS buzzer

Aviation weather, Cloud (Base altitude, Ceiling) \%

Depth, Speed

Distress, VHF alarm Vv

Elevator, Lift (Em’cy stop, Hatch open) \%

<<
<

Helicopter traffic, Maritime traffic

Local gas detection \Y \Y \ v \Y Y Y

MRU (Heave, Pitch, Roll) \

Occur time - Alarm, Speech \Y

Status alarm

Performance - LB, Access, Security

Position — Lat / Lon or UTM

Range unit (Km, Nm / ft, Nm, Sm / mtrs, Sm)

Rx alarm - Injection Low, PLL unlocked \

Sea surface - Current, Direction, Magnitude \Y

Server - Capacity, Log, Performance \Y \ v \Y

Ship position — Heading (from gyro), RPM, Rudder angle

Date, Time \% \% \Y \

Wave (Direction, Height, Period) \%

Waypoint pass criterion and distance
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Weather observation, Wind (Direction, Speed)

WLAN AP (Hazardous / Safety area)

Table 3.4 Systematization data for seq. 12 ~ seq. 23 in Table 3.1

Classifi-
cation

Alarm

Refer to sequence of Telecom systems in Table 3.1

13

14

15

16

17

18

19

20

21

22

23

System alarm

Ground fault

\Y

\

Power failure - Backup AC input failure

Power failure - Emergency power failure

Power failure - Normal AC input failure

Power failure - UPS - Input, Low battery

<

<

System name - Normal / Abnormal

<|<|<|<

Fault alarm

Access point failure

AIS - Failure (Antenna, GPS, PSU, Transceiver)

Amplifier / Beacon / Speaker failure

PABX - Failure (Gateway, Telephone, Card)

Antenna failure - No.

Base station fault, Tx alarm

CCTV - Failure (Camera, Controller)

Data - Communication failure

DGPS Off track, ECDIS — Normal / Abnormal

Equipment Failure

Gyro compass failure, Anchor watch - Distance

Limits — Deep, Shallow

Major / Minor / Abandon / General Em’cy

Sensor (Motion, Pressure, Sea current / temp.)

Server — Failure

Water mist system - Failure

Safety alarm

Activation (Condition, Zone)

Alarm (Fire, Gas, Watermist, Novec)

ESD - Condition, Zone

<

Foam / Sprinkler - Released — No

<|<[<|<]|<

Mute

Status alarm

Air - Dew point, Humidity, Temperature

Alarm sound On / Off

Atmospheric pressure, Visibility sensor

Autopilot control alarm, BNWAS buzzer

Aviation weather, Cloud (Base altitude, Ceiling)

Depth, Speed

Distress, VHF alarm

Elevator, Lift (Em’cy stop, Hatch open)

Helicopter traffic, Maritime traffic

Local gas detection

MRU (Heave, Pitch, Roll)

Occur time - Alarm, Speech

<

Performance - LB, Access, Security

Position — Lat / Lon or UTM

Range unit (Km, Nm / ft, Nm, Sm / mtrs, Sm)

Rx alarm - Injection Low, PLL unlocked

Sea surface - Current, Direction, Magnitude

<|<|<|<

Server - Capacity, Log, Performance

Collection @ kmou
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Ship position — Heading (from gyro), RPM, Rudder angle Y Y
Date, Time \% \% \% \% \%
Wave (Direction, Height, Period) \
Waypoint pass criterion and distance \% \%

Weather observation, Wind (Direction, Speed) \%
WLAN AP (Hazardous / Safety area) \% \%

Table 3.33% Table 345 Hl&o2 -S4 AlZ=® 3Ho] dolEfo] thik £40]
7}s3etth Al 2El 7 FEORE QR sl HolEHY A2 HE 1f EAo)
A= HOlEIE AW FFeE HeE she HolHde AR AR,
UPS(uninterrupted power supply)®] el AR, 914 9% &< A]2=El(global
positioning system)®] X HE, HESZ A2=FES HEH BER Fo| Urh
Az®l HE Aol e HlolHE+ A8 As 21 AX|(auto identification
system)e] &2 AH, 714 #F Alz"Y AAMF, CCTV Al=gle] &A43
ZHl, Aoy AlzHlY] AFAEE . A T(hatch) ZHE Fol Ut
NORSOK®] TMSoll tha A Ao = dole g W that Ho BAje}
tlol8 Ao #F3st7F Atk NORSOKS| TMS+= Table 3.33 Table 3.49} #2-2
AAS dolelol gk ez glrk. mhEkAl NORSOK®| TMS= df o] ul| o] 2 of
3 AHeols & 471 QIUth. Table 3.33 Table 3.42] 541 Alx"o] th3k
AAS dHolBlE HIEgo= TMSE| HolHH|ol2s gefste] TMSe| 8=
SR 3o

3.4 e-TMSE S1% dlolEHlol = A

712 NORSOKS] TMSE dolEluo] 2o thak A7l ¢t dlolEld] ot
A, A Tz dig Hejrb glo] Table 2.23 o] Ho]EHo] ==
Abg2 Aoz AAHET TMSeE 28 #E AlxH A= delguo] 27}
M Fad 9ge ot A2 A A B Ade et wEA

TMSS] AASE AshH wlolelmo] 2ol that Holh Hayslolok ok

2

2
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341 TMSS] Hlo]gulo]x £
Table 3.33 Table 3.49} #o] IMO, =x<F, Al

Al
ol

NA LFHE AADEA

%o dolEER AzANA AFHE TFF dolEHEY FE AYS

Bastel TMSel Bad dolHz HHs v B AzE g AT

AEAo| 2T AT Be PRE UGsE ZAud JEYRE TMSA

TR F2Y + AES sfof Ak
T

MSS| TEE RE FA AZEClA Lol WASHE FA

-
A 2z®lo] 222 HolHE RhEo] HEgith
Telecom Telecom Telecom
subsystems subsystems T subsystems
ZA #B #N
TIU TIU TIU

System informd{ion
Al

Alarm descriptiol
Occur date

Occur time

Action suggestion

System nformation.
Alarm

Alarm Hescription
ccur date

cur time

Action dnggestion

Systeph information

Occur date
Occur time
Action suggestion

- Data size : Large

Database

(In T™MS Server)

[Existing architecture]
Fig. 3.9 Existing operating schemes of the TMS

TUE $4 Axdozie Ag we dHolHE TMSl e Hold
BloR Wadth 4 w4 Ao 2 A BA AzET TV Fah=

Hlgste] Folxith, TMSS] AW TIUERE dg @2 dHolHE dfAst=H
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71E TMS9 AASE HA % A Alz"E dd g TR A=
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dlolEjulo] 2~ HlolE =7
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brt
Jfu
o
N
r'O
i)
2
o
o
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3.4.2 e-TMSE % dlolEHo] & AFA
B =FoA Akl e-TMSe A3, AHFstE 98] Table 3.3% Table
3.49] dolEHE EAste] Table 3.59 o] F& do]gu o] 2~(common

database)E &3t TH10].

