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A Design and Implementation of Multistage Database

for Integrated Information Management on Shipboard

Jeong-Min Seo

Department of Computer Engineering
Graduate School of
Korea Maritime University

Abstract

Ships are equipped with several kinds of navigation equipments which
generate huge amount of data. Although these data have been mainly used
for the safe navigation of ships, their usability can be enhanced if they
are managed on a database. Because these data have different formats
according to the kinds of equipments, however, an integrated database 1is
required. This thesis presents a design and implementation of such
database.

International Electro-technical Commission(IEC) is preparing the
standard, IEC 61162-450, which specifies data exchange between shipboard
equipments. This thesis adopts the standard as the basis of integrated
information management. Data in the form of sentences specified in the
standard, NMEA 0183 ver. 4.0, are collected from the shipboard networks,
and then transformed and saved in a database. The database, in turn, can
provide several information services to applications.

However, the database may become full soon, because huge amount of data
are saved continuously. To cope with this problem, this thesis proposes a

multistage database methodology which can always keep the database under



full by means of sampling mechanism. The data of the database are
sampled, and then saved in another database, called second stage
database. To prevent overflow of the database, some old data which
already sampled can be deleted from the database. By this way, shipboard
data are stably collected and managed, and then applied to the safe and
efficient navigation of ships.

To verify the functionality of the methodology, a prototype system has
been implemented and tested. It 1s expected to become a component of

e-Navigation implementation in the future.

_Vi_



ZYE AU thE ofE 79 o)%2 AN FLI wEFH] Hol
grow olelg Mvbel £ WM Ei Wk 2 o A9 220
A ARe Wt mebd oE aid fal A3 st Qe Fas ol
S Avtel Ae ool FUEEYE Q& 5 o= 2% dolHs} Ae
STl B 59, vigre) W W AVlE B F5AE B 344
glor] Slwsl A% deolHi PSE Fdlel 49 Ak olsk 2ol 7
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= Aata) HlOlEi~ )257) 474 @or 7= dolee] AFEs} o

él*o“‘ﬂﬂéﬁwuL%@%w7}ﬂ%ﬂﬂE1
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[7,10-11]. Z12u} MiTSol Al H7hA] AMg-shd 9 IEC 61162-4 Alg] 2+
71550l Hopetar Aol Ui Hiete] 9l B A8 AbElZF A H[12,13].
mekA]  IEC(International Electro-Technical Commission)ollA+= @A IEC
61162-4 A|2]=E t)A|st7] {ste] oYl 7|wke] [EC 61162-450S A3t
glom o] =S NMEA (National Marine Electronics Association) 0183 B &
4.0 7IRbo 2 ghti[14,15]. Aute] AR|S2RE AR dolH] thsto
NMEA 0183 FAjow Wte dolex= 3 #eE 918 dolgulo]2=e] A
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23 #yx 1 F shi}olt).
o5 {5t E HolM = T3 #E dHolgHol~E FEo7] f1% #H A
T2 MiTSSF NMEA 0183 Alell~of tisle] 2bw &},

2.1 MiTS(Maritime information Technology Standard)

e-Navigationol A ©lo]g e &3 ¥l B A5 Wk A%S kil e
MiTS7} j&std = A& IEC 61162-4 A)2]=(400, 401, 402, 410, 420)0°]
ATH12]. 23 TEC 61162-4 Alg] == 7]so] Frfstal Aol vH &
ekl 74 2 A8 AbEZE Al giok. whEbA] MiTS A= Al F o2 [ECe
A dA AA =9 IEC 61162-450 A &stATh. [14]. MEA Aewd oy
7]\ 320 IEC 61162-4509 4= NMEA 0183 W% 4.0& 7|Hte g 3star Q)
[15].

