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A Study on the Development of Collision Avoidance
System for Small Vessels Based on Wireless Access in
Vehicular Environment

Kang, Won Sik

Department of Navigation Science

Graduate School of Korea Maritime and Ocean University

Abstract

Despite the continual decrease in the shipping fleet over the past
five years, the number of marine incidents has steadily increased.
Among the marine incidents except for engine damage or incident from
floating object twined around a propeller which are relatively minor,
collision is the most frequent event at sea and its proportion has
been increasing up to 40% from 180 in 2014 to 250 in 2018. In line
with the total number of ships involved in casualties, fishing vessel
1s the most frequent ship type involved in 'casualty with a ship' by
ship category. From a total of accidental events occurred on fishing
vessels analyzed during investigations, a human erroneous action 1s
represented by far the main contributing factor with 76.4% of the
total. Especially, in a human erroneous action, it 1s analyzed that

improper lookout accounts for the majority part of it with 54.2% of the total.
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In order to prevent collision at sea, various studies confined to
merchant ships have been already conducted but, studies related to
small vessels such as fishing vessels have not been carried out
enough. In the case of merchant ships, various navigational equipment
with advanced technology such as RADAR and ECDIS have been developed
and installed to assist an operator. However, for small vessels, only
legally required navigational equipment is opted to be installed due
to the narrow space on board and financial difficulties. Especially,
it is common that only AIS (Automatic Identification System) 1is
installed on small vessels in accordance with the Ship Safety Act and
the Fishing Vessel Act which enforce to install AIS in passenger ships
more than 2 tonnes, fishing vessels more than 10 tonnes, tugboats and
oil tankers more than 50 tonnes. In this case of vessels, AlS-based
collision warning device 1s being used to alert an operator when

detecting an approaching object to own vessel within a certain range.

International Maritime Organization (IMO) allocated Channel 87
(161.975 MHz) and 88 (166.025 MHz) only for AIS frequencies to
complement the shortcomings of existing RADAR or VHF. With
establishing automatic identification system between ship to ship or
ship to shore, AIS becomes a device to automatically transmit
maritime safety information including ship static information (Ship
name, MMSIs, Call Signs, etc) and dynamic information (location,
course, speed, etc.) to prevent collision and support VIS operation
and maritime search-and-rescue activities. However, as AlS-equipped
vessels and, application services utilizing AIS have increased, the
problem of the deterioration in quality of connection has been raised
recently. These issues raised the need to improve AIS performance

quality and many studies have been conducted to solve the problem.

Meanwhile, the government of the Republic of Korea promotes the
SMART-Navigation project customized in the environment of the Republic
of Korea and plans to introduce a high-speed maritime wireless network
so called LTE-M within 100 kilometers off the coast. The most distinct

- viii -
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feature of LTE-Mis that it 1s necessary to go through land-based
station without direct communication between Device to Device. In such
communication system, communication service 1s highly likely to be
interrupted or delayed due to radio interference or a poor
transmission and reception of a land-based station. In addition, when
using this communication service to obtain navigation information or
to avoid collision on the basis of this information, a separate device
for Device to Device communication 1s required to deal with the

unexpected situation such as service delay or data loss.

In the road transport sector, several research and pilot projects
have been steadily conducted to apply mobile communication technology
to vehicles such as WAVE (Wireless Access in Vehicle Environment) and
DSRC (Dedicated Short Range Communication).

This study analyzed and presented wireless communication technology
applied in marine traffic and in road traffic in order to develop
systems that can avoid collision in small vessels. Analyzing the
current status of existing communication, 1t was decided to develop
collision avoidance system for small vessels based on sufficient
demonstration and technologically advanced WAVE communication
technology. WAVE Communication Technology is a technology optimized
for fast-moving vehicles and allows packet frames between vehicles and
vehicles or vehicles to infrastructures to be sent and received within
a short period of 100 msec. Based on these technologies, it is
expected that excellent and highly reliable application technology

will be able to be developed when applied to marine traffic.

In this study, first of all, in order to apply WAVE wireless
communication technology wusing in road traffic into the marine
traffic, an sea trial test was conducted with the existing Shark fin
antenna changed into 360-degree omni—antenna. As a result of the test,
since LOS(Line of Sight) at sea is better than at land due to no
structure at sea such as a building, 1t was found that the

transmission distance increased. With the same output, comparing with

_iX_
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that the maximum receiving distance at land was around 1 km, it was
analyzed that data was possible to be stably transmitted up to 8 ~ 9
km at sea.

Collision avoidance system for small vessels developed in this study
consists of data receiver, collision risk calculator, collision risk
determination unit and indicator. With the risk assessment for
collision in the basis of DCPA and TCPA, which are widely used, the
criteria for determining collision warning were made through interview
surveys by operators of similar—-typed vessels. While receiving dynamic
and static information of other ships through WAVE communication from
the receiver, the degree of risk is calculated and determined by the
criteria of determining risk of collision by the calculator and
determination unit. Finally, in order to avoid risk of collision,
indicator unit warns an operator of risk of collision by an alarm or

the similar method.

In order to assess the reliability of alarms in collision warning
system using WAVE communication, the sea trial tests for crossing and
overtaking situations were conducted and the results were derived. It
was assessed that when collision risk situation occurred, calculations
and determinations based on the criteria for determining collision
warning were properly performed and, that the process of displaying
the information to the operator was also suitably performed. In
particular, since the transmission cycle of information is 100 msec as
the characteristics of vehicular communication systems, it was
possible to precisely detect risk of collision caused by quickly
changing bearing and speed of the other vessel at close range and to
send the proper information to an operator. As a result of the
application of the AIS-based avoidance system under the same
conditions as the WAVE communication technology-based avoidance
system, when signal was broken due to an error during the transmission
and reception of information under AIS, it took twice as long for the

signal to be transmitted again. In addition, it was revealed that when
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risk of collision occurred in a flash due to track lost and
sudden—changed circumstance, the proper action to avoid collision or

warning for collision were difficult to be suitably performed.

Compared to the existing communication technology 'AIS', WAVE-based
collision avoidance system developed in this study for small vessels
was analyzed to be able to perform transmission and reception of the
reliable information and to quickly react to the suddenly occurred
risk of collision. However, it 1s premature to immediately apply the
existing V2X technology to marine traffic without sufficient
verification and 1t is necessary to develop and enhance the technology
into the communication technology optimized for marine environments
through sufficient research and development with experimentation. In
addition, with the advent of the era of MASS (Maritime Autonomous
Surface Ship), not being limited to the development of collision
avoidance systems, it 1s deemed necessary to develop various services
for MASS by developing and supplementing technologies for transmission

of highly reliable information and excellent communication security.

KEY WORDS: Marine Accident; Collision Avoidance; Marine Wireless
Communication; WAVE(Wireless Access in  Vehicular Environment),
MASS(Maritime Autonomous Surface Ship)
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Table 1 Current Status of Marine Accidents in the last 5 years

Unit : number

Year
2014 2015 2016 2017 2018
Number
Number of Ship
) ) 77,730 76,500 76,152 75,815 -
Registrations
Number of Ship
) 1,565 2,362 2,549 2,882 2,968
Accident
Number of Marine
) 1,333 2,101 2,307 2,582 2,671
Accident
Rate of Marine
) 2.01% 3.09% 3.35% 3.80% -
Accident

Source : Korean Maritime Safety Tribunal, 2019
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Table 2 Status of Marine Accidents by Accident Type in the last 5 years

Unit © number

Being Fire/

Type | Engire Colli- | Safety | Ground Capsiz
Wound . . / Explo- Etc.
Year Danrage . sion | Axident | -ing . -ing
Hoating sion
2014 339 205 180 113 96 97 35 265

2015 703 331 235 144 84 100 32 472
2016 755 390 209 131 137 113 49 523
2017 838 311 258 160 149 96 65 705
2018 856 278 250 162 142 119 46 818

Total 3491 | 1,515 | 1,132 710 608 525 227 2,783

Source : Korean Maritime Safety Tribunal, 2019

HT 59z WA oY FEALE 14763 (64%)°2  FEA 3143
(13.6%), 71ekddt 2202 (11.9%) SOl Hliel @Y AFow Hut o)ds AA&
I Jo] oM FEADL A Aol AlF3E oS & & Ak ¢, Ve
Auboll = B, F44, AR, 4, B84, dAA, o, AGAEL Sl
E3HE ] A
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Table 3 Status of Vessel Collision Accidents by type of Vessel in the last 5 years

Unit : number

Type | Fishin Cargo | Towin Passenger
yp & & & Tanker Leisure | Etc. | Total
Year Vessel | Ship | Vessel Ship

2014 218 63 29 14 3 - 50 377
2015 318 63 22 21 5 - 49 478
2016 274 64 19 18 5 - 40 420
2017 333 68 18 31 3 27 46 526
2018 333 56 28 24 1 27 35 504
1,476 314 116 108 17 54 220 2,305

Total
64.0% | 13.6% 5.0% 4.7% 0.7% 23% | 11.9% | 100%

Source : Korean Maritime Safety Tribunal, 2019

olsh Lol YA FF F ALY A T WNE T & U= FEA
7k 7 el BAFHAT, T FIME oMo FEALIL ol HA ol
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Fig. 2+ & 59z HAT ojd o] At AR dJASs JeRA Zo]
o} OW-J AT 597 SFA A A0S B3 Ay, SFalo]l HAY
764%, AwEF 2 Aol 16.0%, 7IE 76% o +£o=2 UHEHNT. A
o] LFER Aﬂ_,_ 120S AW R AALE] 54.2%, AR
7} 202%, 718F 25.7% o2 UEY} BAALEo] &I sHE F dds