Table 3.5 Common database in telecom systems

Seq. Classification Alarm
1 System alarm | System name
2 Door opened
3 Cooling fan failure
4 High temperature
5 Interface alarm |Public address and general alarm (PAGA)
6 Driller’ s intercom
7 General radio
8 Interface alarm UHF radio and paging
9 Audio and video entertainment
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10 Closed circuit television (CCTV)
11 Meteorological observation
12 Marine radar and automatic identification system
(AIS)
13 Main distribution frame (MDF)
14 Telecom power supply
15 Real time clock (RTC)
16 Telecommunication management system
17 Telephone system (PABX)
18 Office data network equipment
19 Wireless broadband access network
20 Integrated Navigation System
21 Echo Sounder System
22 Speed Log System
23 Voyage Data Recorder
24 Elevator Alarm System
25 ESD (Emergency Shutdown System)
26 F&G (Fire & Gas) System
27 Integrated Control & Monitoring System
& HolEHolas FA AzHAA FFAHoE FaF HolEHEolt.
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Fig. 3.10 Proposed operating schemes of the e-TMS
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Fig. 3.11 Architecture of the proposed e-TMS
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Fig. 3.12 Structure for interfaces of existing TMS
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Fig. 3.13 Structure for integrated interfaces of proposed e-TMS

MIUE HeolHE #Histe dgd<e st §4A Alz=dd tid ZUEH

Aoz} FFssith BE B4 AzHe 59T HolH §3L Afsnz e

2
e
offt
N
ot
N
N
A
N
off
i)
2
>,
>
)

&5 9] Ado] gty JAl Al="l AA

glolg £40] 7hestth

352 T Al=" 3 AEFHol2 4F
D44 84 2 74

53

Collection @ kmou



#3e s
Az AzE B2 oY JhA HolH #¥¢ F-FNY F AR
AAS ol Az E2 Bag
Agstgch. B AzAste] dolH A3 @

A A= A 2},

AzEelA AgEE HolH

goly #/3&
33s goly #3S

Fig. 2.105} Fig. 2.12004 HEA Alx~"Hl 7+ QlEH o] A5 EA 3=
Adbs} FFZHENA ALES= TS HolH 3 & 4 AT AF e
93k do)lg #3& Table 3.6 2t}

Table 3.6 Defined list of data in interfaces test evaluation

Division Data Type Alarm Note
[/O Module AO - Power On Existing
Serial RS232 7 Fower Off Existing
Wet contact 25VDC with Relay Existing
Dry contact Relay Existing
Ethernet TCP/IP Proposed

Ad=% =EE(nput/output module), 2=

E Al(serial communication), -7t

H™(wet contact), FH¢ HAH(ry contach)e 7]E TA Ax"H 719
AEF o] 2o A Tt FE ALE3H= dlolH {3 ot

B =2dAe A AAFer 7P @el Abgste lEY HES A
z2EFZQ oltule] TCP/IPE AAS dolE F3o= At HT S0

TCPIPE AlF3dle A Al

g9 A zAFEC] soiual Atk TCP/IPE Bk

AopstA W B4 A2 el o FAlo] sbssithe Aol Aok
SPe RE FA Axdold BT AgHE AU AR AU AYOR
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Fig. 3.14 Test-bed diagram for existing interfaces in telecom systems
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Fig. 3.15 Test-bed diagram for integrated interfaces in telecom systems
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Table 3.7 Specification of the test-bed

Division Specification

Server CPU : Intel Core i3 4170

Memory : DDR3 4GB

Storage : SATA 500GB

OS : Microsoft Windows 7 Professional DSP 32bit

TIU TIU Simulator

Alarm Generator

SIW Cisco, WS-C2960S-24PS-L

A% e Fig. 3.149} Fig. 3159 B4 A AR, A AR ITL 2%,
1%, 0.5% S92 w2 wAgho)
@ 49 23

Fig. 316 ®lole #3 8 &9 24 3¢ g Bz A ALe 247
Aot

a5 LAY HFo] 2z M & TCPIPZF HA 167.2%(F3 AA)olA i
226.4%(F-Ask ARl A AlRbel AAEHJH. 1= AACdA= Ha
144.7%(d <9 EZ8)NA Hh 246.2%(FA s A5 Ae AZde] AAdEHAH.
0.5% HAAAE HA 1516%(PZEY EE)olA AW 175.2%(F- At HA)<
Ag Albe] AAAAEAH. g7 WA Aol 2x9 1xoM = HolH #¥ 9
e A A Zolrt ZA] & AAH o2 TCP/IP= 7€ dlolE /3

Vel o @A) 7HFo] 2xoA = TCP/IP7E 71+

%

=

)

ofr
o

e 4

ol

57

Collection @ kmou



tlole fF3e Hy Ag AIRF thnl 185.7%2] A Alxte] AHEHIUG 1%
A A= 198.4%, 0.5% HANAE 163.9%] Al Azte] Ad=HAT 0.5%
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Fig. 3189 &% <RIHFAoI2E FIHTAA F=xolth. MUs F4A
ANzgo2RE ddd:D, LdithlM), —ditiMMe] FAZ HolHE
Aggtt. MIUE EE dolHd dis] Aojstx wlojele] F&E AHE
#2343 t). Fig. 318 E4 Alz=H"3 MIU 7+ 3 71ete] Alo]BE QlEH o] 2
HE=R AA 3 A9 h4ske) 2 FEA d a9E deth

-~

(2) T™MS 7= Hl-§ H&3
TMSS] A5 A= fsiAs IMO, =k, A, AEAZE @A 41 Al=H

gk dlele el AAS Agsior ok vlolHE AAStstH TMS Al 2Hle
e-TMS ¥ TIU ¢§lo] dlolHE J3& w3t Fig. 3195 T4 A|2=E
AAstE dHolHE A&eAS B e-TMS x| #Ad g sF=ot
Fig. 2.29] Wr&E3go] tifd AbAal 7Anqd S Hlolg 4o g AN

Fig. 3.18¢ &4 Z3} Table 383 #o] #FIFAI "= d=th 7=
AEH o] 2ol wls) Aloj= 7, Ao, FAA
AUTHI5].

B 72.5%° A7 &3Ut

Table 3.8 Analysis of existing interfaces cost reduction compared to integrated

interfaces
Division of cable Existing Integrated Reduction(%)
interfaces interfaces
Quantity(EA) 197 45 77.2
Length(Km) 20.7 5.6 72.9
Weight(Ton) 4.9 1.6 67.4
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UHF 9] T & [TUoI A &= 300MHz~3GHz= A oE
A 71271 <29 3 (EEE, institute of electrical and electronics engineers)ol] A
300MHz~1GHzZ A o] = tH36]. UHFZ &3d HA| F34 9 Fig. 513}
Zo] 300MHz~3GHzo]t}.

UHF= uyertt Z3o o g9 Faa dggo] =t o5
476~47TMHzE  7MQ1E F3k O <(citizens band)o.Z T A T, F=
470~854MHzE A|/g3}t old=Z TV d(analog terrestrial TV channels)=
3R TH37,38]. v]=o] AH-$-, 225~399.9MHzE & FA F4l(critical military
radio communication) th& o2 TJFsR 3l 2,400~2,483.5MHzE o}u}Fo] Ful4=
e, 14 Fa5 oY, ol Fug tjdezr 9 itH39]l. UHF=
vetetth Fr9sta theFstiAl e o] AR E

At i FEFAEE ITU - SH . 53 o 9(radiocommunication sector)©]
M.1174-2¢] 9J&] 7 FA4l(onboard vessel communication)§°2 T H
450~470MHzE UHF¢] Fits thHo & AREITHA0l B +=FolAs vl
23S 3 UHF F3 S-S 450~470MHzE 2] o) 3o}

3 Wi-Fie=  vlgoA = 54~698MHzE 9= 3

rr

rlo

jQ
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T Y-S 750~790MHzE A} G 2] gkt
Fig. 5.2+ & =&A FEHAA F== A4 e TETRA, UHF, 573 Wi-Fic]
3t Fuh o) o o] BH30].