ShE | MITS Al=®le th=2o] AlolEgo](gateway), UE9o](middleware),
&8 Al2=®l(application), HloJEHH|o]Z~ A H(database server)® o]z},
olEgol&= Z} oAl wAlSE= NMEA 2000 H=+ NMEA 0183 3 2]<] do]H

=

= AFstH, vadols olE MTS F4o2 wsto] AEAri[15,17]. =3
o8& A=E B HolE ol M= o5 alste] b Gl SUAl A2t
[18]

a9 2.1 MITS Al2=8e] 448 YERdtt.
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Fig. 2.1 MiTS system architecture
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& 7Vttt gEAH o=, Muby Mur e
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Adl s 8o BE(Field) 2 7+ o 25 Ha DR o)delo]
% T =g onsh Talker_id B Al®l2 ¥ H

2 FAHY 9t U A "= uAH Zoleol zh(fixed value), T3 Hlo]
= o

E (numeric value), B 2o d(mull) #=E 7Fsettt. 28y 2=
3 oAk 21 Tl 8 @S T F val HAE Agole d e 4
s & sl
Ael == H) Aol7k 82 nlo]ER o] Folx] glont Awl2=o] AJZFE A8}
=M e ) Alelee] B8 BAIShE <(R<LF>E Al9]shd Hd) 79 vl

JEZ ALg Jbsath. @ Wl e AAsw A5 F dE B AW

upol 9] HlolElwk A% b st
=

3 2.1 NMEA 0183 Mel~o] Fx
Table 2.1 NMEA 0183 sentence structure

= aw
u$n L= g }‘\ﬂﬁ-_ﬂ_i /\]X_]'
<G P> Talker_id 3 A€l ZIE

[","<Hlo]y dxr>]

07l ©]/de] Helg d=
[","<dlo]H FE>]
"< T P> A=A 2=
<CR><LF> Adlz~ef &
2.2.2 Az F5F
NMEA 01839] H< WAL WA 4.0014 9 Aldlx EHE = o] B A A}
£EAE Aelx THEE E3sto] 152702 A A StaL vk, Zhzhe] Alels £
e ek AAg -8 NMEA 01839] 8, 9, 10 % H5 HE Fslo] A7
ol Quk. Ayl ZA o] Al A (Approved General Sentences), AIS(Automatic
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=

Identification System)ol] #3F AelX AtoN(Aids To Navigation)ol] =3t
dx Bl E5 Az giste] 7 oA gFa o B =i

o]
W 2o ALgEE Az aAT e

1154

Adut ZHo g AlgEHE Adas 102709 Aels e 7 AAE 9
o] Fol 4] HolHE Y= DPT, vhgrel £33 £:2 yehgE WD,
AAE @ gAHZE, gAESE o tg JRE 2t RIC, oy W3r|o A
HE g Al”lze] 7FA]= XDR o] k. s, 22 diolg Egiolgt st
T oy Al xWEe w2 x3E e gla shube] Aldle XHE ] e
& 2ste] 23 At AA A H 2o} thAEE A 5ol RIC 2

DPT — Depth

$--DPTx x x.x x x*hh<CR><LF>
L |_ L— Maximum range scale in use

Offset from transducerl'l, meters
Water depth relative to the transducer. meters

MWD — Wind Direction & Speed
$—MWD,x x T x x M x x N.x x M*hh<CR><LF>
| | L _Wind speed, meters/second
Wind speed, knots
Wind direction, 0 to 359 degrees Magnetic
Wind direction, 0 to 359 degrees True

XDR — Transducer Measurements
5--XDR.A.X.X.2.CCorrvvernnrannnnnadXXa.c--c*hh=CR><LF>

yoial
| | L— 1 Transducer'n'
Data for variable # of transducers

Transducer #1 ID
Units of measure, Transducer #1
Measurement data. Transducer #1
Transducer type. Transducer # g

>

1% 2.2 NMEA 0183 Alel ¥wlEe] -2 (DPT, MWD, XDR)
Fig. 2.2 Structure of sentence formatter(DPT, MWD, XDR)

)

rlo

a9 2.294 x.xE AFE, T, M, N, A9} & Ex= 7 199 =

_6_



g M7t 7t ez Agd S k.
EUE ] o & YERH 2ol E 2.32 XDR ¥ ]9

=
¥ 2.2 o5 A"~

Wl

A3 efel oidk ARE Udd Aot

e

il

2~ XE 9 o (DPT, MWD, XDR)
Table 2.2 Example of sentence formatter(DPT, MWD, XDR)

EHE oA
DPT $SDDPT, 12.345,11.111,23.45%16<CR><LF>
MWD $YXMWD. 11.123,T,33.333,M,22.222 N, 44 . 444 N*35<CR><LF>
XDR $YXXDR,C,12.333,C, Temperature,F, 13.666,H, Frequency*41<CR><LF>