At Aow Uehgth 3, sUAtm Yol = sElds &3Fu] Bek
ARl &%, =4 784, oin o8 E3F, 58 AR 784, Iy
T 9N BERAE AF GRS " 2 39 e To] XEH o
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Fig. 2 Status of Marine Accidents and Cause(Fishing Boat) in the last 5 years
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No. | Previous Study Purpose Research Method
Le, D. K. and - Distance Measurement
2 T. K. to prevent collision System using Laser sensor
Nam(2014) - Velocity and Acceleration model
to th
Kim, D. propose the
3 algorithm to avoid |- Fuji’s ship domain model
G.(2011) ) -
ships collision
Kim. S to develop Ship - SCAAM(Ship Collision
im, S.
4 Collision Avoidance Avoidance Assignment
W.(2013) .
Assignment Model Model)
- relative bearings and
to propose the
\ courses between the
Lee, J. S, M. | algorithm for degree

5 Jung and C.
U. Song(2015)

of collision risk with
relative bearing at
CPA

encountered ships
comparing the degrees of
collision risk by VTSO'’s

survey

Xin Wang,
6 Zhenjiang Liu
and Yao Cai(2017)

to present collision
avoidance dynamic

support system

DCPA and TCPA
collision avoidance

dynamic support system

Yixiong He, Yi
Jin, Liwen Huang,
7 | Yong Xiong, Peng
-fei Chen and Jun

-min Mou(2017)

to present novel
quantitative analysis
system for COLREG

and seamanship

quantitative analysis
autonomous collision

avoidance

Youngjun You
8 and Keypyo
Rhee(2016)

to develop a

collision ratio

maneuverability of the
own ship
COLREGs

virtual intrusion domains
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g AFolA A collision avoidance dynamic support system= ©]-83}
of Adutel 3¥F2 & FHsAL AUAF AN2"ES HFEAH. AT AT
A AR A2 A =2F T2 b md, vt =% S22 Ao} A
AUE 2 FE 39 duiwse w3 AR mdes At EEd.
DCPA®t TCPAE AAZIC® Algtsta &g d7ollA Al collision
avoidance dynamic support system®| W} Auto] FES Ast= HAGoA A
H}9] maneuverability’S E&F 02 FYPJEF gt} T AFNME F A6t
of Al kA A AU 2 AR AlEHolAS AR FE 33 Ao
Al 218} maneuverability®] T84 B84S Ayttt 53|, ‘close-quarter
situation” 7oAl AQtE collision avoidance dynamic support system= Af
SFo =N AlEHCIAS AAEAT. AlEHClA A, AHE AxHE
33 53], ‘close-quarter situation’olA &E]Hola EIHolm HEH<QI

gl Ao g FHstATH25].

ol
[ i

>

Yixiong He et al.2017) COLREG$} Seamanship= ¢ M=Z-& HFH &

ANz"S AAEAH. Addke] FE 39 = Seamanshipd 71 % o 5

o AutEE 9ol EAlske A% AES =39 A E FH&foF st F

/M¢d ACA(Autonomous Collision Avoidance)E &&3tE SHAAE F0]

T Aol mE AHEDYD v =AE FAsior ok olHTE #

AFA] £42 ACA 8o AAzxo] Hojof Frt. s
i

A 4 Az"e AASAL AdE Az"HS A BEo=w
L

@ o L 1x

OE_?i‘,
re

41
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E
rlr

o o
1.

You and Rhee(2016)= A¥t T& dw& 98 A F&3]9] 523 T3
3l AFE AAY 4 A= ASFE collision ratioS 7N T Al 8] Aol A

+ A9 maneuverability®} COLREGE i#st £=7F =9 Adure] Dyt
S I AWYAd FE =249 BAZ] EAE siAstEH =¥3AH. oA

_']8_

Collection @ kmou



Aol A A QFHA collision ratior= EZAZQl EAo st S Al Al A5t
Aubs] ] F2E AFSheE AIZES 2A St A X2 APSHA &t g
Ae F5 339 5232 AZFst= AFE 2AS = O AFRE o+ I Ak

-

o
2 collision ratioE 7Nt} collision ratio= A9l maneuverability,
COLREG ¥ 3709] 7}d AW =wle agste] Axtdd. SE3T duegF
o] 718 Ao we} collision ratio®] EFFA<S H7FsEHAL AFE collision
ratio & 39 &S AIFE At AASIE NEE AFE AMES7] A
Aslitt= 28-S =327,

Lopez and Lawry(2017)+ =3AE9] dde] @& e FAHS 93 HA
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EAHQ PP ANFT AN LA FAARE gt AE 27
Aol AP AL B W AR stgnh Aue Y 3
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ARPA(Automatic Radar Plotting Aids), AIS, ECDIS ¥ &3} Aduhalsyel

Aol Aol He Zolzely AdutE Ao 50 km HolA AFo=z @A &
5 9T F UEF HAH HEE AT 53], LNGHH HH|YA
T ASE F54H 9, =7 2 o 5 S4A)] 8ddS 1] 9
3 Az TEst = A9

O

1= RADAR ARPA, ECDIS &< ©]&3}7] w&ol
28| AxdloR: HAsA gk

>

Jolth. AIS-SARTO gt A5
/ 107dB ©]aL A& AFHFoJAME 50m o] A7tA SE=
%_

1) & : https://www.hhi.co.kr/Public/pub01_2?ndate=2014-07-24&bidx=2365
2) & : https://www.easyais.com/en/products/ais-receivers/
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ol

A ojadel

2AE
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v}
bl

13 oA AEed

} IMO)ol M= |98t s AFHA 91 9]
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311 33uTF FA7E a3EY

TASGEE H FH A 2=El(Global Maritime Distress Safety System, ©]3}
GMDSS)oll A& Aube] b # IH o] bHS Fralr] A3 Mrf FHFAA
v o] B4 "zl AH FH, B4 ZEEZ 58 gAsa Y A AA g
Al ~ A49] 47H-°ﬂ lHom A ZF 7Y Bad Fa+ g I 7
< #HASI Aok Al AEe S-S 7IFSFE 50~100 km (20~30 3l
31l &2 200~400 km (100~200 3i2]), A3 52> Al, A2 S A<
=~ 39 70= A9 Y, A1, A2, A3 &< A
TEEH. Al s|HA= VHF FA4NE F= 01%—8}1 Ao, A2
M= MF 444, A3 dl9o A= Inmarsat 5 A Aoy HF dl Y 94 &
o] &3t A4 HHS FE HF t¥e F3i+E L83 SALHE

o] -&stal ATH33].

m o
2
o
r?L
4u
R
g
z

ol = e-Navigation®} #HHE AF 9 He FFES ABsta Jow, AF 7]
7% %] ¥ 3] (International  Electronical Commission, ©]3}
IEC)¢} = A EF3}7] 7 (International Organization for Standardization, ©]3}
ISO)E &3l AlAsta  ATHB4]. FHUHAAAE 71EFHOSE IMOY
e-Navigation®} & 7|&& st 7dsta o™ IMO e-Navigiation®
Al 2o B35t 53 e-Navigation® 2 = At 100 kmeoll =314 F
AEAYS FEF3= LTEM ABl2 YEYIE 5T A F ot 35].
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1) AN EA 0] EAZA} © Bx
@ S L
A A AA e Al ~ A4e] 4 SlFes FEE 4 7Y

of Bag Fue L WS sl ol

M

Table 5= Z} A¥ FAF419 AHE F3k=5 YERH Zo|TH29].

MFE 300 KHz ~ 3 MHz7MA9] Fa4dlE 23}
KHz ~ 3 MHz 7}A € °]&3H. HF= 3 MHz ~ 30
M 2dHAE-gd 52 A8 ARgse gAEA
Calling, ©]3} DSC)Z 84155 KHz®| F3E o°|&3IT. VHF= 53T
(Single Side Band, ©|&t SSB) A &W4 02 50~100 km7hA] A &Eo] 7 F
MgAalolth. VHFE AHg3she FAMRIE AukoA 713 w@o] Agste 7123
A SAMRZA Aduka dul, dubs §33Ee] 2488 Al FE2 AR

TH36).

Table 5 Ship Radio Communication and Frequencies

Item MF HF VHF
Area A2 ~ A3 A2 ~ A4 Al ~ A4
Transmission Type Tele. SSB, Data SSB
Frequencies 300 KHz~3 MHz 3~30 MHz 30~300 MHz
(DSC) (2,187.5KHz) (8,4145KHz -5) (156.525 MHz)

= A1 : Shore out to 20 NM
A2 : from 20 out to 100 NM from Shore
A3 : over 100 NM from Shore, between 70° N and 70° S
A4 : Polar regions above 70°

- 23 -
Collection @ kmou



AIST= VHF F3 tgg AREsta low A oA 71 de AE
Hi gle F4Al7IEelth IMOE 71& RADARY VHF *dﬂﬁhﬁ‘r% 1 ehstr]
3 AIS EH:— ©]F 2 2 4S Broadcasting Transponder ¢ AH&<& HESFIL
ol & A ARl 7]F2 Universal AISE 83t} o] %, A97xF AlA T4 54
3] 9](World Radio Conference, WRC)I A= IMO9 S8 F& WolE9 Channel
87(161.975 MHz)¥ Channel 88(166.025 MHz)< AIS 28 F342 d9aiq
o AlSw A Aduy, At S43AA I AsAE A2"E FESt A
ko] AAAF R (AHH, MMSI, Call Sign 5)¢ XA X (A, Course, Speed

© FYAdTd JHRE AFoE AFFoR AHule] FES WA

stal VIS &% % aid ¢4-Fx &35S Adstr] 93 AR olth[36][37]. AIS

o] AR ALEE= FEE MMSI, Call Sign, A9, A% 9 do] 52| A

7t 91%], Course ¥ Speed 59 XKL} -2 94 =2 HA| 7z}

o ¥ #d BR=E FAEY. BAEESY} &Y Ad HHe v 68 HE

& Data7} dEol Ha HARE dLol ©e} Class A 2%2~10%, Class
BE 52~30% HA02 ARy} WEo] ATH36.