UHF
450~470MHz
TETRA
360~430MHz

Super Wi-Fi
750~790MHz

Wi-F
24~3GHz

100 200 300 400 500 600 700 8OO 900 1 34y
MHz MHz MHz MHz MHz MHz MHz  MHz MHz GHz GHz GHz GHz GHz

v

oo |m———————

Fig. 5.2 Redefined for frequency bands of UHF, TETRA and Super Wi-Fi

Autz} sFTAE A UHFS %3 Wi-Fig) 22 3ol oiat gele sl
UHF Alz"dld AAEe dEuys 43 Wi-Fiel 453 2geg. 2
w=Rol i Agkshs UHF Al28le] AUg o] gd 43 Wi-Fi 3742 Tds7)
AsME UHF Azdle] Hx 74 BAsd A4 2Bas Aol
Zasith UHF Azdol tia dejue] H2s 41% Amzx a7 Ea)
Aoz =9I

=

5.2 UHF Al2H 7j8

UHF A28lS Abgstes 713 2 548 9oiA Qe FAYas 19 &4

S 37 9% Zolth eEY Y Aud HYTAES gol Bz
TEE 2 A BHANAE YAANA AAA AR FHE Foshe
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Coll

ols) AA=e MAHLh olu <Ht HAel W HFHYe MFEo
AaH o o] Holx @t AuE Telstel WAGTE e Brhesith
3 e

UHF ¢tElvel &8o] 723 22 7 &7 o8 =24
Y @AM UHF A"l digh 2A WA

>

WASE 27 W §e FA A0 A4AT UHF A= 84 gAcIA

Start

Distance check
(Antenna , Repeater)

V<

Placement

v

Design of UHF system

T VoV

Self test
(by engineer)

Check Rx/Tx No
(during commissioning)

Installation

Fig. 5.4 Workflow for the existing UHF system

A

g Fo WREY AT Y FA AGTASE Ay FI

rl
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5.2.3 UHF AW A 47 284
Fig. 5.56= A3} s FESHES] =2 HAHANA AHYA A5 A&3 UHF

A zgle] A g ol

Start

Distance check
(Antenna , Repeater)

!

Coverage Study

Design of UHF system

y

Installation

V

Check Rx/Tx
(during commissioning)

Y

End

Fig. 5.5 Workflow for UHF system with coverage study

Fig. 55014 7]& UHF Al2ele] A% A<l Fig. 549 Au|AY ©A <
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A

-

ZH 9k AL AL, T2
& ALk

-

FoEmn @aAol

Table 5.1 Existing coverage study for UHF system in ships and offshore plants

Margin calculations Margin calculations
base to portables (dBm) portables to base (dBm)
Tx Out Radio (25W) 44.00 Tx Out Radio (1W) 30.00
Splitter Loss 1_4way 6.50 Splitter Loss 1_4way 6.50
Splitter Loss 2_2way 3.50 Splitter Loss 2_4way 6.50
Splitter Loss 3_4way 6.50 Splitter Loss 3_2way 3.50
Splitter Loss 4_4way 6.50 Splitter Loss 4_4way 6.50
Coupling Loss Leaky Coupling Loss Leaky
59.00 59.00
Feeder(2M/95%) Feeder(2M/95%)
Add. Loss Feeder and Add. Loss Feeder and
6.92 6.92
Connector Connector
Leaky Feeder Loss 1.06 Leaky Feeder Loss 1.06
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Rx Input Leaky to Base
Tx Leaky Feeder -45.98 -59.98
Station

Threshold Level Portable | -103.00 | Threshold Level Portable | -113.50

Margin 2M 57.02 Margin 2M 53.52

Margin 10M 43.2 Margin 10M 39.52
71EY AWA A7 S-S fFsr] fs B =82 3x9d 7|6k
AR AFE FIIT AR AT Ay FEFANES FHI
Tz 7R ALE Wt 220 el ¥ Ak E43 UHF Al2dle)
Az AZIE I 3 7Rk AR AT AAAVE AR FA

A8tz Aol AW A
it AMEA dFE AHER

Vs AN E A7t A4,

AMeld A7E Autd AFBAE S48 FAL S8 ) Aol
@t}
5.3 UHF AW #lA 43
531 4% 7

Aukig siFZRNEL AU AARE F42 QHUE AolE HEE wet
AAS T, AAANE Do dHUE ANBT T FEUE A5 AL
e 5 Qe AU AclEAE ot Ao Wk MUY Y Foe
v gow Adst Ht Foo] g Aue Axde R 98 dd
Helg @k oldel Wag TA GHUE g8l Aol ddE oo W
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v

Fig. 5.6 Main deck in semi-submersible rig
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2e

ALt BE Ay 792 dEE k. AAFo thE A A
T9o 9= Zol(length)7} 96.131) E]o] a2 Z(breadth)& 77.767] €] o]t}

Ll

e

Fig. 5.7 WHSFAFA9] o]3 dA(upper deck)® A Folth. 2&H

A9 ZzrolA W 71=7), A= derrick) 59 ASFE AT 4 9= A7}

= 8597 Meters

Breadth

Length = 107.41 Meters

Fig. 5.7 Upper deck in semi-submersible rig

AA Al tid AR Ao ®Hee Zollength)7 107.417]) ¥ o] aL
#(breadth)2 85.977]Elo|t}y. AA AH= HX|(winch), ©F ZX|(escape
chute)e} Z2 EESH 2 U] MAF BHh do|9} Zo] Y.

532 44 Ui
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AW A AT 7]Fe] HE Ex A% Al7|(target signal strength)$} =3
71¥ 2] A|(target coverage)E Table 5.29} #o] A3tk &EF 235 Ar|E
dBm(decibels above 1 milliwatt) o2 Jebdth Al x] A= Fig. 5.83% 2o
TP Table 525 W= wj7tx] wrEHT Table 5.3& 7AWYA ATE

=33l An)o] A& A}oko)tH4Tl.

Table 5.2 Specific design requirements

Category Requirement

Target signal strength Fringe area : < -85dBm

Dead spot : < -100dBm

Target coverage 95%

Start
e——UF L,

Antenna placement

y

Coverage Study

Check
(Fringe area, Dead zone)

No
Acceptable

Yes

End

Fig. 5.8 Workflow for coverage study of proposed UHF system
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Table 5.3 Specification of the environment

Division Specification

H/W CPU : Intel Core i3 4170, Memory : DDR3 4GB
Storage : SATA 200GB,
OS : Microsoft Windows 7 Professional DSP 32bit

SIW iBwave Design Enterprise v 6.4.3, 32-bit Edition

533 43 A

Fig. 5.9 AdA R tha 7] DA AW EA d7FE s Aot

Power
[dBm)]

>=40.00 (29.2 %)

>-50.00 (58.0 %)
>=55.00 (72.0 %)
>-60.00 (80.3 %)

>=-65,00 (84.9 %)

>-75.00 (89.3 %)
() o]

>-80,00 (90.5 %)

>-85.00 (81.6 %)

——
L =

>-85.00 (94.7 %)

=100.00 (96.5 %)

Fig. 5.9 Initial stage for coverage study at hull side
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ZYUR Ao Ex 425 A7|d -85dBm ¥ o AW A= 91.6%°|t}. Table
559 Hx A5 A7l¢t Bx AWEAE BT 9EsHA| &t A5 (bow) e
2 FYole -85dBmiETh e ZHA Y3 -100dBmEth #He WA
A o] A A=A

Fig. 510 Aol FA4 QU] HX A2E wWAsty dgZ HHus
F7hete AR LS WSt HF A AngA dTE AT Aol
ZUA AHe] B A5 A7) -85dBmY wl AW A7} 95.9% o]t} Table

Power
[dBm]

>-40.00 (10.0 %)

>-50.00 (25.2 %)
>-55.00 (39.7 %)
>-60.00 (53.9 %)
>-65.00 (4.4 %)

>-75.00 (84.8 %)
>-80.00 (92.5 %)

>-85.00 (95.9 %)

>-05.00 (98.2 %)

>-110.00 (99.7 %)

Fig. 5.10 Last stage for coverage study at hull side

MARE A
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A2y AA o AA(clamp)E AAste] Ha AL WS Hosgio.

