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1. Background and Purpose

| Background

The MASS has received much attentions in maritime society.
has been developed with active support at national level in the world.

e  MUNIN has been conducted by EU 7th Framework Programme from 2012 to 2015

« SARUMS has represented a legal review for operations, design, and regulation

 |TU-R has suggested an communication characteristics, its services, including CNPC

e IMO has recognized a regulatory framework for co-existence with MASS and manned ships
 NK Class has suggested the guidelines for concept design of autonomous operation of ships
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Information
acquisition

Acquisitioning information
using LIDAR, RADAR,
Camera, AlS, and
communications system

Taking an
action

Planning and
implementing movement
that should be taken in
the future based on the
results of decision

Situation
Awareness

Perceiving information
related to the condition
of the surrounding
environment and ships

Making
a decision

Understanding the
present condition,
including prediction of
the condition in the near
future




1. Background and Purpose

| Review of MASS application in the COLREGsS

Rule 5 : Look-out Rule 7 : Risk of collision

« Monitor a safety of MASS by collecting  The risk of collision may be decided by

and analyzing all navigational analyzing all the information that has
information from all available been sent from MASS to MCS.
navigational sensors and/or all the oIt is important to obtain any other useful

information collected from MCS(Maritime  information to compensate scanty

Control Station)/other related ships. information for right decision.

Available means

*on board sensors

« Radar, AlS, and other available data » Image/picture including Radar, AlS, and
communications any other communications

* Decision-making procedure

* COLREGs ! International Regulation for Preventing Collision at Sea



1. Background and Purpose
| Review of MASS application in the COLREGS

Rule 13~17 Rule 19

(overtaking, head-on, crossing, give-way vessel, (Conduct of vessels in restricted visibility)

stand-on vessel)

» The MCS shall be able to use navigation rules as < All the information required By the rule 5 look-

an MASS is meeting other vessel in out , the rule 6 safety speed, the rule 7 risk of

overtaking/crossing/head-on situation in sight of collision.

one another. * The MCS shall be able to use navigation rules
» The MASS and also the MSC are requested to applicable to restricted visibility as an USV is

obtain information related to meeting other vessel in restricted visibility.

- the intended way of other vessel (WP, Speed ..)

- the manoeuvring characteristics of other vessel.

Available means

* Rule based on Command & Control * Rule based on Command & Control

» Radar, AlS, and other data communications » Radar, and AIS, other data communication means



1. Background and Purpose

| Problems

e There is no any procedure for information exchange between MASS and
VTS/manned ship

| Purpose

- Establish an efficient procedure for information exchange between MASS and
VTS/manned ship

« Validate a proposed procedure by carrying out an experiment at sea




1. Background and Purpose

| Study Area

Information Situation Information - Making | Taking an
acquisition Awareness exchange gf Ta decision : action

Controlling

e Situational Awareness « Sense and Avoid
(Video, Image etc.)

>
Planning Navigation ~ £
- ; Intention ship

N

Voyage

Ship Reporting : :\II\IA?S
Voyage Plan .« TOS

—> UL (Uplink)
<— DL (Down Link)




2. Communication Relay System

| Information flow on Communication Relay System

__ Dedicated Communication Channel . Exisiting Communication Channel
€ > < >
V H F te I e p h one Maritime Control Station MASS Manned ship or VTS

- Voice communication for navigation Al

Create_Report_message( )

intention between MCS and VTS/MS s T s ' i s fepormessaa]

via MASS | | ","’%2’;'332”?43752‘.“@2?;2“?ZE%T’T” |
’ . ! Navigation m )
AIS-ASM P T O N R

- Text communication for MASS 'MesS39€ «tonomou ship,this is "Manned ship”

Can you alter course to starboard side? Over.

navigation/mission information

I Create_Navig: I )
; i R _Navigational_ )
between MCS and VTS/MS via ;
[T —
H "M d shipl", this is "A hip". Yes.
MA S S I am aiter?r?grl1 ?11yscollljjrs; ;?ésde;rteogs? tn;D;tasrl;gard esisde. 0ut§