f

shAIRE HZ, AIS @A) FUbstal il AISE #&3% SE&AN2TF F
Vet Q7] W] 1o wel AIS 7] AA 3k HE

6], AIS HI°olE EdfFo] F7t2 FAARIE F2 AsH4] 2 79 W A=
& A7t EAE A €% o] AdEE 5] Tol e F
23 EAH R Qs AIS AF M-S 93 daAo] Az Ut

AR AFAE A AA lgds Al ~ A49] 47) 3P s FE3 dAE

A9l A3 S HL Inmarsat, VSAT & A A olyt HE thee] F44uE o
&3] JHE wAITE Table 62 |G TA7IE AFs HEpA Aol
N8

Ae 97 Bl FA/NE AN el Zusi olde] ARE FAsL
A

o8 Aelste] AAETOEA AAY HUYFNL b5 s FA
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=

o] &3t= A W} Inmarsat, Iridium, Orbcomm o2 F&E3I3 F3
T Y L(1610~1626.5 MHz), S(2483.5~2495 MHz) &< AR&%th &%
e-Navigation®] 4S(ship to ship, ship to shore) FAl7|EE THOE S &
A dzete} s FAsATIEe] FHEL 2E3 HAM A AAC 45 F
AA DS 8t7] AT T 71so] MdE oA oIr33].
Table 6 Status of Maritime Satellite Communication System
VSAT Others
Inmarsat
System | Inmarsat C Bl Iridium Shared (Orbcomm,
ee
link etc)
L S C
Band L L L C, Ku, Ka
Ku, Ka
Range A3 A3 A4 A1-A3 A1-A4
Any, ical | Typicall
9.6 kbps, Y, P ypieary
128-450 134 kbps | 64512 kbps. low,
Bandwidth packet
. kbps (open port) | Shared by | usually up
oriented
several users | to telephone
AA Z=3 AFAdAE HZ A3 e A 42 &2 A
o 531, IMOCIM Aefstes Aedddtel Md F
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A7 = ANFEAE HA st 7 Light Detection and Ranging,

LiDAR), RADAR, AIS 55 &%t FHo =4S A¥Estal oatdd 9 A

2" A E sy 2 HFHoR F4Ao] AEAA TN ol&
AxZTE

s ge) mUEY 2 549 st o TSI Yrks38).

iy
t
rE-E
E

IMO9 A& BEo 7§Rsta b3k vioghE Adstr] 9l 200539 12€FE

AN
Haka ok ARE IMOoNA A3 e-Navigationol ©]

e-Navigationg FXI H A
5 A2 dE i AHlz 5 F718ke] ¥ e-Navigatione F318kaL
ATk =53 e-Navigationol A= HE AT Aul= 2 944 RUHAY &

H3l7] YA LTE-MS o] &3 Aul~ 74 3
g e-Navigationol A 283l LTEMS F3dd 54w
MHz th9& o] &3t AHlx~
2 F2le] 7bEstal 90% o)/ FREeA
70% ©]% T3t W 10 Mbps ©]’d2] T}
AT 3 FolTH43][44].

flo
1
<!
> Hu N
ol
o

I ATH40][41]. =
T2 g9gE 700
= ™ [42], &<t 100km7}
1 Mbps ©]39] th&2E 4% A A}
=2

LTEMS HAEFTHFAY(LTE based Railway Wireless Communication
System, ©|&} LTE-R) 3 LTE 3thAdtdFA % (Public Safety LTE, ©]3}
PS-LTE)¥ 74 &t sA%d 700 MHz thee] F345 AL&3ith 31X
gh PS-LTEE Ad @4 =e 2@ 8 d27E Fohstolof Anlx
S AdstA Rt LTE-M2 Addte]l dX =+ F4 Routers TAHSE QAEUl

= =
AT AEUL o] &a AN2E ATehe Ao SHolh
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LTE-M< 712 44 LTE Av] 29} xlol7} @Al st=d 7)Ao gidsls &)
9] Cell Size7} 7]1& 738 LTE ®lsl| 433 Am olg S = Qs &
Celldl B2 9 AMEAZE A2 & A 7|AFAAREH Ayt Hold+=
A= W(o]F=o] Al Mz 7|A =S Hlojy T 7|Xx YHoz o5
g BAS FAE7] 8 olse AT ogE WA = Z)7F A TS
= 53 Adu40]

312 EEu% A& dFEH

EERENNE 4 o] BEA/ES Ao ALy 9T A7 AHAY
ov HEHORE WAVE F4%47]%% DSRC 59

= o] HA
7 ZH Y 100 msec ©| e #

AAFol A olE’ AFR TAVIee VXL X]’Q“C‘ﬂ'tq &5 AFate
712 Adsta At E2uFAAY FAV|ES HATEHAA LA 2H
(Advanced Driver Assistance Systems, ©]3} ADAS)J"”]- CEo] A+ AsAt
o] a3 FALao] I ALFH AsAE wile ER2uFY T
=g =sI7F oJ¥u ol Fole AeFH AsA Ze/d A A A
£ EA7|EQ V2xo| s B4 za st

_—

ol

M) 4879 A5 7ehe 8%
427 ABAE 434 AQHe) QA7) E9 2ASHY 2ABAY

o= st 9o 43 b we] AAdo|Tal ooyl & Atk ALFdH A
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Bl AMulzo] digh ZEl= fda o
#A H{A A6l T AR b o g Wy} Al Ety

T A A5 2383 (SAE  International)oll A= xtEFe] b3 7HE, Streering,
FYPSE RUEE B A} AJ2=Fe] Al wEt AE&Fd #HE-S 004
57kx ¢l GAIZ FE3Ia U Table 72 SAE Internationaloll 4] T&3F A&
T3 GAE JERA ol tH46].

= Fgo B}. SAE level 094 SAE level 277};4{— S AR} F=
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Table 7 Level of Automatic Driving by SAE

Execution of | . ... Fallback System
SAE Name Narrative Definition Steering and | ¢ Driving Performance | Copability
level Acceleration/ | ¢ - gt of Dynamic (Driving
Deceleration vironmen Driving Task | Modes)
the full-time Iperfonnance by the human
0 No driver of all aspects of the dynamic Human Human Human /
Automation | driving task, even when enhanced by driver driver driver n/a
warning or intervention systems
the driving mode-specific execution by a
driver  assistance  system  of  either
. steering  or  acceleration/deceleration Hi Some
1 Driver using information about the driving dnu'lvwerm Human Human drivin
Assistance | enviromment and with the expectation and svstem driver driver e
that the human driver perform all Y modes
remaining aspects of the  dynamic
driving task
the driving mode-specific execution by
one or more driver assistance systems of
both steering and
. acceleration/deceleration using Some
5 Partial information ~ about  the  driving Human Human drivin
Automation | enviromment and with the expectation Sysien driver driver 5
that the human driver perform all modes
remaining  aspects of the  dynamic
driving task = System Human — driver
Human driver Some driving modes
Automated driving system (“system”) monitors the driving
environment
the driving mode-specific performance
. an  automated driving system of all Some
3 Conditional | gepects of the dynamic ~ driving task S e Human drivin
Automation | With the expectation that the human ¥s SREm driver 5
driver will respond appropriately to a modes
request to intervene
the driving mode-specific performance by
an automated driving system of all So
me
Hi aspects of the dynamic driving task,
4 gh i f 4 . 3 System System System driving
Automation | even if a human driver does not i
modes
respond appropriately to a request fo
intervene
the  full-time  performance by an
automated driving system of all aspects All
Full of the dynamic driving task under all ..
5 ) . System System System driving
Automation | roaduny and environmental conditions
that can be managed by a human
driver
o]#gt AF Ao AgFFoA 2F A YEH /&L ne Z8sita
g 5 ok Aol BAFAYIE] AGHW Aol AP F9lo FAANE
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ADASS} HEo] A&7 AFA] AYH REolty; T 4

VoX BAZES A&FAR Agel B ol tA %ol §

V2X B4l 71+ 2000 o] ZEFEETFFH S (Code Division Multiple
Access, ©]3t CDMA) %< o]&st= AFE d77F AZEHo] @A DSRCe
WAVE F2171&& o] &3ste] AFE FHAFN7IEZA &3t dAdd As 7
=7HA o] XdHI Aot agal HTol= LTE HEYIY =9 o8
5G Al2=glo g9 A& Hybrid FEl= Walst AL&ste AEYH Al2H =
[7HA, 71 A0 B AIRARY So] s JyH Ao A 2EH
I Qe AFE FASAV|E FolA DSRCe WAVE B4l ozl vax
B4l ZlEolgta & & QlTH32].

A

V2VE zpga 25 BEA V2IE apga 1, V2N
JAE = UWEYZ, V2Pe AFH AFF 7He] FA1E& onjsy o]} o)
==

V2X+= 2ol Q1 F gk

ol

’
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V2X Server

]
Person \Iﬁ

Network
4 "2" (( )
Network

V2N
V2l ™

V21 v2i

v2v /@p
I vz ey

TR X

Fig. 3 Schematic Diagram of V2X Communication
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Z28d VX HE VeRe SEeHA ¥ Aow HIEL ATH11]. ¢4
A= 20003 FH DSRC 7]<o] £AHo= E9= o] dA TS A4yl
2 9 dFus ARARZ o FEHI U
WAVE BA7<eS Hvl=9 7] AA8H38(Institute  of  Electrical and
2 g A S0 vavel 2t
. 71EAH o2 WAVE 5417
AFeFt Qlazet 2F 9zl =z

Electronics Engineers, ©]3} IEEE) Al F2

F lzet b FAld V2l F4le

ftilo
e
4
>
rl‘g
rok
g

e WHo R oFiE 3

< 100 msec °JW #H2 A
59 GHz ®& Fu r

o] 110 FEH7 o A s‘ﬂm 27 Mbps H°lE AEEEZE 7tx 1 AaEEAgr}
A 1 km7} HojoF 3 100 msec oo #E HH &=
Al AeEEE TFAYIL dY. vl=olA WAVE F
(Department of Transportation, US DOT)<= FTAS=Z =7} Ao 15
2% FAMH 2E A Fsr] 3 ZFH oz JfEEHAT. Syl Es
AdS FXEHA A ApgFo]l WAVE §4l @27]E A8t =20 7 A=5s oF
1 km PACE AAste] ==ekd &1 9 wFEshd /MAS A% AHAY

e d=FAE ATH15].