Fig. 5.11 Installation of Leaky antenna

AMeA A7/t glol Fig. 5.10% @o] 4 dEUE HXsdvhd Fig.
540AHY AvAY BAA ZhA Az W AGe felrl A
AAYel7k A7 UHE SIS S AA 82 w8 Sasge ol

T2 U AA F AR WAl oy mEe dwtdo=m dAE

[k

Fig. 5.12& AA| 5o tig 27| @A AR AFE s Aot
g Aol 2w A% 472 -100Bm wje] #Aw el 93.9%0]th. Table
5.2¢] E3& Az AZet H3x AMYAE BT UEHeA Feth 19,
) (stern)2} A (starboard)2} & (port)e] 2 FHoll= A A3} A
A go] A,
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>=40.00 (9.1 %)

>=50,00 (18,9 %)

>-55,00 (34.9 %)

>-60,00 (57,2 %)

>=85,00 (67.0 %)

>-75.00 (78.0 %)

>=80,00 (81,8 %)

>=85,00 (85.5 %)

>=6%,00 (90,9 %)

>=100,00 (3.9 %)

SRR

i
r>~
__)fi_t"
0%
1z
fr
r>~
o

9 ox=5 F7to=m xR Y7 Yty 2o
WAISEA] k= Z o=z olsistt. gy Fig. 4.13 o] AA ARd=
715 (columm) 3 2 Fx= 77, 8%, AdAd o8 A X9y

4 Aol wART eEd Avat HFFAE T/ IS T 2343

Fig. 5.12¢} #Zo] Aol ¥ <HHY DHEE Table 529 H% ZAWYAE
HEE 4 QT Aol fiAE # bEUe] Avb= AA AR Jh=E
Jde FAEn $dxn #GHde AEF 7|F7|(antry crane)o2 s Adn|
Fo= o] HA f= Ao E4HUY

Fig. 5.12&= Avlel & ¢HUE F78te A& &St H$ 99
ANZA AFE AFYE Aot ZdA AHe EFEx AT A7

[
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-85dBm¥ = AW A7} 95.9%¢]t}. Table 5.2¢ &5 AMg
A Tl i ZdA A9 G AGe AAS A

o
b
4
o
_lol?f
K

Power
[dBm]

>-40.00 (10.0 %)

>-50.00 (25.2 %)
>-55.00 (39.7 %)

P’ [ 5-60.00 (53.9%)
s’ | 4 >-65.00 (64.4 %)

>=75.00 (84.8 %)

(4 Sl [ >-80.00 (025 %)
4 E
: : >-85.00 (95.9 %)
|

>-85.00 (98.2 %)

>-110.00 (99.7 %)

wAlClAe HA WS MA wAel wal Ha @ oul olge] wulgtels}

FA3 vg SHoA v TSt
UHF Alz=gle 7AWgA A5 58 AA &S FHsio] Adxks
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Fojop Ik AR TR AEs
H UHF #AWgA d3FE Agsted FzxE9
5] mhetste] Qb AbaLel inls|of
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Al 6 A ¥ Wi-Fig 89 34 0o 8 Awex] A7

6.1 73 Wi-Fi %9

79 Wi-Fie= WLAN(wireless local area networks)ell ™id =<2 IEEE
802.11af ¢} WRAN(wireless regional area networks)ol] th3dt %321 [EEE 802.22¢]
olg] AFoHATH48]. 3 Wi-Fie TV 3lo]E Auo]x9o Fa4 Y
o]-§ste] Wi-Fiet 2& 41 AUl Aul2~E A&3th Table 6.13 Zo] 73

Wi-Fi= Wi-Fi 2t} w2 54~790MHze] F3} & AR83HH49].

Table 6.1 Comparison between Super Wi-Fi and conventional Wi-Fi

-§ ) o = g X
S F | 8§ | B s |22
s | § = 8 E 3 g s
= ? i3 m = 8
wn

- 2.4GHz 20MHz 20m 2Mbps
a a 5GHz 22MHz 35m 54Mbps
[aN]
'32’ b 2 4GHz 21MHz 35m 11Mbps
g
= g 2.4GHz 23MHz 70m 54Mbps
2
[t
3 n 2.4GHz,5GHz 20~40MHz 70m 600Mbps
o
()
g ac 5GHz 20~160MHz |  35m 6.93Gbps
(@)

ad 60GHz 216GHz 10m 6.76Gbps
= 54~698MHz
> | go2.11ar | n USA) 6~8MHz | 400m~1Km | 26.7Mbps
3] 470~790MHz
3 (in Europe)

Collection @ kmou

89




¥ Wi-Fis 71 Wi-Fiol ®ls] A5 A27F 58 ol Ao F3&2 9
Aol gk AW YAE 168 o] F WTH50]. 802.11afoll A 2=
3 Wi-Fiol i3k +x+ Fig. 6.13% 226,511

AP1 STA

= [nternet :
— Infrastructure GDD-enabling STA GDD-dependent STA

---- Over the air <>B
f‘-.‘-‘
D

Geolocation
database
\
y

A
Registered location GDD-dependent STA
secure server
STA,
......................................... >
......................................... >

o O  RLLLELEE >

GDD-dependent STA
STA3

Geolocation
database
A
7

GDD-enabling STA
AP2

Qutside scope of IEEE 802.11af std. Scope of IEEE 802.11af std.

Fig. 6.1 Example TVWS network including all 802.11af architecture entities

802.11af ol gt ¥+ GDD-enabling  STA(geolocation  database
dependent-enabling  station),  RLSS(registered location secure server),
GDD-dependent STA(geolocation database dependent-depentent station)e]t}.
GDB(geolocation dataBase)?} RLSS?} GDD-enabling STA 2+ A9 #H&
s=Z(high level entities)oll th3k FA1& 802.11af2] W LlolA Alej=dth. RLSS<t
GDD-enabling STAE JEHU S T3l A8 753 Slo]E 2do] 2 & 53t
RLSS+= 719t AlE& &3l GDD-enabling STA®} FAlsta FHde

=
253tk GDD-dependent STAE TV 3lo]E  Ado]lx oy v &
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ISM(industrial ~ science  medical) t4¥ WA  GDD-enabling  STA<}

F-XM(over-the-ain .2 <43k EAl(bidirectional over-the-air communication)<-

ok
=

Fig. 6.2 Fig. 6.18 7|F2o2 3 43 Wi-Fiol o1& 7/lg=o]t. GDBE A&
7Vedt TVslelE ~dol2~E 7HXth 7|A=S Ale 91X FRE GDBO
AEdT. GDB= AHE 7hedk TV 3lolE o] 28f Fua tidgll A
BEE 7|AF AFSh JNAFES AE 7HEd TV Ad FolA 73 Wi-Fi
AMul2E A &9 Ade Adsty APE 58 3 Wi-Fi AuxE

A ZHRITHH30].

01

Geo-location
Database

VRIS e ~ > TVWS
Internet Base Station

Fig. 6.2 Schematic diagram of Super Wi-Fi

Z+= GDBE Al9Jstd 7|& Wi-Fiel frAlstth. 73 Wi-Figl

4
o
=
e
o

i-U

=44 GDBE /b7l W fit(nlicensed F34 mjeg Agatr] 99
astth AFS P Ave S¥ BE AYAt SEHE IS
Fohsol AAA eth @HA TV HolE 2MoxE HEAC sk
BASE gtk Aol Azsld AL WE s GDBoE Aol F=

91

Collection @ kmou



e
o
o
o
i
A
[m
rr
%
oft
4
18
o
—J
<
2
L
[m
[>
=,
e
[>
3
)
e
oX

Wi-Fig AH&3th

o

6.2 AMIA AT &
B m=Ee A At Fzo dig Fag diY 2@ £4& 918 Fig 6.39)
<

19,000TEU AElelHd S oz 7 A

Fig. 6.3 19,000TEU container carrier
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7% (receiver dynamic sensitivity)= -100dBmoll4 -110dBme]tH52].

AGEAE A Tl BF wolE F- Ao NAEE Fuss] 9

ZAdA Ao ofgt Holg el Edo] glojof AT AWEA AT 7

2
& T
o

AN

Gl

o]

He 5% A3 A7e S8 7AW gA = Table 529 FUstH29] webA

6.3 AN A AT ¥H

r2
!