TTS (Text to Speech) é | 3
- Voice communication for MASS =

—Create_A ship_mission_ —

T > . i I
navigation/mission information ; A ship_mission_message()
: Message " The name of vessel is Autonomous ship. i |
. i Call sign is FXDE 3. i
between MCS and VTS/MS via : My position 3330 N, 12514E.
i My course and speed are about 210 degrees, 10 Knots.
i | am operating an oil clearance operations near whisky ligh house.
MA SS i Keep clear of whisky light house

* AIS-ASM : Automatic ldentification System — App//caz‘/on Specific Messages



2. Communication Relay System

| VHF controller

I VEF hansmtter | I R tansoutter ‘ DR wnisamin |

-

VHF transmitter _--—-—----)'l remote controller I-t""‘:ﬁff:--""" remote control terminal |

—
e ——

VTS or MS MASS

| AIS-ASM controller

AIS-ASM creation terminal — VDES transmitter & receiver — AIS-ASM expression terminal

TS Engine
| TTS controller
ssutmn WA\T file VHF(DSC)
d -
J_ Send broadcast contenst
Mcc =  TTS Controller SW > VAV -
S —— Sroadenct

amplifier

* VDES : VHF Data Exchange System, SSML : Speech Synthesis Markup Language, * WAV . Waveform Audio File Format



3. Experimental Result

| Experimental date and ship

* Experimental date
- 19t Sep, 2019 : 1st experiment based on navigation scenario related on SAR
(search and rescue)
- 20t Sep, 2019 : 2nd experiment based on navigation scenario related on collision avoidance
* Experimental ship
* [1st experiment] ‘Ship A (MCS/VTS)’, ‘Ship B (MASS)’
[2nd experiment] ‘Ship A (MCS/VTS/Manned ship)’, ‘Ship B (MASS)’

[1St experiment ‘Ship A’] [15t experiment ‘Ship B’] [2nd experiment ‘Ship A, B']



3. Experimental Result

| Process of VHF communication between MCS and VIS/MS via MASS

VHF communication

1. Ship A (MCS) 2. Ship B (MASS) 3. Ship A (VTS/MS) 4. Ship B (MASS)
» Sends a voice message * Receive a voice message * Sends a response * Receive a response
to MASS via UHF via UHF telephone, and message to MASS via message via VHF
telephone transfer a voice message VHF telephone telephone, and transfer a
to VTS/MS via VHF message to MCS via UHF
telephone telephone
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3. Experimental Result

| Process of AIS-ASWM communication between MCS and VTS/MS via MASS

1. Ship A (MCS)

* Requests sending a text message

to MASS

ASM Area Notice 444 M|A

Message Linkage D : 302 & 10~1023) defautt: Olnot available))

Notice description : | 75: Distress Area: SAR are2
UTCMonth: §

S Hii-12) default:0 (not avallable))

ucDay: |18 S %(1-31) defal:0 ot avlabie)
it v i i UTCHour: | 13 S M(0~23) default: 24 (not available))
UTC Minute:| 30 < #(0~59) default: 60 (not available))

Duration: 60 - & (0~262,143) default: 262143(undefined)

Sub-areas : Rectangle

igure 111
Description of the process required to define a ‘rectangle” area

&
e cochese)
longitude: East v | 126 JLHE SR A= 75000
Latitude: Nethv M EW S lgn < s s

* 181 : notavailable (default)
% 91:not available (defautt)

2. Ship B (MASS)

» Transfers a text message to VTS or

MS
hu@pemtrehomltest-mslsin

L) BAE £ 240 0 GEAH

¥=

or_pisdn out 19,1582 30 909 )/ bone/ g/ re .