Fl

o= WAVE 522 tiEHE V2X %ﬂ—% A stz el Sl de

T=" LTE T4 HEYZ HEol nHFHI don oFFal Zleddgrl+

3GPP(3rd Generation Partnership Project)ol| A= LTE 7]¥F V2X A{H] 9] A}QF
2

< AAE = itk LTES V2XE T2 &&ste WA+ va2v 54l
S WAVE, DSRC 53 & 7|2 V2X B4 A 28-S A83l7 VNI VIS
LTE W EYAE &&3t= "2 o|th

313 FA5AV|E 38N 25

ol el MuHEAEAe SOLASH weh FAder 2 A% ) gHosw
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Table 8 Comparison of AIS and

LTE-Maritime

Category AIS LTE-M(l| )
. 161.975 MHz
Frequencies 700 MHz
166.025 MHz
Transmission Speed 9600 bps 1~10 Mbps
Latency 2 sec. ~ 3 min. -
20 NM
Comm. Range . 100 km
(Typical)
Commercialization 2000 2021(<14)
Ship to Infra, )
) . Ship to Infra.
Comm. Type Ship to Ship )
(521, S2S)

A, ERRENA VX BAU71EE ADASY B A&FA AEA
Mol REow Ay Ak dEAY VX EAJEEE Aest @AY
7l Mol WP Y& WAVE S4l7|Es H& F A

Table 9= E=ZuFNA AREsta e F8 FASNVIes Blug
[12]. WAVE &A1& LTE F2lo] s 2kt 24 52191 vaver Apakst
b SAIRl V2IE BT AdsH @A FE2 AREC] Jhesite HellAd 2

Collection @ kmou
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Table 9 Comparison of Wireless Communication on Road Traffic

Category WAVE DSRC LTE
Communication Commercial
Public Network
Network Network
Frequencies 5.85~5.925 GHz | 5.795~5.715 GHz 700 GHz/2
Movement Speed 200 km/h 160 km/h 350 km/h
Transmission Speed 27 Mbps 1 Mbps 300 Mbps
Latency 100 ms 100 ms 0.1 ms
Comm. Range 1 km 200 m 1-5 km
Commercialization 2016 2004 2011

Vehicle to Infra.,

Vehicle to Infra. | Vehicle to Infra.
Comm. Type Vehicle to Vehicle

21 V2I
NN (v21) (v21)
Safety Service, ! Call,
Traffic
Service Traffic Video Telephony,
Information, ETC
Information, ETC Multi-Media
- be able to
communicate
) ) - free of charge - excellent
Benefit between devices )
using network performance

- free of charge

using network

- 35 -
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FollAe FATAVIE B dge E4SAL ool FAHASANE BE
AYATE BHs A ok FASATsd dadlAde B A¥ATFIE 3
HAAT B dFoAM= AlSe] £AH M-S A H8 AT, e-Navigation &
d AYAT 8 ERaFolA Ao 7HE A $471€<d WAVE F4l
7l #d APAFE A5t A ASA S} Table 102 AIS®F WAVE &
A #Ed APATE BAHS molk

Table 10 A Summary of previous researches

on Wireless Communication

No. | Previous Study Purpose Research Method
Lee, S. ], J. S. ) .
to suggest automatic | - managing AIS message
Jeong, M. Y. . -
1 control measures of |- analyzing communication
Kim and G.
AIS station slot share
K. Park(2013)
to propose AIS as |- sending  AtoN  status
Jeong, J. . : : .
2 K.(2012) Aids to information by AIS binary
' Navigation(AtoN AIS) message
to propose AIS - analyzing security fragility
Lee, J. S, M. .
wireless protocol for | - MAC address
3 Jung and C. ) ) )
safe ship - VPN Tunnelling encryption
U. Song(2016) L )
communication technique
to suggest direction
A Jeong, N. J. of development for |- LTE Router for marine
(2017) router system based environment
LTE comm. tech.
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No. | Previous Study Purpose Research Method
Kim. Y to develop algorithm | - predict vehicle’s route by
5 BN for vehicle collision CTRA model
A.(2015) : : . :
avoidance - vehicle collision avoidance
Zishan Liu,
Zhenyu Liu, to develop
6 Zhen Meng, DSRC/LTE/Wi-Fi | - DSRC, LTE, Wi-Fi
Xinyang Yang, based vehicular - performance measurement
Lin Pu and Lin system
Zhang(2016)
Mohammad T.
Kawser, Md. S.
to aim to clearly )
Fahad, S. | - analysis V2X, C-V2X,
7 depict V2X
Ahmed, S. S. N | DSRC, C-ITS, ARIB
. . communication
Sajjad and Hasib
A. Rafi(2019)
A. Sassi, Y. E. to propose new - performance of the PHY
Hillali, Atika | comb pilot technique | layer on the IEEE 802.11p
8 Revenq, Faiza to enhance the using simulation
Charfi, and L. quality of OFDM | - real case measurement
Kamoun(2016) transmission using ALMT system

Lee et al.(2013)2 AIS 7|A| =l A Al Fst= WAAE o]&3st] AIS 7|A=
of FAER HAFEs THshs YWY BHHRE HIBOE AIS A2 F
ARsE WAE A HFe AT Aoidets AASHRT. AlSe Ad 1043t
A 2 81 el S sl B sl AFEHo] kil AISTF ARE-ShaL
A= VHF Fa tie) A= FEsH S7bstal ok Alse] E#Y F
7he BAEAe] AR oo™ 4= 7] wEol = A2 A 8 (International
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Datadl < & 4 3= AIS F4 protocolel thajA AFstAtt. T thE ¢f
FALZE Bdflel AL Qi o3t YA A fE AIS §= °
- 28] A 5ol olFolA A Yk IMO+= 7]
4& A AIS FHAFE VHF Fa5 ol &3ste] Alxg
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flo
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T A= AIS F4 protocoldll THlA A|FetSAT. sl ATl A AEE AIS
=]
=

4 protocol®] 7 B AL Fa ARz 7|AE Aew J|Ydtt

Jeong(2017)> 8¢ LTE-M T35 Al¥el w2} LTEM<S ©]83t= LTE &

A Z1RE Aukg 2 Al2E o A Beke AAs T IMOE HA BARF

71es B3l gl AN BRBAAAE F5317] A3l e-Navigations

T3 Folth fEvEkes Aol Bal AFAute] Wol 38t = I A

o] EAHE 1HFY F=F3 e-Navigations FIsx Ut F=F
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HF =EAdE LTEM ABIAE o83k AMhE 2heE Alxdle] /il 3
FE AAEAT AT ATNAME 48 LTE T4 25& AR8dte] Ango=
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Kim(2015)2 WAVE 541& 7|40
i ole] 4%e EAstact. o)
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T, A, o EEAlolAd, Al2E o R HE Fo s AT EF

_40_

Collection @ kmou



AE2 V2X(Cellular-V2X, ©]&} C-V2X), DSRC, C-ITS, ARIB(Advanced IT and

Business) 71| Hw ZA}E T34tk A T BAL 4] RE ZHo|

FHFES VAL Yo ERuF P AF FFNE FFS VAL Utk AEY

MHl 2 5G] EY & AF A" =

%ol F8 EAU nE¢d Frol AFEF 5L 9 AFFA

A A AL m Aol oj2dt FAEo] EE AOE o] "k V2X
A== 2AF 54L& V2V, V2P, V21 59 F4ls

A. Sassi et al.(2016)2 V2X FAloll o] Ao & #dF AT
E ST VX Z1E2 L™ vavel VI 54 AlzEe] =2 ok o
WE Foho] glo] e FAS EHdosw Yk oI 54 AlxE A%
B7he B4l Alzgle] AAA B3y A83st A4 Fasith v2X Al
WAVE Z2lolgla% 3= [EEE 802.11p EFS 7|Hto g 3t} ol9h 7o)
V2X+ nEHH T o A S WA B A" LA g
V2X A% B7tet 4S5 AFE FIdsoF ot s ATFelAE V2xe dE

&3l IEEE 802.11p°llA &
t}. 1831 Arada Loco Mate Transmission A 2El-S o] 83k AA Aty =

AAEAT 1 A, V2X FAlA A FEAS HAHSE dads =538
I Fy 28 tF3H(Orthogonal Frequency Division Multiplexing, OFDM)
AEe FHAE& FEAN717] AF MEE comb pilot 7]EE Aok AMEE

E
o{Nr
1o
oX,
off
tlo ©
o,
S
ol
ol
o @ S o
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comb pilot 7]%-& ¥-& BER(Bit Error Rate)<

g 24 7Mes FAH Aok AP A7 4% ¥
_]
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3.3 WAVE 5419 o]&3 &4

AFo| A FAlSE T @AY V2X 7]&2 DSRCS WAVE BAl7|<=

A A W2l WAVE-LTE Hybrid Al Z=®loju; o]A] =t E%‘E]_TV_ A=

5G F4le] wE 7je®2 AR Yt SHARE o No=w A8

A= B A7IES ARAY 5o AAIZF st DSRC 7lsS 75
o] golA B AHI BlE FollA o]Fo] JYAN Aol AHPEE FHolA A
Fol oA A Fol wet A&FY A AL VX vl V2 E SR

™
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=
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3.3.1 WAVE E4I7|& 7id

Wi-Fi(Wireless Fidelity) 71&€< ZXtSE s WAVE $4l7|&2 7|25 S
2 IEEE 80211 FAA 7l&S AFeA 3 25F b Anj 2o A st
AR FA4E& M 7|E2A4 dHolH AEEH=
FEE A0 1450 olFsl= =X dis)

=2

3T
[e) hya
Ae B

= aL

st= FAl7]=olti[52]. Wireless Access in  Vehicular
Environments 2} HA L 0|74 19999 X5 aSAAE I7/HRIHo=E
F73t= Fol IEEESA Working Groups #A3le IEEE 802.11p WG
IEEE 1609.x WGo] & A ARG, o|d mg} WAVE 212 14 o]&53)
= AFA Vv, V2IE B3 HAAT dFAERTFH 2 wEAF 8
Aot z2F Abae] WE AR T, AFHILH 2 FE UM ¢E ﬂr‘*

& M =E SRAACAA AFsta AT53].