Fohr oY 8 Amex }4& Fig

N

6
5200 AMA 712 BE HEY @b wEstel FRdch A

F s wxex zad AHMUE Fskd Awed A7E
Fqdch Table 625 Aveld ATE FASHE guel g
Apego] BHAT)

Table 6.2 Specification of coverage study

29 Zol B AT AZIE -85dBm o4, X AWYAE

95%

Division Specification

H/W CPU : Intel(R) Core(TM) i5-3470 @ 3.20GHz
Memory : DDR3 4GB

Storage : SATA 500GB

OS : Microsoft Windows 7 Premium 32bit

SIW iBwave Design Enterprise v 6.4.3
32-bit Edition
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C start D
J

Propagation distance check
IiN =0

l

Antenna placement
IN = TN + 1

Y

Coverage Study

Y

Check
(Fringe area, Dead spot)

AN A

Check
(Coverage)

= TN : Total number of antennas

Fig. 6.5 Workflow of coverage study for frequency band

6.4 AR AT A3

Table 6.3 AWM A A5 AT A=" # Fyg dido)n] & 53

SAFow Ax" 8 AMYA ATE S
FAU IE AT AWAA AFE FRBTG olF Hx A

A (initial coverage study)gbal o} Aube] F oA Fuk thdo]
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study)egkar gt AR AA ) g AWIA=
]

TN ZAA A @ A

Table 6.3 Defined list of frequency bands

Seq. System Frequency Band
1 TETRA 380~430MHz
3 UHF 450~470MHz
4 Super Wi-Fi(802.11af) 750~790MHz
5 Wi-Fi(801.11b/g) 2.4GHz
6 Wi-Fi(802.11n) 5GHz
6.4.1 TETRA

Fig. 6.63} Fig. 6.7 TETRA¢| tigt AW A A9 Aot} Fig. 6.69
TETRAC oigt Hz= 7R dF= ZdA A Hx AT A7
-85dBm< W HW 2|7} 78.4%°]| .
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Power
[dBm]

>-40.00 (22.8 %)

>-50.00 (36.1 %)
>-55.00 (39.9 %)
>-60.00 (48.7 %)
>-65,00 (55.3 %)

>-75.00 (70.6 %)
>-80.00 (74.2 %)

>-85.00 (78.4 %)

>=45,00 (B2.6 %)

>-100.00 (83.7 %)

- The number of antennas = 1
- Coverage = 76.4% (= -85dBm)

Fig. 6.6 Initial coverage study for TETRA

Table 5.2 Z% 213 A7le} 2% AWygAS BT wEsx st
Mgoh $@e 2el Fodo] -85dBmHT Ze =Zelx Xz -100dBmith
Zre vy Ao vhehth

Fig. 6.7¢] TETRAo| g HF AWEA AFE AHUHE F7ista <L
YA g WAs] AW A7E AP Aol
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Power
[dBm]

>-40.00 (46.5 %)

>=50.00 (60.0 %)
>=-55.00 (70.2 %)
>-60,00 (77.0 %)

>-65.00 (81.8 %)

>-75.00 (91.5 %)
>-80.00 (94.7 %)

>-85.00 (96.8 %)

>-95.00 (98.9 %)
>-100.00 (99.1%)

— The number of antennas = 2
- Coverage = 96.8% (< -85dBm)

Fig. 6.7 Final coverage study for TETRA

A XY &3 AT A7l -85dBm¥ w AW A= 96.8%°lth. F
271e] TETRA <HEHUZE Table 529 7|&€ EF WE3dan Ay 499
ZedA A ¢y Aee wE AAS AT,

6.4.2 UHF
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Fig. 6.87 Fig. 6.9% UHFel thdt A A A5+ Azelth Fig. 6.82] UHFeI
gk Hx ANYA d7e ZdA Ao HxE AT A7 -85dBmE
AWM YA 7} 74.7%°)tk. Fig. 6.69] TETRAO ™3 A= Awgdx A+ ®Hot
AW A o A 4.7%7} Pt

Power
[dBm]

>-40.00 (20.0 %)

>-50.00 (32.8 %)

>-55.00 (37.8 %)
>-60.00 (45.6 %)

>-65.00 (53.5 %)

>-75.00 (67.4 %)
>-80.00 (71.0 %)

>-85.00 (74.7 %)

>-95.00 (79.6 %)

>=100.00 (81.9 %)

— The number of antennas = 1
- Coverage = 74.7% (< -85dBm)

Fig. 6.8 Initial coverage study for UHF

Table 529 Hx& 2135 AM7Z|et Hx AWIIAE EF TE3A &=
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A3} -100dBm = o}

A%sl g@e) Y T -85dBmuTH 2 ZA
22 A AYo]l yehygth 53] oA Z™A A9 A Z Yo
TETRAS W& Hz Awelx 97 nok WA Bxac
Power
[dEm]
>-40.00 (47.8 %)
>-50.00 (60.9 %)
>-55.00 (68.8 %)
>-60.00 (76.1 %)
>-65.00 (80.2 %)
>-75.00 (87.8 %)
>-80.00 (2.8 %)
>-85.00 (95.8 %)
5-05.00 (98.1 %)
>-100.00 (98.8 %)
- The pumber of antennas = 2
~- Coverage = 95.6% (= -85dBm)

Fig. 6.9 Final coverage study for UHF

gk HF 7ANgA d7e ZdA AYY Hx A%

Fig. 6.99] UHFe
AW E A= 95.6%°]th. F 27§e] UHF <te|UZ Table

Al71¢l -85dBm<Y

100

Collection @ kmou



529 7€ EF UEsta Ay 799
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6.4.3 Super Wi-Fi

Fig. 6.107} Fig. 6.112 <3 Wi-Fiell thdt AWM A7 Aot

Power
[dBm]

>-40.00 (17.3 %)

>=50.00 (26.8 %)

>-55.00 (34.3 %)
>-60.00 (39.6 %)

>-65.00 (43.2 %)

>-75.00 (59.6 %)

>-80.00 (65.9 %)

>=-85.00 (70.8 %)

>-85.00 (78.6 %)

>-100.00 (82.3 %)

— The number of antennas = 1
- Coverage = 70.8% (= -85dBm)

Fig. 6.10 Initial coverage study for Super Wi-Fi

101

Collection @ kmou



Fig. 6.109] 3 Wi-Fiol tigt Hzx AWA A7 2z A A Y9
2% A5 4719 -85dBmY w Aw g =7} 70.8%°]ch.

Fig. 6.62] TETRA®l utigt Hz AWM A7 Hoh AW A5
9.7%7} Ytk Fig. 6.89] UHFol tig Hx AWMgR A7 Bt AwA 4
5.2%7} 2T} Table 529 % A5 A7jeg} Bx AWAES BT 9

get

ofr
flo

N
o
oK
X

Power
[dBm]

>-40.00 (46.3 %)

>-50.00 (60.8 %)
>-55.00 (70.3 %)
>-60.00 (76.1 %)
>-65.00 (80.4 %)

>-75.00 (89.7 %)
>-80.00 (92.8 %)

>-85.00 (95.5 %)

>-95.00 (98.1 %)

>-100.00 (98.8 %)

- The pnumber of antennas = 2
- Coverage = 95.5% (= -85dBm)

Fig. 6.11 Final coverage study for Super Wi-Fi
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Mo 9@, Hdel %e Too] -8sdBmmTt e xax A dw
-100dBmETH 2o @y xedo] Jepgth TETRASH UHFolAE ey
orotd HHo] ZaAX A WA o] Yehit.