Msgln

1UF) BAE) HoIV) BAE) E0GT) S@AH)

3. Ship A (VTS/MS)

Receives a text message from
MASS

Waypolnts #4
wWaypoints #5 ©

E 126" 20°45 000 N 34' 47" 30, 000
E 126°20°30. 000 N 34° 47" 27. 000

cId: 108
RO

ute Info
Sender Classific at shlp

shi plan
£ 0‘3!19 I3 30

5 (uTC) Duratian: 60 min( s
Mo of Waypoints
Waypoin #l : E 126°21"39.000 N 34' 47" 33. 000
Waypolin L E 126°21°21.000 N 34' 47" 30. 000

E 126°21° 0.000 N 34" 47" 30, 000
E 126" 20"45. 000 N 34' 47" 30. 000

Waypol n W3 :
Waypoints #4 °

Haypu.i.rlls #5 © E 126" 20"30. 000 N 34" 47°27. 00O

Lneld: IDQ
Foute
Sender c\.as 1(1 atx ship
Route . o le lan
Sta l.{l.lTC! H EI"H' | ) 1 ! a0 Duration: B0 min( s

No of Waypoints!

wWaypo i :- |\|I : E 126°21"39.000 N 34'47°33. 000
E 126°21°21, 000 N 34' 47" 30, 000
E 125'21" 0.000 N 34' 47" 30. 000
E 126" 20"45. 000 N 34' 47" 30. 000
E 126" 20°30. 000 N 34° 47" 27. 000

Waypo w2 -
uaypni N3
waypv.tru: "4
Waypolnts #5 °©

1
Route In
o

Info
Sender Classification: ship
Route Type ship route plan
Start{uTc) ﬂqf'l‘-) 13: 30 Duration: 60 min{(s

No of wWaypoints

5
Havvuirlts #1 : E 125" 21739 000 N 34'47" 33 000

Waypoints #2 1 E 126°21721.000 N 34'47" 30, 000
wWaypoi #3 ¢ E 126°21° 0.000 N 34' 47" 30. 000
Waypoint N4 © E 126°20745.000 N 34" 47" 30, 000
Waypoints w5 E 126'20°30. 000 N 34" a7°27. 000

ncld: 20

Route Info

Sender Classificat un ship
Rout Type : shij plan
Start{uTc) OQI 19 I-a 30 Duration 60 min(s
No ! wWaypoin
Waypo ﬂ'l i E 126" 20730000 N 34" 47" 27, 000

wWaypo 1 #2 :
Waypoin t H3
Hﬂypnlnts vM
anvuir
Waypoin

E 126°20°27. 000 N 34' 47" 29 400
E 126" 20"33. 000 N 34' 47" 18. 000
I E 1267 20736, 000 N 34° 47" 27, 000

¢ E 126°20"38. 700 N 34 a7"26. 700
Nﬁ- D E 126" 20737, 200 N 34° 47721, 000



3. Experimental Result

| Process of TTS communication via MASS

Ship A (MCS)
e Creates a TTS file for sending from MCS to MASS

e

5406 0
508100 29871500 1ARGRN

L1 s

503 506 05 TS 9 19 13 3088 4 1 1 TSHSEN 30038
s

4TI IR L B0 L L L T 2

e LT DiBkesLe

ML NS IR LT

00 201

010836 18 1100

s climigi ety 41

ITLE0T 56O 306 TS 9 191 35 60 L 11 TSHSBAN 2001
1 ot J010-H1-18 620130 (4000

6 16606 g

Ty DAL Tl 28 w1

Hivegivestimeiotipleit drmdveginyetiamintaioe)

44 vy weanas o)

ATl Dsben AL rZFE2L

w0

e e

frecotoon Lised ae 10100018 bhuiuid (10000
e

818 WiEteen 1100

]

Sep———
3 ae SIS RS (000

L ]

TTS

Ship B (MASS)

» Converts a TTS file to voice, and provide mission
information from MASS to VTS/MS via VHF telephone

