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A Design and Implementation of Middleware

for Ethernet based Shipboard Integration Networks

Hun-Gyu Hwang

Department of Computer Engineering,
Graduate School of

Korea Maritime University

Abstract

Shipboard integration networks, that are a part of e-Navigation, provide
interconnection and integrated management for information from shipboard devices. The
IEC 61162-4 series standard has established for the shipboard integration networks. But
the standard has too many requirements and is difficult to be implemented. So the
standard has been decided to change IEC 61162-450.

This thesis proposes the middleware for ethernet based shipboard integration networks.
To do this, first, this thesis compares IEC 61162-4 series with IEC 61162-450 and
analyzes requirements of IEC 61162-450. Second, this thesis designs and implements a
Network Function module and a System Function module based on the analysis of IEC
61162-450. The Network Function module sends and receives datagram using UDP
multicast. The System Function module processes TAG/Sentence and binary messages,
checks validity of the messages, and records error logs. Third, this thesis designs and
implements a service module for interfacing the Network Function module and the
System Function module to applications, and develops the middleware to integrate the
Network Function module, the System Function module, and the service module.

Finally, this thesis tests the middleware for effectiveness.
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2.1.2 e-Navigation 3739 Hut YEST +=x
1% 2.1 e-Navigation $HgolA el Aut YEYT 745 v Zlolt.
A YE I SAHT BA4E z2he oy FHrr 949
(Dedicated Connections)E A|@]stal dube] zbE ZH] Alo]o] AR WS ¢
sk 4v] U E<S A (Instrument Networks), AuF Ulo Q= Al2=8]  7HA] - A
of 3 AH #AE A At S3F UIES A(Shipboard Integration Networ
ks), 4S(Ship to Ship, Ship to Shore) WEJW|Te] TS E3st= we] UE
1= (Administrative Networks)= T € t}(7,8].

(A

Administrative
=

Networks
(Office LANSs)
Integrated System Monitor Shlpboz}rd
Bridge And Logging Integration
[ [ Networks
(MiTS)
Gateway Gateway Gateway
| Actuator | Sensor Throttle Transmission Compass Depthsounder
Control Control
Instrument
| Sensor | Actuator Optional Networks
Router (NMEA 2000)
Engine Fuel | Radar || GPS || Autopilot || ECDIS |
Computer Flow

| Actuator | | Sensor | Dedicated

Connections
(NMEA 0183)

713 2.1 e-Navigation 749 Au YEL I

Fig. 2.1 Shipboard networks of the e-Navigation environment
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93t BHow 5o 9@ AEEJTH9]. FH] UEY A= CAN(Controller Area
Network)S SlE|djo]A~z felsta Qo CANS A uel 54 £%7) o
27 Ak, gu MEHT A5, Ho 2007 H o] AgelA 250kbpse] <
T7F BT B3 CANS H o] 50709 &8 =E(node)®} 252709] =¥ »==
= 7HITH10].

Aut 3 VEA I Adk o] oy gHloa BAsE o FRe
7 9 WS BzRow = UES T, 2001d, Ay 53 JEIY
FFO R IEC 61162-4 Ale]=7F A EHA oL o= o EAFHS 7HAL UQ
7] wjiol] Ak =3 yE T ¥ES IEC 61162-4500.2 tiAlst7 = A A s}
Wk, IEC 61162-4502 A4 AW Agde] dd=a glom 2011d 8ol 44

NMEA(National Marine Electronics Association) 2000 ¥TS W2 HH|
YESA el o8 Fuaie 5318 Jue Aol Ed ] (gatevay) & &3l 4l
W UEHTZY FAom Wkl S0/ A, 1 H, A¥ FF UE
A Hell Ad= Al="le] ofe] o &g Aol (application) 2H2ke] 7]5of Bt
v w45 s Adut T UESLA del S0l HHE ol&sA "o

[11,12]. AuvF E3t YEYT 2L 71 FFo gk A J&e the =oA
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2.2.1 IEC 61162-4 A|g]=

MiTS= ol 7lwk Adwb Sk dES =S ZFo2 FHAFED
PISCES(Protocols for Integrated Ship Control and Evaluation of
Situations) ZRAEZHEE AzEglown o] 7[Rko =R [EC 61162-4 Alg]=
7h Aje gl ok = lek[13].



[EC 61162-4 Alg]l=ze Fxi= a9 2.29 #ow T-Z=3<U(Transport
~Profile)?} A-Z =25t (Application-Profile) o2 FAHTE. IEC 61162-4
AP 25 7|Nto g st A B3 UEYA o] AlAge A% ke AR
3kS 98kl TCP/IP (Transmission Control Protocol/Internet Protocol)

7luke] EAS Hr)

(e

Companion User Specific Application
Standards

MAU(MITS Application Unit)

Application Service API
A-Profile

LNA(Local Network Administrator)

TLI(Transport Layer Interface)

Additional T-Profile

NTP SNMP

T-Profile UDP TCP

ARP ICMP

IP

Ethernet Primary Ethernet Secondary

19 2.2 IEC 61162-4 A8l +%
Fig. 2.2 Architecture of the IEC 61162-4 series



T-Z 23+ 0SI(Open Systems Interconnection) 7A1% < 1AI54¥ 445
NAE xgsiy UEHT AZdy AE5S gdsts FEolt. T-2239d 2 U
EQ A FAaTY Au|2, AFEAH wAIAY AMux AFEA 2EY AH|A ) H]-2]

=4 dlolE 15 Ans, AlAE e Aquj, ARE 2l Aquls, o el Af ] H

A-ZRHA2 0ST A5 T SASHH TAS7HAE sty 4 Al=E
ZREFS "9l Fatolth. A-Z =39-S LNA(Local Network Administrator)
o} ¥ % F(Companion Standard)®] MAU(MIiTS Application Unit) 7+&] AH] 2
oot 7S Al A AA, doly AAE o] &3 Sepo|AdE-AMB
Z, 94 AH, ERAA A3gA, AFgH dE Y E4S 7RIT2]. =3
A-Zmaplo] T-Zmapel i Aujzo] Hekr] 98] dag SEIHel=E
A e]shi= TLI(Transport Layer Interface)w= “gH]ol o]&Zojt}t, kAl Adrgsh
7% ©o]9ol = IEC 61162-4 Alg|=E @78 7]%50] B7] mite] AJxE

%7} A7 B

[11-13]o A Aetst IEC 61162-4 Algl& 7]dke] AMur B3t Y EQT Tx=
a9 2,37 o] AelEe], uEde] A, EYUHY Alx®loz FAH
ATk, AolEQol= ofg] A Au|E2RYH FHE JRE JhEste] A §%

HES ALY g4oz ¥ s 7les k. vEdol AW (middleware

server)© 71 ARE g sle] dojgH|o] o] A A= V)T a1 RUEHY

AR dlolHuo] ol AgE HEE ARSAA EASHE Ve S doh. 7
A2=E e Mut B3 JES T Aol AT, A4 AEE Ao Eg ol A

nEde] AR, nEdo] AWdA RUEE Alxdlo=w 52+ AFAHA &
A& 7FHT[13].