Fig. 6.119 3 Wi-Fiol t@ % #Awex d7e Ao
Al AM7]el -85dBmY W AW A= 95.5%°ltk. F= 270 3 Wi-Fi
FE|LFZ Table 529 /1&g RF DEan Y Too =X A
A edg A

[H

A

AN

6.4.4 Wi-Fi (2.4GHz)

Fig. 6.129} Fig. 6.13& Wi-Fi(2.4GHz)oll ta+ Azl o] Azfolt},

Fig. 6.122] Wi-Fi(2.4GHz)oll tigt H=x AWA A= FF Az A7
-85dBmY w AW A7} 21.5%0]tk. kA TETRA, UHF, 4% Wi-Fie] Hz
A A Aok AAT A Zeolzt AAT. Wi-Fi(2.4GHz)e] 7AW 2] A
%%5-& TETRAS| W3 72.6%, UHFe wlal 71.2%, -2 Wi-Fiol ®3) 69.6%7}
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Power
[dBm]

>-40.00 (1.9 %)

>-50.00 (5.0 %)

>-55.00 (6.6 %)

>-75.00 (16.2 %)
>-80.00 (18.8 %)

>=-85.00 (21.5 %)

>-95.00 (29.7 %)

>-100.00 (35.3 %)

- The number of antennas = 1
- Coverage = 21L.5% (= -85dBm)

Fig. 6.12 Initial coverage study for Wi-Fi(2.4GHz)

Wi-Fi(2.4GHz) <ty FHE Asty A FYo] ZAX -85dBmEch 2
ZYA A9 -100dBmET 2 A QS g & A 53] <Y}
A7 A Aol 34 A Yol WA yerS
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Power
[dBm]

>-40.00 (23.4 %)

>-50.00 (35.1 %)

>-55.00 (43.1 %)
>-60.00 (51.0 %)
>-65.00 (62.7 %)

>-75.00 (84.6 %)
>-80.00 (92.2 %)

>-85.00 (95.5 %)

>-85.00 (99.5 %)
>-100.00 (99.8 %)

- The number of antennas =13
- GOVenge = 95.5% (= -85dBm)

Fig. 6.13 Final coverage study for Wi-Fi(2.4GHz)

Fig. 6.139] Wi-Fi(2.4GHz)ol gt HZE Awelx A= Zdx 2o 23
ANE A719 -85dBmY W AW A= 955%elch. F 13719 Wi-Fi(2.4GHz)
QHEIUE Table 5.2¢] 7|&s EF 9Fsta A 799 =dA AYy +4

AH9 S AAsEAH.
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6.4.5 Wi-Fi (5GHz)

Fig. 6.14¢} Fig. 6.15%= Wi-Fi(5GH2) th& AW A A< Aot

Power
[dBm]

>-40.00 (0.4 %)

>-50.00 (1.9 %)
>-55.00 (3.3 %)
>=-60.00 (5.7 %)

>=65.00 (7.3 %)

>=75.00 (11.9 %)

>=80.00 (14.0 %)

>-85.00 (17.0 %)

>-95.00 (22.2 %)

>=-100.00 (27.3 %)

- The number of antennas = 1
- Coverage = 17.0% (= -85dBm)

Fig. 6.14 Initial coverage study for Wi-Fi(5GHz)

Fig. 6.14¢] Wi-FiGGHz)ol thd Hzx AR A7+ FF AS A7l

<
-85dBm¢¥ AW E A= 17.0%°]t}. Fig. 6.129] Wi-Fi(2.4GHz)ol W3t Hx
AMel A AT wok 20.9% Fe AMA A5E GET,
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Power
[dBm]

>-40.00 (3.9 %)

>-50.00 (23.5 %)
>-55.00 (31.2 %)
>-60.00 (36.3 %)

>-65.00 (43.9 %)

l >-75,00 (73.4 %)
o - '
\_zﬁ 1 >-80.00 (86.9 %)

]

= - >-85.00 (95.3 %)

_L-“ ;l Aa i

\‘\\
L
l Jw B 510000 (09.7 %)

>-95.00 (99.4 %)

- The number of antennas = 15
- Coverage = 95.3% (< -85dBm)

Fig. 6.15 Final coverage study for Wi-Fi(5GHz)

Table 6.3%] Fa o gt AR A9 23 T e <HEU=E
7Vsek AW A7 7HR @kt UHF Ro+= 77.2%7F @311 73 Wi-FiRog+=
76.0%7} St} Table 5.29] 23 A& A7|9f 2% AWIAE BT TE35HA

=t Wi-FiGGHz) QtElve] FH& Aefsta A F9o] ZA -85dBmEth
22 zdA AY3 -100dBmEn e 3 AY9ES gdd ¢ Ao A
Tl AAH =ZdA AGEHG GA Aol YA YElETh Figo 6.159]
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Wi-Fi(5GHz)oll tigk HF 7AWeA d7= ZPA Ao dizdk & Uz
7191 -85dBm¥ = AW A7} 95.3%°]th. & 157§¢] Wi-Fi(6GHz) <HElU=
Table 529 7|¥& =5 wEsta ¢ oo Zdx] A9 GA A9
A A s

Fig. 6.162 F3 thy ¥ =53 A5 A7|e S8 7ANAS wHsi=d
a3k tdYve] JiE Hlwd Aotk TETRA, UHF, ¥ Wi-Fie 2719
GEHUYE AW A7 7HsPA N Wi-Fi(2.4GHz)+= 1370, Wi-Fi(bGHz)+= 1571 ¢]
GHU7L 2

Number of antennas by frequency band
18

16 15—

14 13 =
12 =
10 =
(EA)
8 —
6 |
4 7 -
2 2 2 Z
21 1 4 1 L1 V4
o E\ RN RN ) W)
TETRA UHF Super Wi-Fi  Wi-Fi(24GHz)  Wi-Fi(5GHz)

oFirst coverage study ~ @Final coverage study

Fig. 6.16 Result for the number of antennas by frequency band

2% AWYAE B 9%
FEILS] AL FAMRTHE AL ¢ 5 9

Fig. 6.17& F3t% oo @ Az AMIA 47 AF ARIA A7
B ANGAE MG FU5 o) S AR Hx
Ameln] AFHE Fos AmelAel Folg FAF F Utk
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MHzt) F34 )9S AH83t= TETRA, UHF, 73 Wi-Fie H7 AW A7}
74.6%°1t}. ol Wl GHztl Fat4 WS AR83h= Wi-Fi(2.4GHz, 5GHz)9
B ANEAE 193%0th & FaF gIdLFE GEUe] AWHAE
Al VERSTH

Coverages by frequency band
100 96.8 95.6 95.5 95.5 95.3

90 —

80 74.7 ]

70

60 -

(%) 50 -

40 1

30

17.0 -

20 4

10 4

TETRA UHF Super Wi-F1 Wi-Fi(2.4GHz) Wi-Fi(5GHz)

OFirst coverage study ®Final coverage study

Fig. 6.17 Result for coverage by frequency band

I

AL o259 UREe Auty SHIFZFAPECA 24GHz ©)4<] Wi-Fig
ste] B4 YESLZ 84S T AL AdH v YulE x5t
A Bl A AjeA Foke S ANYA d7E T3 FHsA
Aako A 473 Wi-Fie TETRAE U+ 9.7%, UHF HU& 52%9 &
AWM A A%5S vebdth &9 TETRA, UHF, 773 Wi-Fie 593 27)¢]
FEURE Aut AAE AR & F oS FASATH

B =84 Adst= UHF 71dke]l 79 Wi-Fi 34& 737 fsliae
7% Wi-Fizk UHFel wla] Foixo=m HF3 52%° AWHAE F7I=

o

o]

d

mlo

ofo
o

]:o[l

S~
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WHEY £ J=s FAHolol Atk wekd 73 WiFirh 2E AMIAE
WEG el cheld A% et 9IA 53 2o HUF BHM UHFZE
2% AWelAE wEkslop @k B = UHFZMe %3 WiF 24

MEYD $4¢ TSRS AL AFS 53 FPP
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ATHAD R A5 Bt

7.1 e-TMS A% 7}

711 2% ¥73 £ 74

T QAEH 2 #Ao tig FA AI=E 3 QIE#H )2 5% 4T
W7t A3dE utgo g Table 7.13 Zo] dHole #F3& v MES At
Table 7.1¢] ¥ 1%EH ¥ 6H7AAE 71 §4 Alz=dd i dlolH
Fdolx =¥ 72 At FAl Alzde o dHeolH f3olth B AHAI=
AA dHolEl #FFo= oltule TCPIPE Atath <& 14 IdF
7HAZ AEst &t dHeld #£3 8 Azl At ik 5AS &< ok