3E 2.3 XDR EFS} H o9 AR
Table 2.3 XDR type & unit information

HE7 ESl 9= @49 9=
o C C
7 W9 A D
RS D M
T b F H
£l N N
o= p B, P
TEE R 1
T T R
FE H p
-] v M
Sy G none(null)
G I A
Ak U v
9% = wB S none(null)
A& L S
¥ 2.30 Udw AL 7jEAHOZ NMEA 0183914 Hol® Zo|m, Algx}o
dgo| wet FrHAo® Aoste] AMET = oy oln Hojd AN F&
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i 449 25 BE
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Table 1~ Table 2° Table 8-
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Fig 3.1 Architecture of multistage database server
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4{ Database : MiTS First I

Sentence
SEN_fI0 e
- [dentity
time
talker_id Field info
FE formatter formatter PK
data tield_no
description
Field ;
unit
Sen_no L dlsplay_flag
field_no
value

1% 3.2 13 dlo]EjHo] ~ 9] E-R tholoj 1)
Fig 3.2 E-R diagram of first database
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T}, mEg o] HlojEe= o]Fo] HA HEdA dHeolHE AT W, 7 =
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2 5o}, 1% 22904 MDY T, MY} B Pr we] Projnw
oAM= ¢F "Hrh. ey o] & A=vt FA BEol FAIHW AREARe] B

G2 qsjel A8 S5 Qonz da 44 Ara dmE TR,

_‘l‘l_



=

=

A @ A5 HolE

=
>

o
pul

= S

sl oF

S

=
=

o)}
H

TR
-
o
=
gl

o 2 % o]

1=
=

.mo
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Table 3.1 Column and description of Sentence table

3T
ar

.mo

!

Jehae

7} AR Al o] 1D
dl €l 2~
Aulo) A A dloE]
473
ool 4A %
- 12 -

NMEA 0183

t ime
format ter
data
ad
field no
value

talker_id
3.2 Field ©o) &2 Z3d 9 oln]

Table 3.2 Column and description of Freld table

-
it




X 3.3 Field info Hlo| &9 Z+y 2 ol

Table 3.3 Column and description of Freld info table

ZH A
formatter NMEA 0183 A&l ZEE
field no Al TR = W3
description Jeof gk JAs A
unit 72t Ao e
display_flag AN REd Ao AM 7t ofF ggl

3.1.2 2%} "lo]EjHo] 2

12+ dlo]Elwlo] ~7F AujelA A
g wkel], 23k dlolgulo]a(EF& 2 o) el d
Z7E ARl BAEkr] flste] AEH g Hlo]
tlolE o]0t} wrebA] o] Ho]EHH|o] e 1A}
afjof gkt

52 dolguola A HAolM Feo wal 23 dolE o] TR
F7F 2 WA JhsskA Rt dlolH 7 MAF A= F HEg MEY dHelHE

o
)
=
id
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lo
2
ol
ftlo
d
rob
=
e
4
=
-0,
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9w ARE JPI ge HelE Tkt Agstglon ¥ 3.3 23
dlo] el o]~ 9] E-R tho]oj 23S el Aot}
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Database : HiTS_Second

Sentence Field_info
iR PE / formatter -
[dentity t1eld no
Lie description
talker_id ;
unit
FE fornatter dlsplay_tlag
data
Field Sampling_info
SEN_fI0 talker_id
FE PE
field_no formatter
value interval

9 3.3 22k dlo]Eu|o] ~ 9] E-R Tho]o] 1
Fig 3.3 E-R diagram of second database

9 3.29F WS Sentence, Field, Field info ®l|o|E9 FZ+
ok, a8y o] dlolguelAE Zhzte]l vl Ui o] tlsiA MEHS S
3t ARE 7X 31 Y= Sampling info Hlo]ES /1Ao7 7FA a1 Q). o]

Sampling_info Hlol&2| 7} Z§ el o533} ofu]i= # 3.4 YERY U

X 3.4 Sampling info Ho]E< Ze W on|

Table 3.4 Column and description of Samp/ing info table

ZHg A
talker_id ARl 2~7F Al Za] o] 1D
format ter Az~ Eig o] 2= M
interval zb ARl g o] &Y 7HA