Monitoring
System

A-Profile

T-Profile

4

Middleware
Server

A-Profile

Database

T-Profile

A

T-Profile

A-Profile

Gateway

Shipboard Integration Network
(IEC61162-4 Series)

— Connection
--- Data Flow

Instrument Networks(NMEA 2000)

19 2.3 IEC 61162-4 Alg]= 7]¥k MnuF 23 Y EY
Fig. 2.3 Shipboard integration network based on the IEC 61162-4 series
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2.2.2 1EC 61162-450

IEC 61162-450¢] F+x=+ % 2.49F om % 2.29 [EC 61162-4 A]g]=
of gzl s vad desiive As &

: Network Function block)¥} A]2=8l 7]%5(SF : System Function block)©] IEC
61162-4500] #141 @ xolt}. IEC 61162-450< TCP/IPE o] &dl: 71&9] IEC
61162-4 A2z} 2] UDP/IPE o] &3 WENAE(multicast) WA o=
AR

Tags 7IRke = sh= A4l FA45 AEste] JES wehge [EC 61162-4
Algl =9l g TEC 61162-450 4
719ke] TAG/Sentence WA A @45 ARGslw wpolue] o]ux] &) wghell= IEC
61162-450014 =A# oz Aokl Sl= F4= ARSI EFE & IEC

61162-3(NMEA 2000)%= A 4& o Qo|rh[2-4].

g Y. UEYA 75 OF

rlo

(e,
rIE

2
[-40
ol
f
o
=
i
=
=
=
e
=
o
—
oo
<@
R
2
S

IEC 61162-1,2 || RADAR-VDR IEC 61162-3

Application Application Application

System Function block(SF)

Network Function block(NF)

UDP/IP

Ethernet

19 2.4 [EC 61162-450 4%
Fig. 2.4 Architecture of the IEC 61162-450
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2.3 AlE4°]

] 5 9o] (middleware) 2He 71d2 1980 ] Suto] YIEQ A A4 #Hg] A
EdolE Aisty] A8 Ae TR o WEHA 7sol dAdske 19909
. SREEE el del HAAZ] AlEeRgitE. 1990d ] ZRbell= F2 vlolH
Hlo] 2 Loket ABEHA O o] F A F& An|x okR Ak SriE .

nEdols EAtE e oY AlAES A ddste] fFE Agste &
TEojeoltt, HEAE A=H] §3 &
A, 1 Aol AHS AT F UEF T Ves k. vEd
of= ol % 2.29 22 F8 7les JHAHI[14] o] =AM vEe AR F

3 U EY A nEYole o] & =3, 4, 7, 10 59 7|%5E AlFs).

OBL
__\T‘_I‘
>
i
of
=
E:)
m
:\lg
At
o

£ 2.2 MEHole 7%

Table 2.2 Functions of the middleware

= 7l &

1 Z2A 2 e

2 A ERAA e

3 B3l =4

4 ol

5 Het 7%

6 Ylo| ™ (naming) *]H]

7 He gk APT 2 v sk T4 2 A9

8 Al =" e

9 HE =wQl 8 kgt Alo]Efo] XE Al¥
10 M-S BAS= F(reliable queue) A&




Al 3 & IEC 61162-450 ¥4

3.1 YJEY 3 7]5(NF : Network Function block)

NF= Aub 3 UEH]T W Al=" ke A4S @93ty e Ho] AR o]

ATk, NF= UDP HEIFNAE FAls 3l HEHNAEE 9%
A 4 719ke] 239.192.0. 158 239.192.0.647+4] 9] W= AL&
b, w9 3 3164 = o e HAIA @Al whEl 49152 F-E] 655351

Apols] EEE AHge $RAA 2 dolE o] A 27]E 1472 vho] o)

%
-
b
rir
—
R

3 3.1 IEC 61162-450 wA]A] &4
Table 3.1 Message types of the IEC 61162-450

&2 A

MISC ARkZ QL HlolH

TGTD AIS ERl(target) 2 4 dlolH

SATD =2 JHolE &5 713 dHolH

NAVD 3l dlolE

VDRD VDR H] o] €]

RCOM R N ]

TIME AIZE AE g

PROP 2 A 2OAREAR WA SF
USR1~USRS AREAE Aol A IF

Hpol ] o]w] ] dlolH
AL 7sek npelg] olw] ] dlol¥

_13_



IEC 61162-450 7]¥ke] Al 3+ YEY Ao A28 7o) Fw whs 9
8 AFSE = dHolE e FRE 19 3.13 o] 14 vte]E9] X9l (frame)
&, 20 Hlo]Ee] [P 3], 8 wHlo]EC UDP 3&v, 0~1472 H}o]E] IEC
61162-450 WA A], 4 ®}lo]E 2] CRC(Cyclic Redundancy Check)® TAl & o] U
th. IEC 61162-450 WIAIA|E A8kl Agfsts &2 SF7F g9sta slow
ok Aol Al 2HA3] 7] gtrt.

6 6 2 20 8 0-1472 4

IP UDP IEC 61162-450
HEADER HEADER message

dmac smac | type crc32

!
FRAME HEADER

1% 3.1 IEC 61162-450 ©jo]E 13 F-%
Fig. 3.1 Datagram structure of the IEC 61162-450

3.2 A]2="] 7]%(SF : System Function block)

oluf, AA F A A9 HAIAZS FHEe] A s, NFE T 55
F= WAIA] 7F TAG/Sentence B 211A] Hlojug] o]w| x| PFARIXE FH3}7Y|
7t WA A o] SFell= i 3.29F 22 3| (header)E F7HSHTH3].

2]
ol

do
ol

3 3.2 IEC 61162-450 #A]A] 3|t
Table 3.2 Message headers of the IEC 61162-450

7 A
UdPbC NMEA 0183 ¥7d 4 & 2] ] TAG/Sentence ™A A]
RalidP uholuie) olml ) wA1%]

RrUdP A% 7bsa vroldel olul A wAA

_14_



3.2.1 TAG/Sentence

S 7o Aostal gloew wpojye] ofulx] wAlxe] FAl G2 TEC
61162-4500 A1 A o]skal Q. TAG/Sentence WA A= dWbH o= ¥ 3.37 2
S PR FAET. '$'= U¥HAQl Sentence?l A9 AFHS FAEFL
"= AE3HE Sentence?l -9 AZHE AT AHIE AET ¢ UESH
T M 2JEAH(talker identifier)® UWHH o R 2 Hlo]EQl Exlg A
o] 9lem Sentence® P4 4#F Sentence Formattert= 3 HIO]ES] &
Az FAAE ok 1 oH, AA AEE Fa e deoly vt YAISH
H=d o] dHeoly F=xs 'R R v e dloly dxo] FHel=
3 Sentence®] AAA IS fg F AE 167 fAIEH <(R<LF>=

Sentence’} E4tt}[15].