<2 A AzEe dd ARMARS FAR e & /AR Aot

Table 7.1 Defined list of data type

Seq. Division Data Type Alarm Note
1 /0 Module AO(Analog Output) - Power On Existing
. - Power Off ot
2 I/O Module | DO(Digital Output, 5VDC) Existing
- Door Open
3 Serial RS232 Existing
- Door Close
4 Serial RS422 Existing
5 Wet contact |Wet contact(Relay, 25VDC) Existing
6 Dry contact Dry contact (Relay) Existing
7 Ethernet TCP/IP Proposed

2 =2 Fig 7.13% o] 71& TMS %9 Fig. 7.2¢} o] e-TMS 72&
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T53ste] Table 7.19]

tlolel 3o ok Ay ARFE FASY Hw
B3
71E TMSE ElolE f3vit Ao Aol8d TIUE 2= FA AT TIUE
dolE #+3-& TCP/IPZ H7 3o}
Location : System#1 Side Location : System #2 Side Location : System #23 Side
System #1 System #2 System #23
| (] ” Dry || Wet ” Serial| | uo: ” Dry H Wet ” Serial| | (0] ” Dry ” Wet ” Senal|
T L] ] [ ] L] l L] L] L] L] L] ] []
- N
" ] " . w | ] " . . ] ] "
' . ' ' g ' ' ' . : '
| H o (| || ol e | e H w W o
]
1
1
| Ethernet | | '\_ Ethernet | | Ethernet |
N P
\
b}
\
wnwnnn Gonfrol
Ethernet
Fiber optic
gl S
I/ Z I/ AN
; Ethernet X ‘ \\‘ Ethernet ‘
\ ' \
!
\\ i ]
0 3
Server Client PC
Location : Electric Control Room Location : Main Control Room
Fig. 7.1 Test-bed diagram for existing in TMS
e-TMSe] ¢ T4l Az=®ldA  2H  TCPIPE TAyIH. F&
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dojefulol 2= T4l Alzdle] e IFAHAERE FHstH dHolH ZVE

Location : System#1 Side Location : System #2 Side Location : System #23 Side

System #1 ¢ System#2 System #23
TCPIP | | : TCPIIP | | TCPIIP
H T :
!
I
I
I
I
:
i. Ethernet
. 1
Location : EquipmentRoom :
I
]

s nwnn Control

Ethernet
Fiber optic
o"’
’#
i 2
l’ ”
I :’ Z : : \ AN
| ! Ethernet | | ‘, Ethemnet |
CBE | '
‘..’ a
x
s Common
L oenver Database | | Client PC
Location : Electric Control Room Location : Main Control Room

Fig. 7.2 Test-bed diagram for proposed in e-TMS
Table 7.2 A@&A g Aulo AR Arolth. AFLS dolH /3
HE dd AQAA, & WA A Y &S v 3 o g 142 2%

1%, 0.7%, 0.5%, 0.3%, 0.2%, 0.1 @Holt}.
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Table 7.2 Specification of the test-bed

Division Specification

Server CPU : Intel Core i3 4170

Memory : DDR3 4GB

Storage : SATA 500GB

OS : Microsoft Windows 7 Professional DSP 32bit

Database : MS-SQL Server 2008 R2

TIU TIU Simulator

-Alarm Generator

-Alarm Server Interface with MS-SQL Server

-Alarm Client Module

SIW Cisco, WS-C2960S-24PS-L

diolg el AY AZFe 374e] dAZE vFo] ATt 1d-Al(source-TIU)+=
EX A 2"HoA o] @A AZEE dFS TIUZ HAGstar TIUAA
o] dolH #82 TCP/IPE WASI=H 714 4285+ Algtolt) e-TMS+=

Tl Al zdlol A heho] AR AZEE A Al

[>

Ho] &&o] Holy f3<
TCP/IPE FHlst=dl 7HA A8 == Aztelth. 2@ A(TIU-server)= Hl ol E
Fr@ol TCPIPR <&&ho]l TIUCAFE AWl E2tet= H7MA £28H=
AZtoltt. e-TMS= &#tol T4l Al Z=HloARE Aud =2tét= H7HA
285 E AZrolt. 3dAI(server—client)= A Wol| I&FHS HASE AIZHEE

Foho|dE PColl &#o] Yetue HI7bA &85 AlRtoln.
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712 A3 A

Fig. 7.3 4 Fig. 7.8 7]& TMSellAl 7]& dlolE 3o tigk 798 A

AZHe ZAste] Bs Aot

Existing - AO

300.0

250.0

200.0 \
2(Sec)
1(Sec)
—0.7(5ec)
150.0 —0.5(5ec)
——0.3(5ec)
——0.2(5ec)
100.0 \ 0.1(5ec)

TR

(ms)

50.0 —
| |

0.0

Source-TIU TIU-Server Server-Client

Fig. 7.3 Average processing time for existing-AO in terms of phase

Table 7.3 Average processing time for existing-AO

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 120.1 62.2 93.0
1Sec) 133.7 92.0 61.7

0.7(Sec) 140.8 47.2 72.9

0.5(Sec) 148.2 127.1 78.5

0.3(Sec) 223.2 177.9 81.1

0.2(Sec) 234.1 155.8 87.0

0.1(Sec) 226.6 201.0 88.4
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300.0

Existing - DO

250.0

200.0

(ms)

7\

150.0

100.0

I\

50.0

A

0.0

Source-TIU TIU-Server

Server-Client

——2(Sec)
1(3ec)
—0.7(3ec)
——0.5(5ec)
—0.3(Sec)
———0.2(5ec)
0.1(5ec)

Fig. 7.4 Average processing time for existing-DO in terms of phase

Table 7.4 Average processing time for existing-DO

Collection @ kmou

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 98.2 84.9 53.2
1(Sec) (0 82.6 63.3

0.7(Sec) 117.7 80.0 72.5

0.5(Sec) 124.2 144.0 78.2

0.3(Sec) 135.6 201.4 81.6

0.2(Sec) 145.3 208.9 89.5

0.1(Sec) 155.1 259.5 89.3
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Existing - R5232

300.0

250.0

. ;—\\

2(Sec)

——1(Sec)
150.0 ——0.7(Sec)
" ——0.5(5ec)
—0.3(Sec)
——0.2(5ec)
100.0 0.1(5ec)

50.0

{ms)

0.0

Source-TIU TIU-Server Server-Client

Fig. 7.5 Average processing time for existing-RS232 in terms of phase

Table 7.5 Average processing time for existing-RS232

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 152.0 97.9 55.7
1(Sec) 173.1 94.6 65.5

0.7(Sec) 177.3 Sl 74.1

0.5(5ec) 184.4 175.5 77.1

0.3(Sec) 195.9 215.9 83.7

0.2(5ec) 211.0 234.7 86.9

0.1(5ec) 219.2 259.1 89.9
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Existing - RS422
300.0

250.0

200.0 /_/_‘\\\

2(Sec)

\ ——1(Sec)
E ——0.7(5e0)
150.0 ——0.5(5ec)
——0.3(Gec)
——0.2(Sec)
100.0 \\\\ 0.1(3ec)

Source-TIU TIU-Server Server-Client

s)

50.0

0.0

Fig. 7.6 Average processing time for existing-RS422 in terms of phase

Table 7.6 Average processing time for existing-RS422

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 153.5 119.6 53.2
1(Sec) 174.3 110.9 64.3

0.7(Sec) 178.6 118.6 72.1

0.5(Sec) 186.4 203.5 77.5

0.3(Sec) 196.9 219.0 82.6

0.2(Sec) 203.2 256.5 86.0

0.1(Sec) 220.3 274.5 89.2
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Existing - Wet Contact

300.0

250.0

200.0

7 N\

{ms)