Sampling info HlolEelA Az FHlEdor HAS HAAsts= Zlo] ofd
o] =
H =

Talker_id7}A] 11838+

_14_



o AS AAE 5 Y. B8 Sampl/ing info H ]
=

= E
interval BE7F EAEET], o] == AIZF B olHIE Ay e U2
0

3l7] 98kl interval DEZ A&
SVH | Sampling info B0l 59 A% Field info B ol E3 npz7lx 2 g
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3.2 dolEHo]lA RE AA
3.2.1 dHoly A% E&

A% HE2 MTS WEHAE %3} Wy dHo|lHE FAlEta A F st

tolg 4l FH7F ¢hndd deolH7E dSH = AlE g1t o7t
Sentence B Field © o] &2
& REo| M Sentence R Field © O]
TZe A= FRAES AAste] Zztol| BEAl A gt
JEHjo] =0l A Sentence HIo| &3} Field Hol&S A|9]g 14

A "ol &Rl Field info H°l&2 12k Ho|EHHo|2~E HAS 3.1. 144 %
Aol dHoly A Zael os] dHeolgrt A=A da A8 At
ofato] ARl 24 AHH o] Slojof Fhr.

a9 3.4+ dloly AFY EEO Udt s5%o|W Insert_Sentence() %
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T4 FH]
Ho
" Yes
b4
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Insertion
Insert_Sentence () Santaice
Hjo] ¥
_._-—-—'_‘-—._._'—. w
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SEn_no tine talker_id formatter data
2010-12-07
1 14:01:02. 003 5D DFT 12,123, 34,555,10.012
Sentence 2010-12-07
Z 14001 0% 009 TH EDE_C C,12.34,C, Temperature
2010-12-07
3 14101102, 009 TH EDE_F F.58 111.H, Frequency
SEfn_no field no value
1 1 12.123
1 2 34,555
1 3 10,012
2 1 C
2 2 12,84
Field
2 3 C
2z 4 Temperature
3 1 F
3 2 59,111
3 3 H
3 4 Erequency
formatter field no description it display_flag
DPT 1 Water Depth relative to ll True
the transducer
DET P Dffset from transducer neters False
DPT 3 Maximun range scale in use neters False
EDE_C 1 Temperature_Tvpe Hone False
F?Eid ADE_C Z Temperature ¥alue Hone True
_info
HEDE_C 3 Temperature_Unit Hone False
XDE_C 4 Temperature_ID Hone False
HDE_F 1 Frequency_Tvpe Hone False
XDE_F & Frequency_Value Hone True
XDE_F 3 Frequency_Unit Hone False
XDE_F 4 Frequency_ID Hone False
19 3.5 HolH7F AE o
Fig 3.5 Example of data storage
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Sen_no tine talker_id formatter data
2010-12-07
10 14:01:02.003 5D DPT 12,123, 34, 555, 10.012
; i Sentence 1o
HiTS_First 2010-12-07
19 140108, 009 3D DPT 11,111,33.383,15,161
2010-12-07
31 14:01:04. 552 3D DFT 13:115,33,108,13.141
SEN_no field_no value
10 1 12,128
Field
10 2 34,5565
10 3 10.012
formatter field no description it display_flaz
Water Depth relative to
Field DPT 1 Yhe bransdiced meters True
_info
DPT 2 Offset from transducer meters False
DPT 3 Haximun range scale in use neters False
sen_no tine talker_id | formatter data
Sentence 2n10-12-07 “
1 14:01:02.002 3D DPT 12,123, 34,555, 10.012
SEn_ng field_no value
1 1 talag 4
Field
1 o 34,565 +——
1 3 10.012 +—m———
HiTS_Second formatter field_no description
DPT 1 Water Depth relative to the transducer, meters
Field_info
DPT 2 Offset from transducer, meters
DET 3 Mazinum range scale in use
talker_id formatter Interval
Sampl ing 5D DET 5 minutes
-info b WD | ninute
GP EMC 30 nimtes

19 3.9 dlo]g 7}

20 3
j==1

d ® dolEuo] =9 of

Fig 3.9 Example of sampled database
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/# OdbcConnection Con = new OdbcConnection();
OdbcCommand Com = new OdbcCommand();
OdbcDataReader R = new OdbcDataReader(); =/

private void Data_Sampling(String _Talker_ID, String _Formatter, String
_From, String _To)