¥ 3.3 TAG/Sentence W AR -3
Table 3.3 Structure for the TAG/Sentence message

5 ek
"UdPbC" wlAIA] HlH
null AAA Y A
\ TAG block \ TAG EZ(A9 AL
'$" or "I Sentence®] A] %}
char[2] ] AL ErA Rl A 9-)
char[3] Sentence Formatter
[','<data>] toly Z=
D! A A4 (checksum) X FE=}
hh Az 2= @A 163)
<CR><LF> Sentence®] &

_15_



TAG/Sentence WA Aol A TAGE FH o 80 Hlo]E | Sentencetr FHT| 82 H}o|E
o] AV|E 7FHh, T3 TAGTHO. 2% WAl A o] A o] 7ls3dhH WA A] A 9
A= 19 3.29F 2},

TAG/Sentence Message

UdPbC | \g:....si...,d:..n:.. .t *hh\ $----- ,data,...,data*hh <CR><LF>

Sentence Message

UdPbC $----- ,data,...,data*hh | <CR><LF>

UdPbC | \g:...,s:...,d:...n:...t:i..¥hh\ | <CR><LF>

719 3.2 TAG/Sentence H A A G4 9] <

Fig. 3.2 Organization examples of the TAG/Sentence messages

o= £ Zo]E YehlE Sentence Formatter$l "DPT"S] Sentence: “1¥H
3.3% e ¥4 A=, AdE '$'E Sentenced AZE, "SD'v 29
Au) S UeEhgE ] Ak "DPT"E Sentence Formatter, "x.x'"S Water
depth(meters)& YeE dHolg F= | "x.x™"= Offset(meters)S UERE
golE F=, "x.x’" Maximum range scale® YENE dlo]E T, "shh':

AAA =, "<CR><LF>"+ Sentence®] &< uvebdict.

$SDDPT.x.x!,x.x2,x.x3*hh | <CR><LF>

1% 3.3 DPT Sentence Formatter 43
Fig. 3.3 Organization Example of the DPT Sentence Formatter
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NMEA 0183 WA 4o = TAGS] T+ s 7719l A FZ=(parameter
code)E At YA T IEC 61162-4500 A= o] =o|A] I 3.49] e} Q)
= 5709 QA mEWES ARESEY ZF 9zl ;o #E zRAgE AW e o3}

Zth3,15].

i 3.4 TAG &5 A 2=

Table 3.4 Parameter—-codes of the TAG block

<= ety olF

g 1% Aol (grouping control)

s 222> ID(source identification)

d =2 2] [D(destination identification)
n 2}l A= (line-count )

t B2 E 7249 (text string)

(1) 2% A : ¢

'g' A ZEE 5 AoE A8 ATE= FZEol AlAgA A=
ole] 7] SentenceE FHoIA AFoE FAltEF AT 7les k. g
A Z=E AAS ] A FAL Y 15 HE, AA 1F He, 15 4
W IDY AR A 0] =4, NMEA 0183 Bl A 4o "1-3-9077"3 728 A
o2 FAstESF Aolxe Qrt. Wk IEC 61162-45001+ L
gl AR F oAE] AR FHaE "1-3-77"3 2 FAog FHA4hse]
AsteE golHo] . HEok 'g' A} =7 A H TAG/Sentence WA A=
albe] TAG 2 shhe] Sentence® T-/3ete] FAlet=S Gofstn] 17 3.400 A
TAG/Sentence HIAIA ] &ulE 4 oA|et ul=4] & T4 olE UEHRL
t}.

]
>
i
=
A\
N

=
=]

_1’7_



\g:1-3-77 *hh\ | $-----,data,...,data*hh | <CR><LF>

Sentence 1

(0)— \g:2-3-77*hh\ | $-----,data,...,data*hh | <CR><LF>

Sentence 2

\g:3-3-77*hh\ | $-----,data,...,data*hh | <CR><LF>

Sentence 3

\g:1-2-77*hh\ | $----- ,data,...,data*hh | $----- ,data,...,data*hh | <CR><LF>

(X) Sentence 1 Sentence 2
—

\g:2-2-77*hh\ | $-----,data,...,data*hh | <CR><LF>

Sentence 3

a9 3.4 'g' A ZE A 4

Fig. 3.4 Organization examples of the 'p' parameter code

(2) 221D :s, EFX ID : d

's' ezl FEE FAGE A2E £ A A~ IDE AAHGE VTS
st whop wA| Aol TAGZ} EFFEW 's' QIR FEE AR Abgo|th. BE
SF+= SFI(Unique System function ID)&tal s}= F 70 &4k W =g <=
2b 23kl FU3 IDE 7HAH dubdg o2 SFl 6 "lo]ES] A7|E JHAY 4
2 Dol Hu 15 vlo|EzX AA spssih. me 1 3.59 "TI0001",
"110002", "GP0001"Z} Zo] F e A= AWrH O 7 Talker IDE F-ol ¥
vl 7He] Sx}= 00015-E 99997FA] Al A~El 5o AH| o] W aol osf FojFr}.
'd' QA IEE BEXA IDE AAshe 715 S skl ol A8 Afge]n s

AAF mEof FAd WA o R SFIE o] gste] AAd),
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\s:TI0001*hh\ $----- ,data,...,data*hh <CR><LF>

\s: 110002 *hh\ $----- ,data,...,data*hh <CR><LF>

\d:TI0001,s:GP0001*hh\ $----- ,data,...,data*hh

<CR><LF>

a9 3.5 's', 'd' A ZE 4 4

Fig. 3.5 Organization examples of the 's' and 'd' parameter codes

(3) & A< ' n

'n' 91A} I SFoll o8] FalEl TAG/Sentence?] el 45 A A3HE= V)

olr

1%

S 3loh. A8 £ A3 TAG/Sentenceoll = 10] Hoj&E a1 1 o]F o] 418 1
7Tk 'n' 1A ZEE 14999 W] wAE AREEH RS,
of sty thAl 12 A,

63} o] 999

\n:998*hh\ | $----- ,data,...,data*hh | <CR><LF>

\n:999*hh\ $----- ,data,...,data*hh | <CR><LF>

\n:1*hh\ $----- ,data,...,data*hh | <CR><LF>

19 3.6 'n' A ZE A 4

Fig. 3.6 Organization examples of the 'n' parameter code
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(4) HH2E FA4E ¢t

't QA A== Azl @4e] gl= AR (proprietary) HOJEHE FA4ls)
e ot FES A8l 'p' Fe] 3AE e AFA sETE " Y. A E &
o], AFAF ZE=7F "hhh"olal FAlskaLabst= Abf HloJ B 7F "check" Sl 73 -l
\ t :phhhcheck*hh\ ¢} #& 2o TAGE TAldhtl. w3+ 3+ TAGY ¥3F
ol A 7hed AW A7) 61 HpolEo|tt,

[

rr

3.2.2 wheUe] o]m

niolug] ofmx] wA|x| o] 735, HwAA= F 3.59 TS PAORE
a9 3.73% Ze oy FRE E3bstal vk, A A A CRE £3FE o] F)
Y+ Y23 HH (descriptor)ol& ¢l
ol, Q1T AH, ¥l ID, AL, ©loly ede] do], ©loly B, el Ax
R A T ARIF EFEH. 3 Fgel s WA, Bll= 59 1D, ¥e S

1472 wlo] Eolm 1472 vlo|ES Z3dh mlelUe] ofnlA| o] A$ F&s}o]
SR 7).