O]

Fig. 4= WAVE Standard®] 70 % 2 34 S Uepd 2l o] TH12][54].
FAZIEo wA wet 7]1E ITS S0l Ao WErt 8 75U ©]F WiFi
71¥ke] IEEE 802.11a5 ¥ IEEE 802.11p7} AFE4A1e TFEoZ AAHFHY
I APe] #E, Bt HENA AMuls 5o EAS 7MF IEEE 160971 IEEE
802.11p<} ZAjtslH A WAVE F4lo] ehstA =l
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5 L IEEE
DSRC Wi i 1609 WAVE

e )

s IEEE 802.11a(Wi-Fi)
° 712 28 YLAZ§ ZIg IEEE 802.11p + |EEE
DSRC A2 Resource 1609
o WSt ITS 279 ¥ Management,
=1 b ’ i i
228 |EEE 802.11p(WAVE) S"'CS““"'.i' N‘::“’f’t’.’_“"g .
" FETIL] ok erv;.coe, ut.l. -
oa annel Operation &
MO EN7IE 82 2 9 AU Hap o IEEE 802.11p / WAVE
aywy
WAVE Standard Process

Fig. 4 WAVE Standard Development Process

3.32 WAVE &4l E4 24

() WAVE 34l 71 E4

WAVE &4l 712 F 3 (Wireless Local Area Net-work, ©]3t WLAN) 7|
=g 7|V E AsA g0 gEE JfAT FAolth. WAVE F412 DSRC
2 Wi-Fi B34S Adste] AAZF 158 Re| A Fo] 7Hs3dlth. 53], WAVE
412 Wi-Fi tetheringe A ¥sl= 2ntE ©27|4 WAVE §4l 71A1= 81 2~
Sl

ntE QU sl vav, Va2l o] J}5sl== MBI TH55].

N

A AA ITS Aol of 88%E AAst= frd, "= 2 dEA= 20001 oh
o oA HAFE WAVE FAl7€l 53+ IEEE 802.11p+IEEE 1609.x TF
2 °] WAVE 4l 7l&< /Hdstith

WAVE 7742 =845 2 MACMedium Access Control) ASS A&
A o|g IEEE 80211p% VMIES T, S8 2 Bt 742 Ae EEE 160977

3

< X3} IEEE 80211p 71€2 802.11a 749 ¥ U&S A 54 A&

XFEOR FAS AAHE FASE, 10 MHz HEZog AEsta Ao d$
27Mbps &2 3t 1 o] F Ao 54L& wrgsiit

V2X T2 FALR o]&o] JHedH, uASlA HE B, Fi, b
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45
|1]O

E 54 MA@ 3% (Channel Quality)oll @& dlolHe HF &
3 9t Heoly ¥3 AFe uiA HIZA AFA MAC AZSH
o] AlZ<l LLC(Logical Link Control) Al522 FAEH. MAC A

rir
rlo )

N

3 ol

= <
of AFEmA H&ES A Wl ¥4 548 S ddEH= A
A AZeIIL LLC AFL =8 dZdA AFo2 Z2EF ddie] £
1 Z(Error Detection)©|Y 25/ A (Error Correction)®] A& 3 3TH13].

Table 11> WAVE &4l ZF3 7323 543 YR AoltH{12][56].

IEEE 1609+ WAVE SAlolAe] BRE wAA 4, ¢35, Adel #y ¥
o

BT iH%aiOH et A4S otk 53] IEEE 1609.11 %Zﬂ,% IEEE 1609.22]
Het F4E& &83t9 WAVE 7| 5218 e #glel #dd 74 A9
st ok 9 =3 v=3 5Y WAVE 527]€ 2FS 7|HH 22 WAVE
&4l 71§ Resource Management®] IEEE 1609.1% WAVE Security?] IEEE

1609.2 77, TEEE 1609.32] WESYA Aulx a8y dEAE £98 FAHs=
IEEE 160942 Adsie] 748 Qo ol Standard® HlE o2 w23
7Y, QB 5 AT A5d nEAR AAY o BE AU AT
 VaX B2 S8 Mulzs 5S¢ 45 @G el Tt g
27 FolTH12].

f

Ll
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Table 11 WAVE Comm. Standard and Structure

No. Vehicle Standard Service
Network
2t T4 A xE
Vehicle 1km ©)’% A8l 2 100 km/h A5 274
1 IEEE Comm. oA V2V, V21 F4lo] 7153k 7=
s0211p Standard A /RIS / A%t AA} glo] Holy B4l 7ks
S92t A4 A Vb
Folzl Aol dis &&A<Q #AYE AT
Resource Management(RM) % 9]
ojZgAloIAE RM= F3k] RCPE} F4l31
X IEEE Resource olZgAlelde] HQE sh= wWEy, Ul
1609.1 | Management RCP7} #efsl= HE Qe o] 52 Ao
A 2517 A%
NEgAolde APst=r Jo EFA
e 778
2tgo]l & AEoly ofF Al 2Fldo
FAFANA Felof & Bt 4
3 | [FEE | WAVE WAVE YiEs]zst olZaAolde 93
1609.2 Security MAC 9] AZo]d Bk A2 AL
BAGS] Bt 4
AUl 2 AlFAeE A ZEe] FHRE T o] B
WS 93] Hely AFe fg T4
A IEEE Networking T2 EZF Data plane? A"l 747 {4
1609.3 Services 71% < T3317] 913 Management plane
oz £A
HEYA AT R ASASA &3 7474
IEEE | Multi-Channel | - 2'd %
> 1609.4 Operation MACEA Y F A Aol A3 4
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3.3.3 WAVE 32l F&AHg 84

1) AR A%F ABA2E(CITS) AEARY

SEuets EAL BA, Z20d g1 2 wE 3 A
C-IITS 75 AHdS FXsA ol& fdl Ao WAVE @E7]E AX
2% 1 km HEo = 7|AZS
BHo= gy =2 I8 F

+ OBU(On Board Unit),
2% =271 54 4 JA sl F= WAVE 521 5 37HA 71&0] A A

w5 Frel wE A AA ML Y S MuAE AF5E7].
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2 2=& FHAFWIe

AENUFAME HT 44 oleTal 7€l LTEE 71 Aed A=A
(IRIS, Intelligent Railway Integrated(LTE -Rail Operation) System)< 7l'&3t=
'6]-.1:] WAVE E/\] 713_,] A= o]; X4_9_ 7].‘— AL 7-15—5].7] _,43“ xJI:A]sd}d
% H5Ael]l WAVE FAA 2"l 7580 AdExs +93te 59 A+
AASFATHB8]. EAF FA1E Point to Point 4%l 150 MHz ¥ <¢] VHF %
2ol Qe FE AEEHO] oy HITol= 800 MHz ™9 TRS(Trunked
Radio System) 2oz wlo]y FAlo] AF=Hi Utk I, IpA| A 2=H
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A =2 aFoAe Bd T Al oAl FoEEo] oy sidelA
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8, FERAL Fx 9 ARk QHHY F axA F osiREE R B4l s

WAVE 5A17]1&& olu] [EEEJA EF3td 7]&& A&t 541 o]l&8F
A

o] ¢lo] A &E3lH IEEE 1609.2014 2|35l 9}5— HAAMB|2E AFdto] &

Heto] Hojuy Ae AAtezes SE3u Alxgo A9t Zigolgta &

ATH Guk, A AFTE Hiel o] F4 7}L Agldll AL EAst7] W&ol
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£ 7IEo® Yol FAE st 7 ddr]o] A o= A Heoly AF3E
o AgE A4 ¥ FAVbs AgE FAIH
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Table 12 Classification Standard of RSSI

Signal Strength

Excellent

Weak

Fair

Poor

No Signal

RSSI Standard

0 ~ -87 dBm

-87 ~ 91 dBm

-91 ~ 93 dBm

-93 ~ -97 dBm

-97 dBm ~

Classify

No.