{
if (Con.State == ConnectionState.Closed)
MiTS_First_Connection();
Com = new OdbcCommand("select * from sentence where talker_id = '" +
_Talker_ID + "' and formatter = '" + _Formatter + "' and time in
(select min(time) from sentence where talker_id = '" + _Talker_ID +
"' and formatter = '" + _Formatter + "' and " + " (time between '" +
_From+ "" and '" + _To + "'));", Con);
R = Com.ExecuteReader();
if (R.HasRows) {
R.Read();
Insert_Sentence(R.GetDateTime(1).ToString("yyyy-MM—-dd HH:mm:ss.fff"),
R.GetString(2), R.GetString(3), R.GetString(4));
Int32 Count = Count_Data();
Insert_Field(Count, R.GetString(4));
}
R.Close();
}

2% 3,10 "oy MEZY dkme 1

_‘\___EL_‘_
Fig 3.10 Implementation of data sampling function
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select convert(nvarchar(15), convert (bigint, maxsize) * 8 / 1024)
from [MiTS].[dbo].sysfiles

where name = 'MiTS_First'

29 3.11 "HlolEHo]lxe] HA &S sty 913 QLT
Fig 3.11 SQL query to check database's total capacity

select str(convert(dec(15),sum(size)) * 8192 / power(2,20),10,2)
from [MiTS_First].[dbo].sysfiles;

1 312 dolEHo] ] dA &S glshy] 917 SQLE

Fig 3.12 SQL query to check database's current capacity
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static void Delete_Data(DateTime StartTime, DateTime EndTime) {
using (OdbcConnection Con = Init_MiTS_FirstConnection()) {
if (Con.State == System.Data.ConnectionState.Closed)
Con.Open();

OdbcCommand Com = new OdbcCommand();

Com.Connection = Con;

Com.CommandText = "DELETE FROM field WHERE sen_no IN (SELECT sen_no
FROM sentence WHERE time BETIWEEN '" + StartTime.ToString("yyyy-MM-dd
HH:mm:ss") + "' AND '" + EndTime.ToString("yyyy-MM-dd HH:mm:ss") +
")t

Com.CommandTimeout = 300;

Com.ExecuteNonQuery();

Com.CommandText = "DELETE FROM sentence WHERE time BETWEEN '" +
StartTime.ToString("yyyy-MM-dd HH:mm:ss") + "' AND '" +
EndTime.ToString("yyyy-MM-dd Hi:mm:ss") + "';";
Com.CommandTimeout = 300;

Com.ExecuteNonQuery();

Com.CommandText = "BACKUP LOG MiTS_First WITH no_log;";

Com.ExecuteNonQuery();

Com.CommandText = "DBCC SHRINKDATABASE (N'MiTS_First'):";

Com.ExecuteNonQuery();

Com.CommandText = "DBCC SHRINKFILE(N'MiTS_First', TRUNCATEONLY);";

Com.ExecuteNonQuery();

a9 3.4 dold ¥ EWAH 20 AAE A% P 7@

Fig 3.14 Implementation of function to delete data and transaction log
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Fig 3.15 Flow chart of data retrieval module
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select time, value as [Water Temperature]
from sentence, field
where sentence.sen_no = field.sen_no
and formatter = 'MIW' and field_no = 1 and time in
(select min(time)
from sentence, field
where (formatter = 'MIW' and field_no = 1
and sentence.sen_no = field.sen_no) and convert(char(16),time,120) in
(select distinct substring(convert(char(16),time,120),1,16)
from sentence, field
where (time between '2010-12-20 12:00:00.000'
and '2010-12-20 17:00:00.000"')
and formatter = 'MIW' and field_no = 1
and sentence.sen_no = field.sen_no)

group by convert(char(16),time,120))

order by time;

a9 3.16 54 2AS A7) A% s o

Fig 3.16 Example of SQL query to retrieval for specific condition
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Fig 3.17 Result from second database
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Asd TR ANE

B oEwoA AAlE v dolEHe] =0 AFE fldte] 73E 7 RES
Microsoft Windows 7oA 7H&3}Slth. Microsoft Visual Studio 2008¢] C++ %
C#S ol gslgom, AN mHEL 71407 SoftwareFXe| Chart FX 7 .NET #
YUEE AL83}td. DBMS(Database Management System):= Microsoft SQL
Server 2005 SP2& ©]&3lo] Hlo|g o] ~E 53T,

Algl 37L& Microsoft Windows 7(VGN-Z45LD Notebook) % Windows Server
2008 (PowerEdge 2950 Server)oll A 4=33}3it}.