T 3.5 wpelule] olv A WAA Pz

Table 3.5 Structure for the binary image message

A5 e
"RaUdP" or "RrUdP" mlAA] E
null A S A
Header Hol 2] o] &t
Descriptor Hhojug] o mA] YA HE (F w A Aol 3T
Data HeE vfojy g omA| Ho]H




First
Message

Second
Message

N th
Message

Max 1472 Bytes
A

Header Descriptor Data
A4 A 4
RaUdP/RrUdP Length
Version Imglength
Header Data ESE
SrcID Status
o DestID Device
: Type Channel
BlockID TypeLength
Header Data SeqNo DataType
MaxSeqNo StatusInfo

2% 3.7 whelug) oMK A4 R

Figure 3.7 Internal structure for the binary image message
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3.2.3 27 21

[EC 61162-450°1 A= NF 3 SFell Al Ast= Al2=7) =35 93 7ls& &
olstar Ak, WH = 1(internal logging)+= NF 2 SFollA W3 07 =&
54 Aol #gt ARE WRHoR V|Fshe Aot EI R 2o
(external logging)¥ 27/ =& 54 ARdel| &3t wAAE A|2H9] 9F=
FAlste] 2 AWl 7|F3F= AS R [EC 61162-4500] 4 & Syslog T2 EF
= Agska ATH16].

Wi 2v 0F 52 54 ARdo] TAE UNIX AgF, afdate WAl A, 2
A SleE HAE gdd 75 A d=m 19 3.8 #e FxE
ZERIek, w3 o 2 18 3,99 e %9 Syslog HIAIAE 21 AH
2 FAsta 23 AME FAIg Syslog WAIAE 71F8hs WA oR Fd
o). Syslog WAAE oF 3=, WA, AZ, BAE oF, ofZYAelH o
5, Z2AZ D, WAH D, FEskE diolH, mAIAE EHEITH3].

UNIX time Message Occurrence Count
a9 3.8 UF 23 HAA] Fx
Fig. 3.8 Structure for the internal log message
’—V IEC 61162-450 shall be used 131
| Vet |2} 8 e | e 2] 0 |8 e LA e L M

101 : SNGF(Serial to Network Gateway Function) buffer overflow
102 : Datagram header error
103 : TAG or sentence format error
104 : Binary image error

% 3.9 oF 21 HAIRA] Fx

Fig. 3.9 Structure for the external log message
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A 47 A S UEHI AE A 2 73

1.1 4% 5% WEQD 72 39

o] =olA Aotsl= wESe AA H F3LS 913 [EC 61162-450 7]4t
o] Mut B3 YES I FxRE ¥ 4,17 Pl Hduk B3 JEY I = A
o|Ego] ofZgAlA, dHeolEMo]lx ofEgAlelA, EUEH ofFg Ao o]

AllEe] ofZFe Aol d o= ¥ FH=ziy 2 ARS sk

[EC 61162-450 ¥ < =l e & Maket o (D WENAE Aoz &
Agteh, 3 YUY o] Z Aol Alo]Ego] o]ZlAoldo] £33 A
HE FAlste] AAre R FAEFE 76 S st delguo] 2 of Zg Aol

= Ale]Edo] ofZ Aol de] FA41E FHE FAlske] dlolEH|o] e A%t

g zhe] Az A2 9 HolHad Sl §o Zles st SFe seald

olEl1# el WAIX] A, FAA HAN, &F 21 59 7|TS ).
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Monitoring App.

SF

NF

Database App. |4 -

SF

Database

NF

Shipboard Integration Network
(IEC61162-450)

NF

SF

Gateway App.

Instrument Networks(NMEA 2000),
Dedicated Connections(NMEA 0183)

19 4.1 [EC 61162-450 7|9k Auk =3 Y EQ 3
Fig. 4.1 Shipboard integration network based on the IEC 61162-450
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4.2 ¥t T UEHZ vE9o] A

[EC 61162-450°+= 27} A|2=¥l U] ol EgAolHde] UEYA 7]5(NF
Network Function block)¥} A]Z®l 7]°5(SF : System Function block)S A=A
A BRI SteE goEo] (3], wEkA o] HoAME FAS 1% NF EE

SF 55 A NF 253 SF 259 7|55 o] &3517] 13 Sl s o]~

>1‘—4

2 A2 Aua ZES A s
Y 4.29 9 4.3 Av B3 Y EYT nEYoE FAEE yEF
s 2 7t A 54 B34S et vEgolsE FF BE 2 SF 2EY

A dad By E xgsta vk, EI AR F9 UEYA v S

o]
EE 3OSF BES o8 AR w5l AH A MNAE Aee]Te QO

Service Modules(APIs)
I N
% o ¥
Binary Image
Processing Module
B

Sentence Processing Module ke SF
Binary Image
Sending Buffer
Mn M
A %
NF

‘ ﬂ Sentence

ﬂ Binary Image
MiTS Network

‘ Output Datagram

a9 4.2 7 REY 4 5Z(F2)

Fig. 4.2 Flow diagram of each modules(sending)
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Service Modules(APIs)

RS ZAS
L 5| )

Binary Image

Seriiomes B Receiving Buffer

1} —f — SF
Sentence Processing Module B1na¥y Image
Processing Module
VAN AN I
L u

NF-SF Buffer

Oy | O s
NF ﬁ Binary Image
f t Syslog
MiTS Network f Tnput Datagram

a9 4.3 7t BES] B4 SEE(FA)

Fig. 4.3 Flow diagram of each modules(receiving)

4.2.1 EQ3A 7|5 EE

NF EEe 58 72 HolHae s 7l 3 AAL 715 Solv. &

AlS QA NF EE2 dgE S SFREHH A2 H A X7} TAG/Sentence

A whelde olmAAAE FHEGEG, T H, HelHIRL wEel Y

TAS QA NF EEe dolga#®el 44l th7](listening) 22HUE=

=

(thread)Z &l IP 4 % ¥E W3 HE A3t ZE 2y =2 438
o] F=A1%kth, o]uf, TAG/SentenceZ 93k 2~

sk 228 = 271, Sysloggs $1%h 2#EH= U7 A 2 & sher,

&
[
(o)
=
o

jus}
=
o
g
Ac)
o
By
B
Ll
)
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deolel1sio] AW dHole s HAALE st WA FAE delya
Heo] 7|7} 1472 vl EE 28R FEAE FAS=H wheF 1472 vlolEE
Zysld, 2 dolH RS FAgY. 2 5 UDP AFA FE=o AR ois
ghlst=d] wheF A4 FE=vt oo, AAA F=rh AAEHA G2 Aol

SulE dolg el ofd o g dsta 1 do]E s FAI

o7 dloJg1qo] FAldl FalEe= A9 7] wite] A WA 2 A
2 o8 SFA HAA QuiER] = Yol 1S NF-SF B H e %3k}
ol ¥l o F= Ao dom Al dYd=(First In First Out)
Ao At gk SFlA o] MHAE Al ZEASte] dlojE o] A%
HW SFE 7hQa AgE] A9 dlelH RS WA AAlskE WA o ®
W E e,

4.2.2 2" 7l BE

(1) Sentence X BE
Sentence A& RES F8 7|5 IEC 61162-450 HAIA] st F7H/AA 7]
s, TAG/Sentence &4 FAF B A 7] Folth. $4& #3814, Sentence
g RE2 oEgoldem Ry AR wAA 9 HE 3 ¥ IAuE F
of NF 52 HE3i}.
21& 91ElA, Sentence A#] RE-S NF-SF H{o o A= = dlojg 1
& &2lslo] TAG/Sentence WA AW Sentence & BEZ 7[A 241
duE AAT. 1 FH, 29 4.49 £ BHFow FaA AAE st ¢l
HZ] o™ FA1E Sentenced Sentence Formatterel]l wef wlg] ddso] <l
i Sentence W¥ ol Hojeatt, oju], A4 HA=E '+ o]F9] F 2] 163
TE ol '§'u 1o o] HH 'x' H7HAe] EAES AlF/E RIETL
o

P+ 8H]E  XOR(exclusive OR) A4ke] A3} ks F3l| ~sdt}.