UMS B5 23

N
\ﬁ/' —= & 1@

> | TEST for ASM Route Informea > | TEST for ASM Route In

| @ 192.168.20.30/inst_play_file_reg.html

SAl WS 2 Mu|A

File Name: | E-RPT1

|.wav

L &=l =z

213 H3} --- Played File : fvarfwww/htmlfaudio/E-RPT1.wav

Hgo= |

UMS wa 23
N =

> | TEST for ASM Route Informa > TEST fai

| @ 192.168.20.30/inst_play_file_req.ht

SA| TE 23 MU=

File Name: |

E_Start_SAR

wWawv

| wlel =izl

234 A5}t --- Played File : fvar/www/htmlfaudio/E_Start_SAR.wav



3. Experimental Result

| Method's of Performance Validation

* Voice communication : SINPO code described in document REC.ITU-R SM. 1135
* SINPO code is a signal reporting code used to describe the quality of radiotelegraph transmission
— Voice communication was evaluated on basis of the measured voice signals by using SINPO code

according to the navigation scenario

Degrading effect of

Rating scale Signal .
Strgngth Interference Noise z:g:l af%:ﬂg: Overall rating
5 Excellent NIL NIL NIL Excellent
4 Good Slight Slight Slight Good
3 Fair Moderate Moderate Moderate Fair
2 Poor Severe Severe Severe Poor
1 Barely audible Extreme Extreme Extreme Unusable

e Text communication

— Comparison the number of messages sent by MCS and the number of messages received by VIS or MS



3. Experimental Result

| Scenario on search and rescue
[ 11455 mm

2000 2T S ] $43%
1:9:4

AIS-ASM,
Before departure VHE
S2 Departure VHF
S3 Way point 1 VHF
S4 Way point 2 VHF
Arrival at
S5 search and rescue VHF

area

Agaying
= 6 Search and rescue AIS-ASM,
operation VHF, TTS
S7 Way point 3 VHF
: : AIS-ASM,
S8 Arrival at pier VHE

e Scenario ‘S’



3. Experimental Result

| Scenario on Collision Avoidance

[vassy

AIS-ASM,
| BV Before departure -
S2 Departure VHF
S3 Way point 1 VHF

S4 Head-on situation VHF, TTS

S5 Way point 2 VHF
S6  Crossing situation VHF, TTS

| Agay g S7 Way point 3 VHF

: : AIS-ASM,
S8 Arrival at pier VHF

e Scenario ‘S’

SAR&Collision mp4



3. Experimental Result

| Overall rating: average score 4.15’ (good)

s ! J ' N ' P | 0
Navigation Degrading effect of

Phrase Signal strength

Propagation

Interference Noise Disturbance

Overall rating

4.75
4.75
3.75
4.50
4.25
3.75
3.75
3.75

S4

(7))
~
Wwwhdbhwhoh

Ao wug
Ul U1 U1 U1 U1 U1 U1 Ul
w w wbhoutwu u

Recording
| The numiber of messages was matched . 1_Pause recording
[~ Enable recording hotkey [ Enable sound notifications
Hotkey: [ Ctrl + [ sShift + L) AT+ ] Super + |R |
hfomal?on o i Previeau .
— the number of messages sent by MCS and the Fiow Sooo Hote: Previewing reauires extra CPU time (especially at
number of messages received by VTS/MS was itrate: 025 Kbps

Start preview

matched.

[XT TInputinputThread] Input thread started.

[PageRecord:Startinput] Started input.

[ALSAlnput:iinputThread] Input thread started. I
[FastResampler::Resample] Resample ratio is 1.0000 (was 0.0000}.

@ Cancel recording éave recording




4. Conclusion

 To evaluate performances of communication relay system, the experiments were
conducted at Mokpo sea area.

« Experimental scenario was composed of navigation stage including missions.

* In order to evaluate voice communication operation used by VHF telephone and
TTS, SINPO code was utilized, and average overall rating was good( 4.15/5).

 Aspects of evaluation on text communication operation used by AIS-ASM,
the number of messages sent by MCS and the number of messages received by

VTS/MS was matched.

 Therefore, it would be expected for MASS to make navigation cooperation via

information exchange.
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Thank you for your attention! \
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