4.1 HolEHo] L] T4
oA 3186 A S wEeR dolguelng FHEe

w o2 Al@a7] Slste] obehe] ARA EAHE 73 PG,

- DPT : Depth

- MIW : Water Temperature

- MWD : Wind Direction & Speed

- RMC : Recommended Minimum Specific GNSS Data
- TXT @ Text Transmission

- VHW : Water Speed and Heading

- VIG : Course Over Ground & Ground Speed

— XDR : Transducer Measurements

a9 413 2¥ 4.28 E3slo] o] AElx TWHEY HARE wy ¢y
=]

Field info ©l|°| 53} Sampling info El|°] &2l AR5 &2ld 4= dr}.
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formatter
DPT
DPT

field_no description
\Water Depth rel...
Offset from tran...
Maximum range ...
Temperature
C{Celzius)

Wind direction
T{True)

Wind direction
M{Magnetic)

Wind speed
MN{knots)

Wind Speed
M({meters /second)
UTC of position fix
Status

Latitude

Latitude N/5
Longitude
Longitude EAW
Speed Over Gro..,
Course Over Gr...

Date : ddmmyy

T T T T TP e T . N B S P T " T SR

Magnetic variat...

11 Magnetic variat...
12 Mode Indicator

1 Total number of ...
v Sentence number
3 Text identifier

= Text message

18 4.1 NP8 Field info HlolE

Fig 4.1 Field_info table for test

talker_id formatter
-] RMC
HC VHW
S0 DPT
| wm VTG
X MTW
X MWD
X XDR_C
X XDR_F
X ¥DR_H
X XOR_P

urnit
Meters
Meters
Meters
Degrees(C)
Mone
Degrees(T)
Mone
Degrees{M)
Mone
Knots (M)
Mone
mys(M)
Mone
Mone
Mone
Degrees(T)
Mone
Dearees(T)
Mone
Knots{M)
Degrees{T)
MHone
Maone
MHone
Mone
Mone
Mone
Mone

Mone

interval
30 Minutes
10 Minutes
5 Minutes
30 Minutes
1 Minute
10 Minutes
1 Minute

5 Minutes
10 Minutes
10 Minutes

display_flag
True
Falze
Falze
True
Falze
True
Falze
True
False
True
False
True
False
False
False
True
False
True
False
True
True
False
False
False
False
False
False
False

False

1% 4.2 N&E Sampling info o) &

Fig 4.2 Sampling info table for test
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4.2
4.2.1

olgHo]~ EEe 74

Hiolg A% =&

O o =
IF 4.32 4R HolHE WAANZ ¥ oy
< s = 3 S
Hloj 2ol A== 43 vEkd Ao
o]&k 2~ 9]
}\li §]_ 1__ =2 T M I:]- .
[2018-12-28 12:41:59.485] Talker ' Formatter
[2018-12-28 12:4 9.4851 Talker * Formatter
[2018-12-20 12:41:59_485]1 Talker * Formatter
[2618-12-28 Talker ' Formatter
[2618-12-28 Talker * Formatter
[(2616-12-28 Talker * Formattep
[2618-12-28 Talker ' Formatter
[2B18-12-28 Talker * Formatter
[(2618-12-28 Talker * Formatter
[2618-12-28 Talker ' Formatter
[2018-12-28 Talker * Formatter
[2616-12-28 Talker * Formatter
[2618-12-28 Talker ' Formatter
[2018-12-28 Talker * Formatter
[(2618-12-28 Talker * Formatter
[2618-12-28 Talker ' Formatter
[2618-12-28 Talker * Formatter
[2018-12-20 12:41:5%.6411 Talker * Formatter
[26018-12-20 12:4 2.6561 Talker * Formatter
[2618-12-28 9.6561 Talker Formatter
[2818-12-28 2.6721 Talker Formatter
[2p18-12-28 9.6881 Tal Formatter
[2018-12-28 12:41:59.688]1 Talker * Formatter
[2016-12-20 12:41:59.703]1 Talker ' Formatter
3!
a7 4.3 dol¥ A% #A
Fig 4.3 Process of data storage
gen_no time talker_id formatter

1 454 20 012:41:59.487 YX

2 485 zGl\.—EEN 12:41:59.487 YX MTW 747

3 458 2010-12-20 12:41:59.487 GP RMC 123 ESE \,254.539.5.76.461,W.109.076,366.46, 20100

4 437 2010-12-20 12:41:59.500 YX XDR_F  F,255.645 H Frequency

5 498 2010-12-20 12:41:59.517  SD DPT 243.005.19.359.93.13

6 499 20101220 12:41:59.517 GP RMC 123E35 A 40.051,5,102.795,W.70.082.177.39.201007...