A
7}

-W—H

2

=

o
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1. Ho dol& dA &e=7)e
1-1. TaG7} 80 HlolE ('\' X3hH & ZHstA F+=7)2
1-2. Sentence’} 82 HFOJE ('$', '<CR>', '<LF>' ¥X3hE @A &
=72
2. TAG/Sentence’} '$' &L 111 B8 1\ & A Z}5IE=T)?
3. Tacel EWRE AAF ZE=TF dET)e
4. Sentence®| &4Y}E Talker ID % Sentence Formatter”Z} QAe=7F2
5. AH8E F e BAE AR EA FkeThe
5-1. 16315 20~77bA W9 We] FaE EAI 7
5-2. ', 'E ALIg o of EATE oA %=t
6. '*18] o]Fd F A 16 WG AAA ] YTt
7. AFA L7F7F fl=7F2 (8H]E xor 4h
8. TAG/Sentence’} '<CR>', '<LF>'ZE EYE7)2
1% 4.4 TAG/Sentence HAIA| 9] fa4d HAF darg]l&
Fig. 4.4 Validity check algorithms for the TAG/Sentence messages
Sentence ¥+ ¥ 4.59F 2L FxZ FHojgldk. "DPT", "MWD", "MIW",
"RMC" % Z} Sentence Formatterol whg} shup® o] A& F3to] o] glo

H UlF Sentenced A Yst= "IXT' W oy F2Ao] AHo| ALg=E & 9l

rr

"XDR"Z 1 Sl wmE AgE fste] o= e A F3to] dRE o] Ut

Aoz A A% FHE @

Sentence Formattero] AF¥¢le] 4=421¥ TAG/Sentence, Sentence, TAGE
Hol g}, ofg] ofEFAo]HL AH] X~

ofl
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DPT
MWD
MTW
RMC
VTG

Service Module(APIs) |/ VHW
’ TXT

Sentence Buffer XDR

Sentence Processing Module |

NF-SF Buffer TAG/Sentence
NE String
) Sentence
String
TAG String

1% 4.5 Sentence W ¥ F%
Fig. 4.5 Structure of the Sentence buffer

(2) vlolH g olmx] A EE
vlol Y] olm A A7 RELS TAG/Sentence WA A7} ol mnlojuz] o]m] %]
5 SFAlsted ARgEE EEolth. o] EE F8 Ve v A4 7T,

o] At}

olr
ofl

e dy A4 71, vholue] ojnj#] doly & B 23 7

u
o
it
|
ol
ol
]
=
o

1] ou|x|7} 1472 wpol ES H=uid, Hloly e ov|A|&
1472 wlolE wejz &3t £ Hhelye ojn A= FAl Wulo] A4
SAHET. old, syt Ayl 235 = o A

2
B ol &5 IDe Al SolA A7 ofmx|QlA] ohdAlE AEs] 93k A
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o taiE AAHAY Ao 1S gits Wlog Hojdith, wal 43 |
T v gdo]l H v s E AEstr] f8 05-H 1% Tk
WAoo w Fouy £ Hart Hof oxF e gopAH BF dEEH v
i

1. SA1E nlojue] ojm A9 Ftet tA2aAHEHE AP S,

2. 1472 Hlo|EE Zdatd, dlojue] o|W[A[E 1472 HIO|E ©@elwm

sto] AR FA H o] A gt
2-1. A WA delgafols st Haady, nlolydy] ojuAE *
gato] £ AT,

2-2. F WA dHelH1H FEHE HEAHHE AQstal £ AT,
3. FA HH A HolE13E 7hA 2T,

4. =2 s AP, (0FH 14 S7h

5. @lH e v d=5 dA 3.

6. HlolE ¥l $AIg.

6-1. B Holy1ilo] AR gokod, 3uAFE A3grt.

6-2. BF F4 FJow, 19ARE A3}

29 4.6 vielde] ojux|e] FAl el
Fig. 4.6 Sending algorithms for the binary images

gk A Ag, ¥ 4.7 2E AR el NF-SF B u o] A
HAIA] SHE Bal grEstke] vhelde] ojmA] g EER 7RA 2t Hioly
g olnx¢] et HAAHEE Flste] whoF 89 utolye o|m x|k
T4l Mo AFFstal ¢aF MEE glste] YA 7 BF FAEE 23
t}.
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1. HolEaae Salske] dtie taagyE Relat),
29 dEe] 2% 1ps) o We] Faate] 424 HH o] A%
dolg1gle] 2% 1pE HaHT},

2-1. &5 107} #ow, olojA Al By ZdE niojue] oluAE

3-2. YA Fod, 19AFH Ay},

Y 4.7 vlelye] o|mx|e] 4l dargE
Fig. 4.7 Receiving algorithms for the binary images

4.2.3 M¥|~ BE

et F UESA AN AAE te] G AR weks 9] AgE oo &
AMuls g gAbde] e fside A, $AS A AREIA, FAE 4
A

= o . 18] Alo]E o] o &g Aol
L RUEE o] EE]Aoldoly vlojg o]~ ol Fe Aol T2
Zostth. 24, S5 Auas A HAAe g4l

3l wkek TAG/Sentence

-

TAG/Sentence$l#], ulolig] o]m|x|AA S FLEFo
HAIA QD 73 -§-oll = F7F4 &2 TAG/Sentence, Sentence, TAGE T-it3floF&ttt.
A, TAG/Sentence HIAIA & F2o] Al 2k (string) F21QNA, A4t
3 UEY A dd v Al2" 79 HAdS HE Fol'l A (struct)
FARJMAS TSR I, =EFE AMHlE QAR whel Jojd AR B

=9 APl &+ # 4.13 18],



¥ 4.1 MH|A~ BE AP] s+

Table 4.1 API functions of the service module

g olE 4 H
1 | SendTAGSentence TAG/Sentence FA1 (724 ¥ 2])
2 | SendTAGSentenceString | TAG/Sentence &4l (EAFE F )
3 | SendSentence Sentence FAl (724 F2))
4 | SendSentenceString Sentence FAl (LAFE F2))
5 | SendTAG TAG &2 (x4 94
6 | SendTAGString TAG &2 (A2 34
7 | GetTAGSentence TAG/Sentence 21 (G4 F2)
8 | GetTAGSentenceString TAG/Sentence 4l (EAFE F4))
9 | GetSentence Sentence G4l (FF2A] F4])
10 | GetSentenceString Sentence T4l (ZLAE F4))
11 | GetTAG TAG =21 (=21 94))
12 | GetTAGString TAG =41 (A 94))
13 | SendBinary Binary Image %4l
14 | GetBinary Binary Image %!
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4.3 A B3 UEHZ "EH 73

4.3.1 Hio|8 B4 A9

S~

quk £33 Y EYIFE 93 vE9 o] FAES ¢5e] NMEA 0183 WA 49

Aolgo]l 9= 10099709 Sentence Formatter = 870¢] Sentence FormatterZ

MA3FETF. ZF Sentence Formatter® owj+= % 4.29F Zow 19 4 83

o] F2A Yoz FoIsct.