Fig. 83} Fig. 9%
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E2u5olA WAVE FAdgalel olgH«= <Hv= 54 ARARMEY =il
$-2+= Shark Fin Universal Antenna®|th. @RbH o2 E2wFoA g H
ks

a
m, 12 molth. ¥ WA 24 2] thdaute 977 ton ojHoln] Auke] o]

= Zt7F 14 m9}F 151 molth Ho A2 16 knots 2 AP S FH3A 4
Pe TS GA e FAzAS L 9 15 kts, }E oF 1.0~1.5 mo]
o}

Table 13 Environmental Conditions of Real Ship Test

Ist Test 2nd Test
Environmental Condition
Vessel A | Vessel B | Vessel A | Vessel B
Ton 6.63 6.3 9.77 9.77
Length(m) 11.85 12 14 15.1
Vessel
Vessel Type Fishing Boat
Condition
Antenna Height(m) 5 5 6 55
Vessel Speed(knots) Max. 16
Weather Sunny Cloudy
Sea
. Wind Speed(knots) 10 15
Condition
Wave Height(m) 05 ~ 1.0 1.0 ~ 15
. Antenna Type 9 dBi Omnidirectional
tc.
Power Level(TX) 20 dBm

_59_

Collection @ kmou

(D
)
—
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Fig. 11 Scenario of Distance Measurement Test
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Fig. 12 Scenario of 2nd Ship Test
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Table 14= FE=oNA 3T A M4 A0 A3 AY=4 23E Hehd

A0|3L Fig, 13 19 AA4E A3t F /bF 1 AUt £FF cased] WP
B8 e Zolth FEE AeA FUE 3 WA AH AFAA A9 A
A3 A8t B7h o] FEHHA ﬂlOlH% SR LR REEER
A SAALE ZHsAck A WA AHAFAA A A dolE F4l A

) 715 AgE 9F 6,000 mE VEFSTH
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Table 14 Distance Measurement Result of 1st Ship Test

Condition Distance(m)
RX TX Case @D Case @ Case B Case @
Vessel A | Vessel B 6,241 5,156 i
(Data Loss)
RX TX Case ® Case ® Case @ Case
Vessel B | Vessel A 5,540 5,546 6,115 6,238
37° 13' 23"
are 13 16" |—Vessel B
37 13 10"
37° 13 03"
712’5
Vessel A
37° 12" 50"

1268° 28' 32" 126° 28' 36" 126° 28' 44" 126° 28' 48" 126° 28' 56" 126° 29' 00"

Fig. 13 1st Test Result of Communication Distance Measurement
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Table 15v H2Z3 A AgodA 338 FAAHISA 2745 Yehd Aol
3 Fig 14+ sl9 AA4d 23 T M A AV 2E 8 cased] AFEHAE
JeRa Aol

Table 15 Distance Measurement Result of 2nd Ship Test
Condition Distance(m)
RX TX Case @D Case @ Case B Case @
1
Vessel A | Vessel B 8,325 8,483 9,067 8,830
RX TX Case ® Case ® Case @ Case
2 -
Vessel B | Vessel A 3,675 3,619
(Data Loss)
34° 52' 00"
340 5100 - Vessel B

34° 50" 00"

34° 49' 00"

34° 48' 00"

34° 47" 00"

o
\\

Vessel A

126° 10" 50"

126° 12" 10"

126° 13' 30"

126° 14' 50"

126° 18' 10"

126° 16' 50"

Fig. 14 2nd Test Result of Communication Distance Measurement
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Fig. 15 Test Diagram of Communication Interference Measurement
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Table 17 Comparative Analysis of WAVE Communication and AIS

No. | Comparative Item | WAVE Communication AIS
1 Frequency 5.8 GHz 161.975 MHz
Transmission 2 .~ 3 min.
2 100 msec. See i
Period (depending on Vessel Speed)
Transmission
3 . Max. 5 miles Approx. 50 miles
Distance
4 Security IEEE 1609.2 -

AG7hA APE gtk AFet A2 SoAe FE AW dagEFel
DCPA/TCPA 71 ¥ Mde A&t AP BEE SHsta, daugs: M
ATE TSI
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Fig. 16> DCPA®} TCPAS] MEEE Yehd Zolth.
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Fig. 17 Calculation of DCPA and TCPA

dutdg o2 Aule A= RADAR Plotting®] 23] AFo=Z A4td DCPA}
to] A8t DCPASF TCPAS] A4HA2 2] (1) ~ (5)9F ZTh63].
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0
3
>
i
&'1:1

RV, = VX SinCp— V, X SinC, 1)

RV, = VX CosCr— V, X CosC, )

RV=1/(RV,)’ +(RV,)? 3)

TOPA — (z'—2) <RV, +(y' —y) X RV, @
RV?

DCPA = /D>~ (RVx TCPA)? (5)
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Table 18 Details of Small Ships Registered with the Simulator

L DISP. Speed Draft
No. | Description LOA(m) | Beam(m)
(ton) (kts) (m)
FOR: 1.08
1 Life Boat 41.3 17 5 25
AFT: 1.74
FOR: 1.1
2 Life Boat 36 16 49 18
AFT: 1.52
FOR: 0.88
3 Life Boat 14.5 11.57 3.55 16
AFT: 0.88
FOR: 0.93
4 Life Boat 26 14.6 4.29 25
AFT: 1.49
FOR: 1.2
5 Life Boat 26 14.3 4.2 18
AFT: 1.2
FOR: 0.71
6 Life Boat 26 14.85 42 23.7
AFT: 0.71
FOR: 1.04
7 | Pilot Boat 13.5 13.85 3.8 26.9
AFT: 1.04
Rescue FOR: 0.1
8 12 12.15 3.48 38
Vessel AFT: 0.68
FOR: 0.35
9 | Safe Boat 5.67 10.06 3 43.3
AFT: 0.7
FOR: 0.26
10 | Small Craft 1.36 5.63 2 289
AFT: 0.06
FOR: 0.58
11 | Small Craft 2.65 9.93 2.6 46.5
AFT: 0.58
- 72 -
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Table 19 Small Ships Maneuvering Performance for TCPA standard

Unit : cable
hard kA FAH | FAH t
o | Emergency
Tactical | to hard | to FAS
No. | Advance | Transfer | ) ) to FAS | FAS | Manoeuver
Diameter | time time . )
(time) | (reach) (tire)
(order) | (order)
1 0.6 0.32 0.71 19.6 515 7 0.33 225
2 0.46 0.22 0.49 19.6 41 7 0.22 25.25
3 0.34 0.15 0.36 19.6 e ) 7 0.2 21.25
4 0.55 0.26 0.61 19.6 5.15 8 0.3 18.25
5 0.42 0.2 0.44 19.6 515 7 0.24 2425
6 0.44 0.27 0.61 10 41 13 0.43 20.2
7 0.5 0.11 0.47 13.64 2 16 0.64 1713
8 0.53 0.33 0.79 11.76 1 39 0.75 14.12
9 0.43 0.15 0.41 11.76 3 12 0.5 8.06
10 0.33 0.16 0.29 14.8 3.01 7 0.23 8.06
11 0.48 0.22 0.51 11.76 4.02 5 0.29 9.07
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% 1139 Advancet 63molA 111m=E SAHEJOoH, Alg#olHo| ©AH

[¢ b

Ay Adutel 8 Ha £¥<Ql 15ktsE 4 &38HH, TCPAE ¢F 28 AE7F "ok

[¢]

S& HEoR Ha 1 km Aol ARE FaA 2H T TCPA 289 71&2

AAT o2 HERY.

o] Foli o4 B 4% Aute] 2YAE UFOE BHRAE AN olF
FE71 BOY 20 J2ARE AGH0A Bt

T3] S8l A8 Aol dis) AHRAME AASAT

Table 20> R 2AF WS YER Aol

A S FH2 S 749 AAoA FEA LV BAEAE I8 E Al
A ojde sk oA 3 570, 723 AEAE HEo=E 11 4

Table 20 Survey Method for Ship Operators

Category Method
Population small ship operators
Sample Size 57 samples

Sampling Method complete enumeration survey
Data Collection Tool structured questionnaire
Survey Method individual interviewing
Survey Period Dec. 2018. ~ Jan. 2019.
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Table 21 Survey Contents for Ship Operators

Category Contents of Survey

the distance that usually avoids a ship’s collision

minimum distance passing with large ships

Safety Operation during sailing

time to return from engine off to operable state

the time it takes to clear up the fishing operation

Characteristics of | age, type of vessel, tonnage of vessel, length of

Respondent vessel, etc.
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Age Group Tonnage of Vessel

Unit: % 18 Unit: %

@30s @40s O50s O60s W70s ~ E~3ton @3 ~5ton @5 ~ 10 ton @10 ~ 15 ton

Fig. 20 Characteristics of Respondent of Survey

Fig. 212 47}A A9 5o digh duhedaEe] A #AE Yehd Zo

EAdRo g 5SS 30dE AgE 100 ~ 300 mol] ther o] 263% = 7}

A B%on, 300 ~ 500 me} 500 ~ 1 kmE 22.8%% SHo] AUtk wEhr of
MEo] BFH0R FEL 3FsE AgE 100m ~ 1 km 1 A2 A5
o

@] T Al H& FF72 tHal= 800m ~ 1.6 km7} 439%= 7}
 wol EE3tAoH, 1.6 ~ 24 km7t 246% 2 $Hol HAUTH

?

Axlo] AAIZE Fejol A o] & 7Hedt FHE EFste H e A 1
o] 351%= 7 ©ol SHEHHAL, 17 wRk 108 oldo] 175%9 2

MEE ol Helth AR BAY A3 1% vHOE SHF $HA
AM FRE AW FATel Bol YL, 108 olFoR SHF A
M FFE MYt Fo] Be 2o AL
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=924 < Adsted Age ARt tisiAs 102 o8] 585%= 7H
Hol HSAIL, 5 ~ 102°] 245%=2 gHel HAT AF FHAL] oH F
FE B4 23 e S 244y Al ZdEle Azte] $EAnt
o o Wb Aoy T, Ak Ao AAlE 5%, BAE 10%

olfo] A= AR §HE AL

the distance that usually avoids a ship's collision Minimum distance passing with large ships during sailing

100 ~ 300m 263

800m ~ 1.6km 239

1.6km ~ 2.4km 246

4k 2km 10.5
Tke 1.6k 8.8
1.6km 7 2k
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 40 45 50
Time to return from engine off to operable state The time it takes to clear up the fishing operation
Unit: % Unit: %
~ 1 min. 175 ~ 1 min. j19
1 5.1 1 min. 57
193 3 ~ 5 min, 9.4
0 105 5 ~ 10 min. 245
10 min. ~ 175 10 min. ~ 58.5
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DCPA°] At goiidure] dolE #-83kal Blind Spot 5= L#std A7
SHAT.

Is there a ship
within 3 miles
(appr. 5.5km)

NO

(1) DCPA = Lyt+ly

NO YES\L L. : Own ShiplLDA{m)
L Lo L, : Target Ship LOA(mM)
@ TR = e, v V. : Own Ship Speed(knots)
YES 1A Wy 1 Target Ship Speed(knots)

[ Alarm ON ] B : Custom Input (min.)