7 00 2010-12-20 12:41:59.533  YX XDR_F  F.22.77.H Frequency

8 501 2010-12-20 12:41:59.533  YX MTW 85.116C

g 502 2010-12-20 12:41:59.547 GP RMC 123036.A,172.782.5.34.419,W 37.118,602 88,201007

10 503 2010-12-20 12:41:59.547  YX XDR_F  F.220.8.H Frequency

n 504 2010-12-20 12:41:59.563  YX MTW 111.561.C

12 505 2010-12-20 12:41:59.563 GP RMC 123036,A.2 979.5.93.093 W 1

13 506 2010-12-20 12:41:59.577  YX XDR_H  H,304.98,P Humidty

14 07 2010-12-20 12:41:59.593  YX MWD 293.461,7,100.858M,1.34.N.721.497. M

15 508 2010-12-20 12:41:59.610  HC VHW 230.02,T,47.083 M.88.708 N.93.568 K

[ Senrence |

1% 4.4 dolg A% A3t

Fig 4.4 Result of data storage
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Time(To)
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1 Minute
10 Minutes NULL NULL
1 Minute NULL MNULL
YX XDR F 5 Minutes NULL NULL

Talker ID
GP
HC
sD

Time(From)
NULL
NULL
NULL
NULL
NULL

Formatter
RMC
VHW
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VTG
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Interval Start Time
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Fig 4.5 User interface of data sampling module
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Fig 4.6 Process of data sampling module
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sen_no  time taker_id formatter data

1 {1 ] 20101220124500.000 'YX MTW  120048C
2. 12 2010-122012:45:00203  YX XDR.C  C.183.885C empeerature
W 2010-12201246:00013  YX MTW 338250
A ok 20101220 124600043 YX XOR.C  C.143.73Ctempeerature
5 5 2010-12:20 124700010 YX MTW  58917C
E 6 2010-12:20 1247.00.103  YX XDR.C  €.26496C tempeerature
7 B 2010-12:20 124800023 YX MTW  42804C
8 8 20101220 124800023 YX XDRC  C.194 925C tempeerature
s |9 20101220 12:45,00,063  SD DPT  236698,124.28.28.006
0 1 2010-12:2012:49:00050 YX MTW  114267C
Formatter Interval n onu 20101220 124900050 YX XDR.C  C.95565C tempesrature
RMC 30 Minutes 2 12 20101220 124500047 YX XDR_F  F.151.455.H Frequency
VHW 18 Minutes 1B B 20101220 125000003  ¥X MTW  2829C
= 1“1 20101220 125000517 YX XDR.C  C.113.715C tempeerature
i) sww 5 15 2010-12201251:00077  YX MTW  7872C
VTG 30 Minutes 6 16 20101220 125100017 ¥X XDR.C  C.186.99.C tempeerature
MTW 1 Minute 7o 20101220 125200047 ¥X MTW  B9913C
MWD 10 Minutes B 18 20101220 125200030 YX XDR.C C.2838C1empeerature
XDR_C 1 Minute 1\ 18 2010-12-20 1253:00073 'YX MTW  6765C
VDR E 5 Minutes 0 20 2010-12201253:00.137  YX XDR.C C.5729Clempeerture
a 201012:2012:45:00.063  HC VHW  323512T.197653M.12328,N 323.833K
2 |22 20104220125000207 SD DPT  13096358.794.36.716
23 23 20101220125400023 YX MTW  186%C
TR 20101220 124500017 YX MWD 245231T.100619.M,60.563N,10.234 M
B 25 20101220 125400010 X XDRC  C211.83Ctempeersture
262 | 20104220125000207 YX XDR_F  F.239.43.H Frequency
27 27 | 201012:20124500000 YX XDR_H  H.238.05.P Humidty
B 2 20101220 124500017 YX XOR_P  P.20.355P Pressure
29 23 [ 20101220 126500053 YX MTW  26199C
300 30 20101220 125500850 YX XDR.C  C.144.21Ctempeerature

a9 4.7 diojy MEH A

Fig 4.7 Result of data sampling
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" el Loglog - WS
maiF BEE SO BNV ESZH)

2010-12-20 2% 12:41:40] : Database Max Size = 200 MB -
2010-12-20 2% 12:41:40] © How Capacity(%) = 2.