¥ 4.2 Sentence Formatter % 2]u]

Table 4.2 Sentence Formatters and its meanings

Sentence Formatter A
DPT Zio]
MTW T
MWD =F4
RMC Hay FHA HA GNSS dlo]E(GPS HlolH)
TXT HAE S
VHW BoER,
VIG jiﬁ}igourse Over Ground),
242 (Speed Over Ground)
XDR EdATA =43
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TAG DPT e MWD MTW E RMC E
Struct Struct Struct Struct Struct
= =c =k =4 J="e Eh- = s=e
v d ¥ MaxScale ¥ WDirection_M ¥ Temperature ¥ CoGT
¥ g ¥ Offeet ¥ WDiraction_T ¥ Date
#n ¥ WaterDepth @ Wspeed_knot @ DegreeEW
L ¥ Wspeed_mps ¥ Latitude
vt ¢ LatitudeNS
¥ Longitude
@ LongitudeEW
¢ M_Variation
¥ Modelndicator
¥ SOG_knot
¥ Status
v utc
(a) (b) (c) (d) (e)
™ £ VHW viG E XDR £
Struct Struct Struct Struct
= ®mE J="We =3c =s=™e
¥ SentenceMumber W Heading_M v COGM ¢ D
¢ TextiD ¥ Heading_T ¢ CcoGT ¢ MeasurementValve
¢ TextMessage ¥ Speed_kmph ¥ Modelndicator ¢ Type
¥ TotalSentenceMum ¥ Speed knot ¥ SOG_kmph ¥ Unit
¥ S0G knot
(f) (2) (h) (i)

713 4.8 TAG 2 Sentence Formatter T-ZA|

Fig. 4.8 Data structures of the TAG and Sentence Formatter

A WEE nReR Fad Y T UESD vedols 1Y 4.99
2ol 479 Z¥ fHoh, WA LSI Z2¥2=e AEHo)2E ATdTE

Sz TAHE HInh
& BE doleage) 54 2

HaEel fy s Eodt

U TAG/Sentence &4 HAA 715 55

T3F NetworkFunction 2= UDP
Holel 13l WAL 7% 58
SentenceProcessingModule 22+ TAG/Senten
S5 oo

3t EZ3Fslt}. BinaryProcessinglodule 2+ uvlolg] o]u] x|



5 |

[

Class:
Hme
4# binanP
& buffers
4 buffers
&* debug
¥ isTAGsentence
4% isvalide
g% nf
& sentencelist
4% sentenceP
| B oME
v ~LSI
4" addSentenceHeader
% BeginReceive
¥ close
& GetBinary
% GetSentence(+ 77 QHECy
% GetSentenceString V
: E:T(:gSsnten:eb 17 @Bz | gir;:?meFru(essingModule & | g:}rorkmmtion &) | gliansaswﬁncassingModuls @)
¥ GefTAGSentenceString
¥ GefTAGString =me CE-T3 ER-T
: IL”S‘T‘ ¢ debug 4 debug 4# BlockD
9 SendSinary #¢ Fragmentsentence = HAE =¥ debug
" s ¢ umra » e $ man
% Sendsentence(+ 157} RHELC) = - N W createReceiver R
“ SendSentencestring = HNE ¥ erDisplay 9! magetength
% SendTAG % BeginSavingTosFaUTer Y emQuit 4 MaxSequence
% SendTAGSentencel+ 77| QH{E ) 3% CommonvalidityCheck % NetworkFuncion $ Decoibufier
‘4 SendTAGSentenceString 3% GetDateField 3% processReceiver : Becaberieades
W SendTAGString % GetSentence(+ 77 QHELC) % sender e Sendstfer
% Getsentencestring % Weaclose | & HHE
¥ GefTAG W WSAstart % ~BinaryProcessinghiodule
v GetTAGSentence(+ 77 @HZC) | 4% AddDescriptor
¥ GetTAGSentenceString 3% AddHeader
¥ GelTAGString ¥ BeginGetBinary
¥ MakeSentencef+ 232 2HE ) % BinaryProcessingModule
¥ MakeTAG ¥ Descriptor2String
&% PamingSentence(+ 774 RHEC) % getBinary
4" ParsingTAG ¥ Header25tring
% PamingTAGSentencef+ 77 RHZC) % InsertNewDatagram
&% processSetdata % MakeBinary
&* SentenceChecksum @ outHeader
% sentenceProcessingModule &% processsetBinary
&% sentenceValidityCheck % putDatagram
&% TAGValidityCheck

a4 4.9 A S HESA vEdold g golojaH

Fig. 4.9 Class diagrams of the shipboard integration network middleware

T1E 4,102 APL 3 2 A Ui S wF 3o dE dEhdi=d,
A Elo] o ZE Aol A o] SendTAGSentence 45 FEsHH UFH o2 [EC 61
162-450 ¥ +S W3 TAG/Sentence® W 3Hs]5-= 421 MakeTAGSentence
st7t EHO] FAIs. g2 A]~Elo A GetTAGSentence ¥E F &3
NF-SF ® ol #7g¥ TAG/SentenceE I}d(parsing)sle] F-x2A=Z W35
&<l ParsingTAGSentence &<77F UF-2A o= FZE o] TAG/Sentence”} -
A Faog ojZg Aol ol AEHE T, GetTAGSentenceString S+ B 3o &

2 glo] mi BAY FAow o ZYdAolHe] duH.

ol

[

R

K
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_[ Sender ]

J
K
_g SendTAGSentence( ) SendTAGSentenceString( )
o
2 Sendss struct type
8 Of TAG/Sentence Sends String
E X type of
8 MakeTAGSentence( ) TAG/Sentence
Converts TAG/Sentence
% to string type
and sends to Receiver
A
% > Sending
\4
Receiving
23 Receives TAG/Sentence from Sender
Z and saves in NF-SF Buffer
— S AR e
NF-SF Buffer
Distinguishes TAG/Sentence
and saves in Sentence Buffer
% Sentence Buffer
Converts TAG/Sentence
to struct type
IS A4 .
= : i
-8 ParsingTAGSentence( ) ! Gets string
2 Gets struct t type of
ype
5 of TAG/Sentence TAG/Sentence
E A 4 A
A GetTAGSentence( ) GetTAGSentenceString( )

L Receiver

% 4.10 APT 3 A HF 539 4

Fig. 4.10 Example of the internal operation when API function is called
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Al 57 A S HEHA nEdd AIY

5.1 Ald 87AL%

[EC 61162-4500 = 7|2 A o2 A% ZHAH(performance check)E HaiAd=
do]H 13 2 WA X ZFAQ] F5A oARE IRIstES slal 9low A
A& (performance test)& I3AE g A3 AU oA A5 H7HE

SEE Qe .