150.0

— \

100.0

\\\

0.0

Fig. 7.7 Average processing time for existing-Wet Contact

Source-TIU TIU-Server

Server-Client

——2(Sec)
—1(5ec)
——0.7(5ec)
—0.5(5ec)
——0.3(5ec)
—0.2(5ec)
0.1(5ec)

in terms of phase

Table 7.7 Average processing time for existing-Wet Contact

Collection @ kmou

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 150.4 121.5 56.4
1(Sec) 156.3 119.9 63.9

0.7(Sec) 165.7 115.7 73.7

0.5(Sec) 172.4 181.8 78.7

0.3(Sec) 184.2 240.3 82.9

0.2(Sec) 192.4 253.7 87.8

0.1(Sec) 205.7 278.8 90.3
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Existing - Dry Contact

300.0 =
250.0
200.0 é \
2(5ec)
1(Sec)
—0.7(Sec)
150.0 ——05(Sec)
—0.3(3ec)
——0.2(5ec)
0.1(5ec)
100.0

50.0

(ms)

0.0

Source-TIU TIU-Server Server-Client

Fig. 7.8 Average processing time for existing-Dry Contact in terms of phase

Table 7.8 Average processing time for existing-Dry Contact

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 178.9 120.7 53.4
1(Sec) 216.9 120.7 64.2

0.7(Sec) 196.8 120.0 73.7
0.5(Sec) 204.1 203.2 76.6
0.3(Sec) 217.1 260.8 83.0
0.2(Sec) 231.2 265.9 86.8
0.1(Sec) 242.0 296.0 90.2

6710 HolE #¥ =T U@ WA Fr)7h HLHE 1wl A Azl
=7 Utk B4 A3 TIU7 deld #8< TCPIPE WAsE #Ae)A
He) Azke] ZhSAT 1A He Ado] WAsE AA Azl He
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A= U F3Fe FAY 4" 2 FU17F 072 B Ze 5 1949
2eAI el A Azol FA3 Frbskth

Fig. 7.9= e-TMSel A At dlol8 #&ol it 79% A ARbs S4 3k
B Aolty. 7E TMSek= 28 &% 24 F717F ZdHzts 194 9
JEAll Al AR kA AHoIH AP A A2 BASA Fun. dH A
F717F 0.7 Bo S 5 28419 Ag At SUsk A

Proposed - TCP/IP

300.0
250.0 // \
200.0
—2(5ec)
—1(5ec)
——0.7(8ec)
——0.5(5ec)
——0.3(5ec)
——0.2(5ec)
100.0 / \\ 0.1(Sec)
50.0 ;

{ms)

150.0

Source-TIU TIU-Server Server-Client

Fig. 7.9 Average processing time for proposed-TCP/IP in terms of phase

Table 7.9 Average processing time for proposed-TCP/IP

Interval of alarm Source-TIU TIU-Server Server-Client
2(Sec) 85.0 125.1 42.5
1(Sec) 90.0 134.9 47.6

0.7(Sec) 94.9 135.6 4.1
0.5(Sec) 104.9 190.0 51.5
121

Collection @ kmou



0.3(5ec) 105.9 257.9 51.9
0.2(Sec) 110.0 270.0 54.3
0.1(5ec) 115.1 271.1 53.0

d3 BT 2gAA dE T Ao e 5 A Al

EI Fehs doldy AgFel wedth webA
58 Bded dolEE sk

250.0

gk 7o AEdE Bla &

dHol

200.0

150.0

(ms)

100.0

z¥o] Z7hsrATh

gol WAsHE

dFe A7lE

>

7S s

g

o

F@

il

oA
=

—Existing-AQO

—Existing-DO
—Existing-RS232
—Existing-R5422

——Existing-Wet Contact

Existing-Dry Contact

——Proposed-TCE/IP

0.0

Source-TIU

TIU-Server Server-Client

Fig. 7.10 Comparison of total average processing time for all data types in terms
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of phase

122



Table 7.10 Total average processing time for all data types

Data type Source-TIU TIU-Server Server-Client
Existing-AO 175.2 117.6 74.7
Existing-DO 126.7 151.6 74.8

Existing-RS232 187.6 167.0 76.1
Existing-RS422 187.6 186.1 75.0
Existing-Wet Contact 175.3 187.4 76.2
Existing-Dry Contact 2124 198.2 75.4
Proposed-TCP/IP 100.8 197.8 50.7

e-TMS+= 197, 3@AlA 7H 3 Ag AIFE vbedlt 194 ol A
Mg e AEg NS HQ 71E TMSY 71E-FA% FHdE 111.6mse
B A HE 2olE Uehdth 18404 e-TMSE 71& TMSET Ha
125.7%1 4 A 210.7%2] A& £=7F FFEHAS. 2GA A= e-TMSo th g
Al Azto] FdiAow A FAFJT. 19A A e-TMSY Fixo=
weE Xz Aoz <Jdd HEYZ HIt F73 Aoz BEYFEAG
AN e-TMSE  HE  148.7%9 Ay £x7 FFEHUG. FT&
blolElulo] 271 AW o] HE Rats ZHAAFTh

Fig. 7.11& A dole #F3ol gt &= T =+
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Hlu 747} 7h5stth

flo

G A Fr7F 2%, 1%, 0.72dA= 7]& TMSe 7|&-old2 1 &93}
71E-OAE ZYo] e-TMSET H A8 Algto] Wit} o] ALsld BF

e-TMS7} 71€ TMS9| HolH #FFEG $3th Heoly #3 2 542
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Average processing time by alarm interval

700.0
650.0
628.2
600.0 5839 5835
560.9 574.8
550.0 545.7 %32 —Existing-A0
’ —Existing DO
233.8 516.1 .
507.4 505 - —— Existing-RS232
500.0 7 S ——Existing-R3422
g ——Existing-Wet Contact
= 450.0 Existing-Dry Contact
= Proposed-TCP/TP
4018 390.6

400.0 -

353.0
350.0 [~ —

328.3_ it _

326.3 X
300.0 3055 wd. 7

2725

952.6 0 :
250.0 608

B =Ty

235.3

200.0
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Fig. 7.11 Comparison of average processing time by interval of alarms for all data
types

Table 7.11 Average processing time by interval of alarms

Data type 2(Sec) 1Sec) | 0.7(Sec) | 0.5(Sec) | 0.3(Sec) | 0.2(Sec) | 0.1(Sec)

Existing-AO 235.3 2474 260.9 393.9 482.2 476.9 016.1

Existing-DO 236.3 257.0 270.1 346.5 418.5 439.7 903.9

Existing-RS232 305.5 333.2 343.1 437.0 495.5 532.6 568.2

Existing-R5422 326.3 349.4 369.3 467.5 498.4 945.7 983.9

Existing-Wet
Contact

328.3 340.1 395.1 433.0 507.4 533.8 o74.8

Existing-Dry
Contact

353.0 401.9 390.6 483.9 560.9 983.9 628.2

Proposed-TCP/IP | 252.6 272.5 284.7 346.3 415.7 434.4 439.1
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Fig. 7.12 Average improvement of performance by interval of alarm based on
proposed-TCP/IP
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Fig. 7.13 Diagram for UHF system in ships
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Fig. 7.14 Installation on leaky antenna in ships
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Fig. 7.15 Combination diagram for Super Wi-Fi and UHF system
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td

Power
[dBm]

>-40.00 (0.2 %)

>-50.00 (1.6 %)
>-55.00 (5.3 %)
>-60.00 (17.3 %)
>-65.00 (38.7 %)

>-75.00 (76.7 %)
>-80.00 (80.6 %)
>-85.00 (95.1 %)

>-85.00 (100.0 %)
>-100.00 (100.0 %)

Fig. 7.16 Final coverage study for Super Wi-Fi at top side
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>-50.00 (1.4 %)
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>-65.00 (39.2 %)

>-75.00 (78.1 %)
>-80.00 (82.8 %)
>-85.00 (98.7 %)

>-95.00 (100.0 %)

>-100.00 (100.0 %)
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Fig. 7.18 Final coverage study for Super Wi-Fi at hull side
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Fig. 7.19 Final coverage study for UHF at hull side
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