Fig. 22 Collision Warning Judgement Criteria

TEWEA WAVE B4 £29] LOS &4 wet AE5A87 1 km=Z
Aol HARE B Aol AXNFE T WAVE 52AE &4 A7 <5
A7tz FAlo]l Thesk Ao Ayt =EHAT =¥, dA FHE &3
AR A 23, g dse] oy T4 33 A7t ¢ 3 km H|REol B
2,3 kmolth AFE Fol Hx A A 7E2 3vHY(%F 55 km)E A}
ATt

DCPAE F=93% #4 gle €59 TS HAasstr] fa 38 7ted

A Axdel ARE dobd B4 A dolo @2 A gttt
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7Agl= 100 ~ 300 m7} 26.3%, 300 ~ 500 m@r 500m ~ 1 km7} Z}Z} 22.8% =%

—1
70% ©ol’d°l 1 km ©JHolA F=3¥ &< FHstes A= YeElY TCPA 2&
o 3 71E A AHde o 5 AV A7l v ZolA eyt
L(L

Aol A e AZPOE K

Va+%)—s}cﬂ F71steE stk aEla <lxle]

AD Fet 29 Fol FEY 9ol WAT FE JonE e P
Teistel A4 Baol Wb AR NS 2RT 5 =S ASA 9 @

vt f o
()& F7ktel HFHOZ TCPAs 2mint 1+ 7+ A2 A 83U
a b

_79_

Collection @ kmou



43 A 2H] 74

2 AFdA /NS WAVE 52171 284dur 2539 Al2"He =2u%
oA AL3= WAVE 4 oty 2 7|2z o7 A5t WAVE ©-27] 9
Ag AdEUE A LAV A B gA T ARE IR + 3

oo

[e)
& HMI(Human Machine Interface) ©d7|& AX|3th HFHo=E FE9
ksl

o MYSHAL W ARE F & YET ARIE BAHY

:\9

Fig. 232 £ A7oA /& WAVE 52179 23844 &3]0 A2~
T =0l

e

P
[ |
WAVE Antenna L I_ITX I_G o GPS Antenna
Ship Static Information filor
Target Ship - name - 9
BSM - length i Tirﬁe
- width
[ [ |
:"WAVE Terminal Get MIB data \}
' !
i 1
i 1
Power | 12-24V1 Calculate DCPA/ TCPA I H EtHEHAET H aMI |
Supply i [ o g, | |
' !
i 1
i 1
SD i Collision Warning :_| Port H Buzzer |
— 1
Card i Judgement i
i 1
! ]
L s

4

Fig. 23 Block Diagram of Collision Avoidance System for Small Vessel based
on WAVE Comm. Technology
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T2 T4

o 2Ry v 4
Message)= T4ttt 8|3l W22 (NAND)o| 48 A HEe} GPS A
T 72" ARE M"Y S E MIB(Management Information Base)E /3 Tt
AbR-el A= DCPASH TCPAE WEE AL Aoz s Atdr M4
DCPA®t TCPAE HIE o= vlg] YHE T=FEAE 7|E #E =9

At FAFN A= WAVES] BAIAE Wl e &5 g Au
o] A, AF, Advbde], /A, A& T3 Z-& BSM(Basic Safety

o, WOy

=

3 RE st FEHE TAF ALt FEHE TAFo A= HMI,
Buzzer 5 53 A1 ASTE ZEFFY A} JAAE F JAEE 3}

431 FAIR

HolE] FalRoA= WAVES] EA1AE Yo = B4 e A8k do|g
RX)e} A A E(TX), A4 GPS 913 5 FAlgth

Fig. 24 RX° st Z2EFS Yehd Aol

WAVE Antenna 1,2

!

Target Ship Basic Safety Message

¢

Set MIB(Management Information Base)

Fig. 24 RX Protocol

SAlolA el BSM 742 dERd Aot

@

Table 22+ A¥H};
100 msec, packet®] &A= 70|ttt HlolH EY

sl AEFT=
Stringol™ FZ A Z-2, 1,2017:09:25:13:20:55:380,3,3527934, 1} 2] o} &, 5 E 5.3} Q1
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A3}

il

,37.4544645,127.3456342,273.5,65.03,25.0,10.0,20.0,3.3,4.5,2 ¢} 2T}

Table 22 Message Packet Protocol(Sample)

category contents sample
msgcnt TAME ex) “1”
time AL AN 2 Zx) 2017:09:25:13:20:55:380
dev_type A 7 ex) “3” A4}
dev_id A=A 1D ex) “32572934”
dev_name A= ex) “Plglo}E” (EUC-KR)
start_pt =7 ex) “EX 53" (EUC-KR)
end_pt T2 ex) “Q1H & (EUC-KR)
lat A= (degree) ex) “37.4544645”
lon A5 (degree) ex) “127.3456342"
heading W3F (degree) ex) “273.5"
spd 4% (knot) ex) “65.03” (knot)
length Hj Z o] (meter) ex) “25.0”
width Hi 3= (meter) ex) “10.0”
height Hi =©°] (meter) ex) “20.0”
dcpa dcpa (mile) ex) “3.3"
tcpa tcpa (min) ex) “4.5”
alert 743l A ex) “2”

Fig. 25+ TXo| i3k T2 &%

flo

e}
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| NAND(4GB) | |GPS Antenna |

Ship Static Information GPS data
- Ship length, width, name etc - Longitude, Latitude, COG

| |
y

| Set MIB(Management Information Base) |

| Own Ship Basic Safety Message |

h 4
[ WAVE Antenna 12 |

Fig. 25 TX Protocol

Fig. 26 HolE] Ao FA1H = HolH7F HMIO| £S5 AAE UE
W Aotk WAVEE 3l A5+ RX9 TXS HE HolH & Message HE,
#FE AR, Adde] /5 YER S Device type, MMSI, A7, Aube] x &3

(F1=), y #E(EE), Heading, A<, HHre] &<, do], &, %°] 52 A
= g9

Msgent Time Dev_type Dev_id Dev_name Statot Endpt Lat Lon Heading Spd Pdop Length Width Height Dcpa Tepa  Alett
3/ 20181010 3 440022780 S8 HAET 37034748 1264905941 133 486 178 1480 412 400 1651 -3377 0
3% 20181010 3 440022780 S8 HAET 37034748 1264905941 133 486 178 1480 412 400 1651 -3377 0
3% 20181010 3 440022780 USE HAEF 372364748 1264905041 133 486 178 1480 4712 400 1480 -31.9%0 0
3 20181010 3 440022780 S8 HAET 3703479 1264905945 153 486 176 1480 4712 400 1471 32017 0
3% 20181010 3 440022780 8T8 HAEN 372364795 1264905945 153 486 178 1480 4712 400 1641 -3817 0
3% 20181010 3 440022780 S8 HAET 37034645 1264905945 086 486 176 1480 4712 400 1673 -33500 0
37 20181070 . 3 440022780 S8 HAET 37034645 1264905945 086 486 178 1480 412 400 1501 -31.817 0
3% 2018:10:10:11:05:26:407 3 440022780 U8 HAEF 372364691 1264905048 121 486 178 1480 4712 400 1485 -31.933 0

Fig. 26 Sample of Received Data on Data Receiver
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432 QL

QAR A E 52
DCPA/TCPA <
Mzt FEAY ns} 4

oA A" Zbzre]  AMul  golEE wulgow

g HolA Ao FEAR Fr|Fo wE

Fig. 27& o213k A4HR-9] 7S E93et= WAVE ©27] Al =Heo 4
£ UEd Aoja
UERA Aot

o

, Fig. 2822 WAVE RF(Radio Frequency) Module®] T4%

(1T

A7 A7 AF agum

| on/oFF sw | | Debug Port |
RS232 (1) I
—~lpesuwo
12-24¢ ¢
Moo -+ [_use ]
: AE | - | rs232 @
| | == | R3232 (3)

—— ) —— ] e
| securty Je——p__ser | UART i

&~ *
LEDY LED2 LED3 I

- h 4 v v Yy
O O O | socarp | | Hwi &= Port || TN 93 Port

Fig. 27 Block Diagram of WAVE Terminal System

- 8[1 -

Collection @ kmou



PSP S M S S S S S S Y S S gy

s ~ \
i/ WAVE RF Module N | MainBoard |
| . I
o urou— P

r |
l 4;;5'5\’ LD %I'BV I Security IC Lo |
| Py aPse12.Q1) s e _| | I
| i - |
LNA |

\[ } w0 - |

§ r - D security
g K 1 |

ETH
| WAVE RF Module o I
I SDIO I
I o' S2X Stack I
| (,c_).pﬂoﬂ)_,_ _— ‘ 802.11p, 1609.4 , ECDSA ‘ - Ao |
- LNA | T i |
N : : DDR3L Flash |
wv DUAL DC-DC [ ===
\ L | 5 Regulator I Fash | | I‘ ]I
RN GrasR CH1 1.2V / 2A E l‘,’ N /
CH2 1.6V / 2A
\‘\. //

Fig. 28 Block Diagram of WAVE RF Module

Fig. 29 WAVE 5

BSM Standard

Al

Qs

=
=

ZEE

2 e

W Aot

1609.2 Security Services
1608.3 Networking Services
1608.4 Multi-channel operations

802.11p Mac, Physical Layer standard

IEEE1609.2
IEEE1609.3

IEEE1609.4
IEEE802.11p

Fig. 29 WAVE Communication Protocol
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WAVE &41& 73317 9dsliAe 71E4 o= [EEE 802.11p &£ A%, IEEE
1609.2/3/42] WAVE EA12 o] SW 2Elo] Hgslt}. o|F EF T
WAVE Applicationdll ZE 2| 4E s dYIh

ol

EH
|
ksl

h=

.
2
is)
r <

Fig. 302 T=93 A4 WAVE Application®l coding® = WERH A o]
.