2010-12-20 % 12:43:40] : Now Capacityi®) = 7.0

2010-12-20 £ 12:47:40] - Now Capacitwi) = 12.0

2010-12-20 £ 12:52:40] - Now Capacitwiz) = 17.0

2010-12-20 £ 12:56:40] : Now Capacity(®) = 22.0

2010-12-20 2% 1:00:40] : Now Capacitw(%) = 27.0

2010-12-20 2% 1:04:40] : Now Capacitw(%) = 32.0

2010-12-20 2% 1:08:40] : Now Capacitw(%) = 37.0 I
2010-12-20 2% 1:13:40] : Now Capacitw(%) = 42.0

2010-12-20 2% 1:17:40] : Now Capacitw(%) = 47.0

2010-12-20 2% 1:21:40] : Now Capacity(%) = 52.0

2010-12-20 2% 1:25:40] : Now Capacity(%) = 57.0

2010-12-20 2% 1:29:40] : Now Capacity(%) = 62.0

2010-12-20 2% 1:34:40] : Now Capacitw(%) = 67.0

2010-12-20 2% 1:38:41] : Now Capacitw(%) = 72.0

2010-12-20 2% 1:42:41] : Now Capacitw(%) = 77.0

2010-12-20 2% 1:46:41] : Now Capacitw(%) = 82.0

2010-12-20 2% 1:50:41] : Now Capacity(%) = 87.0

2010-12-20 2% 1:54:41] : Now Capacity(%) = 92.0 } I
2010-12-20 2% 1:54:41] : EDID 12-20 2% 12:41:002 6 2010-12-20 2F 1:02:300tA12] OIS &FRIELICE ..
2010-12-20 2% 1:56:48] : Now Capacity(%) = 69.0

2010-12-20 @5 2:00:48] : Now Capacitw(%) = 74.0

2010-12-20 2% 2:04:48] : Now Capacity(%) = 79.0

2010-12-20 2% 2:08:48] : Now Capacitw(%) = 84.0

2010-12-20 2% 2:12:48] : Now Capacitw(%) = 89.0

2010-12-20 % 2:16:48] - Now Capacity(%) = 94.0 ) }

20l0-12-20 2% 2:16:48] : 2010-12-20 2% 1:02:009H 2010-12-20 2F 1:24:000HA12] IO E &P HIELICH ..
2010-12-20 @F 2:19:14] : Now Capacity(%) = 68.3

2010-12-20 2% 2:23:14] : Now Capacitw(%) = 73.3

% 4.8 Holy A REY 21 9
Fig 4.8 Log file of data deletion module
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Fig 4.9 Flow chart of deleted data scale calculation
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MITS Ship Database 2010-12-20 17:38:49
Information Sentence Formatter & Field
Description & Sentence Formatter Select Sentence Formatter : MTW
o
= Select Field

MTW. Temperature Degrees(C)

‘ Formatter Description Unit

Date & Time |

From :

Time & Interval

Select Time Type :
#2712t Recent Period) ® =371zt (Specific Period) FH 7|2t (Total Period)
Select Interval :
@ = (Second) £ (Minute) Al (Hour) 2 (Day) 2 (Month) i (Vear)

Error Message Select Period :

From: 2010 -4 12 -2 20 -2 12 - Al

To 2010 -4 12 -2 20 -2 17 - Al

Initialization | | OK | Close

I 4.10 dioly AA g AREAF QlEHe]

Fig 4.10 User interface of data retrieval module
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a9 4.11 Al x9E 2 ey dEo] MY
Fig 4.11 Setting of sentence formatter & type field
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@ £ (Minute) © Al (Hour) © € (Month)
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Fig 4.12 Setting of time & interval
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Temperature
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Fig 4.14 Retrieval result from 1lst database
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Temperature
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Fig 4.15 Retrieval result from 2nd database
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Fig 4.16 Result of time scale regulation
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