Arr 2 g

sHAl H Tk
AdS fste] s mEdAE golBude gd=z A4 (export)ste]
Sender o]=Zg] A o] 2 Receiver ol=gl7Alo] ol X &H(import)dt= WHO =

Sender ©]Zg]Alo]Ad 2 Receiver ojZdAo]AS FA3 T, T3 YELA
of AAE F o] HFHlA TAG/Sentence B HlolUe] o|w| %] 7} UDP HE| 7
E

§|
2E ®#Ao g HaAal 7HeeA]eF Syslog 7150l SvtEA FAE=AE 2E
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5.2 Auk 23 YEL T nE¢o AF

)

5.2.1 TAG/Sentence &34l

TAG/Sentence &419] AdS ¢ 2u}E TAG/Sentence HA| A 7492}
aEA e Ao AV e R AlgE] Hokth. Sender o FE Aol A Snp
2 TAG/Sentence WA A S A&}l Receiver ol Z g Alo| Ao e x4 &4

O 2 TAG/Sentence WA A S A8} GetTAGSentence &H=¢F 21 &2l o7

dl

TAG/SentenceS G413F+= GetTAGSentenceString €49 &S E3] HAA =
TFAIEAY . A HAIR 9] F7|7F 84 vlolER FdsittE A W go] "
1-1-77,n:1,s:GP0001, t : TEXT_TEST=*75W$SDDPT, 332.787,213.188,18,35

¢

glo] &=

to
u

8+69" = Fdstths AS AN 4 JoH Fad AAE

NS 19 5.1 18 5.2004 A 5 9}

[SENDER]

— Network Function block is created.
TAG/Sentence Processing Module is created.
Binary Image Processing Module is created.
Syzstem Function block iz created.
Initialization is completed.

[SELECT FOR SEMDIWG TESTI]
1> DPT <2> MIW <3> MWD <4> BMC (5> UHW <62 UTG (7> XDR (8> TXT <(2» Binary

18> SendTAGEtring <11> SendSentencefString (12> SendTAGSenteceString (@) ERIT
il
Original TAG = Wd:Any.g:1-1-77.n:1.s:GPABA1 .t :TEXT_TEST=754

Original Sentence = $SDDPT.332.787.213.188.18.358=59

Original TAG/Sentence : Wd:fAny.g:1-1-77.n:1,.=2:GPBBA1 .t :TEXT_TEST«7SWSSDDPT . 332 .7
87,213 .188,18 _358=69

— Sentence Header Added.
B4 Bytesz Sended.

19 5.1 TAG/Sentence WA A] %A1 A&
Fig. 5.1 Sending test for the TAG/Sentence message
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[RECEIUER]

— Network Function block is created.
TAGrSentence Processing Module is created.
Binary Image Processing Module is created.
Syzstem Function block iz created.
Initialization is completed.

Start listening Datagram.
TAG/Sentence Processing Thread Creation.

Bytez Received.

Received Datagram =
dPhC Wd:Any.g:1-1-?7.n:1,.=:GPAAAL .t :TEXT _TEST=?5WSSDDPT . 332.787,.213.188 .18 358

— Sentence Ualidity Check Passed<{SUGC).

— Sentence Ualidity Check Passed.

etTAGSentence =

TAG> 1-1-?7 Any GPBAB1 1 TERT_TEST

Sentence? 213.188 332.787 18.358

etTAG/SentenceString : Wd:fAny.g:1-1-77.n:1,.2:GPBBA1 . t : TEXT_TEST«7SWSSDDPT . 332 .7
87.213.188,18.358=59

139 5.2 TAG/Sentence ™A A =4l A&
Fig. 5.2 Receiving test for the TAG/Sentence message

wheF 13 5.33 o] Sender ojZE Aol ;oo R O FE WA
Sentence WA A S $AISHH, Receiver o] Zg]Alo| o= 18 5.49F 7o)
Sentence 7] F % dF A LF{F7F A= AS AT 4 Uy, o]

uf, Hdl Z7]7F 82 vle|EE xHekA] EeEE Ao %o 3= Sentence WA
A 7F 128 HPolE9] FA7|® HA1EQA7] wEo] Sentence 7] Q79

—_

"Sentence Size Error"7} A&}t Tl 7M<3l% Sentencel] A]Z ol wk &
F e A 17 Al Sentence] UlolE] Ao ¥stE o] H4AIEA

7] W&ol ooF ¥x 272 "Reserved Character Error"7} A3} T).
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[SELECT FOR SENDING TEST]
(1> DPT <2> MTW (3> MUD (4> RMC <5> UHW (6> UTG (7> HDR (8> T¥T (2> Binary
(18> SendTAGString (11> SendSentenceString (122 SendTAGSenteceltring (A EXIT

Original Sentence : SYRiidididdddddd444dd444a41444943444443444449434449444444444
1111111111411 111MWD . 232,295, T, 19598 . M. 131.92.N.671.787 .M=7h

— Sentence Header Added.

128 Bytez Sended.

[SELECT FOR SENDING TEST]1
(1> DPT <2> MTW (3> MUD (4> RMC <(5> UHW (6> UTG (7> HDR (8> T¥T (2> Binary
(18> SendTAGString (11> SendSentenceString (122 SendTAGSenteceltring (A EXIT

riginal Sentence : SWMUTG.6.387.T.167.778.M.97.954.N.672.52 K, ¥>46
— Sentence Header Added.
£S5 Bytes Sended.

a8 5.3 2HEXA] &2 Sentence WA A £41 Al Y

Fig. 5.3 Sending test for the incorrect TAG/Sentence messages

128 Bytes Received.

eceived Datagram :

dPhC S¥Hiddd141d441444444441444141d441 4444444404444 4434444414441444444444444
11MUD,.239.295.T,.19.598. . H.131 .92 .N.671.789 .H*"?h

— Sentence Buffer Save Failed.
etSentenceString : SYNi11dd1ddd44411444401434 493334439344 4993434393334449344441
1111111113111 1111MYD, 239 295, T, 12 598 M. 13199 N.671.787 .M=?h

— Bentence Size Error<SUCH.
— Sentence Validity Check Failed.

55 Bytez Received.
Received Datagram :
dPhC SUMUTG,6.307,.T,.167.778 M. 97.954, N, 672 52 K, *+16

etSentenceString : SWMUTG.6.387.T.167.778,.H.27.954, N, 672 .52 K, t=d6

— Reserwved Character Errord(SUC)>.
— Sentence Ualidity Check Failed.

1% 5.4 EnulEA] &8 Sentence HAA] Al A E

Fig. 5.4 Receiving test for the incorrect TAG/Sentence messages
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5.2.2 Blold g o]mA] FAl

% 5.59F 2] Sender o] EE| Aol ANA AA =77} 13387 Hfo] EQI n}o]
Hel olm A& FAlskd, mlojyy ojuAle] H2ady 3B duE A 3 F
7vebal 1472 wWlolE @92 3% & FAIg. ol mlojye o]n]X= 10
Nz Bds o] 4l Mo Aad=w 0ol AFH 97149 &2k WE] ugt =}

Aoz $Alshe AS = 5 3

e

N

[SELECT FOR SENDING TEST]
(1> DPT <2> MIW <3> MUD (4> RMC (5> UHW (6> UTG (7> ¥DR (8> T¥T (9> Binary
(18> SendTAGEtring <11)> SendSentenceString (12> SendTAGESenteceString (B> EXIT

ImageLength : 13387

— Descriptor Added.