/fos = own ship
Atz = target ship

int ship_algorithm(const cPa_t* cpa, const SHIPINFO_t* es, const SHIFINFO_t* ts)

int result = 0;
double os_len = ¢
double ts_len
double value =
double distance_limit = 0.0;
double dcpa_standard = 0.0;
double tcpa_standard = 0.0;
double os_spdlen = 0.0;
double ts_spdlen = 0.0;

Jicorwert ship lenzth meter to rmile
0s_len = os- >length * MtoNM;
ts_len = ts- >length * MtoNM;
{fship length / ship speed
0s_spdlen = os_len / os- >spd;
ts_spdlen = os_len / ts- >spd;.

fifspdlen + custom input
value = os_spdlen + ts_spdlen + os- >adjustment_value;

Jéconvert distance 1imit 3 nmille to meter
distance_limit = 3.0 * NMtoM;

f#depa standard
dcpa_standard = os_len + ts_len;

Jftepa standard 2 min
tcpa_standard = 2.0;

if(cpa- >dist <= distance_limit)
if(0 <= cpa- »dcpa) && (cpa- >dcpa <= dcpa_standard)
if(0 <= cpa- >tcpa) && (cpa- >tcpa <= (tcpa_standard + value))
result = ALARM_DANGER;
else

result = ALARM_NULL; & mut= 325 sarr ol S23 4207

else

result = ALARM_NULL;

return result;
} ?end ship_algorithm ?

Fig. 30 Input Data for Collision Warning Judgement
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Fig. 31 Application 7% & source code
HMIE 53] 259 s Y Zlojo.

final Handler handler = new Handler()}{

@Override

@JavascriptInterface

public wvoid handleMessage (Message msg) {

switch (msg.what) {
case 1:

// Log.d{™ainActivity : ", msg.obj.toString()):
String ship_data=msg.obj.toString{) :
String[] array = ship data.split(","};
if (array[0

array[0]4" "+array[2]+" " +array[S]+" "+array[121);
.setText (array[:]) ;

.setText (array[=]);

.setVisibility(View.VISIBLE) ;

.setVisibility({View.VISIBLE);

webView.loadUrl ("Javascrip Point (" + array[3]1+ "," + array[%] + "}"): //flat lon
if(circle chk==false) { // circle type oX w2x fe 28 -> false = 1000 Ll

! webView. loadUrl (" 1 e(" + array[3] + "," + array[9] + "," 4 1000 + ")");
}else if{circle_chk&fcircle num==1

! webView.loadUrl (" e(" + array[3] + "," + array[S] + "," 4+ 100 + "}");
}else if(circle_chk&&circle num== {

: webView.loadUrl (" Type (" + array[3] + ",™ 4+ array[3] + "," + 300 + ")");

lelse if(circle_chk&&circle num==

webView. loadlrl (" © array[2] + ", " + array[5] + "," 5o+ "y
lelse if(circle chk&&circle num==_
webView.loadUrl{"3avasczipt: array[3] + "," +.arzay[s] + ", " + 1000 + ") ")

Fig. 31 A Part of Source Code on HMI Application

Crush Warning Step
o CHAl. s

300

1000

[ muces=m 1264912423  37.2356755

Fig. 32 Display of HMI Application

_88_

Collection @ kmou

e
-
Ll
iv
)
5
S,
o
H
i

32

rr



HMIE $9AAE =02 AgsHs 48 B8 PCE o
& Ae

A 9] FAE Javascript® Z-&3H5ATh o] 9] H TF AEE JRoZ
2837 BAle] GPS s}t W ofgZe] YNFHEF HAIAT FEAKR
EUHY f stHe 7= AR, EAS FASE AYE EASHE circe, A4
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A5%F £2FANE FEII A" AW FF

51 A% M8

Device to Device E410] 7}53la1 WAVE HA1S o] &3t H]go] Fgolt}
WAVE B2IA 2~ go]ge] AEF7]7F 100 msecl 2, &5 wat dE &
T 2% ~ 30&< AISS Hlwete] FAEdt AEAEES 7HE Ao R AT =
g, B4l Heto] §3la &Ko7 o)FstE EAlol B4lol A 54l V&
oltt. twt, EEu oA FAAYE ¢ 1 km=E TAAZ FAVE e AL
2 PJI7IEJAA Y =20 F 7 LOS(Line of Sight) g 0] & 3ol A = Ho)
5utd A=7kA] HolE Y Falo] 7hed Ao B AT A AdPS Fa

A SR

WAVE F4l2 o83t A e HBos 55, #x, A5 5 idAaLe

WEERE ofy gl IMOo A F31 F2?0 e-Navigations A st Aoy 2t
AN F FAFE T8 F8o] M Ao ATHT

3= 4 HAg 9 4SS FYstaA @

@A AL AEHL e FEEA Ee 39 Axve AASE, P
& RADAR, AIS 5 W& A&sta] 2851 gloy, ol @ Azwel 71
wol A8HI it AulE AlSlth 53 F43 AutdAt vle T EA

%= % RADAR ARPA(Automatic Radar Plotting Aids)
System ¢ &H|l thAl AIS A=W HAsta oy =3, &2FA4e] B9 AIS
A 2Elg o] &3t FEWA Bl In] AlxElL AAV|Eo R dA e Wl =

% A% FYL F= AT £F FA7} AHL Yk,
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AlSE AN ZF AREE, A4 7 ARES 8 HTos Fol B A4
EEAE AL S 5 FEES} BobAI Qo MR AIS #R-d, o]
Hel oF Fol BAMOR Sty 9 theps A7elA Alse ARE #
Asidel Bestta AFSL Uk 53, AIS FB LF7F Y Aol of
AAE ole BAS 9% dnFS AARAL, LR B4 D ML F
2 AR A7 FAAULIG][S], NoiseZ 18] BAT + Y= 2FE BA
71 Sis) Aure] FAL ATHY & Y 2L AASHE 5 AT £
571% SHTH65]. AlS cﬂola Edjgo] Z7kshe Bl talAds AARE )

AA Ao Wt AIS FAlFS Aol B A Tl ¥ HAH

[4].
ol#3t AISe] FAIEA A P AAT FFEANZE FHe Hd A=
g3 e-Navigation AFH<Q! SMART-Navigation AFH<= FZIstal lom At
100 kmeoll ¥4 LTER S =Y3t= AgS 7FAAL JH9]. sHAITE, LTE= §54!
S48 7AT=E §F TAdA EHHoln E =EAA FE2 OFIL U=

WAVE &4l Alz="l3 & ] 28T 45 A AUAE M F e Aes

o &E o

511 4443 78

™

Fig. 33 4740l A 7we WAV

[e) ¢} j=
5 UERH Zolal Fig 34+ A2ES AA]l dle] AXsta 2483 AHS
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. - o

Human-Machine Interface

Fig. 33 Real Appearance of Collision Avoidance System
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512 A3 gjidd 3 Y

el g2 HZ "AAANTH g/ FEAE BT TR A2 AY
o8 MAAst g AHeA HAl &7 T oA 23S B RE st AA

S IFI4)Y 8517mem
FI(4)Y 8517maM

?nuinews

; 8 2
‘kr;*

2
¢ e i hpes
% 2 o sand_g@ls ‘ﬁg@f}&?sﬁi\
| b g

g0

8 5 v ; Test ‘ <

’ a 5
j - by 9! m}@ gz_§ x}ﬁ A 13 sapu,méa \Q@LF el sTd,mua 3 o 1 o
Al A Kea et
F\(‘\}J( SsﬂmGM valBw 10s7M g | 12
i i ap—4 | NS SEReix gLl
17 = Y.
WJ, , Nr%.u,%*biﬁ xlE ‘Y <fkn[|o];[14] ” 3 3 - g 5 0
;FM% 4{mmn & . = - = =
o Ly ienporal Nr-iﬁlﬁ-‘*ﬂh—lﬂi;ﬂ " Ll

Fig. 35 Test Area: near Young-heung Island

ot

Table 232 A4 A@e] FR=AS Uehd Zlolth thgaute 22 977
tong] ojdolm Aol ZH7Z; 14.80 m, 16.50 meolth. Hull A<4E2 16 knotsO. &
APe FASAT 4P FAT A AP BFEAL FE F 10-15 ks,

3= °F 05~1.0 mo|th
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Table 23 Environmental Conditions of Collision Avoidance Test

. s Vessel
Environmental Condition Vessel A Vessel B
Ton 9.77 9.77
Vessel Length(m) 14.80 16.50
. Vessel Type Fishing Boat
Condition A htenna Height(m) 6 | 6
Vessel Speed(knots) Max. 16
Sea Weather Sunny and Cloudy
. Wind Speed(knots) 10~15
Condition ™"y, ve Height(m) 0.5 ~ 1.0

513 Ayl

Fig. 362 AT F&olAe =3y dA4F AugleE vehd Aot

o'

D = 3 miles
Vessel B

Vessel A V — 15kts

V = 15kts

Fig. 36 Scenario of Crossing Situation
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37° 13 49"
Vessel A

y & {ssel B

d

37° 1342 TCPA 0.4 min.

37° 13 36"
Alarm Occurrence

37° 13" 29"

TCPAZmin, — &

7 13 23"

Signal Lost

37° 13'16" Q

37° 13"10"

37° 13'3"
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Fig. 38 Vessel Track on Crossing Situation by AIS

Fig. 39% Crossing Situation®] ™3] WAVE F4l& ©] &3 SEFH A
o] vl 3 vEhd Aol
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AAHOZ AISE o83 FEAR Azwld 2 FHo| BolA & JF
o] Ho} ot Au A} ¥k BelA= FYstAl TCPAZE ZH2h 24, 14, 04+&
o o ko] BAsIAT
a7° 13 49"
Vessel A
37" 1342
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Fig. 39 Vessel Track on Crossing Situation by WAVE Comm.
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