MaxSeguenceSize:?

— Header Added.
Bytes Sended.
Bytes Sended.
Bytes Sended.
Bytes Sended.
Bytes Sended.
Bytes Sended.
Bytes Sended.
Bytes Sended.

Sended.
s Sended.

¥ 5.5 Hlejy ] eln| A &

Fig. 5.5 Sending test for the binary image

r
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% 5.63F o] Receiver ojZ Aol ol M= A7k vhoju ] olm| X9 3

o % yaady JRE

25, 2gE Aol

oju A7} B FAlEE A

=gstal mloly e oluAE 4l Bl AA3T,

o gz 7A4E 9 olFo

[Header Information]
1472 Bytes Received.
1472 Bytes Received.

Source ID : ccBBBi
Pestination ID : XXRERR

: 25873
Sequence Num : @
ax Sequence : 9

[Descriptor Informationl
Length : 24
ImageLength = 13387

BtatusOfficquistition = B

ypeLength = 18

Bytes Received.
Bytes Received.
Bytes Received.
Bytes Received.
Bytes Received.
Bytes Received.
Bytes Received.

583 Bytes Received.

et Binary (file name) :

cBBB1_25873. jpy

% 5.6 vrolyg] o]w x| Al Al
Fig. 5.6 Receiving test for the binary image
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5.2.3. &F

Iy 5.7&

time), I3t WAIX], TA 71 7S H 2% ¢ Sentence 541
S Yebd ¥ 5.3 ¥ 5.49 ooF &) 9} Sentence 7] *F=Z <
alo] Sentence FE/A HAE A3t H&o] 7|FHT

olwj, 3 WA =9 "Reserved Character Error"¥ doF 2 @ HF7) 13 &
APYt= oujol F WA £9 "Sentence Validity Check Failed"+=
Sentence &4 FHAF A7t 13] APk oujojtk. E=F Al HA =9

"Sentence Size Error

21

EOR S A

"ni-
T

W 2IE GiE Sde] 4%

g % 3.8% #o] Wiy RIols & &2
=

Sentence =7] F{7} 13] @A T= oujolH ]
WA Z=9] "Sentence Validity Check Failed"& &4 7AAF Aujr} 23] A

Poh ojulolth, 1 olate] & WANAE ©F F& 54 Aze] WAA

1292827543
1292827543
1292827544
1292827544

Message -
Message -
Message :
Message :

Reserved Character Error(SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed

Total Occurrence Count -
Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count ©

1292827544
1292827544
1292827545
1292827545
1292827545
1292827545
1292827545
1292827545
1292827546
1292827546
1292827546
1292827546
1292827547
1292827547
1292827547
1292827547
1292827548
1292827548
1292827548
1292827548
1292827548
1292827548
1292827556
1292827556

Message -
Message -
Message :
Message .
Message ©
Message .
Message :
Message -
Message -
Message :
Message :
Message :
Message :
Message :

Message

Message .
Message -
Message .
Message :
Message -
Message :
Message -
Message :
Message :

Reserved Character trror(SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed
Reserved Character Error{SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed
Reserved Character Error(SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed
Reserved Character Error(SVC)
Sentence Validity Check Failed
> Sentence Size Error(SVQ)

Sentence Validity Check Failed
Reserved Character Error(SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed
Reserved Character Error(SVC)
Sentence Validity Check Failed
Sentence Size Error(SVC)

Sentence Validity Check Failed

Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count:
Total Occurrence Count :
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count:
Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count :
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count -
Total Occurrence Count :
Total Occurrence Count:

a9 5.7 W 20 A% Ay

Fig. 5.7 Saving results of the internal logs
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9
&
> jz
1
>
P>
i

oM WA OfF F& 54 AR ARE = A
3.99F o] oF 2= oF
A, AZE, T2E o]&, o|ZgAold o], ZgAx ID, WAA D, F

EE oj)
ol-)t
r
_O‘L
rlr
%
>
O
HU
= 4

K
Iy

BN
Lo

2 WA ZFo o= S, YR "<I131>"S [EC 61162-45001 4 AlLE =
pri FZ=, "1"& WA, "1292827543"2 UNIX AJZF, "H2G"& ZTRE o]F
"receive_test"it o=@ Aol o]F, "11"S XA ID, "103"2 HAIA
D, "-"&= Fx3tH dvolg 7} QU= 7|5, "Reserved Character Error": H]
AlAloltt, Z1 ofske] Xk wiRbZEA ] @A ow o)F 217} 7| S EH.

Ki31> 1 1292827543 H2G receive test 11 103 - Reserved Character Error(SVO)]
EI 1292827544 H2G receive_test 11 103 - Sentence Size Error(SVQC)
131y 1 1292827544 H2G receive_test 1 103 - Reserved Character Error(SVC)
<EI 1292827545 H2G receive_test 11 103 2 Sentence Size Error(SVC)
Aa31> 1 1292827545 H2G receive_test 1 103 - Reserved Character Error(SVC)
A31> 1 1292827545 H2G receive_test 1 103 = Sentence Size Error(SVC)
a3y 1 1292827546 H2G receive_test 11 103 - Reserved Character Error(SVC)
EID 1292827546 H2G receive_test 11 103 e Sentence Size Error(SVC)
a31y 1 1292827547 H2G receive_test 1 103 - Reserved Character Error(SVC)
asty 1 1292827547 H2G receive_test 11 103 = Sentence Size Error(SVC)
a31y 1 1292827548 H2G receive_test Oy 103 = Reserved Character Error(SVC)
A31> 1 1292827548 H2G receive_test 1 103 - Sentence Size Error(SVC)
A31)> 1 1292827548 H2G receive_test 1 103 = Reserved Character Error(SVC)
a3y 1 1292827556 H2G receive_test 1 103 . Sentence Size Error(SVQ)

a9 5.8 o 23 A% A3

Fig. 5.8 Saving results of the external logs
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5.3 Aur 23 EYD AY

A Aw G MEND MEdlY A kel 439 1% 4,194
AR Aot E vEYA Fre U Pz WEYAE 79 5.99 2

o] FEaT AolEslol ol ZeAeld, BUHY olZeAol4d, dlolEu o]~

woll A Ate mEdlolE o]&ate] IEC 61162-450% RE5H3h= 4

Gateway App

|

T

Database App. |

a9 5.9 A8 el TER A Bd e

Fig. 5.9 The shipboard integration network established for test
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2 FASHA] 7|2 At o olE A ¥+<l IEC 61162-4502 A4 st

FoldE diald E+< IEC 61162-4502 #2J3Fe] IEC 61162-4502 7|

EQIFolA Al~E 7o) AR gk g AHEE 9jg
nEAelE gt el mEdols WESA 715 (NF ¢ Network
5, Al2=¥l 7]°5(SF : System Function block) X%&, A]H]

Stk NPz A% B MEQ A el gl Alsg ghe] A

7<
oM WAsk= FH T dle ool FHu. EF o] dvE Fdte

IEC 61162-450 F2] A2 wol] A&3HA At 4= Q).
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